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IN writing the Hiffory and Prefent State
of Electricity, 1 flatter myfelf that I fhall
give pleafure, as well to perfons who have
a tafte for Natural Philofophy in general, as
to eletricians in particular; and I hope the
work will be of fome advantage to the
{cience itfelf. Both thefe ends would cer=
tainly be anfwered in a confiderable degree,
were the execution at all anfwerable to the

. defign.

Tue Hiftory of Ele&ricity is a field full
of pleafing objects, according to all the ge-
nuine and univerfal principles of tafte, de=-
duced from a knowledge of human nature.
Scenes like thefe, in which we fee a gradual
rife and progrefs in things, always exhibit a
pleafing {pectacle to the human mind. Na-
ture, in all her delightful walks, abounds
with fuch views, and they are in a more
. elpecial manner conneéted with every thing
-, that relates to human life and happiﬂEfS;
~ things, in their own nature, the moft inte-
refting to us. Hence it 1s, that the power
of aflociation has annexed crouds of plealing
fenfations to the contemplation of every ob-
_]f:Ct in which this property is apparent,

{0k il a Turs
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Tuis pleafure, likewife, bears a confider-
able refemblance to that of the fublime, which
is one of the moft exquifite of all thofe that
affe& the human imagination. For an object
in which we fee a perpetual progrefs and im-
pmvemcnt 1s, as 1t were, continually rifing
in its magnitude; and moreover, when we
fee an actual increafe, in a long period of
time paft, we cannot help forming an idea of
an unlimited increafe in futurity; which is a
profpect really boundlefs, and fublime.

Tue pleafures arifing from views exhibited
in cvily, natural, and philofophical hiftory, are,
in certain refpets, different from one an-
other. Each has its advantages, and each its
defeés: and both their advantages and de-
fe&s contribute to adapt themi to different
clafles of readers. |

Crivir hiftory prefents us with views of
the ftrongeft paflions and fentiments of the
human mind, into which every man can eafi-
Iy and .perfeétly enter, and with fuch inci-
dents, refpe&ting happinefs and mifery, as we
cannot help feeling, would alarm and affet
us in a very {enfible manner; and therefore,
we are at prefent alarmed and affeCted by
them to a confiderable degree. Hence the
pleafure we receive from civil hiftory arifes,
chiefly from the exercife it affords our paf-
fions. . The imagination is only entertained
with fcenes which occafionally ftart up, like
interludes, or epifodes, in the great drama,
to which we are principally attentive. We
are prefented, indeed, with the profpe& of

gradual
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gradual improvement during the rife of great
empires; but, as we read on, we are oblig-
ed to contemplate the difagreeable reverfe,
And the hiftory of moft ftates prefents nothing
but a tedious uniformity, without any ftrik-
ing events, to diverfify and embellith the
profpect. Befides, if a man have any fenti-
ment of virtue and benevolence, he cannot
help being fhocked with a view of the vices
and miferies of mankind; which, though
they be not all, are certainly the moft glar-
ing and firiking objects in the hiftory ot hu-
man affairs. An attention, indeed, to the
condu& of divine Providence, which is ever
bringing good out of evil, and gradually
condu&ing things to a more perfe&t and glo-
‘rious ftate, tends to throw a more agreeable
light on the more gloomy parts of hiftory;
but it requires great firength of mind to
comprehend thofe views; and, after all, the
feelings of the heart too often overpower the
conclufions of the head.

NaTuraL hiftory exhibits a boundlefs
variety of {cenes, and yet infinitely ana-
logous to one another. A naturalift has,
confequently, all the pleafure which the con-
- templation of uniformity and,variety can
give the mind; and this is one of the molt
copious fources of our intellectual pleafures.
- He is likewife entertained with a profpect of
~ gradual improvement, while he fees every
obje& in nature rifing by due degrees to its
maturity and perfeCtion. And while new
plants, new animals, and new foflils are per=-
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ginnings were very low, and our advances
have been exceedingly gradual, Andto look
down from the eminence, and to {fee, and
compare all thofe gradual advances in the
afcent, cannot but give the greateft pleafure
to thofe who are feated on the eminence, and
who feel all the advantages of their elevated
- fituation. And confidering that we ourfelves
are, by no means, at the top of human
{cience; that the mountain ftill afcends be-
yond our fight, and that we are, in fa&, not
much above the foot of it, a view of the
manner in which the afcent has been made,
cannot but animate us in our attempts to ad-
vance ftill higher, and fuggeﬂ: methods
and expedients to affift us in our farther
progrefs.

GRrREAT conquerors, we read, have been
both animated, and alfo, in a great mealure,
formed by reading the exploits of former
conquerors. Why may not the fame effect
be expefted from the hiftory of philofophy
to philofophers? May not even more be ex-
pected in this cafe?” The wars of many of -
thofe conquerors, who received this advan-
tage from hiflory, had no proper conneftion
with former wars : they were only analogous
to them, Whereas the whole bufinefs of
philofophy, diverfified as it is, is but one ;
“it being one and the {fame great fcheme, that
all philofophers, of all ages and nations,
have been conducting, from the beginning of
the world ; fo that the work being the fame, the
labours of one are not only analogous to thofe

of
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of another, but in an immediate manner fub-
fervient to them; and one philofopher fuc-
ceeds another in the fame field; as one Ro-
man proconful fucceeded another in carry-
ing on the fame war, and purfuing the fame
conquefts, in the fame country. In this cafe,
an intimate knowledge of what has been dene
before us cannot but greatly facilitate our fu-
ture progrefs, if it be not abfolutely neceffary
to it.

Trese hiftorics are evidently much more
neceffary in an advanced ftate of fcience, than
in the infancy of it. At prefent philofophi-
cal difcoveries are {o many, and the accounts
of them are fo difperfed, that it is not in the
power of any man to come at the knowledge
of all that has been done, as a foundation for
his own inquiries. And this circumitance ap-
pears to me to have very much retarded the
progrefs of difcoveries.

NoT that I think philofophical difcoveries
are now at a fland. On the other hand, as
quick advances feem to have been made of
late years, as in any equal period of time
paft whatever. ' Nay, it appears to me, that
the progrefs is really accelerated. But the
increafe of knowledge is like the increafe of
a city. The building of fome of the firft
ftreets makes a great figure, is much talked
of, and known to every body ; whereas the
addition of, perhaps, twice as much build-
ing, after it has been {welled to a confider-
able fize, is not {fo much as taken notice of,

a4 and
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to make the undertaking highly defirable,
and the work . peculiarly uieful to Englith-
men. '

I rikewise think myfelf exceedingly
happy in my fubjet itfelf. Few branches of
Natural Philofophy would, I think, make fo
good a fubjet for a hiftory. Few can boait
fuch a number of difcoveries, difpofed in fo
fine a feries, all comprifed in fo fhort a {pace
of time, and all fo recent, the principal ac-
tors in the {cene being flill iiving.

WitH feveral of thefe principal a&ors it
has beent my fingular honour and happinefs
to be acquainted ; and it was their approba-
tion of my plan, and their generous encou-
ragement that induced me to undertake the
work. With gratitude 1 acknowledge my
obligations to Dr. Watfon, Dr. Franklin, and
Mr. Canton, for the books, and other mate-
rials with which they have fupplied me, and
for the readinefs with which they have given
me any information in their power to pro-
cure. In a more efpecial manner am [ oblig-
ed to Mr. Canton, for thofe original commu-
nications of his, which will be found in this
work, and which cannot fail to give a value
to it, in the efteem of all the lovers of ele@ri-
«city. My grateful acknowledgements are al-
{o due to the Rev. Dr. Price, F. R.S5. and to
~the Rev. Mr. Holt, our profeflor of Natural
Philofophy at Warrington, for the attention
they have given to the work, and for the many
important {ervices they have rendered me with
relpe& to it,

1o
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To the gentlemen above mentioned the
public is, likewife, indebted for whatever
they may think of value in the original expe-
riments which I have related of my own. It
was from converfing with them that I was
firft led to entertain the thought of attempt-
ing any thing new in this: way, and it was
their example, and favourable attention to
my experiments, that animated me in the
purfuit of them. In fhort, without them,
neither my experiments, nor this work would
have had any exiltence.

Tue hiftorical part of this work, the
reader, I hope will find to be full and circum-
ftantial, and at the fame fuccin&. Every
new fadt, or important circumftance, I have
noted as it arofe; but I have abridged all
long details, and have carefully avoided all
digreflions and repetitions. For this purpofe,
I have perufed every original author, to
which I could have recourie ; and every quo-
tation in the margin points to the authority
that I myfelf confulted, and from which the
account in the text was actually taken.
Where I could not procure the original au-
thors, I was obliged to quote them at fecond
hand, but the reference will always fhow
where that has been done. That I might not
mifreprefent any writer, 1 have generally
given the reader his own wurds, or the
plaineft tranflation I could make of them ;
and this I have done, not only in dire&t quo-
tations, but where, by a change of perfon, I

have made the language my own,
' I maDe

-
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I maDE it a rule to myfelf, and I think I
have conftantly adhered to it, to take no no-
tice of the miftakes, mifapprehenfions, and
altercations of eletricians; except fo far as,
I apprehended, a knowledge of them might
~ be ufeful to their fucceflors. All the difputes
which have no way contributed to the difco-
very of truth, I would gladly confign to eter-
nal oblivion. Did it depend upon me, it
thould never be known to pofterity, that there
had ever been any fuch thing as envy, jea-
louly, or cavilling among the admirers of
my favourite ftudy. I have, as far as my
beft judgment could dire& me, been juft to
the merits of all perfons concerned. If any
have made unjuft claims, by arrogating to
themfelves the difcoveries of others, I have
filently reftored them to the right owner, and
generally without {fo much as giving a hint
that any injuftice had ever been committed.
If I have, in any cafe, given a hint, I hope
it will be thought, by the offending parties
_ themfelves, to be a very gentle one; and that
it will be a memento, which will not be with-
out 1its ufe.

I Tuink I have kept clear of any mean

partiality towards my own countrymen, and
everf my own acquaintance. If Englith au-
thors are oftener quoted than foreign, itis be~
caufe they were more ealily procured; and I
have found a difhiculty I could not have ex=
pedted, in procuring foreign publications up-
on this {ubject.

Irinp
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views of human ingenuity ; but fuch as the
air-pump, condenfing engine, pyrometer,
&c. (with which ele¢trical machines are to be
ranked) and which exhibit the operations of
nature, that is of the God of nature himfelf,
which are infinitely various. By the help of
thefe machines, we are able to put an endlefs
variety of things into an endlefs variety of
fituations, while nature herfelf is the agent
that thows the refult. Hereby the laws of
her action are obferved, and the moft impor-
tant difcoveries may be made; fuch as thofe
who firft contrived the inftrument could have
no idea of.

In elelricity, in particular, there is the
greateft room to make new difcoveries. It is
a field but juft opened, and requires no great
ftock of particular preparatory knowledge :
fo thatany perfon who is tolerably well verfed
in experimental philofophy, may prefently be
upon a level with the moft experienced elec-
tricians. Nay, this hiftory fhows, that {eve-
ral raw adventurers have made themf{elves as
confiderable, as fome who have been, in
other refpefts, the greatelt philofophers. I
need not tell my reader of how great weight
this confideration is, to induce him to pro-
vide himfelf with an elefrical apparatus. The
pleafure arifing from the moft trifling difco-
veries of one’s own, far exceeds what we re-
ceive from underftanding the much more im-
portant difcoveries of others; and a mere
reader has no chance of finding new truths,
in comparifon of him who now and then

amufes
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amufes himfelf with philofophical experi-
ments, '

Human happinefs depends chiefly upon
having fome obje&t to purfue, and upon the
vigour with which our faculties are exerted
in the purfuit. And, certainly, we muft be
much more interefted in purfuits wholly our
own, than when we are merely following the
track of others. Befides, this pleafure has re-
inforcements from a variety of fources, which
I fhall not here undertake to trace; but
which contribute to heighten the fenfation,
far beyond any thing elfe of this kind that
can be experienced by a perfon of a {pecula-
tive turn of mind.

IT is a great recommendation of the ftudy
of eleétricity, that it now appears to be, by
no means, a {mall obje&t. The eleétric fluid
is no local, or occafional agent in the theatre
of the world. Late difcoveries thow that its
prefence and effe&s are every where, and
that it aéts a principal part in the grandeft
and molt interefting fcenes of nature. It is
not, like magnetifm, confined to one kind of
bodies, but every thing we know is a con=
ductor or non-condu&tor of elericity. Thefe
are properties as eflential and important as
any they are poflefled of, and can hardly
fail to thow themfelves wherever the bodies
are concerned.

HituerTo philofophy has been chiefly
converfant about the more fenfible proper-
ties of bodies ; electricity, together with chy-
miftry, and the dorine of light and colours,

feems
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feems to be giving us an inlet into their in-
ternal ftructure, on which all their {fenfible
properties depend. By purfuing this new
light, therefore, the bounds of natural {cience
may peflibly be extended, beyond what we
can now form an idea of. New worlds may
open to our view, and the glory of the great
Sir Ifaac Newton himfelf, and all his contem=
poraries, be eclipfed, by a new fet of philo-
fophers, in quite a new field of {peculation.
Could that great man revifit the carth, and
view the experiments of the prefent race of
ele@ricians, he would be no lefs amazed than
Roger Bacon, or Sir Francis, would have been
at his. The ele&ric thock itfelf, if it be
confidered attentively, will appear almoft as
{urprifing as any difcovery that he made;
and the man who could have made that dif-
covery, by any realoning 2 prieri, would
have been reckoned a moit extraordinary ge-
nius : but ele@rical difcoveries have been
made fo much by accident, that it is more
the powers of nature, than of human genius,
that excite our wonder with refpec to them.
But if the fimple eleftric {hock would have
appeared fo extraordinary to Sir Ifaac New-
ton, what would he have faid upon feeing
the effects of a modern elerical battery, and
an apparatus for drawing lightning from the
clouds ! What inexpreflible pleafure would it
give a modern cle€trician, were the thing
poffible, to entertain fuch a man as Sir I{aac
for a few hours with his principal experi-
ments !

To
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To return from this excurfion to the bufi-
nefs of a preface: belides relating the hiftory
of ele&rical difcoveries, in the order in which
they were made, I thought it neceflary, in
order to make the work more ufeful, efpeci-
ally to young elericians, to fubjoin a me-
thodical treatife on the {ubject, containing the
fubftance of the hiftory in another form, with
obfervations and inftruétions of my own. The
particular ufes of thefe parts of the work are
exprefled at large in the introduions to
them. And, in the laft place, I have given
an account of fuch original experiments as
I have been fo fortunate as to hit upon
myf{elf,

TanTITLE the work the Hiflory and P?‘E-
Sfent State of Eleliricity ; and whether there be
any more additions of the whole work or not,
care will be taken to preferve the propriety of
the title, by occafionally printing ADDI-
TIONS, 1n the {ame fize, as new difcoveries
are made; which will always be fold at
a reafonable price to the purchafers of the
book; or given gratis, if the bulk be incon-
Miderable.

CoNsIDERINCG what refpe&abie perfons
have already honoured this' work with their
valuable cammumcatmns, I hﬂpf: it will not
be deemed arrogance in me, if I here ad-
vertife, that if any perfon fhall make difco-
veries in ele&ricity, which he would chufe to
fee tecorded in this hiftory, he will oblige
me by ‘a communication of them; and if
they be really original, a proper place fhall

cer-
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certainly be afligned to them in the next edi-
tion, or paper of additions. And I hope that,
if ele@ricians 1n general would fall into
this method, and make either a periodical,
or occafional, but joint commuuication of
their difcoveries to the public, the greateft
advantage would thenee accrue to the
{cience.

Tue bufinefs of philofophy 1s fo multi-
plied, that all the books of general philofo-
phical tranfations cannot be purchafed by
many perfons, or read by any perfon. ' It is
high time to fubdivide the bufinefs, that
every man may have an opportunity of fee-
ing every thing that relates to his owm
favourite purfuit; andall the various branches
of philofophy would find their account in
this amicable feparation. Thus the numer-
ous branches of a large overgrown family, in ~
the patriarchal ages, found it neceflary to fe-
parate ; and the convenience of the whole, and
the firength, and increafe of each branch
were promoted by the feparation. Let the
youngeft daughter of the fcience fet the ex-
ample to the reft, and thow that fhe thinks
herfelf confiderable enough to make her ap-
pearance in the world without the company
of her fifters.

But before this general feparation, let
each colle& together every thing that belongs
to her, and march off with her whole ftock.
To drop the allufion: let hiftories be written
of all that has been done in every particular

branch of fcience, and let the whole be {feen
VoL b at
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at one view. And when once the entire pro-
grefs, and prefent ftate of every fcience fhall
be fully, and fairly exhibited, I doubt not but
we fhall fee a new and capital #7¢ commence
in the hiftory of all the {ciences. Such an
eafy, full, and comprehenfive view of what
has been done hitherto could not fail to give
new life to philofophical inquiries. It would
fuggeit an infinity of new experiments, and
would undoubtedly greatly accelerate the pro-
grefs of knowledge; which is at prefent re-
tarded, as it were, by its own weight, and
the mutal entanglement of its feveral parts.

[ wiry juft throw out a farther hint, of
what, I think, might be favourable to the
increafe of philofophical knowledge. At pre-
fent there are, in different countries in Eu-
rope, large incorporate focieties, with funds
for promoting philofophical knowledge in
general. Let philofophers now begin to fub-
divide them{elves, and enter into fmaller com-
binations. Let the feveral companies make
{mall funds, and appoint a dire&tor of expe-
riments. Let every member have a right to
appoint the trial of experiments in {fome pro-
portion to the fum he fubfcribes, and let a pe-
riodical account be publithed of the refult of
them all, fuccefsful or unfuccefsful. In this
manner, the powers of all the members
would be united and increafed. Nothing
would be left untried, which could be com -
pafled at a moderate expence, and it being
one perfon’s bufine/s to attend to thefe experi-
ments, they would be made, and reported

without
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without lofs of time. Moreover, as 21l in-
corporations in thefe fmaller focietics fhould
be avoided, they would be encouraged only
in pmpc}rtmn as they were found to be ufeful;
and fuccefs in fmaller things would excite
them to attempt greater.

I By no means difapprove of large, general;
and incorporated focieties. They have their
peculiar ufes too; but we fee by experience,
that they are apt to grow too large, and their
forms are too flow for the difpatch of the mi-
.nutie of bufinefs, in the prefent multifarious
ftate of philofophy. Let recourfe be had to
rich incorporated focieties, to defray the ex-
pence of experiments; to which the funds of
fmaller focieties fhall be unequal. Let their
tranfactions contain a fummary of the more
important difcoveries, colleted from the
{maller periodical publications. Let them, by
tewards, and other methods, encourage thofe
who diftinguifh them{felves in the inferior {o-
cieties ; and thus give a general attention to
the whole bufinefs of philofophy.

I wish all the incorporated philofophica}
focieties in Europe would join their funds (and
I wifh they were {ufficient for the purpofe) to
fit out thips for the complete difcovery of the
face of the earth, and for many capital expe-
riments which can only be made in fuch ex-
tenfive voyages.

Princes will never do this great bufinefs
to’any purpofe. The fpirit of adventure feems
to be totally extint in the prefent race of
merchants, This difcovery is a grand defide-

b2 ratum
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ratum in {cience ; and where may this pure
and noble enthufiafim for {fuch difcoveries be
expected but among philofophers, men un-
influenced by motives cither of policy or
gain? Let us think ourielves happy if princes
give no obftrution to fuch defigns. Let
them fight for the countries when they are
difcovered, and let merchants fcramble for
the advantage that may be made of them. It
will be an acquifition to philofophers if the
{eat of war be removed fo far from the feat of
{cience; and frefh room will be given to the
exertion of genius in trade, when the old
beaten track is deferted, when the old fyftem
of traffic is unhinged, and when new and
more extenfive plans of commerce take place.
I congratulate the prefent race of philofo-
phers on what is doing by the Englifh court
in this way* for with whatever view ex-
peditions into the South Seas are made, they
cannot but be favourable to phl]ﬂfnphy
NATURAL PHiLosopHY is a{cience which
more efpecially requires the aid of wealth.
Many others require nothing but what a man’s
own refleCtion may furnifh him with. They
who cultivate them find within themfelves
every thing they want. But experimental
philofophy is not fo independent. Nature
will not be put out of her way, and fuffer her
materials to be thrown into all that variety of
fituations which philofophy requires, in or-
der to difcover her wonderful powers, with~

* Written in the year 1766.
out
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out trouble and expence. Hence the pa-
tronage of the great is effential to the flou-
rithing ftate of this fcience. Others may pro-
ject great improvements, but they only have
the power of carrying them into execution.

BrsipEs, they are the higher clafles of men
which are moft interefted in the extenfion of
all kinds of natural knowledge; as they are
moft able to avail themfelves of any difcove-
ries, which lead to the felicity and embellith-
ment of human life. Almoit all the elegancies
of life are the produce of thofe polite arts,
which could have had no exiftence without

natural {cience, and which receive daily im-
- provements from the fame fource. From the
great and the opulent, therefore, thefe fciences
have a natural claim for protetion; and it is
evidently their intereft not to fuffer promifing
inquirics to be fufpended for want of the
means of profecuting them. '

BuTt other motives, befides this {elfith one,
may realonably be fuppofed to attach perfons
m the higher ranks of life to the fciences ;
motives more exalted, and flowing from the
moft extenfive benevolence. From Natural
Philofophy have flowed all thofe great in-
ventions, by means of which mankind in ge-
neral are able to {fubfift with more eafe, and
in greater numbers upon the face of the earth.
Hence arife the capital advantages of men
above brutes, and of civilization above barba-
rity. And by thefe fciences alfo it is, that
the views of the human mind itfelf are en-
larged, and our common nature improved
and ennobled. It is for the honour of the

b 13 {pecies,
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{pecics, thercfore, that thele {ciences thould be.
cultwatcd with the utmoit attention.

Anp of whom may thele enlarged views,
 comprehenfive of fuch great objects, be ex-
pe€ed, but of thofe whom divine providence
has raifed above the reft of mankind. Being
free from moft of the cares peculiar to indi-
viduals, they may embrace the interefts of
the whole fpecies, feel for the wants of man=
kind, and be concerned to fuppc:r:: the dig-
nity of human nature,

Graory would I indulge the hope, that
we {hall {foon {ee thefe motives operating in a
more exten{ive manner than they have hither-
to done; that by the illuftrious example of a
few, a tafte for natural {cience will be excit-
ed in many, in whom it will operate the moft
effectually to the advantage of {cience and of
the world ; and that all kinds of philofophi=-
cal inquiries will, henceforward, be condu&-
ed with more {pirit, and with more fuccefs
than ever.

Were I to purlue this {abje&, it would
carry me far beyond the rea,ﬁ::nahle bounds of
a preface. I fhall therefore conclude with
mentioning that {entiment, which ought to
be upﬁermoﬁ in the mind of every philofo-
pher, whatever be the immediate - obje& of
his purfuit; that {peculation is only of ufe as
it leads to ?rn‘ra?:ff, that the immediate ufe
of natural {cience is the power it gives us
over nature, by means of the knowledge we
acquire of its laws; whereby human life is,
in its prefent ftate, made more comfortable
and happy ; but that the greatcﬂ, and nobleft

ufe
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ufe of philofophical {peculation is the difci-
pline of the heart, and the opportunity it af-
fords of inculcating benevolent and pious fen-
timents upon the mind.

A pu1LOSOPHER ought to be fomething
greater, and better than another man. The
contemplation of the works of God thould
give a {ublimity to his virtue, fthould expand
his benevolence, extinguifh every thing mean,
bafe, and felfith in kis nature, give a dignity
to all his fentiments, and teach him to afpire
to the moral perfeftions of the great author of
all things. What great and exalted beings
would philofophers be, would they but let
the objeéts about which they are converfant
have their proper moral effe upon their
minds! A life {fpent in the contemplation of
the produétions of divine power, wifdom, and
goodnefs, would be a life of devotion, The
more we fee of the wonderful firucture of the
world, and of the laws of nature, the more
clearly do we comprehend their admirable
ufes, to makeall the percipent creation happy:
a fentiment, which cannot but fill the heart
with unbounded love, gratitude, and joy.

Even every thing painful and difagreeable
in the world appears to a philofopher, upon
a more attentive examination, to be excellent-
Iy provided, as a remedy of {fome greater in-
convenience, or a neceflary means of a much
greater happinefs ; {fo that, from this elevat-
ed point of view, he fees all temporary evils
- and inconveniences to vanifh, in the glorious
profpe& of the greater good to which they are
fubiervient, Hence he is able to venerate and

b 4 ¢ rejoice
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rejoice in God, not only in the bright fun-
fhine, but’alfo in thedarkeft fhades of nature,
whereas vulgar minds are apt to be difcon-
certed with the appearance of evil.

Nor is the cultivation of piety ufeful to us
only as men, it is even ufeful to us as philefo-
phers: and as true philofophy tends to pro-
mote piety, fo a generous and manly piety is
reciprocally, fubfervient to the purpofes of phi-
lofophy; and this both in a dire&t and indirect
manner. While we keep in view the great
final caufe of all the paits and the laws of na-
ture, we have fome clue, by which to trace the
efficient caufe. This is moft of all ohvious in
that part of philofophy which refpefts the ani-
mal creation. As the great and excellent Dr,
Hartley obferves. ¢¢ Since this world is a
¢ {yftem of benevolence, and confequently itg
¢ author the obje& of unbounded love and a-
‘¢ doration, benevolence and piety are our on-
¢ ly true guides in our inquiries into it; the
¢“ only keys which will unlock the myfteries
‘¢ of nature, and clues which lead through her
¢ labyrinths. Of this all branches of natural
*¢ hiftory, and natural philofophy afford abun-
¢¢ dant inflances. In all thefe inquiries, letthe
#¢ inquirer take it for granted previoufly, that
¢« every thing is right, and the beft that can be
¢ ceteris manentibus ; that is, let him, with
¢« a pious confidence, feck for benevolent
¢« purpoles, and he will be always direfted to
¢ the right road ; and after a due continuance
€ In it, attain to fome new and valuable truth ;
s« whereas every other principle and motive of
¢ examination, being forcign to the great plan

. “ on
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<« on which the univerfeis conftructed, muftlead
¢ intoendlefs mazes, errors,and perplexities™.”
WiTH refpect to the indiret ufe of piety, it
muft be obferved, that the tranquility, and
chearfulnefs of mind, which refults from de-
votion forms an excellent temper for conduct-
ing philofophical inquiries ; tending to make

them both more pleafant, and more fuccefsful.
The fentiments of religion and piety tend to
cure the mind of envy, jealoufy, conceit, and
every other mean paflion, which both' difgrace
the lovers of {cience, and retard the progrefs of
it, by laying an undue bias upon the mind,
and diverting it from the calm purfuit of truth.
LastLy, let it be remembered, that a tafte
for {cience, pleafing, and even honourable as
it is, is not one of the higheft paflions of our
nature, that the pleafures it furnithes are even
but one degree above thofe of fenfe, and there-
fore that temperance is requifite in all {cienti-
fical purfuits. Befides the duties of every man’s
proper ftation in life, which ought ever to be
held facred and inviolate, the calls of picty,
common friendfhip, and many other avoca-
tions ought generally to be heard before that
of ftudy. It is, thercfore, only a fmall fhare of
their leifure, that moft men can be juftified in
giving to the purfuit of {cience; though this
fhare is more or lefs, in proportion to a man’s
fituation in life, his natural abilities, and theop~

portunity he has for conducting his inquiries.
Isuwarr conclude with another paflage from

Dr. Hartley to this purpofe. ¢ Though the pur-

* Hartley’s Obfervations on Man, Vol. ii. p. 245, :
fuie



KxXvi THE PREFACE

¢ {oit of truth be an entertainment and em-
¢« ployment{uitable to our rational natures,and
¢ a duty to him who 1s the fountain of all
¢ knowledgeand truth, yet we muft make fre-
¢ quent intervals and interruptions ; elfe the
- ¢ ftudy of fcience, without a view to God and
« our duty, and from a vain defire of applaufe,
¢« will get pofleflion of our hearts, engrofs
« them wholly, and by taking deeper root
¢ than the purfuit of vain amufements, be-
¢ come, in the end, a much more dangerous,
¢ and obflinate evil than that. Nothing can
¢ eafily exceed the vain-glory, felf-conceit,
<« arrogance, emulation, and envy, that are
< found in theeminent profeflors of thefciences,
<« Mathematics, Natural Philofophy, and even
< Divinity itfelf. Temperance in thefe ftudies
¢ is, therefore, evidently required, both in or=
¢t der to check the rife of fuchill paffions, and
* to give room for the cultivation of other ef-
¢ fential parts of our natures. It is with thefe
¢ pleafures as with the fenfible ones ; our ap-
« petites muft not be made the meafure of
“ our indulgence, but we ought to refer all
¢ to a higher rule.

“ BuT when the purfuit of truth is direGted
¢ by this higher rule, and entered upon with a
¢ view to the glory of God, and the good of
‘ mankind, there is no employment more
¢ worthy of our natures, or more conducive to
s their purification and perfection *,”

* Hardley’s Obfervations on Man, Vol. ii. p. 255, &c.

WARRINGTON,

March 1567, PRE
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A COND EDILT YO N

HE method I took to diftinguifh the

books I had feen from thofe I had not
feen, 1n the catalogue of ele&ric authors, fub-
joined to the firft edition of this work, has
been attended with the advantage I promifed
myfelf from it; feveral perfons, who were in
pofieflion of the books I had not feen, having
communicated them to me ; and I have care-
fully perufed them, and digefted their con-
tents into this fecond edition. Far the greater
part of thefe new authors, the reader will per-
ceive by the catalogue, were German, and
wrote in high Dutch, a language with which,
I believe, the literati of this country are but
little acquainted, which might be the reafon
why neither myfelf nor my friends had ever
heard of them before. Though the new ma-
terials they have {fupplied cannot be faid to be
of the firft importance, many of the articles
are very curious, and I hope the reader, as
well as myfelf, will think that they have well
repaid me for my trouble in learning the
language. _

IT is certainly much to be regretted that
philofophers have not one common language ;
but neither the theory of language in general,
por the nature and analogies of things tobe ex-

prefled



XXViil THE PREFAIDE

prefled by it are yet fufhiciently underflood,
to enable us to contrive a new and philofophi-
cal one, which might be eafily learnt, and
would be completely adequate to all the pur-
pofes of fcience; and Latin is a language
which perfons of a philofophical turn of mind
have feldom leifure to make themfelves fo
"much maflers of, as to write in 1t with that
elegance which the tafte of the age requires.
Befides, books written in Latin are but little
read, at leaft, in England ; and therefore could
have no fale with us. Thefe circumftances
make it the more neceflary, that there fthould
be, in every country, perfons poflefled of a
competent knowledge of foreign languages,
who fhould be attentive to the progrefs of
fcience abroad, and communicate to their
countrymen all ufeful difcoveries as they are
made. |

BesipEs the improvements in the hiftory,
and other parts of this work, the reader will
find, in this edition, an addition of three in-
tire {eCtions of original experiments. Al that
are of the leaft confequence are printed, and
fold feparately, for the benefit of thofe who

purchafed the firft edition.

Lesps, Jan. 1769,

ADYV ER-
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O the fecond edition of this work I

made confiderable additions, by an ac-
count of fuch difcoveries as had been made in
the interval between that and the firft edition 3
and thefe additions 1 publithed feparately for
the ufe of thofe who had purchafed the firft
edition, But in this edition I have inferted
no account of any thing that was done after
the publication of the fecond, becaufe I re~
- ferve an account of them for a Continuation
of the Hiftory, which, if God fpare my life,
1 propofe to write fome years hence, when I
hope there will be a greater ftock of materials

- for it.

I uave, however, confiderably improved
this edition, by a fuller account of difcoveries
made by feveral foreigners, in confequence
of becoming poflefled of the original publica-
tions, whereas before I was obliged to con-
tent myfelf with quoting them at fecond hand.
The reader will therefore find a much larger
account of what was done by the Academi-
cians del Cimento, by Mr. Du Fay, and fome
others. The alterations of the references, or
- the additions to them, will generally thow
where I have done this ¥,

* [n the account of the experiments of Mr. Monnier, think-

ing proper to change the place of one of the articles, [ negle&t-
ed
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- To the account I have given of the recep~
tion of Dr. Franklin’s fyftem in France, I
would add what I have fince been informed
of, viz. that Mr. Le Roi, fecretary to the
Royal Academy of Sciences, who has diftin-
guifhed himfelf by his attention to various
branches of philofophy, was the firft who
adopted this theory in that country, and be-
came an open and ftrenuous advocate for it.
He alfo demontftrated the principles of it by
original experiments ; an accountof which is
contained in two valuable Memoirs publithed
among thofe of the Royal Academy. In the
former of thefe he proves, that there is an
invariable diftin&ion between the appearance
of eleétric light at the points of metalic bo=
dies as connelted with, or prefented fothe prime
conduéor, or infulated rubber ; fo that what
is called the penci/, is uniformly the appear=
ance when the pointed wire is electrified po-
fitively, and the far when it is negative. See
Ac. Par. 1753. In another memoir for the
year 1755, he thews, by ufing a globe of
fulphur, that the refinous ele@ricity of Mr.
Du Fay is the very fame thing with the nega-
tive power of Dr. Franklin. Though the fame
things had been demonftrated by others, and
elpecially Father Beccaria, thefe philofo-
phers made the difcovery independent of
each other, and therefore have equal merit.

ed to cancel the former account, which the reader will pleafe
to overlook, orexpunge, from p. 145. The fuller account,
from the original, is at p, 155. T mention this chiefly, that
if any foreigner thould tranflate from this edition, he may be
admonifhed to omit the former paragraph.

6 WiTH-
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WiTHOUT entering into particulars, I fhall
take the liberty to acquaint the reader, that,
in the fixtieth volume of the Philofophical
Tranfa&tions, there are two papers of mine
on electrical {ubjeéts, one on what I have call-
ed the lateral explofion, and the other on the
conduciing power of charcoal. _

In the former I fhew that, in certain cir-
cumftances, an ele@ric {park detaches itfelf
from the circuit of an explofion to bodies
placed near it, and returns to it again at the
fame inftant. Through the air I have made
this {park three-fourths of an inch in length,
and 1n vacuo more than twelve inches.

In the other paper I fhow, among other
properties of charcoal, that its conduing
power depends entirely on the degree of fea#
with which it is made. Some pieces do not
conduct ele@ricity at all, others as perfeétly
as filver or gold, and pieces of the former
quality are always convertible into thofe of
the latter, by the application of more heat.

ALso, In my obfervations on different kinds
of air, the reader will find, that [ have de-
montftrated that the ele&ric matter is, or con-
tains phlogifton ; by fhewing that it affe&s
all kinds of air as phlogifton does ; particular-
ly diminithing common air one fourth, and
making it noxious, fo as to make no effer-
velfcence with nitrous air.

I'T may not be amifs to inform the reader,
that the firft tranflation of this work was in-
to French, by a perfon who feems to have
done it with no other view than to have an

oppor=



%xzif THE PREEACE.

opportunity of exprefling his diflike of Dr.
Franklin’s {fyftem, and of myfelf as the abet-
tor of it, and of defending that of Mr. Nol-
let. In the nofes, which all other tranflators
cenfure as in the higheft degree illiberal, he
reprefents me as being, beyond all bounds,
partial to my own countrymen, and particu-
larly unjuft to the French; a charge from
which I thought myfelf intirely exempt. I
confefs, however, that, inadvertently, I did
give fome handle to this cenfure in one paf-
{age, which I have therefore correted in this
edition. I have the pleafure to be informed
that a new tranflation of this work, from this
laft edition, is undertaken by the excellent
tranflator of Dr. Franklin’s Philofophical
writings, lately publithed. This gentleman
will, I doubt not, do ample juftice both to
myfelf and to the {fubject.

CaLNE, March 1775.

To th¢e BinDER,

Place Plate 1. at the end of Vol. 1.
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AND PRESENT STATE OF
ElL-BOTRICITY.

PRA R T
TueHistoryoF ELECTRICITY.

EXPERIMENTS AND DISCOVERIES IN ELEC=

TRICITY PRIOR To THoOSE ofF MRrg:
HAUKSBEE:

TI—IE hiftory of philofophy contains
nothing earlier than the obfervation,
that yellow amber, when rubbed, has
the power of attracting light bodies. Thales
of Miletus, the father of the Ionic philo<
fophy, who flourifhed about fix hundred years
before Chrift, was {o much firuck with this
- property of amber; that he imagined it was
animated. But the firft writer, who exprefsly
mentions this {ubftance, s Theophraftus, whe
flourithed about the year z00 before Chritt.
He fays, in his book concerning precious
ftones, fect. 53, that amber (which he fuppofes
to be a native foffil) has the fame property
of attracting light bodies with the lyncurium ;
which, he obferves, attracts not only ftraws,

and {mall pieces of fticks, but even thin pieces
B of
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of copper and iron. 'What he fays farther of "
the lyncurium will be related under the article
of the fourmalin, which Dr. Watfon has, in
a manner, proved to be the fame fubftance..
FRDM nhgxq'eay, thﬂ GI’EEk name fﬂl’ afnber,_
is derived the term ErLecTriciTyY, which is
now extended to {ignify not only the power
of attralling light bodies inherent in amber,
but other powers connefted with it, in what-
ever bodies they are {fuppofed to refide, or to-
whatever bodies they may be communicated.
THE attractive nature of amber 1s occalion=-
ally mentioned by Pliny, and other later na-u
turalifts ; particularly by Gaflendus, Kenelm. -
Digby, and Sir Thomas Brown ; but except=,
ing the eleéiricity of the fubftance called jez *,.
the difcovery of which was very late (though k
have not been able to find its author) no ad-
vances were made in ele@ricity till the fubje&
was undertaken by William Gilbert, a native
of Colchefter, and a phyfician at London ;
who, in his excellent Latin treatife de magnete,.
publifhed in the year t6oc, relates a great
variety of ele@rical experiments. Confider~
ing the time in which this author wrote, and: -
how little was known of the fubjet before:
him, his difcoveries may be juftly deemed
confiderable, though they appear trifling when:
compared with thofe which have been made
fince his time.

To him we owe a great augmentation of

* Mr. Bofe is faid to have thown, that the agare was very
early known to have elefiric powers, Dantzick Memoirs,
Vel. L p. 179.
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the lift of ele@ric bodies, as alio of the bodies
on which ele@rics can a&; and he has care-
fully noted feveral capital circumftances relat-
ing to the manner of their allien, though his
theory of ele@ricity was very imperfeét, as
might be expected.

AmBeRr and jet were, as I obferved before,
the only fubftances which, before the time of
Gilbert, were known to have the property of
attra&ting light bodies when rubbed; but he
found the fame property in' the dzamaﬁﬂ'
ﬁppﬁzrs, carbuncle, iris, amethyft, opal, wvin-
centina, Br ﬂﬂf Sflone, beryly and cryflal. He
alflo obferves that g/af, Efpecnll}r that which
18 clear and tranfparent, has the fame proper~ -
ty ; likewile all faltitious gems, made of glafs
or cryftal 5 glafs of antimony, molt fparry fiuub=

ftances, and belemnites.  Laftly, he concludes

his catalogue of cleéric fubftances with fu/~
phur, maftic, j’ézrz'f"ﬁg wax made of gum laé
tinged with various colours, ﬁa;a’rgﬁn fal
gem, tale, and roche alum.’ Rofin, he faid,

poffefied this property but in a {mall degree,

_‘and the three lafl mentioned fubftances, -only
when the air was clear and free from moifture.

Azxrr thefe fubflances, he obferves, attradts
ed not only flraws, but all metals, all kinds
of wood, flones, earth, water, oil; in fhort,
whatever is {olid, and the object of our fenfes.
But he imagined that air, flame, bodies ignit-
ed, and all matter which was extremely rare
was not fubject to this attraltion. Grofs
fmoke, he found, was attradted very fenfibly,
but that which was attenuated very little.

B2z FricTION,
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FricTron, he fays, is, in general, neceflary
to excite the virtue of thefe fubftances; though
he had one large and {mooth piece of amber
which would a& without friction. But with
refpedt to this he probably deceived himfelf.
The moft effeétual friction, he obferved to be
that which was light and quick ; and he found.
that electrical appearances were ftrengeft when
the air was dry,. and the wind north or eaft,
at which. time ele@ric {fubftances would act
ten minutes. after excitation.. But he fays,
that a- moift air,, or a foutherly wind almoft:
annihilates the eleGric virtue. The fame ef=
fe&t he alfo obferved from the interpofition of
moifture of any kind, as from the breath, and"
many other fubftances, but not always. from.
the interpofition of farfnet. Hefays that light
and pure oil, {prinkled upon: ele@rics, after
excitation, did not obftru¢t their virtue ; but
that brandy, or fpirit of wine, did. He alfo:
fays, that cryftal, talc, glafs, and all other elec-
trics loft their virtue after being burnt or
roafted. But this was, in fome meafure, a mif-.
take. The heat of the fun, colleted by a
burning glafs, he fays, is fo far from exciting
amber, and other eletrics, that it impairs the-
virtue of them all; though, when elerics
have been excited, they will retain their vir-
tue longer in the {fun-thine than in the {hade..

MosT of the experiments of this author
were made with long thin pieces of metal, and
other fubftances, fufpended freely on: their
centers, to the extremities of which he pre-
fented the ele@rics he had excited.. His ex~

periments:
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periments on water were made by prefenting
a round drop of it upon a dry fubftance to the
excited ele@ric; and it is remarkable, that he
obferved the Bl conical figure of the elec~
trified drops which Mr. Grey afterwards dif=
covered, and which will be related more at
large in its proper place. Gilbert concluded,
that air was not affe¢ted by eleftrical attrac-
tion, becaufe the flame of a candle was not:
for the flame, he fays, weuld be difturbed if
the air had the leaft motion given to it.

GiLBerT imagined that eleétrical attrace
tion was performed in the fame manner as
the attraction of cohefion. T'wo «drops of
water, he obferved, ruth tosether when they
are brought into contat; -and eélerics, he
{ays, are virtually brought into contat with
the bodtes they a<t upon, by means of their
effluvia, excited by friction.

AmoNG other differences between ele@ric
and magnetic attraction, fome of which are
very juft, and others whimfical enough, he
{ays, that magnetic bodies ruth together mu-
tually ; whereas in elecrieal attraction it is
only the -€le@ric that exerts any power. He
obferves alfo particularly, that in magnetifm
there is both attraction and repulfion, but in
eleftricity only the former, and never the
latter *."

Sucu were the difeoveries of our coun-
tryman Gilbert, who may juftly be called thf:
father of modern elettricity, though it

* Gilbert de magnete, Lib, 2. Cap. 2.
B; true
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true that he left his child in its very ine
fancy. '

Lorp Bacon, .in his Phyfiological Re-
mains,. gives a catalogue of bodies attractive
and not attradlive ;. but it differs in nothing
worth mentioning from that of Galbert, and
he does not feem ; to have made any obferva=
tions .of his own relating to the {ubje.

ABouUT 70 years after Gilbert, NicoLaus
Ca};rur, a Jeluit at Ferrara, repeated his ex=
periments ; and found that w/ize wax, almett
all the gums, -and crude gypjum were to be
ranked among ele@ric bodies *,

Tuese remarkable phenomena relatmg to
amber, and other ele@ric fubflances, did not
efcape the attention of the, inquifitive and fa-
gacious Mr. Boyle, who flourifhed about the
year 1670. He made fome addition to the
cat&lc:gue of eleétric fubftances, and attended
to fome circumitances relating to ele@rical
attraction, which had efcaped the obfervation
of philofophers who lived before him.

He found that the hard cake which remains
after evaporating good turpentine was electri~
cal, as alfo the hard mafs which remains
after diftilling petroleum and fpirit of nitre,
glafs of lead, the caput mortuum of amber,
and the cornelian; but he could not find that
property in the emerald, and he thought that
glafs poilefled it but in a very low degree.

He found, that the elericity of all bodies
capable of having it excited in them was in-

* Dantzick Memoirs, Vol. 1. p. 180.
creafed
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erealed by wiping, and warming them, pre-
vious to their being rubbed. By this means
he made an elefiric body, no bigger than
a pea, move a fteel needle, which was freely
poifed, three minutes after he had left off rub-
bing it. He alfo found, that it was ufeful to
have the furfaces of eletric bodies made very
dmooth, except in the .cafe of one diamond,
on which he tried fome experiments ; which,
though 1t was rough, was, he fays, pofiefled
of a {tronger eleftric virtue than any polithed
sone he had ever met with. |

He obferved that excited elerics would
attract all kinds of bodies promifcuouily,
whether ele@ric or not; that excited amber,
for inftance, would attra& both powder of
amber, and {mall pieces of it; differing, as
- he takes notice, from the property of the
Joad-ftone, which a&s only on one kind of
matter. He found, that his ele@rics would
attract {moke very ealily, and takes fome
pains to acccunt for their not fenfibly at-
tralting flame, which Gilbert excepted from
the bodies attraCted by elellricity.

Tuise attractions, he found, did not de-
pend upon the aiy : for he obferved that they
took place in vacuo. He {ufpended a piece
of excited amber over a light body 1n a glafs
receiver, and faw, that when a vacuum was
made, and the amber let down near the light
body, it was attracted, as if it had been in
the open air *, But S. Beccaria aflerts, that

* Hiftoire de 'e&ricité,

B 4 there
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there is no cledrical attrattion in a perfe&
yacuunnl.

Mz. BoyLE made an experiment to try

whether an excited ele@ric was acted upon
by other bodies, as ftrongly as it acted upon
them, and it {fucceeded : for, fufpending his
excited elﬂﬂrlc, he faw that it was fenfbly
moved by the approach of any other body.
We fthould now be {urprifed that any perfon
fhould not have concluded 4 priori, that if an
ele@ric body attraéted other bodies, it muft, in
return, be attrated by them, action and reac-
tion bemg u11werfally equal to one another.
But it muft be cﬂnﬁdered, that this axiom was
not fo well underftood in Mr. Boyle’s time,
nor till it was afterwards explained in its
~full latitude by Sir Ifaac Newton *.
- Mg. BovrLe got a glimpfe, as we may fay,
of the ele@ric light: for he found that a cu-
rious diamond, which Mr. Clayton brﬂught
from Italy, 'gzwe light in the dark, when it
was rubbed againft any kind of ftuff; and he
found that, by the fame treatment, it became
elecirical. He alfo obferved the fame property
in feveral other diamonds .

Tuese experiments of Mr. Boyle’s, we fee,
relate only to a few circumftances attending
the fimple property of ele@rical attraction.
The neareft approach that he made to the dif-
covery of ele@rical repulfion was his obferv-
ing, that light hedles, as feathers, &c. would

* Boyle’s Mechanical produdtion of eletriciry.
';' $ecﬂnda;a hiftory of tin.&nc:t}r,p f.p :

cling
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cling to his fingers, and other {ubftances,
after they had been attracted by his ele&rics.
He had feen but little of the elediric light,
and little imagined what aftonithing effels
would be afterwards produced by the fame
wonderful power, and how large a field he
was opening for philofophical {peculation in
future times.

Mpr. BovLe’s theory of eleftrical attradtion
was, that the electric emitted a glutinous efflu-
vium, which laid hold of fmall bodies in its
way, and, in its return to the body which
emitted 1t, carried them back with it, One
James Hartman, whofe account of amber is
publithed in the Philofophical Tranfadtions *,
pretends to prove by experiment, that eleftri-
cal attration was really owing to the emiflion
of glutinous particles. He took two eleric
fubftances, viz. pieces of colophonia, and
from one of them made a diftillation of a black
balfam, and thereby deprived it of its attrac-
tive power. He fays, that the ele&ric, which
was not diftilled, retained its fatty fubftance,
whereas the other was, by diftiilation, re-
duced to a mere caput mortuum, and retained
no degree of its bituminous fat. In confe-
quf:nc:e of this hypothelis, he gives it as his
opinion, that amber attradls light bodies
more powerfully than other fubﬁances, be-
caufe it emits oily and tenacious efluvia more
copioufly than they do.

ConTEMPORARY With Mr. Boyle was Otto

2 Abridgement, Vol. z. p. 473.
Guericke,
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Cuericke, Burgomaﬂfr of Magdebourg, and
the celebrated inventor of the air-pump, who
is likewife intitled to a diftinguithed place a-
mong the- firft improvers of eletricity.

This philofoplier made his experiments
with a globe of fulphur, made by melting
that fubflance ina hu]lcsw globe of glafs, and
afterwards breaking the glals from off it. He
little imagined that the glafs globe itfelf, with
or without the {uiphur, wr.}uld have anfwered
his purpofe as well. This globe of fulphur
he mounted Lpon an axis, and whirled it in a
wooden frame, rubbing it at the fame time
with his hand ; and by this means he per-
formed all the elefirical experiments which
were known before his time. _

His was the difcovery, that a body once
attradted by an excited eleCtric was repelled
by it, and not attra&ed again till it had been
touched by fome other body. In this manner
he kept a teather a long time {ufpended in
the air above his fulphur globe; but he ob-
ferved, that if he drove it near a linen thread,
or the flame of a candle, it inftantly retreated
to the globe, without having been in contalt
with any fenfible body. .

Ne1THER the found, nor the light produced
by the excitation of his globe, efcaped the no-
tice of this accurate philofopher, though he
feems not to have obferved them in a very
great degree: for he was obliged to hold his
car near the globe to perceive the hifling
found of the eleftric fire ; and he compares the
light which it gave in the fame circumftances

' ta
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to that which is feen when fugar is pounded in
the dark.

Bour the moft remarkable experiments of
this philofopher were two, which depend upon
a property of the electric fluid that has not
been illuiirated tll within thefe late years;
viz. that bodies immerged in eleCtric atmof-
pheres are themfelves electrified, and with an
elecricity oppofite to that of the atmoiphere.
Threads fufpended within a fmall diftance of
his excited globe, he obferved to be often re-

pelled. by his finger brought near them, and
tha,t a feather repelled by the globe always
turned the fame face towards it, like the
moon with refpe® to the earth. This laft
experiment feems to have been wholly over-
looked by later eleftricians, though it isa
very curious one, and may be made with fo
much eafe #,

- To the members of the Academy D¢/ Ci-
mento, whofe labours contributed very con-
fiderably  to the advancement of various
branches of natural knowledge, we are in-
debted for feveral obfervations on the fubject
of ele&ricity.

Tuey rank the ele@ric bodies which they
examined in the following order, according
to the flrength of their attra&tive power, yel-
low amber, fealing wax, the rofe diamond, and
of the fame flrength with this the awhiste
Japphire, emerald, white topaz, Jpinelle, and
riby balleis. After thefe they ranked all #ran/~

* Experimenta Magdeburgica, Lib. 4. Cap. 15.
parent



12 EXPERIMENTS

parent gems, and next to the precious ftones
they placed glafs, cryflal, with white and black
ainber, the power of all which they fay is very
weak. ~

YeLrLow amber appearing to them to have
the greateft power of all electric fubftances,
they made all their experiments with it,
Among other things, they found that it at-
traCted fmoke, but not flame ; and upon this oc-
cafion they obferved the curious phenomenon
of a wifible eleéiric atmofphere, which was af-
terwards re-difcovered, and exhibited to more
advantage by Dr. Franklin. For they fay,
that that part of the {moke which is attracted
by the amber remains, and unites itfelf to it,
like a {mall cloud, and as the amber cools, it
rifes 1n {moke again, and vanithes. At the
fame time they alfo obferved a pretty curious
effet of ele@rical repuliion ; for they fay
that part of the {moke was thrown off from
the amber, as from a looking-glafs.

Frame, they obferved, was {o far from be-
ing attrated by the amber, that, upon being
preiented to it, it prefently deprived it of all
its attractive power ; for if, after it had taken
up any thing, it was held to the flaine, it would
immediately let it go again.

Tuey found that all fuid fubflances were
{enfible to the attra&ive power of amber, and
among the reft even mercury ; and that when
the excited amber was prefented to a large
fuperficies of any liquor, it rofe towards it in
a fmall pointed eminence; an effeét which,
they fay, is beft obferved in o/ or balfam. This

obierva~
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obfervation, we fhall find,, was afterwards
made again, and more particularly attended
to by Mr. Grey *.

TuesE gentlemen took a great deal of pains
to try whether amber would attradt in vacuoy
but to no purpofe, not being able to exclude
the aiz, £ as to rub the amber in vacuo, and
apply it to the light body they had provided,
with any effect; but neither could they make
the amber a& in the {fame confined fituation
even when the air was not at all excluded .

THEY alfo found, with Mz, Boyle, thata
piece of excited amber, fufpended by a thread,
was attracted by other bodies prefented to it,
juft like a magnetical needle J.

LasTLy, thefe gentlemen found that when
the excited amber was dipped in {fome liquors,
it wmmediately loft its power, but not after
being dipped in others. In this laft clafs they
enumerate feveral kinds of aif, tallow, fat,
and butfer, and it is now found that the con-
du&ting power of thefe {ubftances is fo {mall,
that they are more properly clafled among the
non-conductors §.

I suarLz in the next place obferve, that Mr.
Boyle, Otte Guericke, and thefe gentlemen,
made their experiments about the fame time,
and feemed to have derived no advantage
whatever from each other’s labours.

* Eifays on Natural Experiments, tranflated by Walker, p.
r28, &ec.

T 1b. p. 43.

I 1b. p. 129

§ Effays on Natural Experiments, tranflated by Walker, p.

131,
A
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A MucH finer appearance of ele@ric light
than that which Otto Guericke’s fulphur
globe exhibited was obferved by Dr. \Uall
The account of it is publithed in the Phi-
lofophical Tranfations *.

MAKING experiments upon artificial phof-
phorus, which he took to be an animal oil
coagulated with a mineral acid, he was led to
conjeCture that amber, which he fuppofed to
be a mineral oil coagulated with a mineral vo-
latile acid, might be a natural pbofphorus;
and with this view he began to make experi-
ments upon it, the refult of which, being very
curious and furprifing, it will be moft agree-
able to my readers to fee in the very words
of the obferver himfelf.

“ I rounD,” f{ays he, ¢ by gently rub-
“ bing a well polifhed piece of amber with
* my hand, in the dark, that it produced a-
 light: whereuponI gota pretty large piece
“ of amber, which I caufed to be made long
“ and taper, and drawing it gently through my
““ hand, being very dry, it afforded a confider-
‘ able light.

“ I THEN ufed many kinds of foft animal
¢ fubftances, and found that none did fo well
“ as wool. And now new phenomena of-
¢ fered themfelves: for, upon drawing the
“ piece of amber fwiftly through the woollen
“ cloth, and {queezing it pretty hard with
my band, a prodigious number of little
cracklings were heard, and every one of thefe

(11

19

® PhLil. Tranf, abridged, Vol. 4. p. 275.
¢ produced
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& produced a little flath of light; but when

. the amber was drawn gently and flightly
« through the cloth, it produced only a light
< but no crackling ; but by holding one’s
¢ fingers at a little diftance from the amber,
“ a large crackling is produced, with a great
¢ flath of light fucceeding it. And, what to
¢ me 1s very furprifing, upon its eruption, it
¢ {trikes the finger very fen(ibly, wherefoever
“ applied, with a puth or a puff, like wind.
¢ The crackling is full as loud as charcoal on
% fire, and five or fix cracklings, or more,
“ according to the quicknels of placing the
¢ finger, have been produced from one fingle
“ frition, light always fuccceding each of
" them.

““ Now I make no queftion, but upom
‘ ufing a longer and larger piece of amber,
“ both the cracklings and light would be
much greater, becaufe I never yet found
any crackling from the head of my cane,
“ though it 1s a pretty large one. This light
¢ and crackling feems, in fome degree, to re—
« prefent thunder and lightning.”

* AFTER reciting this expériment, he gives
it as his opinion, that all, or moft bodies,.
which have electricity, give light, and that it
1s the light which is- the caufe of their being
ele@rical, He found that light could alfo be
produced by rubbing jet, red fealing wax,
made with gum lac and cinnabar, and the dia-
mond. He even imagined he could diftin-
guith true from falfe diamonds by this teft.’

NorwiTHsTANDING Dr. Wall made this

beautiful

B
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beautiful difcovery, as he imagined (for h=
feems not to have feen what Otto Guericke had
written) of light proceeding from amber and
other ele@ric bodies, we fee that he laboured
under a great deal of confulion and mifappre~
henfion with refpe&t to it. He {ays, that one
thing appeared {trange to him in the courfe of
theﬁ: experiments, which was, that though,
upon friction with woel in the day time, the
cracklings feemed to be full as many and as
large, yet that, by all the trials which he made,
very little light appeared, though in the dark~
et room. He fays that the beft time for
making thefe experiments is when the fun is
18¢ below the horizon, and that when the
fun was fo low, though the moon fhone ever
fo bright, the light was the fame as in the
darkeft room, which made him chufe to call
ita noctiluca. .

IT 1s remarkable that Dr. Wall compares
the light and the crackling of his amber to
thunder and lightning : fo early was a imi-
larity between the effeCts of elefiricity and
lightning obferved. But little was it imagin-
ed that the refemblance between them ex-
tended any farther than to appearances and
¢ffeGts. 'Thatthe caufe was the fame 1n both,
was a difcovery referved for Dr. Franklin, in
a much later period.

THuE great Sir Ifaac Newton, though he by
no means makes a principal figure in the
hiftory of eleftricity, yeét maade fome elec=
trical obfervations which engaged the atten-
tion of his philofophical frmnds, and which,

independent
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independent of their being made by him, do
well deferve to be tranfmitted to pofterity.
They feem to thew, that he was the firft who
obferved, that excited glafs attracted light
bodies on the fide oppolite to that on which
it was rubbed.

Having laid upon the table 2 round piece
of glafs, about two inches broad, in a brafs
ring, {o that the glafs might be one eighth of
an inch from the table, and there rubbing
the glafs brifkly, little fragments of paper laid
on the table, under the glafs, began to be at-
tra&ted, and move nimbly to and fro. - After
he had done rubbing the glafs, the papers
would continue a confiderable time in various
motions; fometimes leaping up to the glafs,
and reﬂmg there a while, then 1f.£1pmg down
and refting there; and then leaping up and
down again ; and this fometimes' in lines
fﬂemmgiy pcrpﬂr}dlculal to the table, fome=
til‘ﬂCS in oblique ones; fometimes alfo leap-
ing up in one arch, and leaping down in an=
other, divers times together, without i{.nﬁl:ﬁ}r
refting between ; fometimes fkipping in a bow
from one part of the glafs to another, without
touching the table, and fometimes hanging by
a corner, and turning often very nimbly, as
if they had been carried about in the midft of
a whirlwind, and being otherwife mrﬁmﬂy
moved, every paper with a diferent motion.
Upon his {liding his finger on the upper fide
Gf the glals, though neither the glafs; nor the
inclofed air below, were moved, vet he ob-
ferved, that the papers, as they hung under

i the
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the glafs, would receive fome new motion, in-«
clining this way or that, according as he mov-
ed his finger.

Some of the motions, as that of hanging
by a corner and twirling about, and that of
leaping from one part of the glafs to another
without touching the table happened but fel-
dom ; but, he fays, it made him take the more
notice of them *.

AN account of this experiment Sir Ifaac {ent
to the members of the R. Society in the year
1675, defiring it might be tried by themj
and after fome ineffeGual attempts, and re-
ceiving further inftru&ions how to make it,
they at length fucceeded, and the thanks of
the fociety were formally returned to him .

Uron repeating the experiment with fome
variety of circumitances, Sir Ifaac obferves,
that rubbing varioufly, or with various things,
altered the cafe. At one time he rubbed a
glafs four inches broad, and one fourth thick,
with a napkin, twice as much as he ufed to
do with his gown, and nothing would ftir,
and yet prefently after, rubbing with fome-
thing elfe, the motion foon began. After
the glafs had been much rubbed, he thought
the motions were not {o lafling, and the day
following he found the motions fainter, and
more difficult to be excited than at firft {.

Sir Isaac alfo mentions ele@ricity in two
queries annexed to his treatife on Optics, from

* Birch’s Hil. of the R. Society, Vol. 3. p. 260, &ec.
+ Ib. 271, 1 Ib. p. 270.

which
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which we learn, that he imagined eleric
bodies when excited emitted an elaftic fluid,
which freely penetrated glafs, and that the
emiflion was performed by the vibratory mo=
tions of the parts of the excited bodies *.

Bt ittt B o il 51118

THE EXPERIMENTS AND DISCOVERIES OF
Mr. HAUKSBEE;

FTER Gilbert, Mr. Boyle, and Otto
| Guericke, Mr. Hauk{bee, who wroté
- in the year 1709, diftinguithed himfelf by
experiments and difcoveries in ele@ricity. He
firft obferved the great electric power of glafs;
the light proceeding from 1t, and the noife
occafioned by it, together with a variety of
phenomena relating to eleéirical attraction and
repulfion. He was indefatigable in making
experiments, and there afe few perfons to
whom we are more indebted for a real advances
ment of this branch of knowledge: This will
appear from the following fuccinét account
of his experiments, related not exactly in the
order in which he has publithed them, but
according to their connection: This method
I have chofen; ds beft adapted to give the
moft diftin& view of the whole

| suarr firlt reldate the experiments he
made concerning clecirical attraction and re<

* Newton’s Optics, o&tave, p. 314, and 327.

C2  pulfion;
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pulfion, in many of which we fhall fee reaforr
to admire his ingenious contrivances, and
fhall fee that little was added to his obferva-
tions, till the capital difcovery of a plus and
minus eleCricity by Dr. Watfon and Dr.
Franklin, and the farther illufiration of that
doltrine by Mr. Canton.

TuE moft curious of his experiments con-
cerning eleCrical attraction and repulfion are
thofe which thew the dire@ion in which thofe
powers are exerted.

Having tied threads round a wire hoop,
and brought it near to an excited globe or cy-
linder, he obferved, that the threads kepta
eonftant dire@ion towards the center of the
globe, or towards fome point in the axis of
the cylinder, in every pofition of the hoop;
that this effe& would continue for about four
minutes after the whirling of the globe ceafed,.
and that the effe&t was the fame whether the:
wire was held above or under the glafs; or
whether the glafs was placed with its axis-
parallel, or perpendicular to the horizon.

He obferved, that the threads pointing to=
wards the center of the globe were attratted
and repelled by a finger prefented to them ;.
that if the finger, or any other body, was.
brought very near the threads, they would:
be attracted; but that if it were brought to
the diftance of about an inch, they would be
repelled, the reafon of which difference he
did not feem to underftand *.

* Phyfico-Mechanical Experiments, p. 75.
- He
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He tied threads to the axis of a globe and
cylinder, and found that they diverged every
way in firaight lines from the place where
they were tied, when the globe was whirled
and rubbed. In both cafes, he fays, the
threads would be repelled by the finger held
on the oppofite fide of the glafs, even with~
out touching the glafs ; though they would
fometimes fuddenly jump towards it#*, He
obferved farther, that by blowing with his
mouth towards the glafs, at three or four feet
diftance, the threads would have a very confi-
derable motion given to them.

He found that threads, hanging freely in
an unexcited globe, at reft, would be moved
by the approach of any excited electric at a
confiderable diftance, except in moift wea-
ther; which failure he accounts for, by fup-
poling the moifture on the furface of the glafs
prevented the free paffage of the eledlric
effluvia through it ¥,

Tue varicties he obferved on the appear-
ances and properties of the eleciric light, are
even more curious and furprifing than his dif-
coveries concerning elefric attraction and
repulfion; and it is fomething remarkable that
Mr. Hauki{bee’s tranfition to elettric light
was like that of Dr. Wall, viz. from the light
of phofphorus. ' .

Mgr. Havkspre firft produced a confider-
able quantity of light by fhaking quick-

* Phyfico-Mechanical Experiments, p. 78.

t+ 1b. p. 160, i
C3 filver
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filver in a glafs veflel, out of which the air
was exhaufied. Sometimes what he calls
ftrange flathes of pale light were feen dart-
ing in a variety of direétions, when the mer-
cury was put in motion within an exhaufted
receiver *, But the difcovery was probably
accidental, and he did not feem, at that time,
to know the reafon of the appearance. He
called this light the mercurial phofphorus, and
did not confider the glafs as any way con-
cerned in producing it.

He alfo found, that this appearance of elec-
tric light (which he ftill calls the mercurial
pholphorus) did not require a very perfect
vacuum, nor even a ncar approach to itt.
Nay he fometimes produced that appearance
of light by {haking mercury in a veflel, in
which the air was of the fame denfity with
the external atmofphere; but flill he had no
idea of the glafs contributing to the pheno-
menon J.

He obferved a ftrong light in vacuo, and a
{mall one in the open air, from rubbing am-
ber upon woollen, but feems to have confi-
dered it as any hard body rubbing againft a
foft one |l. He alfo obferved a vivid purple,
~ and afterwards a pale light produced by rub-
bing glafs upon woollen in vacuo §. He fays
that every "frefh glafs firft gave a purple, and
then a pale light, and that woollen tin¢tured,

* Phyfico-Mechanical Experiments, p. 12.
+ Ib. P 14 I Ih. P- 18,
il Ib. p. 26. § 1b. p. 32.

with
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with falt or fpirits prodaced a new, ftrong,
and fulgurating light *,

In the following experiments we find his

ideas of ele&tric light much more diftin&, and
the appearances the fame that are ufually ex-
hibited by our prefent elerical machines,
the ftru¢ture of which, we fhall find to be
nearly the fame with thofe which he ufed.
"~ He provided himfelf with a machine in
which he could whirl a glafs globe; and he
obferved, when the air was extracted out of
it, that, upon applying his hand to the globe,
a ftrong light appeared on the infide, and,
upon letting in the air, he obferved the light
on the outfide alfo; but with fome very con-
{iderable differences in its appearances, ftrik-
ing upon his fingers, and other bodies held
near the globe. He alfo obferved, upon this
occalion, that one fourth of an atmofphere in
the globe did very little diminith the light
within. It 1s pleafing to obferve, that the
fimilar appearance in this experiment, and
that with mercury in vacuo before-mention~
ed, made him fufpe&, though only fufpectt,
that the light produced in the former cafe pro-
ceeded not from the mercury, but from the
glafs.

THE next experiment is of a very delicate
and curious nature. It 1s not to be wonder-
ed at, that Mr. Haukfbee did not underftand
the circymftances which contributed to it, as

* Phyfico-Mechanical Experiments, p. 34. |

C4 the
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the explication of 1t depends upon principles
which were not difcovered till a much later
pericd by Mzr. Canton. |

Horping an exhaufted globe within the
effluvia of an excited one, he obferved a light
in the exhaufted globe, which prefently died
away, if it was kept at reft; but which was
revived, and continued very ﬂmng, if the ex-
haufted globe was kept in motion. Prefent-
ing an exhaufted tube to the efluvia of an
excited globe, it produced what he calls an
interrupted flathing light. He imagined that
the exhaufted globe was excited by the attrac-
tion of the efluvia from the other globe, fo
little did he underftand the true caufe of this
curious experiment *. When he fays that
light is producible by the effluvia of one glafs
falling' upon another, he adds; that f.'}E@'I‘IC
(by w hlch he means attradlive) matter, is not
to be brought forth by any fuch feeble firokes.
He had before oblerved that, upon rubbing
an exhaufted tube, 1t difcovered no attraltive

power, nor gave any light outwards, but
only inwards,

He found that when the fri@ion was per=~
formed in vacuo, no clectricity (that is attrac-
tion) could be produced 4 ; but that though the
attraitve quality required the prefence both
of the external and internal air, in order ta
its thewing itfelf, yet the /light requires the
prefence of only one of them in order to its
gppearance; for that either a glafs globe full

* Phyfico-Mechanical Experiments, p. 8z.

1 1b, 242 :
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of air rubbed i VACU0, OF with its air exhaufi=-
ed and rubbed 7z plrio, would produce a very
confiderable light *,

Hr fays alfo, that thofe lights are lefs {fen-
fibly affected by the return of air, which are
produced by the attrition of exhaufted glafs
in pleno, than thefe which are produced by
the attrition of glafs full of air in vacuo; for
that, in the former cafe, no great alteration
was found in the light or colour, until a cer=-
tain quantity of air was let into the infide of
the exhaufted glafs; but that, in the latter
cafe, both light and colour were. {enfibly
changed, upon every admiflion of air to the
outfide of the full glafs 4.

Tre greateft electric light Mr. Haukibee
produced, was when he enclofed one exhauft-
ed cylinder within another not exhaufted,
and excited the outermoft of them, putting
them both in motion. Whether their motions
confpired or not, he obferved, made no dif-
ference. 'When the outer cylinder only was
in motion, he fays, the light was very con-
fiderable, and {pread itfelf over the furface
of the inner glafs. What {urprifed him moft

was, that after both glaffes had been in mo-
~ tion fome time, during which his hand had
been applied to the furface of the outer glafs,
the motion of both ceafing, and no light at
all appearing; if he did but bring hlS hand
again near the furface of the outer glafs,

* Phyfico-Mechanical Experiments, p. 248.
'_i 1b, P 2.1.3
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there would be flathes of light, like light-
ning, produced in the inner glafs; as if, he
{ays, the efluvia from the outer glafs had
been puthed with more force upon it by means
of the approaching hand *. This experiment
was fimilar to thofe which he made with the
excited and exhaufled globe, and with the ex-
haufted tube; and his reafoning upon it thews,
that he was fill far from being fully apprized
of all the cireumftances attending this fact.

THE next experiments which I fhall relate
of Mr. Haukibee’s, are thofe which fhew
the great copioufnefs, and extreme fubtilty of
eleric light. They are really amazing, and
have not yet been purfued in the manner
they deferve. '

He lined more than half of the infide of
a glafs globe with fealing wax, and having
exhaufted the globe, he put it in motion;
when, applying his hand to excite it, he faw
the thape and figure of all the parts of his
hand diftinétly and perfeétly, on the concave
{uperficies of the wax within. It was as if
there had only been pure glafs, and no wax
interpofed between his eyeand his hand. The
lining of wax, where it was {pread the thin-
neft, would but juft allow the fight of a candle
through it in the dark; but in {fome places
the wax was, at leafl, one eighth of an inch
thick; yet even in thofe places, the light and
the figure of his hand were as diftinguifth-
able through it, as any where elfe. Nay

t Phyfico. Mechanical Experiments, p. 87.
though,
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though, in fome places, the fealing wax did
not adhere fo clofely to the glafs as in others,
yet the light on thefe appeared juft as on the
reft *,

Tuese experiments fucceeded equally with
pitch inftead of fealing wax. And he ob-
ferved, that when the air was let into the
glafs, every part of it, the lined part and the
unlined, feemed to attract with equal vigour .
Melted flowers of fulphur had no fuch effe&,
but common f{ulphur anfwered as well as feal-
ing wax, or pitch. In both thefe laft experi-
ments the fulphur was found to have been
feparated from the glafs 1.

UsING a large quantity of common fulphur
in the fame manner, the light in the infide
was four times as great, but the figure of his
fingers was not fo diftinguifthable as in the
former cafes. He likewife obferved, that
on the part near the axis, where the fub-
ftance of the fulphur was the greateft, no light
was produced ; which he attributed, chief-
ly, to the flownefs of the motion in that
place §.

Uron the admiflion of a fmall quantity of
air into the globe, thus partially lined with
fealing wax, the light wholly difappeared on
the part covered with the wax, but not on
the other.

He alfo obferved, that when all the air
was let in, and the hoop of threads before-

* Phyfico-Mechanical Experiments, p. 168.
1 lb. 26g, 1 1b. 224, § 1b. 273,

mentioned
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mentioned held over the glafs, the threads
were attracted at greater diftances by the part
which was coated with the wax than by the
other: when all the air was exhaufted, he
fays, the wax would attract bodies placed
near the out-fide of the glafs; that even in
this cafe, the threads preferved their central
dire&ion, though not fo vigoroufly as when
the air was let in; but that they would not
be attraéted at all, when there was no wax
on the infide of the exhaufted globe.

Mgr. HAuksBEE was not unattentive to
the found made by the emifion of the elefiric
effluvia, or to the manner in which it affe&-
ed the {fenfe of feeing, He obferved, that
when an excited tube of glafs attracted vari-
ous bodies, and threw light upon them, as
they were held near it, a noife, which he
calls a fuapping, was likewife heard. He
alfo fays, that the rubbed tube, held near the
face, gave a feeling, as if fine hairs had been
drawn over it; and when he repeated the ex-
periment of whirling and rubbing the glafs
globc, he obferved the light to proceed from
it with fome noife, and to make a kind of
preflure upon the finger, when it was held
within half an inch of it *.

Nor was Mr. Haukefbee’s attention con-
fined to the eleétric power of g/afs. He made
experiments with a globe of fealing wax, in
the center of which was a globe of wood
from which he concluded, that the eleltricity

* Phyfico-Mechanical Experiments, p. 63, -
of



OF MR. HﬁUKSBEE 20

of fealing wax was, in general the fame with
that of glafs, but different from it in degree.
He could not make any light adhere to his
finger when prefented to the excited fealing
wax, any more than when it was prefenteci
toan exhaufted and excited globe of glafs.

H: provided himfelf, in like manner, with
a globe of fulphur, and another of rofin with
amixture of brick duft, but the fulphur could
hardly be excited at all ; whereas the rofinaét-
ed more powerfully than the fealing wax had
done. This he afcribed to its being ufed while
it was warm: for, in the fame warm flate,
it attracted leaf brafs without any attrition at
all *,

Hr fays, that the excited rofin gave no
light in the dark, and the fulphur but htt]eT

WI TH relpedt to the power of eleéricity in
general, he obierved, that a flight frition was
fufficient to excite it, and that a greater pref-
fure, or a more violent motion did not con-
fiderably increafe itf. He fays, that all the
phenomena of ele@ricity were improved by
warmth; and diminifhed by moifture ; which
he attributed to the reliftance that the aque-
ous particles gave to the effluvia; and, like
Mr. Boyle, and others before him, h:: was con-
firmed in this hypothefis, by finding, that
the interpofition of linen cloth prevented any
efets from being obferved beyond it.

* Phyfico-Mechanical-Experiments, p. 154.
f IIEI‘ P- 1561: I jb- P- ';_‘}l
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He alfo obferved, that when the tube wag
filled with other matter than air, as with dry
writing fand (which he aftually tiied) the at-
tractive power of the effluvia was confiderably
abated; but he did not know what kind of bo-
dies would produce that effe®. He himfelf
obferves, that he found the ele@ric virtue of
a folid cylinder of glafs to be, not indeed quité
fo ftrong as that of a hollow tube, but mor¢
permanent *,

TuatT Mr. Haukfbee, after aII had no
clear idea of the diftin&tion of bodies into
eleCirics and non-eleélrics, appears from fome
of his laft experiments, in which he attempt-
ed to produce eletric appearances from me-
tals, and from the reafons he gives for his
want of fuccefs in thofe attempts. ¢ From
¢ thefe experiments,” he {ays, ¢ I may fafe-
“ ly conclude, that if there be any fuch
¢ quality as light to be excited from a brafs
¢ body, under the forementioned circum-
“ ftances,” viz. of whirling and rubbing,
¢ all the attrition of the {everal bodies I have
¢ ufed for that purpofe, have been too weak
¢ to force 1t from it. And indeed, con-
¢ fidering the clofenefs of the parts of metals,
¢ and with what firmnefs they adhere, en-
“ tangle, and attra& one another, a {mall
¢ degree of attrition is not {ufficient to put
¢« their parts into fuch a motion as to pro-
“ duce an electrical quality, which quality,
* under the forementioned circumitances, ¥

*® Phyfico-Meclianical Experiments, p. 64.
¢ take
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¢ take to be the appearance of light in fuch a
¢ medium.”

ConsiDERING what great fuceefs Mr.
Hauk{bee had with his globe of glafs, and
his machine to give motion to it, it is {urprif~
ing that the ufe of it thould have been {o long
difcontinued after his death. To this circum-
ftance we may perhaps, in a great meafure,
afcribe the flow progrefs that was afterwards
made in ele&rical difcoveries. Mr. Hauk{bee’s
fucceflors confined themfelvés to the ufe of
tubes. I {uppofe becaufe they were lighter,
more portable, and more eafily managed in
the experiments which they chiefly attended
to: but the ufe of the globe would certainly
have put them much fooner in the way of
making the capital difcoveries, which were
afterwards made in eleétricity.

PER-T 0D
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THE EXPERIMENTS AND DISCOVERIES OF
Mr. STEPHEN GREY, wHICH WERE
MADE PRIOR TO THOSE OoF MONSIEUR DU
FAY, AND WHICH BRING THE HISTORY
ofF ELECTRICITY TO THE YEAR 1733

% JOTwITHSTANDING the important dif-
coveries of Mr. Haukibee, and the pro-
mifing appearance théy made, as an opening
to farther difcoveries, we find, after him, a
great chafm in the hiftory of elefricity, an
interruption of difcoveries, and, as far as we
can learn, of experiments too, for the fpace
of near twenty years; and at atime when phi-
lofophical knowledge of every other kind was
making the moft rapid progrefs, under the
aufpices of the great Sir Ifaac Newton. But
the attention of this great man happened to be
engaged by other fubjects, and this very cir-
cumitance might be the reafon why the atten-
tion of other philofophers were alfo diverted
from elericity.

AFTER this long interval, commences a new
@ra in the hiftory of ele@ricity; in which we
fhall have the works of another labourer 1n
this new ficld of philofophy to contemplate,
viz, Mr. Stephen Grey, a penfioner at the
Charter Houfe. No perfon who ever applied
to this ftudy was more affiduous in making
experimentsy or had his heart more intirely

in
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in the work., This will appear by the pro=
digious number of experiments he made, and
fome confiderable difcoveries with which his
perfeverance was crowned; as well as by the
felf-deceptions, to which his paflionate fond-
nefs for new difcoveries expofed him.
BeroRre the year 1728, Mr. Stephen Grey
had often obferved, in eleétrical experiments
made with a glafs tube, and a down feather
tied to the end of a {mall ftick, that, after its
fibres had been drawn towards the tube, they
would, upon the tube’s being withdrawn, cling
to the ftick, as if it had been an eleéric bo-
dy, or as if there had been fome eleciricity
communicated to the ftick, or to the feather,
This put him upon thinking, whethet, if the
feather were drawn through his fingers, it
might not produce the {ame effe&, by acquir~
ing fome degree of eleéricity. 'This experi-
-ment fucceeded accordingly, upon his firft
trial; the {mall downy fibres of the feather
being attracted by his finger, when held near

it; and fometimes the upper part of the feather
with its ftem would be attraéted alfo.

It will be obvious to every eleGrician, that
the fuccefs of this experiment depended upon
other principles, than thofe to which he had
a view in making it. Proceeding, however,
_in the fame manner, he found the following

fubftances to be all eleGric; hair, filk, linen,
woollen, ‘paper. leather, wood, parchment, and
ox gut in which leaf gcld had been beaten.
He-:made all thefe {fubftances very warm, and
fome of them quite hot before he rubbed them.

1D He
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He found light emitted in the dark by thé
filk and the linen, but more efpecially by a
piece of white prefing paper, which is of the
fame nature with card paper. - Not only did
this fubftance, when made as hot as his fingers
could bear, yield a light ; but, when his fingers
were held near it, a light iflued from them
alfo, attended with a crackling noife, like that
produced by « glafs tube, though not at fo
great a diftance from the fingers *.

Tue preceding experiments bring us to the
eve of a very confiderable difcovery in eleQri-
city, viz. the communication of that power
from native ele@rics, to bodies, in which it is
not capable of being excited; and alfo to a
more accurate diftintion of eleflries from
non-ele@rics. I fhall rélate the manner in
which thefe important difeoveries were made
pretty fully, but, at the fame time, as fuc-
cinély as pofiible.

In the month of February, 1729, Mr. Grey,
after fome fruitlefs attempts to make metals
atrative, by heating, rubbing, and ham-
mering, recollected a fufpicion which h@had
fome years entertained; that, asa tube com-
municated 1ts light to various bodies "when
it was rubbed in the-dark, it might poflibly,
at the fame time, communicate an eleCtricity
to them, by which had hitherto been under=
ftood only the power of attrafling light bo-
dies. For this purpofe he provided himfelf
with a tube threc feet five inches long, and

* Philofophical Tranfaétions abridged, Vol. viii. p. g.
necar
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riear one inch and two tenths in diameter; and
to each end was fitted a cork, to keep the duft
out when the tube was not in ufe.

Tue firft experiments he made upon this
occafion were intended to try, if he could find
any difference in its attrallion when the tube
was {topped at both ends by the corks, and
when left entirely open; but he could per-
ceive no {fenfible difference. It was, however,
in the courfe of this experiment that, hold-
ing a down feather over againit the upper

end of the tube, he found that it would fly
to the cork, being attralted and repelled by
it, as well as by the tube itfelf, He then held
the feather over againft the flat end of the
cork, and beerved, that i1t was attraCted and °
repeiled many times® together; at which, he
fays, he was much furprifed, and concluded,
that there was certainly an attradtive virtue
communicated to the cork by the excited tube.

He then fixed an ivory ball upon a flick
of fir, about four inches long; when, thrufi-
ing the other end into the cork, he found,:
that the ball attracted and repelled the feather,
even with more vigour than the cork had
done, repeating its attractions and rr.,pulﬁun.-_-
many times fucceflively., He afterwards fix-
ed the ball upon long ihcns, and upon pieces
of brafs and iron wire, with the fame fuccefs;
but he obferved, that the feather was never o
ftrongly attracted by the wire, though it were
held very near the tube, as by the ball at the
end of it.

D2 Wnen
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WHEN a wire of any confiderable length
was ufed, its vibrations, caufed by the action
of rubbing the tube, made it troublefome to
manage. This put Mr Grey upon thinking
whether, if the ball were hung to a pack-
thread, and fufpended by a loop on the tube,
the eletricity would not be carried down the
line to the ball; and he found it to fucceed
according to his expe&lation. In this manner
he fufpended various bodies to his tube, and
found all of them to be capable of receiving
eleCricity in the fame manner.

AFTER trying thefe experiments with the
longeft light canes and reeds that he could
conveniently ufe, he afcended a balcony twen-
ty-{ix feet high; and, fafiening a firing to
his tube, he found, that the ball at the end
of it would attract light bodies in the court
below.

He then afcended to greater heights, and
by putting his long canes in the end of his
tube, and faftening a long f{tring to the end
of the canes, he contrived to convey the elec-
tricity to much greater diftances than he had
done before; till, being able to carry it no
farther perpendicularly, he next attempted to
carry it horizontally ; and from thefe attempts
arofe a difcovery, of which he was not in the
leaft aware when he began them.

In his ficlt trial he made a loop at each
end of a packthread, by means of which he
fufpended it, at one end, on a nail driven in-
to a beam, the other end hanging downwards.
Through the loop which hung down, Le put

the
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the line to which his ivory ball was faftened,
fixing the other end of it by a loop on his
tube; fo that one part of the line, along
which the electricity was to be conveyed, viz.
that to which the ball was faftened, hung
perpendicular, the reft of the line lay hori-
zontal. After this preparation, he put the
leaf brafs under the ivory ball, and rubbed
the tube, but not the leaft fign of attra&ion
was perceived. Upon this he concluded, that
when "the ele&tric virtue came to the loop
of the packthread, which was fufpended on
the beam, it went up the fame to the beam;
o that none, or very little, of it went down
to the ball; and he could not, at that time,
think of any method to prevent it.

On June the 3oth, 1729, Mr. Grey paid a
vifit to Mr. Wheeler, to give him a {pecimen
of his experiments; when, after having made
them from the greateft heights which the
houfe would admit, Mr. Wheeler was defirous
of trying whether they could not carry the
eleftric virtue to a greater diftance horizon-
tally, Mr. Grey then told him of the fruitlefs
attempt he had made to convey it in that di-
reCtion: upon which Mr. Wheeler propofed
to fufpend the line to be eleCrified by another
of filk, inftead of packt/iread; and Mr. Grey
told him, it might do better, on account of
its fmallnefs; aslefs of the virtue would pro-
bably pafs off by it than had done by the thick
hempen line, which he had ufed before. With
this expedient, they fucceeded far beyond
their expetations.

D 3 THE
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Tae firt experiment they made after this
expedient occurred to them, was in a mat-
ted gallery at Mr. Wheeler’s houfe, July 2d,
172, about ten o’clock in the morning, as
Mr. Grey, after his ufual manner, has mi-~
nutely recorded it.  About four feet from
the end of the gallery, they faftened a line
acrofs the place. The middle part of this
line was filk, the reft pack thread. They
then laid the line to which the ivory ball
was hung, by which the ele@riec virtle was
to be cmnveyed to 1t from thetubt—:, and which
was eighty feet and a half in length, acrofs
this filken line, fo that the ball hung about
nine feet below it. The other end of the
line was, by a loop, faftened to the tube,
which they excited at the other end of the
room. After this preparation, they put the
leaf brafs under the ivory ball, and,' upon
rubbing the tube, it was attradted, and kept
{ufpended for fome time.

Tue gallery not permitting them to go
any greater lengths with a fingle line of com-
munication, they contrived to return the line,
making the whole length of it almoft twice
that of the gallery, or about one hundred and
forty-feven feet, which anfwered very well.
But, fufpe@ing that the attra&ion would be
ftronger without doubling or returning the
tine, they made ufe of a line one hundred
and twenty-four feet long, running in one
direCtion 1n the barn; and, as they expell-

ed, th:v found the attration ftronger than
when
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when the line had been returned in the gal-
' lery.

JULY the 3d proceeding to make more re-
turns of the line, the filk which {upported
it happened to break, not being able to bear
the weight of it, when fhaken with the mo-
- tion that was given to it by rubbing the tube.
Upon this they endeavoured to fupport it by
a fmall iron wire, inftead of the ﬁlken ftring ;
but this alfo breaking, they made ufe of a
brafs wire a little thicker. But this brafs wire,
though it fupported the line of communica-
tion very well, did not anfwer the purpofe of
thefe young ele&ricians: for, upon rubbing
the tube, no elericity was perceived at the
end of the line. It had all gone off by the
brafs wire which fupported it. They had
recourfe to brafs wires, as being ftronger than
their filken lines, and no thicker; for the {ame
reafon that they had before ufed fitken lines 1n
preference to hempen firings; becaufe they
could have them ftronger, and at the {ame
time {maller. But the refult of this experi-
ment convinced them, that the fuccefs of it
depended upon their fupporting lines being
Jilky and not, as they had imagined, upon
‘their being /fizall. For the eletric virtue went
off as effectually by the {mall brafs wire, as it
‘had done by the thick hempen cord.

Being obliged, therefore, to return to their
filken lines, they contrived them to fupport
very great lengths of the hempen line of com-
munication; and acually conveyed the elec-
tric virtue Teven Huatired'and fixty-five feet,

D 4 nor
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nor did théy perceive that the effect was fene
{ibly diminifhed by the diftance *,

In the fame manner in which /2 was found
to be a non-conductor, it is probable that,
about the fame time, Aaiwr, rofin, glafs, and
perhaps fome other ele@ric fubftances, were
found to have the fame property, though the
difcovery be no where particularly men-
~ tioned; for we fhall prefently find Mr. Grey
making ufe of them, to infulate the bodies
which he eleérified.

ArTER this, Mr. Grey and his friend amuf-
ed themfelves with trying how /Jerge furfaces
might be impregnated with the eleétric efflu-
via; ele@rifying a large map, table cloth, &e.
They alfo carried the eleciric virtue feveral
ways at the fame time, and to a conﬁderablc
diftance each way.

TrE magnetic efluvia, they found, did not
in the leaft intetfere with the ele@ric; for
when they had ele@rified the load flone, with
a key hanging to it, they both attralted leaf
brafs like other {fubftances.

Somve time after this, Mr. Wheeler, in
the abfence of Mr. Grey, eleérified a red-
hiot poker, and found the attra&ion to be the
fame as when it was cold. He alfo fufpend-
ed a live chicken upon the tube by the legs,

and found the breaft of it ftrongly eletri-
cal T,

* Phil. Tranf. abridged, Val, vii. p- 15
T Ib. p, 16,

in
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in Auguft, 1729, Mr. Grey advanced one
ftep farther in his eleftrical operations. He
found that he could convey the eletric vir-
tue from the tube to the line of communica-
tion without touching it, and that holding
the excited tube near it was {ufficient. Re-
peatmg his former experiments with this va-
riation, in conjunétion with Mr, Wheeler,
and among others, carrying the eleclric vir-
tue feveral ways at the fame time without
touching the line, they always obferved, that
the attration was ftrongeft at the place which
was moft remote from the tube; a fa& which
they might have obferved, if they had at-
tended to it, in their former experiments *.

SomE time in the fame month, Mr. Wheeler
and Mr. Grey in conjunétion made fome ex-
periments, in order to try whether the elec-
tric attraltion was in proportloﬂ to the quan-
tity of matter in bodies; and with this view
they eleCrified a folid cube of oak, and an-
other of the {fame dimenfions which was hol-
low; but they could not perceive any diffe-
rence in their attractive power; though it was
Mr. Grey’s opinion, that the eleétric effluvia
pafled through all the parts of the {folid
cube +.

On the 13th of Auguft in the fame year,
Mr. Grey made another improvemert in his
eleCirical apparatus, by finding that he could
cletrify a rod, as well as a zhread, without

* Phil. Tranf, abridged, Vol. vii. p. 17.
T 1o, p. 17.

inferting
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mferting any  part of it into his excited tube.
He took a large pole twenty-feven feet long,
two inches and one half in diameter at one end,
and one inch and one half at the other. It
was a fort of wood which is called horfe-beach,
and had its rind on. This pole he {fufpended
horizontally by hair lines, and at the {mal]
end of the pole he hung a cork, by means of

a packthread about one foot long, and put a
fmall lcaden ball upon the cork, to keep the
packthread extended. Then the leaf brafs
being put under the cork, the tube rubbed,
and held near the larger end of the pole, tht_::
cork ball at the oppofite end attracied the leaf
brafs ftrongly, to the height of an inch or
more. Mr. Grey alfo obferved, that though
the lcaf brafs was attrated by any part of the.
pole, it was not near fo ftrongly as by the
cork *,

AsouT the beginning of September, Mr,
Grey made expcriments, to fhew that the
eleétric effluvia might be carried in a circle,
:as well as‘along lines, and be r:{:smmumr:atcd
trom one f.:ircqu: to another; and alfo that it
might be done whether the Ll[‘LlES were verti=
cal, or horizontal.

AsouT the latter end of autumn, or the
beginning of winter 1729, Mr. Grey relum-
ed his inquiries after other ecle@rical bodies,
and found many more to have the fame pro-
perty, but he mentions only the dry leaves of
feveral trees; from whence he cancf’udcd that

* Phil.” Tranf. abridged, Vol. vii. p. 18.
the
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the leaves of all vegetables had that attractive
virtue *,

WE are now advanced to a new {cene of
Mr. Grey's elettrical experiments, viz. upon
fluids, and upon animal bodies. Having no other
method of trying whether any {ubftances
could have the ele@ric virtue communi=-
cated to them, but by making them raife light
bodies placed upon a ftand under them, it
may eafily be imagined, that he could not
well contrive to put a fluid body into that fi-
tuation. The only thing that Mr. Grey could
do in this way, was to make ufe of a bubble,
in which form a fluid is capable of being held °
i a flate of fufpenfion. Accordingly on
March 21d and 2gth, 1730, he diffolved foap
in Thames water, and {ufpending a tobacco
pipe, heblew a bubble at the head of it; and,
bringing the excited tube near the fmall end,
he found the bubble to attra& leaf brafs to
the height of two, and of four inches -

Apkir the 3th, 1730, Mr. Grey fufpended
a boy on hair lines in a horizontal pofition,
juft as all ele¢iricians had, before, been ufed
to {ufpend their hempen lines of communica-
tion, and their wooden rods; then, bringing
the excited tube near his feet, he found that
the leaf brafs was attracted by his head with
much vigour, {fo as to rife to the height of
eight, and {fometimes of ten inches. When
the leaf brafs was put under his feet, and the

* Phil. T'ranf, abridged, Vol, vii. p. 19.
§ bid,
tube
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tube brought near his bead, the attraflion was
{mall; and when the leaf brafs was brﬂﬁght
under his head, and the tube held over it,
there was no attraction at all. Mr. Grey does
not attempt to aflign any reafon for thefe ap-
pearances. It was not till many years after
this time, that the influence of points in re-
ceiving and emitting the elediric eflluvia was
obferved. - While thﬂ boy was {ufpended, Mr.
Grey amufed himfelf with making the elec-
tricity operate in feveral parts of his body, at
the fame time; and at the end of long rods,
which he made him hold in his hands, and
in diverifying the experiment feveral other
ways *,

It is curious to obferve the inference which
Mr. Grey makes from thefe experiments. By
them, fays he, we fee, that animals receive.
a greater quantity of eletiric fluid than other-
bodies; and that it may be conveyed from
them feveral ways at the {ame time, to confi-
derable diftances. He had no idea that the
bodies of animals receive cleéricity only by
means of the moifture that 1s in them, and
that this hempen line of communication,
and his wooden rods could not have been
elecirified at all, if they had been pﬁrﬁ:&l}r
dry.

In ail thefe experiments Mr. Grey obferv-
ed, that the leaf brafs was attracted to a much
greater height from the top of a narrow ftand
than from the table; and, at leafl, three times

* Phil. Traaf. a'urid;_;cd, Yol, vii. P. 20.
higher
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higher than when it was laid on the floor of
the room.

ApowT this time Mr. Grey communicated
to the Royal Society his {fufpicion, that bodies
attra&ted more or lefs according to their colour;
though the f{ubflance was the fame, and the
weight and {ize equal. He fays, he found red,
orange, and yellow attrated at leaft three
or four times ftronger than green, blue, or
purple ; but he forbore communicating a more
particular account of them, till he had tried a
more accurate method which, he fays he had
thought of, to make the experiments. The
communication, however, was never made.
The thing itfelf was only a deception, as will
be fhewn in fome fubﬁ:‘quent experiments
made by Monficur du Fay

Mgr. Grey, having fﬂund that he could
communicate eleCricity to a bubble of foap
and water, was encouraged to attempt com~
municating it to water itfelf, In order to this,
he eleérified a wooden dith full of water,
placed on acake of rofin, or a pane of glafs,
and obferved, that if 2 {mall piece of thread,
a narrow {lip of thin paper, ora piece of theet
glafs was held over the water, in an horizon-
tal pofition, at the diftance of an inch or fome-
thing more, they would be attraded to the
-furface of the water and then repelled; but
he imagined that thefe attraftions and r&pul-—
fions were not repeated {o often as they would
have been, if the body had been folid.

*® Phil, Tranl, abridged, Vol. vii. p. z2.
Bur
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But he afterwards contrived to fhew thé
effe& of ele&tricity upon water in another and
more effeftual manner. As this experiment
was very curious and exhibited an appearance
which was quite new to the eledricians of
thofe times, I fhall relate the particulars of it
very fully, and gencrally in Mr. Grey’s own
words *.

He filled a fmall cup with water higher
than the brim, and when he had held an ex-
cited tube over it, at the diftance of about an
inch or more, he fays, thatif it were a large
tube, there would firft arife a little mountain
of water from the top of it, of a conical form;
from the vertex of which there proceded a
light, very vifible when the experiment was
performed in a. dark room, anda fnapping
noife, almoft like that which was made when
the finger was held near the tube, but not
quite fo loud, and of a more flat found. Upon
this, fays he, immediately the mountain, if
I may fo call it, falls into the reft of the wa-
ter, and puts it into a tremulous and waving
motion.

WHEN he repeated this experiment in the
fun fhine, he perceived that very fmall par-
ticles of water were thrown from the top of
the mountain; and that, {fometimes, there
would arife a fine fiream of water from the
vertex of the cone, in the manner of a foun-
tain, from which there iflued a fine fteam or
vapour, whoie particles were fo {mall as not

* Phil. Tranf, abridged, Vol. vii. p. z3.
fo
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to be feen; yet, he fays, he was certain it
muft be fo; fince the under {ide of the tube
_ was wet, as he found when he came to rub it
afterwards. He adds, that he had f{ince
found, that though there do¢s not alwaysarife
that cylinder of water, yet that there isalways
a {ftream of invifible particles thrown on the
tube, and fometimes to that degree as to be
vifible on it. ‘

When fonte of the larger cups were ufed
(his fizes were from three fourths to one tenth
of an inch in diameter) which, he fays were
to be filled as high as could be done without
running over; the middle part of the {urface,
which was flat, would be deprefled, upon the
approach of the tube, into a concave, and the
parts towards the edge be raifed; and that
when the tube was held over againft the fide
of the water, little conical protuberances of
water iffued out from it horizontally; and,
after the erackling noife, returned to the reft
of the water; and that fometimes {mall par-
ticles would be thrown off from it, as from thc
fmall portions of it above mentioned.

Tais laft experiment he repeated with hot
water, and found that it was attracted much
more ftrongly, and at a much greater diftance
than before. The fteam arifing from the ver-
tex was 1n this cafe viltble, and the tube was
fprinkled with large drops of water.

He tried thefe experiments, in the fame
manner, with quickfilver, which was likewiie
raifed up, but, by reafon of its gravity, not to
fo great a height as the water: but, he fays,

that
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that the fnapping noife was louder, and lafted
much longer thanitdid with the water *.

It is not eafy to know what to make of
the next fet of experiments which engag-
ed the attention of Mr. Grey, or how far he
deceived himfelf in the refults of them. He
fancied that he had dilcovered a perpetual ai-
trattive power in all ele@ric bodies which did
not require heating, rubbing, or any kind of
attrition to be excited. The following expe-
riments, he imagined proved the difcovery.

H e took nineteen different {fubftances, which
were either rofin, gum lac, thell lac, bees wax,
fulphur, pitch, or two or three of thele diffe~
rently compounded. Thele he melted in a
fpherical iron ladle, except the fulphur, which
was beft done in a glafs veflel. "When thefe
were taken out of the ladle, and their- {pheri~
cal furfaces hardened, he f{ays, they would
not attra&t till the heat was abated, or ull
they came to a certain degree of warmth; that
then there was a {mall attra&ion, which in-
creafed till the fubftance was cold, when it
was very confiderable .

THE manner in which he preferved thefe
fubftances in a ftate of attradtion, was by wrap-
ping them in any thing which would keep
them from the external air. At firft, for the
{maller bodies, he ufed white paper, and for
the larger ones, white flannel; but he after-
wards found that black worfled ftockings

®* Phil. Tranf, abiidped, Vol. vii 2
+ Ibid. 3 Lhag

would
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would do as well. Being thus cloathed, he
put them into a large firm box; where they
remained, till he had ocealion to make ufe of
them.

He obferved thefe bodies for thirty days,
and found that they continued to alt as vigo-
roufly as on the firft or fecond day; and that
they retained their power till the time of his
writing; when fome of themx had been pre-
pared above four months. |

He makes the moft particular mention of
a large cone of ftone fulphur, covered with a
drinking glafs in which it was made; and
fays, that whenever the glafs was taken off,
it would attract as ftrongly as the fulphur,
which was kept covered in the box: In fair
weather, the glafs would attra& alfo, but not
fo ftrongly as the {ulphur, which never failed
to attract, let the wind or the weather be ever
fo variable ; as would all the other bodies, on=-
ly i1 wet weather; the attration was not {0
great as in fair weather.

He alfo mentions a cake of melted fulphur,
which he kept without any cover, in the fame
place with the body abovementioned, and

. where the {un did not fhine upon them; and

fays, that it continued to attrat till the time
of his writing ; but that its attraGion was not
one tenth part of that of the cone of f{ulphur
which was covered.
. 'THEsE attraltions he tried by a fine thread
hanging from the end of a ftick., He held
the ele@ric body in one hand, and the flick
in the other; and could perceive the attrac-
E tion
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“tion at as great a diftance as he could hold
. them.

AT the time of his writing, he was upon
the fubje& of permanent elefricity in glafs,
but had not then completed his experi-
mente ™ Lo

GreaT light will be thrown upon thefe
experiments of Mr. Grey by fome that will
be hereafter related of Mr. Wilcke. 1t is pro-
bable that the glafs veffel in thefe experiments
was poflefled of one elericity, and the {ul-
phur, &ec. of the other. But the two eleéri-
cities were not difcovered till afterwards.

WE are now come toa different fet of elec-
trical experiments, made by Mr. Grey and
Mr. Wheeler in conjunétion, fimilar to fome
of Mr. Hauk{bee’s.
~ In the firft place, Mr. Grey made fome
experiments, which, probably unknown to
him, had been made before by Mr. Boyle,
on excited glafs, and feveral other bodies
vacuo, and found that they would attra&t at
very near the fame diftance as  pleno. To
determine this, he fufpended the excited fub-
ftance in a receiver of an air-pump, and when
it was exhaufted, he let the eleftric down to
a proper diftance from fome light bodies,
placed on a ftand below. The event was, as
near as could be judged, the fame in vacuo as
in the open air, if the experiment was made
in the {ame receiver, and if the eleftric was
brought to the light bodies at the fame dif-
tance of time from the a&t of excitation T.

# Phil, Tranf, abridged, Vol. vi. p. 27. + Ibid.
AsouT
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ArouT the latter end of Auguft 1732, Mr.
Grey and Mr. Wheeler fufpended, from the
top of areceiver, a white thread, which hung-
down to the middle of it. Then exhaufting
the receiver, and rubbing 1t, the thread was
attrated vigoroufly, When it was at reft,
and hung perpendicularly, the excited tube
attratted it; and when the tube was taken
away flowly, the thread returned to its per-
pendicular fituation; but the tube being re-
moved haftily, the thread jumped to the op-
pofite fide of the receiver. This laft effect fol-
lowed, if the hand was haftily removed from
the recciver; and at firft it appeared, in both
cales, unaccountable to them; but upon far-
ther confideration, they concluded, that it
proceeded from the motion of the air, made
by the tube, orthe hand, which fhook off the
attra&ion on that fide, and not on the other ¥,
They alfo found, that an excited tube would
attrat the thread through another receiver,
which was put over that in which it was ful-
pended. And, fometime after, Mr. Wheeler
found that the thread was attracted through
five receivers put one over another, and all
exhaufted: he even thought that, in this cafe,
the attraction was rather ftronger than when
a fingle receiver was ufed N.B. The more
effectually to keep any thing of moifture out
of the receivers, which would have been of
bad confequence in this experiment, inftead
of wet leather, he made ufe of a cement made

* Phil. Tranf, abridged, Vol. vii. p. ¢6. + Ibid. p. 97~
E 3 of
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of wax and turpentine, which Mr. Boyle ufed
in his experiments *. '

Thefe two gentlemen, about the fame time,
made a curious experiment which, they fay,
fhewed that attraction is communicated thro’
opaque, as well as tranfparent bodies, not in
vacuo. But a little knowledge of metal, as a
condutor of eleétricity, would have faved
them the trouble they gave themfelves. They
took a large hand-bell, and taking out the
clapper, they fufpended a cork, befmeared
with honey, from the top of it; and fet it on
a piece of glafs, on which they had put fome
leaf brafs. The excited tube was then brought
near {everal parts of the bell; and, upon tak-
ing it up, feveral pieces of leaf brafs were
found fticking to the cork, and others were
removed from the places in which they had
been left, having, probably, been attratted
by the bell T.

We fee by how fmall fleps advances were
made in the{cience of eledtricity, by fome ex-
periments made by Mr. Grey, 16th June 1731,
and, which he has thought worth recording ;
though they contain hardly any thing which
we fhould think new, notwithftanding the
difcoveries appeared pretty confiderable to
him.

He ele@rified a boy ftanding on cakes of
rofin, as ftrongly as he had before ele&rified
him when fufpended on hair lines.  He after-
wards ele@rified a boy fufpended on hair lines,

* Phil. Tranf, abridged, Vel. vii. p. g7. +Ibid. ¢b.
by
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by means of a line of communication from
another boy who was eleCtrified, at fome feet
diftance from him. He varied this experi-
ment with rods and boys feveral ways; and
concluded from it, that the elettric virtue might
not only be carried from the tube, by a rod,
or line, to diftant bodies, bit that the {fame
rod, or line, would communicate that virtue
to another rod, or line, ata diftance from it;
and that, by this other rod, or line, the at-
traiive force might be carried to ftill more
diftant bodies. This experiment thews that
Mr. Grey had not properly confidered the line
of communication, ‘and the body eletrified by
it, as one and the fame thing, in an eleérical
view, differing only in form, as they were
both alike condu&tors of eleftricity.

In December following, Mr. Grey carried
this experiment {omething farther, by con-
veying eleftricity to bodies' which did not
touch the line of communication, making it
pafs through the center of hoops ftanding on
glafs. One of his hoops was twenty, another
forty inches in diamer *,

s Phil. Tranf, abridged, Vol. vii. p. 100,

E3 PERIOD
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THE EXPERIMENTS AND DISCOVERIES OF
MR' DU FAY‘

ITHERTO the fpirit of eleciricity feems
to have been confined to England ; but,
about this time, we find that it bad palled the .
feas, and that ingenious foreigners were am-
bitious of diftinguithing themitlves, and ac-
quiring reputation in this new field of glory.
Mr. Du Fay, intendant of the French king’s
gardens, and member of the academy of {ci-
ences at Paris, afliduouily repeated the experi-
ments above-mentioned of Mr. Grey, and
likewife added to the common flock many
new oncs of his own. To him we are alfo
indebted for the obfervation of feveral general
properties of lectricity, or rules concerning
the method of 1té a&ion, which had not been
taken notice of before, and which reduced to
fewer propofitions what had been difcovered
concerning it. Thefe experiments were
comprifed in eight memoirs, inferted in the
Hiftory of the Academy of Sciences for the
years 1733, 1734 and 1737; and an account
of fome of them alfo makes an article in the
Philofophical Tranfa&ions, dated December
27, 1733. The firft of his memoirs con-
tain a hiftory of eleé@ricity, brought down to
the year 1732 %,

*® Dantzick Meihoirs, Vol. i. p. 193.
He
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He found that all bodies, except metallic,
{oft, and fluid ones, might be made cle@ric,
by firft heating them, more or lefs, and then
rubbing them on any fort of cloth. He alfo
excepts thofe fubftances which grow foft by
heat, as gum; or which diflolve in water, as
glue. He alfo remarked, that the hardeit
flone and marble required more chafing and
heating than other bodies, and that the fame
rule obtains with regard to woods; {o that
box, lignum vite, and other kinds of very
hard wood muft be chafed almoft to a degree
of burning; whereas fir, lime-tree, and cork
require but a moderate heat™. Among the
more perfect eletlrics he enumerates all vizri-
fications, the Venetian and Mufcovite za/c, the
phofphorus of Berne, gypfum, tranlparent f[e~
Jenites, and in general all ¢ranfparent flones,
of whatfoever kind {. Of Ja/ts he tried only
alum, and fugar candy, both of which he
found to be elerical, after warming and rub-
bing; and he fuppofed that all the reft would
be found to have the fame properties, if due
precautions were obferved in making the expe-
riments. He alfo obferved the ele@ricity of
all kinds of fair, filk, awool, and cotton, and
efpecially, what appeared to him very extra-
ordinary, the powerful electricity of the dack
of a dog, and flill more that of a caf {.

HE found that not only damp air, but allo
great heat was prejudicial to elef&ricity, and

* Phil. Tranf. abridzed, Vol. viii. p. 393.
+ Ac. Par, 1733. M, p. 105, 1 Ib. p. 107.

E4 that



56 Tux DISCOVERIES

that his experiments often failed in the warms=
eft hours of a moderately hot day *. Alfo
when he heated feveral bodies, in order to ex~
cite their eleéric power, he found that in fome
the hotteft, and in others the cooleft parts on-
Iy were eleCirical 1.

He fays, that, purfuing Mr. Grey’s expe-
riments, to make water receive electricity, he
found, that all bodies, without exception,
whether folid or fluid, were capable of it,
when they were placed on glafs, or fEalmg-
wax {lightly warmed, or only dried, and the
excited tube was bmught near them, He par-
t:cula,rly mentions his-having made the expe-
riments with ice, lighted wood, red hot iron I,
coal, and every .thing that happened to be at
hand at the time; and to his great furprize, re~+
marked, that fuch bodies as were of them-
felves the leaft elefiric, had the greateft de-
gree of eleCricity communicated to them. by
the approach of the excited tube §.

To determine whether the tranfparency of
glafs was the caufe of the tranfmiffion of the
ele@ric effluvia through that fubftance (for no
one at that time {ufpected that bodies could be
affected by ele@ricity through glafs in con-
fequence of its being actually permeable to the
eleCtric matter) he ufed fealing wax, and found
that light bodies were affected through that

* Dantzick Memoirs, Vol. i. p. 211
+ Ac. Par. 1733, M. p. 109.

1 Nollet’s Recherches, p. z12

$ Ac. Par, 1733. M. p. 115,

gpaquc

-
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_epaque fubftance, as much as through glafs *,

HE refutes Mr. Grey’s aflertion concerning
the different electricity of differently colour-
ed bodies, and fhews that it proceeded not
from the colour as a colour, but from the fub-
flance which was employed in dying it T.

IN order to determine whether fimple colour
had any influence in electricity, he introduced
a beam of the fun’s light into a darkened room,
and made his experiments on bodies illumi-
nated with the different primitive colours ;
and he found that, in no refpe& whatever, did
the different colours make any difference in
the power of receiving, communicating, or
deftroying eleétricity .

HAavinG communicated the elericity of
the tube, by means of a packthread, after
Mr. Grey’s manner, he obferved, that the
experiment {ucceeded better for wetting the
line; and though he made the experiment at
the diftancc of one thoufand two hundred and
fifty-fix feet, when the wind was high, the
line making eight returns, and pafling through
two different walks of a garden, that the elec~
tric virtue was fill communicated §. He alfo
made ufe of glafs tubes, fometimes lined with
{ealing wax, and found that it anfwered as
well as filk lines, and was often more con-
venlﬂntly applied {[.

Our ingenious ele@rician wvaried this ex-
periment by fufpending two cords with their

* Ac. Par. 1739, M. p. 338. t Ibid. 1533 M.p. 337.
It Ib P934 '8 Ph:] Tranf, abridged, Vol. viii. p. 3 3.
| Ac. Pari 1733, M. p- 345

2 ends
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ends oppofite to one another, and found that
when they were placed at no greater diftance
than an 1inch, the ele@ricity was communi-
cated without any {enfible diminution from
the one to the other; but at the diftance of a
foot it was hardly fenfible. 'When the cords
were placed at the diftance of three inches, he
found that alighted candle held between them
did not prevent the tranimiffion of ele@ricity,
nor did the blaft of a pair of bellows ¥, Bring-
ing wood and other condu&ing {ubftances, fuf-
pended by filk, to this ele&rified cord, he
- found, as he had concluded 2 pruors, that it
loft only part of its elefricity; the whole
quantity being equally diftributed between
them . '

The eletric {park from a living body, which
makes a principal part of the diverfion of
gentlemen and ladies, who come to fee expe-
riments in ele@ricity, was firft obferved by
Mr. du Fay, accompanied at that time, as in
moft of his experiments, by the Abbé Nollet,
who, afterwards, we fhall find, did him{elf
obtain a diftinguithed name among eleétri-
clans.

Mr. Du Favy, having got himfelf {ufpend-
ed on f{ilk lines, as Mr. Grey had done the
child mentioned above, obferved, that, as foon
as he was elefrified, if another perfon ap-
proached him, and brought his hand within
an inch, or thereabouts, of his face, legs,
hands, or cloaths, there immediately iflued

® Ac. Par. 1733.° M, p. 350. + Ibid. p 352.
from
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from his body one or more pricking fhoots,
attended with a crackling noife. He fays this
experiment occafioned to the perfon who
brought his hand near him, as well as to him-
{elf, a little pain, refembling that of the fud-
den prick of a pin, or the burning from a {park
of fire ; and that it was felt as fenfibly through
his cloaths, as on his bare face, or hands. He
alfo obferves, that, in the dark, thofe {napp=
ings were {o many {parks of fire*.

Tue Abbé Nollet fays he fhall never for-
get the {furprize, which the firft electrical fpark
which was ever drawn from the human body
excited, both in Mr, du Fay, and in him-
fef .

He fays that thofe fnappings and fparks
were not excited, if a bit of wood, of cloth,
or of any other {ubftance than a living human
body, was: brought near him; except metal,
which produced very nearly the {ame effect
as the human body. He was not aware, that
it was owing to points, or partial drynefs, in
the {ubftances which he mentions, that they
did not take afull and ftrong fpark. He feems
alfo to have been under fome deception, when
he imagined that the fleth of dead animals
gave only an uniform light, without any fnap-
ping, or {parks §.

From this circumftance, however, he, at
that time concluded, that the bodies of liv-

* Phil. Tranf. Vol. viii. p. 395. Ac. Par. 1733. M.
P- 383
1 Legons de Phyfique, Vol. vi. p. 408.
M§ Phil. Tranf. abridged, Vol. viii, p. 395. Ac. Par. 1734.
- II—}"

ing
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ing animals, (and alfo metals) were furround-
ed with an atmofphere of vapour, which was
actually {et on fire by ele@ric light *.

HEe obiérved, that a cat emitted an ele&ric
fpark, which evidently gave her pain, when
the finger was brought to any part of her
body, after the had been firoked, while the
was {itting on a filk cuthion. This muft have
appeared very extraordinary, before it was
known, that the ele€tric matter pafied from

the hand to the cat, in the at of rubbing .
* WirH the eleéric fparks, he imagined he
eould have fired inflammable fubftances ; and
he made feveral attempts with tinder and
gunpowder, but without {uccefs: he found
no appearance of real fire. This was a dif-
covery referved for the Germans 1,

THE two next capital obfervations of Mr,
Du Fay I {hall repeat in his own words, be=
caufe they are important and curious; and yet
the former of them is little more than what
Otto Guericke had obferved before him. ¢ I
¢¢ difcovered,” he fays, ¢ a very fimple prin-
¢ ciple, which accounts for a great part of
¢¢ the irregularities, and, if I may ufe the
¢ term, of the caprices, that feem to accom-
“ pany moft of the experiments in eledricity.
¢« "This principle is, that eletric bodies at-
¢¢ tra& all thofe which are not fo, and repel
¢« them as foon as they are become eleliric,
“ by the vicinity or conta&t of the eleCiric
“ body. Thus leaf gold is firft attracted by

* Dantzick Memoirs, Vol i. p, 215, 230.
+ lbid. p. 2.0, 1 Ibid."p. 2:29.

“ the
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the tube; acquires ele&ricity by approacli«
ing 1t, and, confequently, i1s immediately
repelled by it; nor is it re-attralted, while
it retainsits eletric quality. But if, while
it 1s thus fuftained in the air, it chance to
light on fome other body, it firaightway
lofes its eleltricity, and confequently is re-
attracted by the tube; which, after having
given it a new ele@ricity, repels it a {fecorid
time; and this repulfion continues as lorg
as the tube keeps its power. Upon apply-
ing this principle to various experiments of
eletricity, one will be furprifed at the
number of obfcure and puzzling faéts
which 1t clears up.” By the help of this

principke, he, particularly, endeavours to ex~

plain feveral of Mr. Haukibee’s experi-
ments *,
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“ Cuancr, he fays, has thrown in my
way another principle more univerfal and
remarkable than the preceding one; and
which cafts a new light upon the fubje& of
ele@ricity. The principle is, that there
are two kinds of eleltricity, very different
from one another; one of which I call
vitreous, the other refinous electricity. The
firft is that of glafs, rock-cryftal, precious
ftones, hair of animals, wool, and many
other bodies. The fecond is that of am-
ber, copal, gum lac, filk, thread, paper,
and a vaft number of other fubftances.
The charalieriltics of thele two eleéricities
¢ Phil. Tranf. abridged, Vol viii. p. 356.

¢ are



62 Tur DISCOVERIES

¢ are, that they repel themfelves, and at-
¢¢ tract each other. Thus a body of the vi-
« treous elettricity repels all other bodies
¢ poflefled of the vitreous, and on the con-
¢ trary, attralts all thofe of the refinous
_ % eleétricity. 'The refinous, alfo, repels the
¢ refinous, and attra&s the vitreous. From
¢ this principle, one may eafily deduce the
¢ explanation of a great number of other
¢ phenomena; and it is probable, that this
¢ truth will lead us to the difcovery of many
« other things.”

THi1s very capital difcovery was, as the in=
genious author acknowledges, perfectly acci-
dental, hayving been made in confequence of
cafually obferving (which, he fays, was to his
great {urprize) that, having caufed a piece of
leaf gold to be repelled, and fufpended in the
air, by an excited glafs tube, and meaning
likewife to chafe it about the room by a
- piece of excited gum copal, inftead of being

repelled by it, as it was by the glafs tube, it
was eagerly attraCted. The fame was the
cafe with fealing-wax, and the other {ub-
fiances enumerated above., He alfo obferved,
that when a piece of leaf gold was electrified
by excited fealing-wax, &e. it was conftantly
attracted by excited glafs, but repelled by ex-
icited fealing-wax, &c. *

Our ingenious ele@rician was, however,
too hafty in concluding, as he did, thatthe
two eleliricities which he had difcovered were

* Ac, Par. 1733, M. p. 627.
altogether
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altogther independent of the fubftance with
which the ele@rics were rubbed. All the dif-
ference, he fays, produced by a change of
the rubber, was that of more or lefs of the fame
kind *. We fhall find that, ina much later
period, the contrary was difcovered to be
true by Mr. Canton.

In order to know, immediately, to which
of the two claffes of eleéricity any body be-
longed, he made a filk thread cleGrical, and
brought it to the body, when it was excited.
If it repelled the thread, he concluded it was
of the fame ele&tricity with it, viz. refinous;
if it attraSted it, he concluded it was vitre-
oust, He had alfo other i m*ﬁnmns methods
to afcertain the fame thing 1.

He alfo obferved, that communicated elec-
tricity had the fame property as the excited.
For having eledtrified, by the glafs tube,
balls of wood or ivory; he found them to re-
pel the bodies which the tube repelled, and to
attra&t thofe which the tube attratted. If
they had the refinous eleéricity communicat-
ed to them, they obferved the fame rule, by
attra&ing thofe bodies which bad the vitreous
elericity communicated to them, and re-
pelling thofe which had received the refinous.
But, he obferves, the experiment would not
fucceed, if the bodies were not made equally
electrical ; for, if one of them was weakly
eletrical, it would be attradted by that which

* Ac. Par. 1733 639.
+ Phil. Tran l}abr-daed Vol. viil. p 337-
1 Ac. Par. 1733, M. p. 639.

Wwas



€4 THe DISCOVERIES
was much more ftrongly ele@rical, of whats
ever quality it was:

THis difcovery of the two eleAricities wad
certainly a capital one, but was, notwith-
ftanding, left very imperfect by Mr. Du Fay:
We fhall fee that Dr. Franklin found, thaty
in all probability, the vitreous eleétricity is
pofitive; or 2 redundancy of eletric matter
and the refinous,; negative, or a want of it;
and that Mr. Canton has difcovered, that it
depends upon the furface of the eleétric bodies,
and of the rubber, whether the eleiricity be
pofitive or negative.

Tue doftrine of two different eleﬂnmms;
produced by exciting different fubftances,
confiderable as the difcovery of it was, {eems
to have been dropped after Mr. Du Fay, and
thofe effects alcribed to other caufes; which
is an inftanee - that fcience fometimes goes
backwards.

Mgr. Du Fay himfelf feems, at laft, to
have adopted the opinion, which generally
prevailed to the time of Dr. Franklin; that
the two elecricities differed only in degreey
and that the ftronger attracted the weaker :
not confidering that, upon this principle,
bodies pofleffed of the two eleétricities ought
to attract one another lefs forcibly, than if one
of them had not been ele@rified at all, which
1s contrary to fadt.

IT will be feen that, many yéar$ after,
Mr. Kinnerﬂey of Philadel 1hid, a friend of
Dr. Franklin’s, being at Bﬂﬁﬂn in New Eng-

land, made fome experiments which again
fhewed
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fhewed the difference of the two elefricities.,
He communicated thofe experiments to Dr.
Franklin, who repeated and explained them #

Mg. Du Fay was the firft perfon who en-
deavoured to excite a tube in which air was
condenfed, and, to his great {urprize, found
the attempt ineffectual. Sufpeting this might
be owing to moifture, which he might have
forced into the tube, in ufing his condenfing
inftrument, he cemented a large copper eoli=
pile to his tube, and comprefled the air in it,
by putting the eolipile upon the fire. After
this, he turned a cock, which he had placed
to prevent the return of the comprefled air,
and difengaged the tube from the eolipile;
but he ftill found the excitation to be impof-
fiblet. The Abbé Nollet, who affifted at
moft of this gentleman’s experiments, declares
himfelf not fatistied even with this precau-
tion ; thinking that the non-excitation of the
tube might ftill be owing to the moifture,
‘which always exifts in the air, and the par-
ticles of which muft be drawn nearer to-
gether by condenfation . In anfwer to this
obje&ion, Mr. Boulanger fays, that a fmall
glafs full of water poured into a tube, and
1m1ned1£1tﬂl)r thrown out again, will not de-
firoy the excitability of “the glafs near fo
much as the condenfed air §.

Mze.Du Fay found no difference in the ex-
citation of a glafs tube whether it was filled
with warm /aznd or not; but when the tube was

* See his Letters. 1 Ac. Par. 1734. M, p. 489.
i Nollet’s Recherches, p. 258, § Boulanger, p. 132.

K cool
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cool it was not fo eafily excited. The exei-
tation was more obfiruted by bran, and
much more by wat¢r, warm or cold ; though,
he {ays, that the eleCtricity was not quite de-
ftroyed by it *,

Mr. Du Fay took a good deal of pains to
afcertain the effet of ele@ricity i wvacuo,
but his conclufion can hardly be depended
upon. For, he fays, that g/afs, and Dther {fub-
flances poilefled of the fame kind of eleciri-
city, are hardly capable of being excited
vacus , whereas embers and the fubftances of
that clafs, are excited as eafily, and as vi-
coroufly 7z wacuo, as in the open air. The
vacuum he made feems to have been as good
as can be made by the better kind of our air-
pumps .

This philofopher was the firft who obferved
that eletric fubftances attract the dew more
than conduétors. He obferved that a glafs
vellel, placed on a metal cup, and fet in the
open air all day, will often be wet when the
metal is dry. S. Beccaria accounts for this
fa&t, by fuppofing that alterations in the elec~
tricity of the air eaiily produce correfpondent
alterations in the c]e&nc:ty of metals, in
which the eleéric fluid moves with the ut=
moft eafe, but not in glafs. Whenever,
therefore, the ftate of the eleétric fluid in the
air is altered, the glafs is ele@rified plus or

mmm, and therefore attradts the vapours in
the air J.

* Ac. Par. 1733. M. p. 341,
+ Ac. Par. 1734. M. p. 489.
1 Beccaria del elettricifmo naturale et artificiale, p. 1794

It
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IT muft be obferved, that Mr. Granville
Wheeler, in the autumn of the year 1732,
made feveral curious experiments, relating to
the repulfive force of eleciricity. Thefe he
repeated to Mr. Grey in the fummer follow-
ing, and defligned to communicate them,
through his hands, to the Royal Society ;
but, deferring the execution of it from time
to time, he was informed that Mr. Du Fay
had taken notice of the fame folution of the
repulfive force. Upon this he laid afide all
thoughts of communicating his difcovery to
the public: but, finding that his experiments
were different from thofe of Mr. Du Fay, he
was perfuaded to publith them in the Philofo~
phical Tranfa&ions for the year 1739.

Tue experiments were made by threads of
various kinds, and other fubftances, hanging
down from filk lines, and generally made to
repel one another by the approach of an ex-
cited tube. The refult of them all he com-
prifed in the three following propofitions.
1ft. That bodies made eletrical, by commu-
nication with an excited elefiric, are in a flate
of repulfion with relpet to fuch excited bo-~
dies. 2dly. That two, or more bodies, made
ele:lrical by communicating with an excited
eledtric, are in a ftate of repulfion with refpe&
to one another. 1dly. Excited ele&rics do
themfelves repel one another #.

Ow~e of his experiments, to prove the fe-
cond of thefe propofitions, deferves to be

*® Phil. Tran{. abridged, Vol, viii, p. 411.
F2 mentioned
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mentioned for its curiofity. He tied a num-
ber of filk threads together, by a knot at each
extremity; when, upon ele@rifying them,
the threads repelled one another, and the
whole bundle was {welled out into a beauti-
ful fpherical figure; fo that he could with
pleafure, he fays, obferve the knot at the
bottom rifing upwards, as the eletricity and
mutual repullion of the threads increafed ;
and he could not help imagining his bundle
of filks to refemble a bundle of mufcular
fibres.

By way of corollary to the fame propo-
fition, he obferves, that it fuggelts, more
plainly than any other know experiment, a
reafon for the diffolution of bodies in men-
firua; viz. that the particles of the folvend,
having imbibed particles of the menftrua, fo
as to be faturated with them, the faturated
particles become repulfive of one another, fe-
parate, and fly to pieces *,

® Philofophical Tranfaions abridged, Vol. viii. p. 41e.

PERIOD
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Pri Bt Bt Qo) # N

‘THE CONTINUATION AND CONCLUSION OF
MRr. GREY’s EXPERIMENTS.

R. GREY, upon refuming his expe-
riments, exprefles great fatistaction,
that his former obfervations had been con-
firmed by fo judicious a philofopher as Mr.
Du Fay ; who, he acknowledges, had made
feveral new ones of his own, partlcularly that
important /uciferous one, as he calls it, recit—
ed above; Whlch put him upon making the
e}:perimﬂnts which follow, and which were
made in the months of July and Auguft
17347
As Mr. Du Fay had faid, that the {nap-
pings and the {parks, he had mentioned,
were ftrongly excited by a piece of metal,
prefented to the perfon fufpended on filk lines;
Mr. Grey concluded, that if the perfon and
metal fhould change places, the effect would
be the fame. He, accordingly, fufpended
{everal pieces of metal on filk lines, begin-
ning with the common utenfils, which were
at hand, as the poker, tongs, fire thovel, &c.
and found, that, when they were eleirified,
they gave {parks, in the fame manner as the
human body had done in like circumftances,

* Phil. Tranf, abridged, Vol, viii, p, 397.
¥3 This
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'This was the origin of metallic conductors,
which are in ufe to this day *.

MRr. GreYy did not, at the time above-
mentioned, think of making his experiments
in the dark, in order to fee the light proceed-
ing from the iron; not imagining, that elec~
tricity, communicated to metals would have
produced fuch furprifing phenomena, as, he
fays, he afterwards found it to do.

ConxTiNnUING his experiments at Mr.
Wheeler’s, they found, that the fleth of dead
animals exhibited, very nearly, the fame ap-
pearances as that of living animals, contrary
to the aflertion of Mr. Du Fay.

But what moft furprifed Mr. Grey, and
the gentlemen then prefent, in the experi-
ments he made upon that occalion, was the

* Phil. Tranf abridged, Vol. viii. p. 3¢8.

In order the more conveniently to communicate eleltricity to
“the aron bar, Mr. Du Fay (who adopted the ceatrivance from
Mr. Grey) faftened to the end of it a bundle of /inen threads, to
which he applied hisexcited tube. He was led to prefer the
thread for this purpefe, in confequence of having found that,
of the Aexible fubltauces, wweol, f£lk, cotton, or lan ; the laft
was moft attraéted by an excited eleétric.  He fufpended them
all to the fame bar, and brought an excited glafs tube to an
equal diffance from them all at the {fame time, and obferved
that they were attrafted in the order in which I have mention-
ed them, aweo! the leaft, and liven the moft. Ac. Par. 1737. M.
P- 137 Thele linen threads of Mr. Du Fay kept their ground
1n a much improved ftate of the elefirical apparatus, when
globes were fubflitured in the place of tubes, but now /malf
auires are univerfally ufed in preference to them. Mr. Du
Fay alfo, in order to determine what meral was the molt pro-
per for this purpofe, procured equal cylinders of gold, filver,
copper, brafs, lead, iron, and tin, and having placed them fa
as to conllitute one cylinder, he drew fparks from each of them
in their turn, when the whole was eleftrified ; bot he could
pot, in any refpe&t, perceive the leaft dafference in them. Ac.
Far, 1737. M, p. 133,

pheno-
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phenomenon above referred to, and what he
nows calls a cone, or pencil of eleciric light;
{uch as is commonly {een to iffue from an elec-
trified point. As this was the firft time that
this phenomenon, which is now fo common,
was diftinctly feen, I fhall relate the experi-
ment, of which it was the refult, at large.

MRr. Grey, and his friends, provided
‘themfelves with an iron rod four feet long,
and half an inch in diameter, pointed at each
end, but not fharp. Sufpending this iron
rod upon filk lines in the night ; and apply-
ing the excited tube to one end of it, they
perceived not only a light upon that end, but
another luing from' the oppofite end, at the
fame time. 'This light extended itfelf, in the
~form of a cone, whofe vertex was at the end
of the rod : and Mr. Grey fays, that he and
his company could plainly fee, that it con-
fifted of feparate threads, or rays of light, di-
verging from the point of the rod, the ex-
terior rays being incurvated. This light
appeared at every firoke they gave the
tube.

Tuey likewife obferved, that this light
was always attended with a {mall hifling
noife, which, they imagined, began at the
end next the tube, increafing in loudnefs till
it came to the oppofite end. He fays, how-
ever, that this noife could not be heard, but

by perfons who ftood near the rod, and at-
tended to it *,

® Phil. Tranf. abridged, Vol. viii, p. 398.
g7 MR,
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Mgr. GrEY, repeating thofe experiments in
the Sep tember following, after his return to
Lgnuen, obferved an appearance, which he
fays, furprifed him very much.. After the
tube had been applied to the iron rod, as be-
fore, when the light, which had been feen at
both ends, had difappeared; it was vifible
again upon bringing his hand near the end of
the rod ; and, upon repeating this motion of
his hand, the fame phenomenon appeared for
five or fix times {ucceflively ; only ‘the rays
were, at each time, fthorter than the other.
He alfo obferved, that thefe lights, which
were emitted by the tube upon the approach
of his hand, were, like the others, attended
with a hifling noife.

He took notice, that the light which ap-
peared on the end next the tube, when it was
held oblique to the axis of the rod, had its
rays bending towards it; and that, all the
time he was rubbing the tube, thofe flathes of
light appeared upon every motion of his hand
up or down the tube, but that the largeft
flathes were produced by the motion of his
hand downwards *.

Wuen he ufed two or three rods, laying
them eitherin a right line, or fo as to make
any angle with each other, and applied the
tube to any one of their ends; he obferved,
that the fartheft end of the farther rod ex-
hibited the fame phenomena as one fingle

rod T.

® Phi). Tranf, abridged, Vol. viii. p. 399.
t 16 p-400. Using
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Usine a rod pointed only at one end, he

obferved, that the other end gave but one
fingle fnap, but that it was much louder than
the greatelt of thofe which were given by the
point of the rod; alfo that the pain, refem-
bling pricking -.:}r burning, was more {trong-
ly felt, and that the light was brighter and
more contracted.
b ConnNECTING a pewter plate with the iron
rod, and filling the plate with water, he ob-
ferved the fame light, the fame puthing of
the finger, as he calls it, and the fame {nap-
ping, as when the experiment was made with
‘the empty plate. And when the experiment
was made with water, in the day-light, it ap-
peared to rife in a little hill, under the finger
which was prefented to it; and, after the
fnzlppmg noife, fell down agun, putting the
water into a waving motion near the place
where it had rifen.

Tuesreeffe&swerethe fame with thofe which
he had before obferved top roceed from the im-
mediate ation of the tube, but by thefe experi-
-ments, he fays, he found (what, no doubt,
appeared a real advance in the {cience to him)
that an actual flame of fire, together with an
explofion, and ebullition of cold water, might
be produced by communicative elettricity.
‘What he adds is fo remarkable, that I {hall
repeat his own words. ¢ And although thefe
¢ effets are at prefent but mz munimis, it 1s
#¢ probable, in time, there may be found out
¢ a way to collect a greater quantity of the
¢ ¢leCtric fire, and confequently to increale

¢ the
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«¢ the force of that power; which, by feveral
«“ of thefe experiments, /i ficet magnis com-=
“ pomere parva; {eems to be of the fame
¢ nature with that of thunder and light-
. sang ¥’

How exaéitly has this prophecy been ful-
filled in the difcoveries of the Leyden elec-
tricians, and Dr. Franklin ; the former hav-
ing difcovered the amazing accumulation of
the eleGric power, in what is called the Ley-
den phial; and the latter having proved the
matter of hightning to be the very fame with
that of elericity; though Mr. Grey might
pofiibly mention thunder and lightning only
by way of common comparifon.

On February the 18th, 1735, Mr. Grey,
repeating the experiments of the iron rods
with wooden ones, found all the effeéts to be
fimilar, but much weaker; as it is now well
known muft have been the cafe ; wood being
fo imperfec a conductor, and only in propor-
tion to the moifture it contains.

AT the fame time, he relates, that the re-
peating the eledirification of water, he tound,
that the phenomena before mentioned were
produced, not only by holding the tube near
the water, but when it was removed, and the
finger afterwards brought near it 1.

May the 6th of the fame year, he again
fufpended a boy on filk, and found that this
boy was able to communicate the eleitric fire,

* Phil. Tranf. abridged, Vol. viil, p. 401.
+ Ibid. p. 4oz,

full
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firft to one, and then to feveral perfons fland-
ing upon eleGric bodies.

Mz. Grrevy feems ftill to have imagined,
that eleciricity depended, in fome meafure,
upon colour. The boy fufpended on blue
lines, he fays, retained his power of attrac-
tion fifty minutes; on fcarlet lines, twenty-
five minutes; and on orange coloured lines,
twenty-one minutes. By thefe experiments,
he fays, we fee the efficacy of eledtricity on
bodies fufpended upon lines of the fame {ub-
{tance, but of different colour *.

Bur the greateft deception which this in-
genious gentleman {eems to have lain under,
was occalioned by the experiments which he
made with balls of iron, to obferve the revo-
lution of light bodies about them. The para-
graph relating to thele experiments, being the
laft which Mr. Grey wrote, 1 fhall give it at
length as a curiofity.

“ I uwave lately made,” fays he, ¢ feveral
“ new experiments upon the projectile and
¢ pendulous motion of {fmall bodies by elec-
¢ tricity; by which f{mall bodies may be
“ made to move about large ones, either in
¢ circles, or in ellipfes; and thofe either
£ concentric, or eccentric to the center of the
¢ Jarger body, about which they move, {o as
“ to make many revolutions about them.
¢ And this motion will conftantly be the
‘ fame way that the planets move about the
# {un, viz. from the right hand to the left,

® Phil, Traef. abridged, Vol. viii. p. 403.
¢ or
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L o]

or from wefl to eaft. But thefe little pla-
nets, if I may fo call them, move much
fafter in their apogeon, than in the perigeon
¢ parts of their orbits ; which is direétly con-
¢ trary to the motion of the planets about the
SRt

Tnese experiments Mr. Grey had thought
of but a very little while before his laft ill-
nefs, and had not time to complete them ;
but the progrefs he had made in them he re-
vealed, on the day before his death, to Dr.
Mortimer, then fecretary to the Royal Socie-
ty. He faid they ftruck him with new fur-
prize every time he repeated them, and hoped
that, if God would fpare his life a little longer,
he fhould, from what thefe phenomena point-
-ed out, bring his ele@rical experiments to the
greateft perfetion. He did not doubt but,
sn a fhort time, he thould be able-to aftonifh
the world with a new fort of planetarium,
never before thought of ; and that, from
thefe experiments, might be eftablithed a cer-
tain theory, to account for the motions of the
grand - planetarium of the univerfe. Thefe
experiments, fallacious as they are, deferve
to be briefly recited, together with thofe
which were made in confequence of them af-
ter Mr. Grey’s death., 1 fhall relate them in
Mr. Grey’s own words, as they were deli-
vered to Dr. Mortimer, on his death-bed.

Prace a {mall iron globe, faid he, of an
inch, or an inch and a half in diameter, on

<

™, W

L

* Phil, Tranf, abridged, Vol, viii. p. 464
the
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the middle of a circular cake of rofin, feven
or eight inches in diameter, gently excited ;
and then a light body {fufpended by a very
fine thread, five or fix inches long, held in
the hand over the center of the table, will, of
itfelf, begin to move in a circle round the

iron globe, and conftantly from weft to eaft.
- If the globe be placed at any diftance from
the center of the circular cake, it will defcribe
an ellipfe, which will have the fame eccentri-
city, as the diftance of the globe from the
center of the cake. :

Ir the cake of rofin be of an elliptical form,
and the iron globe be placed in the center of
it, the light body will deferibe an elliptical
orbit, of the fame eccentricity with the form
of the cake.

Ir the iron globe be placed in, or near, one
of the foci of the elliptical cake, the light body
will move much f{wifter in the apogee, than in
the perigee of its orbit. |

Ir the iron globe be fixed on a pedeftal, an

inch from the table, and a glafs hoop, or a
* portion of a hollow glafs cylinder, excited, be
placed roundit; the light body will move
as in the circumftances mentioned above, and
with the fame varieties.

He faid, moreover, that the light body
would make the fame revolutions, only
{maller, round the iron globe placed on the
bare table, without any elefrical body to
{upport it; but he acknowledged he had not
found the experiment fucceed, if the thread
was fupported by any thing but a human

hand;
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hand; though, he fancied, it would have
fucceeded, if it had been fupported by any
animal {ubftance, living or dead *.

MRr. Grey went on to recite to Dr. Mor-
timer other experiments flill more fallacious;
which, out of regard to his memory, 1 fhall
forbear to quote. Let the chimeras of this
great eleétrician teach his followers, in the
fame, and flill but néwly opened field ot phi-
lofophy, a proper degree of caution in their
reafonings from indu&ion. Let not the ex-
ample, however, difcourage any perfon from
trying what may appear improbable ; but let
it induce a man to delay the publication of
his difcoveries, till they have been perfeétly
afcertained, and performed in the prefence of
others. In experiments of great delicacy, a
firong imagination will have great influence
even upon the external fenfes; of which we
fhall have frequent inftances in the courfe of
this hiftory.

Dr.MorTiMER himfelf feems to have been
deceived by thefe experiments of Mr. Grey.
He fays, that, in trying them atter his death,
he found, that the light body would make
revolutions round bodies of various thapes and
fubftances, as well as round the iron globe ;
and that he had actually tried the experi-
ment, with a globe of black marble, a filver
flandith, a {mall chip bex, and a large

cotk t.

* Phil. Tranf. abridged, Vol. viii. p. 404, 4053,
+ Ibid. p. 4o

THESE



g NMa GRETY. 79

THesE experiments of Mr. Grey were tried
by Mr. Wheeler, and other gentlemen, at
- the Royal Society’s houfe, and with a great
variety of circumftances; but no conclufion
could be drawn from what they at that time
obferved. Mr. Wheeler himf{elf took a great
deal of pains to verify them, with various fuc-
cefs; and at laft he gave it as his opinion, that
a defire to produce the motion from weft to
eaflt was the {ecret caufe, that determined
the pendulous body to move in that diretion,
by means of fome impreflion from Mr. Grey’s
hard, as well as his own; though he was, at
the fame time, perfuaded, that he was not
{fentible of giving any motion to his hand
him{elf*,

MRr. Du Fay, 1n the Memoirs of the Aca-
demy of Sciences for the year 1737, acknow=
ledges that thefe experiments of Mr. Grey and
Dr. Mortimer did not fucceed with him. But
fays, they were the only ones of Mr. Grey that
had not; and, with a temper becoming a phi=-
lofopher, adds, that he doth not, therefore, fay,
that they never had fucceeded ; but {eems rather
willing to attribute the failure with himfelf, to
his omitting fome circumftance, not mentioned
by thofe gentlemen, though, unknown to

them, it might be of principal confequence to
the experiment T. He was afterwards inform-
ed of therefult of the laft experiment in Eng-
land on this {ubje&, agreeing with his own 1.
* Phil. Tranf. abridged, Vol. viii. p. 418,

+ Dantzick Memeirs, Vol. i, p. z26.
T Ac. Par. 17 ;7. M. p. 436.

PERIOD



8o EXPERIMENTS

BsuBopB o Lo L) alg s Sk

Tue exPERIMENTS oF Dr. DESAGULIERS

E are now come to the labours of

that indefatigable experimental phi-
lofopher Dr. DesacuLiers, in this new field
of {ciénce. The reafon which he gives why
he had avoided entertaining the Royal So-
ciety upon this fubjeét before, and why he
had not purfued it fo far as he might have
done ; confidering, as he fays, that he could
excite as ftrong an eledlricity in glafs, by
rubbing with his hand, as any body could, is
worth mentioning for its curiofity, and for
the light that it throws upon the temper and
manner of Mr. Grey. He fays, that he was
unwilling to interfere with the late M. Stephen
Grey, who had wholly turned his thoughts
to ele@ricity ; but was of a temper to give it
entirely over, if he imagined that any thing
was done in oppofition to him *,

Dr. DesacurLiers begins with obferving
very fenfibly (and the obfervation is flill true)
that the phenomena of ele&ricity are fo odd,
that, though we have a great many experi-
ments upon that fubje&, we have not yet
been able, from their comparifon, to fettle
fuch a theory as will lead us to the caufe of
that property in bodies, or even to judge of

* Phil, Tran{, abridged, Vol, viii. p. 419.
all
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all its effedts, or find out what ufeful in-
fluence eleciricity has in nature; though cer=
tainly, from what we have feen of i it, we may
conjecture that it muft be of great ufe, becaule
it is {o extenfive.

His firflt experiments, of which an account
is given in the Philofophical Tranfaltions,
dated July, 1729, were made with a hempen
ftring, extended upon cat-gut. To the end
of the hempen ftring, he fulpended various
fubftances ; and {ays, that all thofe which he
tried, amongit which were leveral cleéirics per
f¢, as fulphur, glafs, &ec. without exception,
received eleclricity *,

He changed one of the cat-gut firings, on
which his hempen line of communication
was extended, and put various other fub-
ftances in its place, to try what bodies would
tranfmit eleflricity to the f{ufpended body, |
and what would not; and from the refult of
his experiments, partly concluded, that bo-
dies in which eleéricity could not be excited
intercepted the electric efluvia ; and that thofe
in which elediricity could be exthd did not
intercept it, but permitted it to go on to the
extremity of the hempen ftring. DBut flill he
had no juft idea, that, except metals, it was
the moifture in the bodies he tried which in-
tercepted the electric effluvia; and his ideas of
the manner in which thﬂy were intercepted
were very imperfe(t.

® Phil. Tranf, abridged, Vo, viil, p. 420
G To
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To Dr. Defaguliers we are indebted for

fome technical terms which have been ex-
tremely ufeful to all ele@ricians to this day,
and which will probably remain in ufe as
long as the fubject is fltudied. He firft ap-
plied the term conductor to that body to which
the excited tube conveys s ele&ricity ;
which term has fince been extended to all
bodies that are capable of receiving that vir-
tue. And he calls thole bodies in which elec-
tricity may be excited, by heating or rubbing,
eleftrics per fe.

In the writings of this author we find many
axioms relating to  eleCtrical experiments,
fome of which are exprefled in a more clear,
and diftin&@ manner than they had been be-~
fore; but the real improvements which he
made, were very few and immaterial.

On feveral occafions, and particularly in a
paper delivered to the Royal Society, in the
month of January 1741, he lays down,
among others, the following general rules,
which feem to be more accurate than any
which had been delivered before upon the
fubject *,

«“ An elediric per fe will not receive elec-
tricity from another eleGric per fe, in
which it has been excited, fo as to run
along its whole length: but will only re-

ceive it a little way, being, as it were, fa-
¢ turated with it.

4
149
(41

e

® Phil. Tranf, abridged, Vol, viii. p. 330.
“ AN
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% AN ele@ric per fe will not lofe all its
s gledricity at once, but only the eleéiricity
¢ of thofe parts near which a non-electiic
‘f.has been brought. It, confequently, lofes
“ its Eiﬂ&rlmty thL fooner, the more of thofé
« bodies are near it. 'Thus, in moift weather,
¢ the excited tube holds its virtue but a little
“ while, becaufe it ads upon the moift va-
¢ pours which float in the air. And if the
¢ excited tube be applled to leaf gold laid
“ ypon a ftand, it will a& upon it much
“ longer, and more ftrongly, than if the
“ fame quantity of leaf gold be laid upon a
¢ table, which has more non-elediric furface
“ than the ftand *.”> This, however, feems
not to be the whole reafon ; for if the leaf
gold were laid upon a broad furface of glafs,
it would not be acted upon fo powerfully, as
- 1f it were placed upon a narrow ftand of any
kind of matter. .

“ A NON-ELECTRIC, when it has received
“ electricity, lofes it all at once, UPGH the
¢ approach of another non-electric.” This
however could only be the cafe when the ap-
proaching eleiric was not infulated, but had
a communication with the earth. It muft
al{o be brought into conta& with the eleGrified
body.

v Antmar fubflances are non eleéirics by
¢ reafon of the fluids they cont ain T.

“ ExciTep élettricity exerts itfelf in a

% {phere round the ele@ric per fe,- or

* Phil. Traofl. abridged, Vol viii 2
TIhld P 423, : P $ ?

{r 2 « rather
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¢ rather in a cylinder, if the body be cylin-

¢ drical *.”

Few of the many e:;perlmﬂnts which were

made by Dr. Defaguliers (aceounts of which
were publ ifhed in the Philofophical Tranfac-
f.lDI'l“I-) had, as I ebferved l:nefﬂre, any thing
rew in them. Thofe which were the moft {o
are the following.
- ExDEAVOURING to communicate eleGricity
to a burning tallow candle, he obferved, that
the candle attradted the thread of trial, but
not within two or threc inches of the flame;
but that, as foon as the candle was blown out,
the thread was attratted by every “part of it,
and even by the wick, when the fire was
quite extinguifhed. He eleGrified a wax
candlein the fa.me manner,and the experiment
fucceeded as well, nnly the eieé’mc:lty‘ came
not {o near the flame m the wax, as in the
tallow candle.

He fays, that conly warming a glafs re~
ceiver, without any rubbmg, would caufe the
threads of a down feather, tied to an upright
{kewer to extend themfielves, as foon as it was
put over the feather; and that fometimes
rofin and wax would exert their eleciricity by
being only expoled to the open air.

He obferved that if a hollow glafs tube,
{fupporting the 1ne of communication, were
moiftened by blowing through it, it would in-
tercept the elc&nutv

# Phil, Tranf, abridged, Vol. viiti p. 431,
He



or Dr, DESAGULIERS. 85

He f{ays, that when an excited tube has
repelled a feather, it will attract it again,
after being fuddenly dipped into water, but
in fair weather it will not attraét it unlefs it
hath been dipped pretty deep into the water,
a foot of its length at leall; whereas, in
moift weather, an inch or two will {fuffice *,

He fhewed the attradlion of water by an
‘excited tube, in a better manner than it had
been thewn before, viz. by bringing the tube
to a ftream iffuing from a condenfing foun-
tain : which, thereupon, was evidently bent
towards it.

- Dgr. DesacuLieRs feems to have been the

firt who exprefsly faid, that pure @/ might
be ranked amongft ele@rics per fe, and: that
cold air in fmﬁy weather, when vapours rife
leaft of all, is preferable, for -ele@rical pur-
pofes, to warm aw in fummer, when the heat
raifes the vapours{. He allo {uppofed that
the elericity of the airwas of the wvitreous
kind; and he accounted for the eleGricity ap-
pearing on the infide only of 'an exhaufted
glafs veflel, by its going where it met with
the leaft rﬂﬁﬂance from f{o eleGrical a bod}r as
the air 1.

He endeavoured to account for the fixing of
air by the fteams of fulphur, according to the
experiment of Dr Hales; by {fuppoling that
the particles of fulphur, and thofe of air, be-
ing pofiefled of different kinds of ele&ricity,
attracted one another, whereby their repulfive

* Phil. Tranf. abri . Viii. p. 42.

£ gt
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power was deftroyed. He alfo propofed the

tollowing conjeGture concerning the rife of
vapour. The air at the furface of water be-
ing electrical, particles of water, he thought,
jumped to it, then, becoming themielves ElEC-
trical, they repelled both the air and one an-
other, and confequently afcended into the -
higher regions of the atmofphere *.

Tar laft paper of Dr. Defaguliers in the
Philofophical Tranfactions, upon the fub}ﬁ&
of elellricity, is dated June 24th, 1742, in
which vyear he publithed a differtation on
cleCricity, by which he gained the prize of
the academy at Bourdeaux. This prize was
a medal of the value of 300 livres, propofed,
at the reque& of Mcnﬁeur Harpez de la Force,
for the beft eflay on electricity, and fhews
how much this fubje:'. engaged the attention
of philofophers at that time f. The differtation
is well drawn up, and comprifes all that wag
known of the fubje&t till that permd

* Phil. Tranf. abridged, Val. viii, 43; ;
-+ Dantzick Memoirs, Vol. i. p- 261, A

PERIOD
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RiGECLR T 4O 1D TIVHR

ExperiMENTS oF THE GERMANS, anp
ofF Dr. WATSON, BEFORE THE DISCO-
VERY OF THE LEYDEN PHIAL IN THE
YEAR 1746.

BOUT the time that Dr. Defaguliers

had concluded his experiments in

England, viz. 1742, {everal ingenious Ger-

mans began to apply themfelves to the fame

ftudies with great affiduity, and their labours
were crowned with confliderable fuccefs.

To the Germans we are indebted for many
capital improvements in our eletrical appara-
tus within this period, without which, the-
bufinefs would have gone on very flowly and
heavily; but, by the help of their contriv-
ances, we fhall {fee that aftonithing effects were
foon produced.

“Mg. Bozr, a profeflor of philofophy
Wittemburgh, {ubftituted the ghte for the
tube, which had been ufed ever {fince the
time of Haukfbee*. He likewife added a
prime conduélor, which confifted of a tube of
iron or tin, at firft {fupported by a man ftand-
ing upon cakes of rofin, and afterwards fuf-

* According to other accounts, Chriftian Auguftus Haofen,
profeflor of mathemartics at Leipfic, was the firlt who revived
the ufe of Hauk{bee’s glafs globe, and Mr. Boze, who was ex-
cited to make experiments in ele&rmlt}r by the example of Mr.
Haulen, borrowed this capital improvement from him. Dant-
zick Memoirs, Vol. 1, p. 278, 279,

G4 pended
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pended on filk horizontally before the
globe #,

To prevent the tube from' doing any harm
to the globe, he put a bundle of thread into
the end which was next to it, and which was
left open‘for that purpofe. This expedient,
befides occafioning various pleafant phenome-
na, was obferved to make thie force of the con-
duflor much ftronger . |

Tue ule of the globe was immediately
adopted in the univerfity of Leipfic, where
Mr. Winckler, the profeflor of languages,
fubftituted a cufbion inltead of the hand, which
had before been cmployed to excite the globe.,
But the beft rubber for the globe, as well as
the tube, was, long after this, fuill thought,
by all eleétricians, to be the human hand, dry,
and free from moifture 1.

Mgr. P. Gorbpon, 2. Beofeh Benedi&tine
monk ; and mf'eﬂ't-r of Philofophy at Erford,
was the firf who ufed a c¢ylinder inftead of a
globe. His cylinders were eight inches long,
‘and < four inches in diameter. They were
made to turn with a bow, and the whole in-
ftrument was portable. Inftead of a cake of
rofin, he infulated, by means of a frame, fur-
nithed with net work of filk §.

TuE apparatus, likewife, of many of the
German ele@ricians was very various, and ex-
penfive. Mr. Wincklery in a paper read at
the Royal Society, March 21ft, 1745, de-

* Hiftoire de ’eleftricité, p. 27.

+ Phil. Tranf, abridged, Vol. x. p. 271. 3 Ibid. 27:.
§ Hiftoire, p. 31.
| Phil, Tranf, abridged, Vol. x. p. 273.

{cribes
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fcribes 2 machine for rubbing tubes, and an-
other fer rubbing globes, and compares the
effects of- them both: He obferves, that the
{parks which are produced from glafs veffels
drawn to.and fro were larger, and more ve-
hemently pungent, provided that thofe vefiels
were of the fame magnitude with the globes;
but that the flux of effluvia was not {o conftant
as from the globes. Mr, Winckler alfo in-
vented a machine, which he defcribes at large
in his works, by means of which he could
give his globe fix hundred and eighty turns.
in 2 minute *. This gentleman likewife con-
trived to rub glafs, and china veflels, in the
infide; and he fays they acted as firongly on
bodies placed on the outfide of them, as when
they were rubbed on the outfide .

Tuz German eleftricians generally ufed
more globes than one at a time, and imagin-
ed they found the effe@s proportionable,
though this fat was called in queftion by Dr.
Watfon, and others ; and Mr. Nollet prefer-
- red globes made blue with zaflref, which
were carefully tried, and rejeéted by Dr. Wat-
fon afterwards §

Sucu a prodigious power of ele@ricity
could they exeite from thefe globes, whirled
by a large wheel, and rubbed with woollen
cloth, or a dry bhand (for we find both thefe
- methods were in ufe among them about this
* Hiftoire, p. 32.

+ Daantzick Memoirs, Vol. 1. p. 400.

§ In fubfequent.trials the Abbe himfelf found no advantage
in thefe blue globes. Ac. Par. 1745. M. p. 162.

§ Phil. Tranf. abridged, Vol. x, p. 277.
time)
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time) that, if we may credit their own ac-
counts, the blood could be drawn from the
finger by an eleétric f{park; the fkin would
burft, and a wound appear, as if made by
a cauftic. 'They fay, that if feveral globes or
tubes were ufed, the motion of the heart and
arteries of the eletrified perfon would be very
{enfibly increafed ; and that, if a vien were
ﬂpcned under the operation, the blood, iflu-
ing from it, would appear like lucid phof-
phorus, and run out fafter than when the
man was not ele@trified. Analogous to this
laft experiment, Mr. Gordon obferved, that
~water, running from an artificial fountain
ele@rified, was {cattered in luminous drops,
that a larger quantity of water was thrown
out in a given time than when the fountain
was not ele@rified *; and that ele@rified wa-
ter evaporated fafter than water not ele@rified,
when expofed in fimilar glafs veflels . Part
of this account we know might be true, but
fome part muft have been exaggerated. It is
certain that Mr. Gordon increafed the elettric
fparks to fuch a degree, that they were felt
from a man’s head to his foot, {o that a per-
fon could hardly take them without falling
down with giddinefs §, and fmall birds were
killed by them §. This he effected by con-
veying eleCtricity, with iron wires, to the
diftance of 200 ells from the place of excitation,

® Phil. Tranf. abridged, Vol. x, p. 257,
t Dantzick Memmrs, Vol.ii. p. 3_5?
1 Ibid. p. 358.

§ Nuiletsﬂmhcrch:s, Ps 1726

He
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He alfo found that the fparks were ftronger
when the wire was thick than when it was
fmall #. :

- Mgr. Warrz made his glafs tubes a&
ftronger by rubbing them with a waxed
cloth and a little oil. He alfo found, that
glals made with very little pot-ath, acted
much better than that in the compefition of
which much of it was ufed; but it required
longer time, and more heat to vitrify it. He
got ‘fome glafs made on purpofe to afcertain
the fact +.

By various experiments of attraction and
repulfion, which Mr, Waitz made in rubbing
a dog (which he had made thoroughly dry for
that purpofe) he proved that the flathes of
light, which fometimes appear when animals
are ftroked, are ele@rical. This had been
fuppofed, but was not accurately afcertained
before £. 1t was this gentleman who gained
the prize of 5o ducats, propofed, in the year
1744, by the Academy of Sciences at Berlin,
for the beft differtation on the {ubjet of elec-
tricity. It was publithed along with three
others, which were offered at the fame time,
and thought worthy of that honour §.

TuE thing that ftrikes us moft in their ex-
periments, performed by thefe machines, is
their fetting fire to inflammable fubfiances.
This they were, probably, led to attempt,
from obferving the vivid appsarance of elec-

* Dantzick Memoirs, Vol. ii. p. 159,
t ' 1bid. p. 181, t Ibid. p.385.  § Ibid. p. 380.

tric
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tric light, the burning pain that was felt by a
A{mart firoke from the condufior, and the
many analogies the ecleClric fluid evident-
1y bore to phofphorus and common fire.
. TrE 6rft perfon who fucceeded in this at-
tempt was Dr. Ludolf of Berlin, towards the
ibeginning the year 1744 ; who kindled, with
{parks excited b}r the friclion of a glafs tube,
the etherial fplrlt of Frobenius. This he did
at the opening of the Royal Academ}r, and in
the prefence of fome hundreds of perfons. He
per£1 med the experiment by cleiric fparks
proceeding. from an iron conductor. Mr.
Winckler did the fame in the May followin
by a {park from his ownfinger ; and kmd]e%
not only the highly reQificd {pirit above-men-
tioned, but French brandy, cotn {pirits, and
other {pirits ftll weaker, by previoully heat-
ing them. He allo fays, that oil, pitch, and
dealing-wax might be lighted by eleCiric
{parks, PI‘D‘HdEd thofc fubflances were firft
_heated to a_degree next ito kmdlmg To
thefe it muft be added, that: Mr. Gr;.lztth
. fired the fmoke of a candle juft blown out, and
11ghted it aga1n’| s and that Mz, Boze ﬂr;:d
cunpowder, melting it in a {poon, and firft
_the vapour that rofe from it.

Tue German elefricians, likewile, con-
dtru&ed a machine, by which they could give
friction to a glafs cylinder in vacuo. By thefe

_ means they contrived to clu:’tnf}r a wire whlch
terminated in tlie open air, and there fhewed

* Phil. Tranf. abridged, Vol. x. p 271.
:l' Danizick ‘Memoirs, Vol 11 ps 438.

a CON=
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a confiderable ele@ric power. They alfo elec-
trified that end which was in the open air, and
made the other end which was in vacuo exert
its elefiricity =,

Tue fame Germans alfo mention an expe-
riment, which, if purfued, would have led
them to difcover, that the friction of the glafs
globe did not produce, but only culle& the
ele@ric matter. But that was a difcovery re-
Aferved, as we fhall find, for Dr. Watfon. It
{feems that both Mr, Boze and Mr. Allamand
had {fufpended the machine, and the man who
-worked it, upon filk; and obferved, that, not
only the conduor, but alfo the man, and
the machine gave figns of eleGricity ; though
they did not attend accurately to all the cir-
cumftances of that curious fa&, which did not
at all anfwer their expe&tations. For, 1ma-
gining that part of the ele@tric power was
continually going off to the ground by the
machine, they fuppofed that the.effet of in-
{ulating it, wm.ld have been a {tronger elec-
tricity T.

In th1s period it was that Ludolf the
younger demonfirated, that the luminous ba-
rometer 18 made perfectly eleGtrical by the
motion of the quickfilver; firft attralting,
and then repelling bits of paper, &c. {ufpend-
ed by the {ide of the tube, when it was enclof-
ed in another out of which the air was ex-
tracted . Before this experiment, thofe ef-

* Phil. Tranf, abridged, Vol. x. p. 27
+ Wilfon’s Effay, prﬁiafc P- I4. Wa:*m. s Sequel, p. 34.
1 Dantzick :‘Jtnm 5, Vol, 11, p. 493,

fecls
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fects had been afcribed to the air *. Profef=
for Hamberger and Mr. Waitz had difcover-
ed that the motion of quickhlver in a glafs
vellel, out of which the air was extracted,
had the power of moving light bodies; and
Mr. Allamand likewife found, that it made
no difference whether the veflel had air 1in it
or not 7.

AgouT the fame time alfo, Mr. Boze took
a great deal of pains to determine, whether
the weight of bodies would be affected by
ele@ricity, but he could not find that it
was.

TuE eleltrical flar, made b)r turmng
fwiftly round an ele@rified piece of tin,
cut with points equidiftant from the center;
and alfo the elefirical bells, which will bé
defcribed hereafter among the furprifing and
diverting experiments pf:rf{:urmed by the help
of ele@ricity, were of German invention I.
The fiar was contrived by Mr. Gordon, and
by turning the points a little obliquely, he
was {urprifed to find it began to move of it«
felf§. Lalflly, to thefe it may be added, that
Mr. Winckler contrived a wheel to move by

eleCricity; that Mr. Boze conveyed elerici-
ty from one man to another by a jet of wa-
ter, when they were both placed upon cakes of

rolin, atthe ulﬁance Uf ﬁ'{ paces ; and that
Mr. Gordon ev

* Hiftoire, p 8.

+ Dantzick Memoirs, Vol. ii. p. 426.

1 Nollet’s Recherches, p. 18-,

§ Dantzick Memoirs, Vel. ii p. 317, 358,
li Phil. Tranf, abridged, Vol. x. p. 276.

M-r.
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Mr. GorTrRIED HEINRICK GRUMMERT,
of Biala in Poland, made a curious experiment
upon eleétric light, which, as we fhall {ee,
was afterwards made and purfued to great
advantage by Dr. Watfon and Mr. Canton.
In order to obferve whether an exhaufted tube
would give light when it was clectrified, as
well as when it was excited, he prefented one,
eight inches long, and a third of an inch

- wide, to the elefrified condutor, and was
- furprifed to find the light dart very vividly
- the whole length of the tube. He alfo ob-
ferved, that, fome time after the tube had been
prefented to the conductor, and expofed to
nothing but the air, it gave light again, with-
out being brought to any elettrified body.
This hight 7z vacuo Mr. Grummert propofed
to make ufe of in mines and places, where
common fires, and other lights cannot be had,
and for this purpofe he mentions {everal me-
thods of increafing this light *. '

I suaLL conclude this account of the dif-
coveries of the German Philofophers in this
period with a very curious one of profeflor
Kruger, concerning the change made in the
colour of bodies by the electric effluvia. In
order to try, whether there was any thing
of fulphur in thefe effluvia, he expofed the
red leaves of wild poppies to the elettric
{park, and found that they were prefently
changed to white. He was not able to pro-
duce any change in yellow colours, nor in

A T

Lantzick Memoirs, Vol 1. p. 417.
blue
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blue immediately ; but found that when they

had lain a day or two, after being expofed to
this operation they became white. In thefe

experiments the leaves were faftened with

white wax to plates of tin *.

Sucu a general attention was excited to
Ele&ricitj}‘ by thefe curious dif::ovcries, that,
in the year 1745, eleftrical experiments were
exhibited, in Germany and Holland, for
money, as athow; and public advertlfements
appeared in the news-papers for that pur-
pole T.

The firing of the effluvia of bodies, which
was firft done 1n Germany, was foon after re-
peated ' in England, and among others by
Dr. Miles; who, as appears by a paper of
his, read at the Royal Society, March the
7th, 1745, kindled phofphorus by the appli-
cation of the excited tube 1itfelf to 1t without
the intervention of any condudtor .

Tars gentleman’s tube happening to be in
excellent order upon this occafion, he obferv-
ed, and was perhaps the firft who obferved,
pencils of rays, which he calls corufcations,
darting from the tube, without the aid of any
conductor approaching it. Of thefe corufca=~
tions he gave a drawing, which anfwers pretty
exactly to the appearance of fuch pencils as
are now very common, particularly fince Mr.
Canton has taught us the ufe of the amal-
gama, by which a tube may be excited

* Dantzick Memoirs, Vol. iii. p. 393.
+ [bid. Vol ii. p. 3q9.
! Phil. Traal. abridged, Vol. x. p. 272.

much
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whiich more ftrongly than it could have been
before *, |

BuT the moft diftinguifhed name in this
period of the hiftory of ele@ricity, is that of
Dr. WaTson. He was one of the firft among
the Englith who took up, and improved up-
on, the difcoveries made by the Germans;
and to his ingenuity, and intenfe application,
Wwe owe many turious improvements and dif-
coveries in ele&ricity. His firft letters to-
the Royal Society on this fubjet are dated
between March 28th, and O&ober 24th;
745 ;

Dr. WaTson’s attention to the fubje& of
eleCtricity feems firft, or principally, to have
been engaged by the accounts of the Ger-
nans having fired {pirit of wine by it. In
this experiment he {ucceeded ; and, more-
over, found that he was able to fire, not only
the ethereal {pifit of Frobenius, and re&ified
{pirit of wirie, but even common proof {pirit.
He alfo fired air made inflammable by a che=
thical procefs +. He even fired both {pirit of
wine, dndinflammable air, by a drop of cold
water, thickened with a mucilage made with
the {eed of flea-wort, and even with ice . He
alfo fired thelé {ubftances with a hot poker
ele&rified, when it would not fire them in
any other ftate §. He fired gunpowder and
~ difcharged a 1nufket by the power of elettri-
city, when the gunpowder had been ground
with a little camphor, or a few drops of fome

* Phil. Tranf. abridged, Vol. x. p. 272,
# Ibid, p. 286.  FIbid. p. 290, §Thid. p. 283,

H | inflam=
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inflammable chemical oil *. Laflly, it was
a difcovery of Dr. Watfon’s, that thefe fub+
ftances were capable of being fired by what
he calls the repulfive power of electricity ;
which was performed by the cle€sihed per<
fon holding the {poon \?'u’l-lit:h contained the
fubftance to be fired, and another perfon, not
eleGtrified, bringing his finger to it Be-
fore this time, the fubftance to be fired haé
always been held by a perfon not eleCtrified.
In his attempts to fire electries per fe, as
turpentine, and balfam of capivi, by this re-
pulﬁw. power, he thought he confuted ar
opinion which had prevalled among many
perfons, that eleCricity only floated on the
furfaces of bodies, for he found that the fume
of thefe {ubftances could not be fired by a
{park fetched from the {poon which contain~
ed them. This {park muft therefore pafs
through the eleCric, from the furface of the
{poon below, which was in contaét with the
ele@rified condu&tor. |
ELecTRrRIFYING a number of pieces of
fine fpun glafs, and other pieces of wire, of
the fame length and thicknefs, he was agree-
ably amufed by obferving, that the threads
of glafs jumped to the eleétrified body, and
adhered to it without any {napping; where-
- as the wires jumped up and down very fatft,

giving a Inap, and a {mall flame, every
time |

* Phil, Tranf. abridged, Vo!. x. p. 28¢.
+ lbid, p. 281. IS lbu:l pr 280,

In
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v a paper read at the Royal Society, Febru~
ary 6th, 174€; he obferved, that ele@ric
{fparks appeared different in colour and forms,
according to the fubftances from which they
proceeded ; that the fire appeared much red«
der from rough bodies, as rufty iron, &c.
than from polithed bodies, though they were
ever {o tharp, as from polithed {ciflars, &c.
He judged that the different appearance was
owing rather to the different refleGtion of
the ele@ric light from the furface of the bo-
dies from which it was emitted, than to any
difference in the fire itfelf *,

He alfo obferved, that elﬁﬁncit}r fuffered
no refration in pervading glafs ; ; having
fc:und by exa& obfervations, that its direc=
tion was always in right lines, even through
glafles of different forms, included one with-
in another, -and large {paces left between
each glafst; that if books or other non=
elefirics were laid upon glafs and interpofed
between the excited eleéiric and 1 ght bodies,
the dire&ion of the virtue was ftill in right
lines, and feemed inftantly to pafs through
both the books and the glafs. In thefe ex-
periments he conftantly obferved, that the
eleCtric attra&ion through glafs was much
more powerful when the glafs was made
warm than when it was cold}. He {fome-
times found elefricity to pervade, though in

fmall quantities, eletrics of above four inches
thick §.

* Phil. T'ranf. abridged, Vol. x. p. 2c0. t Ibid. p. 291,
1 Ibid. p. 292. § Ibid. p. 2g3.

H 2 He
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HeEe fays, that in ele@riying fubftances of
great extent, the attractive power was firf
obferved at that part of 1t which was moft re-
mote from the excited ele@ric.

H e made fome experiments which fhowed,
that the fire of eleCtricity was affected, neither
by the prﬂﬁance, nor the abfence of other
fire. One of his experiments was made with
a chemical mixture, thirty degrees below the
freezing point of Fahrenheit’s thermometer ;
from which, when ele&rified, the flathes were
as powerful, and the ftrckes as {mart, as from
red hot iron *.

In a fequel to the above experiments, read
the joth of October 1746, Dr. Watfon men-
tions his having lined a glafs globe to a con-
fiderable thicknefs with a mixture of wax and
rofin; but he found no difference between
that and the other globes T.

Hr alfo made various experiments with a
number of globes, whirled at the fame time,
and having one common condu¢tor ; and con-
‘cluded from them, that the power of ele&ri-
city was increafed by the number and fize of
the globes, to a certain degree, but by no
means in proportion to their number and fize.
Yet the Doétor allows a very great increafe,
-1n an inference he makes from thefe very ex-
periments. As bodies to be electrified, he
fays, will only contain a certain quantity of
electricity ; when that quantity is acquired,
which is_fooneft done by a number of globes, the

® Phil. Tranf. abridged, Vol. x, p. 293.
t Ibid. p. 255,
furcharge
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furcharge is diflipated 2s faft as it is excited
So that, itis plain, more fire was colleQed
by the number of globes, thc:.-ugh the form of
the condu&tor he made ufe of was fuch ag
could not retain it. The great power of his
four globes united, is manifeft from his own
account of them. Yor, he {ays, that when two
pewter plates were held, one in the hand of
an eledrified perfon, and the other in the hand
of one who ftood upon the floor; the flathes
of pure and bright flame were {o large, and
fucceeded each other fo faft, that, when the
room was darkened, he could diftin&ly fee the
faces of thirteen perfons who ftood rnund the
yoom *,

- LastLry, the Do&or found, that the fmoke
of original eleéirics was a conductor of eleciri-
city, and alfo that flame would conduct the
whole of it undiminithed ; by obferving that
two perfons, ftanding upon electrics, could
communicate the virtue to each other, with
nothing interpofed but the {moke in the one
cafe, and flame in the other 7.

IT was in this period that Mr, Du Tour
difcovered that flame would deftroy electricity;
as he informed the Abbé Nollet, in a letter
dated 21ft Auguft 1745. The {ame was alfo
difcovered by Mr, Waitz. "

* Phil. Tranf, abridged, Vol. x. p 295-
1‘ 1bid. p. 296.
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THE HISTORY OF ELECTRICITY, FROM
THE DISCOVERY OF THE LF?DFN PULAL

IN THE YEARS 1745 AND 1746, To Da
FRANEKLIN’s piscoveRIES.

SECTHOMN L

Tur uistory oF TEE LEYDEN PHIAL
1TsELF, TiLL DR, FRANKLIN’s pisco-
VERIES RELATING TO IT,

HE end of the year 1745, and the be-

ginning of 1746 were famous for the
moft furprifing difcovery that has yet been
made in the whole bufinefs of ele&ru:ny,
which was the wonderful accumulation of 1ts
power in glafs, called at firft the Levpen
PHIAL; becaufe made by Mr. Cuneus a na-
tive of Leyden, as he was repeating fome ex-
periments which he had {feen with Mefirs.
Mufchenbroeck, and Allamand, profefiors in
the univerfity of thiat city *. But the perfon
who firlft made this great diﬁ;ﬂverjr, was Mr,
Von Kleift, dean of the cathedral in Camin
who, on the 4th of November 1745, {ent an
account of it to Dr. Lieberkuhn at Berlin.
This account, as taken by Mr. Gralath out

¢ Dalibard’s Hiftcire abrigée, p. 33
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of the regifter of the academy at Berlin, to
which it bad been communicated, is as fol-
lows. ¢ When a nail, or a piece of thick
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brafs wire, &c. is putinto a {mall apothe-
cary’s phial and elerified, remarkable
effects follow : but the phial muft be very
dry, or warm. I commosly rub it over
before-hand with a finger, on which I put
fome pounded chalk. If a little mercury
or a few drops of {pirit of wine, be put
into it, the experiment {ucceeds the better.
As foon as this phial and nail are removed
from the ele@rifying glafs, or the prime
conductor, to which it hath been expofed,
is taken away, it throws out a pencil of
flame {o long, that, with this burning ma-
chine in my hand, I have taken above fixty
{’ceps, in walking about my room, When
it is eleftrified ftrongly, I can take it into
another room, and therefire {pirits of wine
with it. If while it is eleCtrifying, I put
my finger, or a piece of gold, which I
hold in my hand, to the nail, I receive a
thock which ftuns my arms and thoulders.
“ A TIN tube, or a man, placed upon
eleQrics, 18 eleCtrified much ftronger by this
means than in the common way. When
I prefent this phial and nail to a tin tube,
which I have, fifteen feet long, nothing but
experience can make a perfon believe how
ftrongly it is ele@rified. I am perfuaded,
he adds, that, in this manner, Mr. Boze
would not have taken a fecond eletrical
kifs, Two thin glaffes have been broken
Hy sy



104 o Pap HILSTEORY ar

£

Lo

by the fhock of it. It appears to me very
s Ettranrdmar}r, that when this phial and naﬂ
¢ are in conta&t with either condudiing or
¢ non-condulting matter, the ftrong 1k n:::-m,k
¢ does not follow. I bave cemented it tG
“ wood, metal, glafs, fealing-wax, &c. v.hen
¢ T have ele@rified without any great Efﬂf&
¢ The human body, therefote, mult contri-
“ bute {omething to it.’ Thls opinion is con--
¢ firmed by my obferving, that, unlefs 1 hold
< phmi in my hand, I cannot fire {pirits
¢ of wine with it *.” ' Ak 1

NortwiTusTANDING Mr. Kleift imme=
diately communicated an account of this
famous cwpenmmt (which indeed it 15 evi-
dent he has but imperfecily deferibed) ‘to Mr.-
Winckler at Leipfick, Mr. Swiettiki of Dant-
7ick, Mr. Kruger of Hall, ‘and to the proff-f-
{fors of the acadf:11‘+y of Lignitz, as well as to
Dr. Lieberkuhn of Berlin abme-mentlt}nﬂd
they all returned him word, that the EKPEI‘I-
ment did not fucceed with them. Mr. Gra-
lath of Dantzick, was the firft with whom it
anf‘*vercu; but this was not till after fevr:ml
fruitlefs trials, and recen"ng farthcr mfhuc—
tions from the inventor .

Tue Abbé Nollét had information of this
difcovery, and, in confequence of it, fays, in
a letter to Mr. Samuel Wolfe, of the Societ
of Dantzick,  dated March gth, 1746, that
the experiment at Léyden was upon plmclp]es
ﬁmﬂar to thls rmde Wlth a ph1al half full of

® Dantzick Memmrs, Vol. i. p. 407. 1' Ibid, p. 411.
sy ' ; "mater,
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water, and a nail dipped in it; and that this
ﬂlfcovely would have been calied the Dant—
zick experiment, if it had not happened tc}
have got the name of that of Leyden *,
“"Tir views which led to this difcovery in
Holland were, as I have been informed, as
fnllows Profeffor Mufchenbroeck and his
friends, ﬂr.«f&l’lll“‘ that ele@rified bodies, ex-
poled to the common atmofphere, which is
always replete with conducling particles of
various kinds, foon loft their ele@ricity, and
were capable of retaining but a fmall quantlt}r
of it, imagined, that, were the ele€irified
bodies terminated on all fides by original elec-
frics, they might be capable of receiving a
ftronger power, and retaining 1t a longer
time. Glafs being the moft convenient elec-
tric for this purpofe, and water the moft con~
venient HDH-EIE&HC, they firft made thefe
experiments with water, in glafs bottles:
but no confiderable difcovery was made, till
Mr. Cuneus, happening to hold his glafs vef-
fel in one hand, containing water, which had
a communication with the prime conduor,
b=* means of a wire; and, with the other
hand difengaging it fmm the condultor
{when he imagined the water had received as
much ele@ricity as the machine could give it)
was furprifed by a fudden fhock in his arms
and breaft, whlch he had not in the leaft ex-
PE&C@ from the experiment,

* Dantzick Memoirs, Vol.i. p. 409.
Mg.
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MR. Arramand and Mr. Mufchenbroeck
were the firft who repeated and publifhed an
account of this experiment in Holland, th;:
Abbé Nollet and Monfieur Monnier in
France, and Meflrs. Gralath and Rugger in
Germany *,

It s Extremf_:ly curious to obferve the de-
fcriptions which philofophers, who firft felt
the ele&trifical thock, give of it ; efpecially ag
we are {fure we can give ourfelves the {ame fen-
fation, and thereby compare their defcriptions
with the reality. Terror and {urprize certain-
ly contributed not a little to the exaggerated
accounts they gave of it; and, could we not
have repeated the experiment, we thould have
formed a very different idea of it from what
it really is, even when given in greater
firength than thofe who firft felt this eleCtrical
{hock were able to give it. It will amufe my
readers if I give them an example or two.

Mg. MuscuExBROECK, who tried the ex~-
periment with a very thin glafs bowl, fays,
in a letter to Mr. Reaumur, which he wrote
foon after the experiment, that he felt
himfelf firuck in his arms, fhoulder and
breaft, {o that he loft his breath, and was two
tlays before be recovered from the effects of
the blow and the terror. He adds, that he

would not take a fecond fhock for the king-
dom of France .

* Dantzick Memoirs, Vol ii. p. £33,
1+ H:ftoire, delPele&ricité, p. g0.

Tue



rue LEYDEN PHIAL. 107

Tue firft time Mr. Allamand made this
experiment (which was only with a common
beer glafs) he fays, that heloft the ufe of his
breath for fome moments; and then felt {o
intenie a pain all along his righf arm, that he
at firft apprehended ill eonfequenees from it,
though it foon after went off without any in-
convenience *. But the moft remarkable ac-
count is that of Mr. Winckler of Leipfic. He
fays, that the firft time he tried the Le}rden
experiment, he found great convulfions by it
in his body; and that it put his blood into
great agitation ; fo that he was afraid of an
ardent fever, and was obliged to ufe refrige-
rating medicines. He alfo felt an heavinefs
in his head, asif a ftone lay upon it. Twice,
he fays, it gave him a bleeding at his nofe,
to which he was not inclined. His wife
(whofe curiofity, it feems, was ftronger than
her fears) received the thock only twice, and
found herfelf fo weak, that fhe could hardly
walk; and, a week after, upon recover-
ing courage to receive another thock, fhe bled
at the nofe after taking it only once .

- 'WE are not, however, to infer from thefe
inftances, that all the ele@Gricians were ftruck
with this panic. Few, I believe, would have
joined with the cowardly profeflor, who faid
that he would not take a fecond for the king-
dom of France. Far different from thefe were
the {entiments of the magnanimous Mr. Boze,
who with a truly philofophical hereif{m, worthy

* Phil. Tranl. abridged, Vol. x. p. 321.
1 Ibid. p. 337.

of
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of the renowned Empedocles, faid he wifhed
he might die by the eleéric fthock, that the
account of his death might furnifh an article
for the memoirs of the French Academy of
Sciences *,  But it is not given to every elec-
trician to die in fo glorious a manner as the
juftly envied Richman, |

It was this aftonifhing experiment that
gave eclat to eleCricity. From this time it
became the fubject of general converfation,
Every body was eager to fee, and, notwith-
{tanding the terrible account that was report-
ed of it, to fee/ the experiment; and in the
fame year in which it was difcovered, num-~
bers of perfons, in almoft every country in
Europe, got a livelihood by going about and
fhowing it, '

WHiLE the vulgar of every age, fex, and
rank were viewing this prodigy of nature and
philofophy with wonder and amazement, we
are not furprized to find all the elefiricians of
Europe immediately employed in repeating
this great experiment, and attending to the
circumitances of it. Mor. Allamand remark-
ed, that, when he firft tried it, he ftood fim-
ply upon the floor, and not upon cakes of
rofin. He faid, that it did not fucceed with
all kinds of glafs; for that, though he had
tried {everal, he had perfe& fuccefs with none
but that of Bohemia, and that he had tried
Englifh glafles without any effe& at all 4,
Profeffor Muifthenbroeck at that time only

* Hifloire. p. 164.
1 Phil. Tranl, abridged, Vol. x. p. 321.
obferved,
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vbferved, that the glafs muft not be all wet
on the outfide.
IT is no wonder that fo few of the pro-
perties of glafs charged with eleérical fire
were known at firft, notwithftanding the at+
tention' that was immediately given to the
{ubject by all the ele&ricians in Europe. The
experiment is, to this day, juftly viewed
with aftonithment by the moft profound elec-
tricians : for, though {ome remarkable phe-
nomena of it have been excellently account-
ed for by Dr. Franklin, and others, much
remains to be done; and, in many refpefs,
the circumftances attending it are ftill inex=
plicable. 'What will refult from more atten-
tion being given to it, time only can thow.
To begin the farther illuftration of this
difcovery with fuch of the phenomena as
were obferved in Germany, where it was
made. Mr. Gralath made the fhock much
{tronger by ufing a glafs veflel five inches in
diameter, with a narrow neck, ten inches
long; by fubftituting an iron wire with a
knob of tin for the iron nail, and water for
fpirit of wine*. He firlt found, that the
{ame fthock could be communicated to a num-
- ber of perfons, who took hold of cne an-
other’s hands; if the perfon at one extremi-
ty of the line they made, touched the outfide
of the phial, and he at the other touched a
wire communicating with the infide. In this
manner, on the roth of April, 1746, he gave

* Dantzick Memoirs, Vol, ii. p. 41¢.

a {hock
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a thock to twenty perfons;-and he fays, he
did not doubt, but it might be given to a
thoufand *. When thefe perfons were con-
nected by pieces of metal, and did not hold
one another’s hands, they found the fame
thock, but not when they held wood, and
other imperfe&t condu&ors . This gentle-
man, alfo, gave a fhock, by means of long
wires, to a perfon ftanding 1n a garden, while
he himfelf, who direfied the experiment, had
the machine in a part of the houfe at a confi~
derable diftance T; and he was the firft who
inade what we now call an eleclrical battery;
for he increafed the fhock by charging feveral
phials at the fame time §. Laftly he obferv~
éd that if the phial had the leaft crack in ity
it could never give a fhock; and alfo that
‘when a phial was difcharged 1itacquired a{mall
charge by ftanding, without receiving any
thing from the machine, fo as to give a {mall
fhock |l. This is what we now call the re/i-
duum of a charge,and is properly that part of
the charge that lay on the uncoated part of the
phial, which doth not let go all its ele@ricity
at once; fo that it is, afterwards, gradually
diffufed to the coating.

Mzr. WinckLER found out the method of
making the di{charge of the phial without
feeling the.fhock himfelf, by not bringing
his own body into the direlt ciremitq. He
alfo gave the thock when feveral ells of run-

* Danezick Memoirs, Vel. ii. p. 439.  + Ibid. p. 440,

1 Imd. § Ihd, p: r52.
| Lbid. Vol. i. p. 514, 510, § Ibid. Vol.il. p. 4359.

ning
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_hing water, in his garden, made part of the
circuit. This he did on the 28th of July
1746, about the fame time that Monfieur
Monnier performed the fame experiment in
France*. And, lftly, he found, that the
more globes were ufed, and the larger they
were, the ftronger was the fthock. This
muft be the confequence of increaling the
power of excitation.

Wauen Mr. Jallabert made the Leyden ex-
periment with hot water, the phial broke by
a fpontaneous difcharge, and a circular piece,
two lines and a half in diameter, was thrown
from the place of the rupture, againft a wall,
which was at the diftance of five feet. The
vellel, he fays, had no crack, or other in-
jury I.

- Dr. WAaTson, who gives an account of
this famous experiment in the Philofophical
Tranfactions, obferves, that it {ucceeded beft
when the phial, which contained the watery
was of the thinneft glafs, and the water
warmer than the ambient air. He fays he
tried the effe of increafing the quantity of
water in glafs veffels of different fizes, as far
as four gallons, without in the leaft increaf-
ing the ftroke. He alfo obferved, that the
force of the ftroke did not inereafe in propor-
tion to the fize of the globe, or the number of
globes employed npon the occafion; for that
he had been as forcibly ftruck with a phial

. D:‘lntz‘le M@ﬂ‘lﬂirl, Vol. iii. P+ 504.
1 Ibid. p. 526, 1 Jallabert’s Experiences, p. 128.
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charged by means of a globe of {even inchés

_in diameter, as from orc of {ixteen, or from

three of ten; and that, at Hamburgh; a {phere
had been employed of a Flemifh ell in dia-
meter, without the expe@éd increafe of

power, But, in both thefe obfervations, there

muft have been f{ome miftake. He found;
that if mercury was ufed inftead of water,
the ftroke was by no means-increafed in pro-
portiori to its fpecific gravity.  He alfo firft ob-
ferved, that feveral men, touchmg each other;
and ftanding upon eleéirics, were all thocked;
though only one touched the gun barrel; but
that no more fire was vifible from them

‘all, than if one had only dilcharged it.

Severavr of thefe obfervations thow how
imperfeclly this great experiment was under=
ftood, for fome time after it was frft made:
Dr. Watfon, however, oblerved a eircumftance
attending the charging of the phial, which, if
purfued, would have led him to the difcovery,
which was afterwards made by Dr. Franklin.
He fays, that ¢ when the phial is well elec=
“ trified, and you apply yolr hand thereto,
¢ you fee the fire flath from the outfide of
“ the glafs, wherever you touch 1t, and 1t
¢ crackles in your hand *.

IHe alfo obferved, that when’ a fingle wire
only was faftened round a phial, properly
filled with warm water, and charged; upon
the inflant of its Ehplﬂﬁﬂ!ﬂ, the eledirical cor-
rufcations were feen to dart frcm the wire,

* Philofophical Tranfa&ions ebsidged, Vol. x: p. 298.
and

-
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and to illuminate the water contained in the
phial. . ' :

SeverAL other very important circum-
ftances, relating to the difcharge of the phial,
were obferved by Dr. Watfon. He found that
the ftroke was, ceteris paribus, as the points
of contalt of the non-elefrics on the outfide
of the glafs. And upon fhowing Dr. Bevis
the experiments which proved this affertion,
the Doctor fuggefted a more clear and fatif-
factory method of proving it, and which has
been the means of accumulating and increaf-
ing the force of charged glafs, far beyond
what was expedted from the firft difcovery of
it. This method was, coating the outfide of
the phial, very near to the neck, with fheet-
lead, or tinfoil. When a bottle was prepared
in this manner, and nearly filled with water,
they obferved, that a perfon who only held
in his hand a {inall wire ecommunicating with
that coating, felt as firong a fhock as he
would have felt, if his hand had been in aétual
- contact with every part of the phial touched
by the coating *,

Dz. Warson alfodifcovered, that the elec-
trical power, in the difcharge of the phial,
darts rectyffimo curfu, as he ftyles it, between
the gun-barrel and the phial; and, though it
is not ftriftly true, that the fhock goes the
neareft way, yet it does o cereris paribus,
which alone was a confiderable difcovery for
that time. He obferved, that, in a company

* Phil. Tranf. abridged, Vol. x, p. 290.
1 joining
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joining hands, a perfon touching two other
perfods in the circle, who did themfelves
touch one another, felt nothing of the thock,
his body making no neceffary part of the

circle; and alfo, if a man, holding a wire,
which communicated with the outlide of the
phial, as it hung upon the conductor, fhould

touch the condultor with it; the explofion
was made, but the man felt nothing *.

In a paper read at the Royal Society, Ja-
nuary 21ft, 1748, Dr. Watfon mentions an-
other difcovery relating to the Leyden phial,
which Dr. Bevis fuggeited, and he completed.
Having been before fully {atisfied, that ‘the
thock from the phial was not in proportion
to the quantity of matter contained in the
¢lafs, but was increafed by it, and likewife
by the number of points of non-eleéric con-
tact on the outfide of the glafs ; he procured
three jars, into which he put round leaden

thot, and, joining their wires and coating, -

difcharged them all asone jar. Upon this he
obferved, that the ele&rical explofion from
two or three of thofe jars was not double or
treble to that from one of them ; but that the
explofion from three was mitch louder than
that from two, and the explofion from two
“much louder than that from one 7.

Tais experiment had induced him to ima-
gine, that the explofion from thofe jars was
owing to the great quantity of non-eleétric
matter contained in them. And whilit he was

* Phil. Tranf. abridged, Vol. x. p. 301,
4 Ibid, p. 374.

confider-
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confidering of fome certain method of aflur-
ing himfelf whether the fad& was fo, Dr. Bevis
informed him, that he had found the eleétri-
cal explofion to be as great from covering the
fides of a pane of glafs, within about an inch
of the edge (which was a curious improve-
ment of Mr. Smeaton’s), as it could have been
from an half pint phial of water. Upon this
Dr. Watilon coated large jars with leat {ilver,
both infide and outﬁde, within an inch of the
top, and from the great expofion he produc-
ed, when {o little non-eleftric matter was con-
tained in them, he was of opinion, that the
effe&t of the Leyden bottle was greatly in-
creafed by, if 1t was not principally owing to,
not fo much the quantity of non-ele@ric mat-
ter contained in the glafs, as the number of
points of non-electric contadt within the glafs,
and the denfity of the matter of which thofe
points confifted; provided the matter was, in
its own nature, a ready condutor of eleétri-
city. He alfo obferved, that the explofion
was greater from hot water inclofed in glafles,
than from cold; and from his coated jars
warmed, than when cold *,

- Twure Do&or obferved, that when the circle
for the difcharge was not through perfe&
condutors, the explofion was made flowly,
‘and not all at once. This law, he fays, was
invariable, but he was not able to account for
it. But to prove that the elericity pafled
with its whole force through the circle of

*® Phil. Tranf. abridged, Vol. x. p. 377.
L2 non=



116 Taue " HISTORY orF

non-ele@rics, he made a circuit confifting of
iron bars, and fpoons filled with {pirits be-
tween each bar (but at {fome {mall diftance
from them), and, upon the explofion, all the
{poons were on fire at once. 'This was the
firft time, as he obferves, that {pirits were
fired without either the {pirits, or the non-
ele@ric on which they were placed, being in-
{ulated, or put upon original eletrics. And
yet, he fays, though we know, from its ef-
fects, that the eleCricity goes through the
whole circuit of non-ele&rics, with all its
vigour, its progrefs is {o quick, as not to af-
fect, by attralting or otherwife, any light
bodies difpofed very near the non-elerics,
through which it muft neceflarily pafs *.

IT is curious to obferve in what manner
Dr. Watfon explained the thock of the Ley-
den phial, about the time that he firft made
the experiment with it. He had then been
led (by a courfe of experiments which will be
mentioned hereafter) to the notion both of the
afflux, and efflux of ele@ric matter in all elec-
trical experiments. To apply this principle
to the cafe in hand, he fuppofed, that the
man who felt the thock parted with as much
of the fire from his body, as was accumulat-
ed in the water and the gun-barrel ; and that
he felt the effe&t in both arms, from the fire
which was in his body, rufhing through one
arm to the gun barrel, and through the other
to the phial. He imagined alfo, that as much

* Phil, Tranf, abridged, Vol. x, p. 378,
fire
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fire as the man parted with was inftantly re-
placed from the floor of the room, and that
with a violence equal to the manner in which
he loft it. It allo appears, from Dr. Watfon’s
remarks on fome fubfequent experiments of
Mr. Monnier, that he then imagined, that
though a confiderable quantity of the eleétric
matter pervaded the glafs (as he thought was
feen upon prefenting a non-eleétric body to
it, when it ftood upon the glafs ftand, and
without which it could mot be charged at all)
yet, that the lofs of the eletric matter this
way was not equal to what came in by the
wire; the thinnefs of the glafs permitting it
not wht}lly, but partmlly to ftop the elec-
t‘l‘lf:tt}r

AbTERWARDS, when (from a courfe of
experiments, which will alfo be recited in
their proper place) Dr. Watfon changed his
opinion about this afflux and efflux of elec-
tric matter, with a generofity and franknefs
becoming every inquirer after truth, he re-
tracted this hypothefis; and, in refutdtmn of
it, he farther adds, that the charged phial
will explode with equal violence, if the hoop
of the wire be bent, {o as to come near the
coating of the phial, without any other non-
ele&tric body being near, from which fuch a
quantity could be fupplied. He had alfo ob-
{erved, that if a man ftood upon glafs, and
difcharged the phial, he felt the fame fhock
as if he had ftood upon the floor. I fhall fub~

* Phil, Tranf. abridged, Vol. x. p. 348. >
i1 join
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join a remarkable paragraph of the Do&or
him{elf upon this occafion, as I think it very
applicable even to us, in this more advanced
ftate of the {cience.

“ I TAKE notice of thefe,” fays the Doc-
tor, “ in as much as, notwithftanding the
¢ very great progrefs which has been made
¢ in our improvements in this part of natural
“ philofophy, within thefe few years; pofte-
“ rity will regard us as only in our noviciate;
¢ and therefore it behoves us, as far as we
¢ can be juftified therein by experiment, to
“ corret any conclufions we may have
¢ drawn, if others yet more probable prefent
¢ themfelves *.” The Doctor has lived to
fee, not only that pgflerizy would confider
him and his affiftants at that time, as in their
noviciate ; but he Azm/elf, already in the coutrfe
of a few years, looks upon both himfelf and
them in the fame light. And, confidering
the quick advances ftill makmg in this fcience,
it 1s to be hoped he may ftill live to fee, even
the elefricians of the prefent year to have
been only in their noviciate,

Having {een what was done by Dr. Wat-
fon towards explaining the ele@ric thock, be-
fore it was undertaken by Dr. Franklin; let
us fee what obligations we are under to other
Englith cle&tricians, and particularly Mr.,
Wilfon.

Mr. Wirson fays that, as early as the
year 1746, he dilcovered a method of giving

® Phil. Tranf, abridged, Vol, x. p. 373.
7 the
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the thock to any particular part of the body
without affe¢ting the reft *. He increafed the
firength of the thock by plungmg the phial
in water, thereby giving it a ccating of water
on the outfide, as high as it was filled on the
infide 1.

In a letter to Mr. Smeaton, dated Dublin
O&ober 6th, 1746, he mentions his having
made {fome experiments, 1n order to difcover
the law of accumulation of the ele&ric mat-
ter in the Leyden bottle; and found, that it was
always in proportion to the thinnefs of the
glafs, the furface of the glafs, and that of the
non-eletrics in conta& with the infide and
outfide thereof. The experiments, he fays,
were made with water a little warmed, which
was poured into the bottle, while the outfide
- .was immerged in a veflel filled with water,
‘but a little colder ; leaving three inches, or
‘thereabout, uncmcrcd, which was preferved
dry and free from duft. An account of this
experiment he wrote to Mr. Folkes, and it
was read before the Royal Society, October
23d, 1746, as appears by their minutes of
‘that day, though the original was loft or
miflaid, |

ANoTHER curious experiment Mr. Wilfon
“made, in order to prove an hypothefis,
- which he conceived very early, of the influ-
ence of a fubtle medium furrounding all
bodies, and relifting the entrance or exit of
the eleétric fluid. Todetermine this, he made

* Wiifon’s Effay, p. 88, t Ibid. p. 71.
I4 the
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the Leyden experiment with a chain, and
confidered each link of it as having two {ur-
faces, at leaft; fo that lengthening or fhorten-
ing the chain, ineach experiment, would oc-
cafion different refiftances ; and the event, he
fays, proved accordingly. When he made
the difcharge with one wire only, he found
the refiftance to be lefs than when a chain was
ufed. But to leave no room for doubt, he
caufed the chain to be firetched with a weight,
that the links might be brought nearer into
contact, and the event was the fame as when
a fingle wire had been ufed *.

Two circuits being made, one confifting of
the arms of a man, and the other of the links
of a chain; he found, that the fire would
take the arms of the man; but that if the
chain were ftretched, it would take the chain.
No perfon, he fays, who has not made the
experiment, would imagine, with how much
force the chain muft be firetched before the
experiment will anfwer, and the ele&ric fluid
pals through it without producing a fpark at
any of the links; that is, before the linkscan
be brought into abfolute conta¢t with one
another, their own weight being by no means
{ufficient T.

MR. WiLson obferved, that if one part of
the Leyden phial wss ground very thin, and
covered with f{ealing-wax till it was charged,
and then had the fealing-wax taken off, and
a -conductor communicating with the earth

* Letter to Hoadley.  + Wilfon and Hoadley, p. 65.
touched
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touched the thin part, the charge would be
diffipated in nearly half the time that it other-
wife would have been *. '

He obferved that bodies, placed without
the ele@ric circuit, would be affe@ed with the
thock, if they were only in contact with any
part of it, or very near it. To fhew this to
the moft advantage, he fet a charged phial
upon a glafs ftand, and placed feveral pieces
of brafs upon the ftand, one of them in con-
tact with the chain that formed the circuit, and
others a twentieth of an inch from it, or from
one another ; and, upon making the difcharge,
there was a {park vifible between each of

. them -

ANALoGous, in fome refpeéts, to this,
was Mr. Wilfon’s obfervation, that if the cir-
cuit was not made of metals, or other very
good conductors, the perfon who laid hold of
them, in order to perform the experiment, felt
a confliderable thock in that arm which was in
contact with the circuit.

He alfo obferved, that when the phial was
coated, within and without, with metals, the
firft explofion bore the greateft proportion to
the fubfequent ones, the whole charge being
diflipated almoft at once; whereas, when wa-
ter was ufed, the fubfequent explofions were
more in number, and more confiderable; and
that when the phial was charged with nothing
but a wire inferted into it, the firft explofion

* Willon’s Effay, p. 74. + Ibid. p.go.

and
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and the {fubfequent ones were ftill more necar-
ly equal.

- Mg, WiLson once happening to break a
fmall 'wire by the convulfive thock given to
his arms by the Leyden phial, he faftened to
his hands, well guarded with leather, a large
wire, of the thicknefs of a flender knitting
needle, and placed himfelf in fuch a manner,
that it would neceflarily be firetched, if his
arm fhould be convulfed again, He accord-
ingly difcharged the phial, and this wire was
broken, like the former *,

Mzr. GrorGe GranAaM fhewed how feve-
ral circuits for the difcharge of the ‘Leyden
phial might be made at the fame time, and
the fire be made to pafs through them all. He
made a number of perfons take hold of a
plate of metal, communicating with the out-
fide of the phial; and all together, likewile,
laid hold of a brafs rod with which the dii-
charge was made; when they were all thock-
ed at the {fame time, and i1n the fame de~
gree .

LasTry, Mr. Canton found, that if a
charged phial was placed upon eleérics, the
wire and the coating would give a fpark or
two alternately ; and that, by continuing this
operation, the phial would be dilcharged .
This difcovery, which is the firft that I
find recorded of this excellent philofopher, to
whom the fcience of eleétricity owes fo much,
has a near aflinity to the great difcovery of

* Wilfon’s F : id. p. :

' I[}i;i: :;L ii}'ay, P+ 84 + Ibid. p. 128 |
Dr,



TRy EEYDEN PHIAL 123

Dr. Franklin; but he did not then obferve,
that thofe alternate fparks proceeded from the
two contrary eleCtricities. 'This hiftory will
furnith many more inftances of perfons being
on the eve of great dilcoveries, without ac-
tually making them. Both Mr. Gralath and
Mr. Richman obferved, in {everal cafes, a
fironger {park between two bodies, when both
of them were eleftrified, than when only one
of them was in that ftate; but neither of them
{ufpected that the elericities were of a dif-
ferent kind *.

We have feen what obfervations the Eng-
lith philofophers had made upon the Leyden
experiment before the time of Dr. Franklin ;
let us now take a view of what was done by
elecricians in other parts of the world, with-
in the fame period.

As Mr. Mulfchenbroeck’s letter to Mr.
Reaumur, concerning the experiment of the
phial, came at a time when many learned
men were employed about eletricity, the
Abbe Nollet, and Mr. De Monnier, gentle-
men of the academy, zealous to fearch into {o
an extraordinary a phenomenon, divefting
themfelves of the fear with which the pro-
feffor’s letter had juftly infpired them, made
the experiment upon themfielves, and, in like
manner, faid they found the commotion very
terrible. 'The report of it inftantly {pread
through the court and the city, from whence
all ranks of men crouded to {ee this new

* Wilcke’s Preface to the German Verfion of Franklin's

Letters.
kind
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kind of thunder, and to experience the effet
T

Tue Abbe Nollet was the firlt who made
experiments upon the phial in France, and
the refult of many of them was the fame
with what Dr. Watfon had difcovered, for
which reafon I fhall not recite them here.
They may all be feen at one view in his
Lecons de phyfigue, p. 481. The circumftances
which the Englith philofophers had not at-
tended to, are the following.

Tur Abbé received a fhock from a bottle
out of which the air had been exhaufted, and
into which the end of his condu&or had been
inferted. As he was amufing himfelf with
obferving the beautiful irfagiatiuns of the
ele@ric light in the veflel, it immediately oc-
curred to him, that, being {o {trongly electri-
fied, it could not fail to give a fhock fimilar
to that of the Leyden phial, and without any
farther refleGtion, laying one hand on the vel-
fel, and bringing the other to the conduéor,
his conje&ture was verified, but in a manner
that gave him more pain than he could have
wifthed. The blow he received was greater,
he fays, than he ever felt from the Leyden
experiment in any other form T

In the fame place he obferves, that he
never confidered the water in the phial as of
any ufe, but to convey the elecric matter in-
to the infide of the glafs ; and that he afcrib-
ed the force of the glafs in giving a fhock, to

* Nollet’s Lecons de Phyfique, p. 452.  Ac. Par, 1746. M.
P 5. + Recherches, p. 420.

that
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that property of it, whereby it retained it
more ftrongly than condultors do, and was
not fo ealily divefted of it as they are. The
Abbé alfo gave the thock with porcelain, and
obferved, that fome perfons were much more
fenfible to it than others in whatever part of
the circuit they were placed *.

Mr. MonnieR 1s faid, by Mr. Bufton, to
have been the firft who difcovered that the
Leyden phial would retain its elericity a
confiderable time after it was charged, and to
have found it do fo for thirty-fix ‘hours, in
time of froit. He frequently eledtrified his
phial at bome, and brought it in his hand,
through many fireets, from the college of
Harcourt to his apartments in the King’s gar-
den, without any confiderable diminution of
its efficacy .

In France as well as in Germany experi-
ments were made to try how many perfons
might feel the fhock of the fame phial. The
Abbé Nollet, whofe name is famous in elec~
tricity, gave it to one hundred and eighty of
the guards, in the King’s prefence; and at
the grand convent of the Carthufians in
Paris, the whole community formed a line of
nine hundred toifes, by means of iron wires
between every two perfons (which far exceed-
ed the line of one hundred and eighty of the
guards) and the whole company upon the dif-
charge of the phial, gave a fudden {pring, at

* Ac. Par. 1746, M. p. 11, 26.
+ Phil. Tranf, abridged, Vol. x. p. 313.
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the fame inftant of time, and all felt the
thock equally *, -

MRr. NorLrLET alfo tried the effe® of the
eleétric thock upon two birds, one of which
was a f{parrow, and the other a chaflinch,
which, as far as I can find, were the firft
brute animals of any kind that ever received
it. 'The confequence was, that upon the firft
thock, they were both inftantaneoufly firuck
motionlefs, and, as it were, lifelefs, though
fora time only; for they recovered fome few
minutes after. Upon the fecond fhock, the
{parrow was ftruck dead, and, upon exami-
nation, was found livid without, as if it had
been killed with a flath of lightning ; moft of
the blood veflels in the body being burft by the
fhock. The chaffinch revived as before.
Fifhes were alfo killed with the ele&ric thock,
by the Abbé, and others.

THE circumftance of the blood veffels of
the {parrow being burft is pretty fingular. I
‘have feen no fuch effe&t, when {malier ani-
‘mals have been killed by a fhock fifty times
as great as, it is probable, the Abbe ufed up-
on this occafion.

Tue Abbé Nollet, as well as Mr. Jallabert,
mentions the burfting of glafs veflels by the
ele@ric explofion, They were pierced, he
fays, with round holes, three or four lines in
diameter 1. |

IT feems that the French philofophers, as
well as the Englifth, had obferved, that, if the

* Phil. Tranf. abridged, Vol. x. p. 333. 1 Ibid p. 336.
Ac. Par, 1746, M. p. 32, 1 Noliet’s Letties, Vol. i. p. 4z2.

phial
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phial ftood upon glafs, it could not be charg-
ed, except a perfon’s hand, or fome other
' non-electric fubftance were brought near toit.
Upon: this they imagined the fire fircamed
out of the hand, and pafied thmugh the {fub-
ftance of the phial into the water *, This fact
furprifed them very much, as it well might.
Mr. Monnier obferved, thata light body would
be attralted by a charged phial, as it ftood
upon the table, and produced a fpark.if any
. perfon touched the wire; but that the light

body muft be fufpended by a non-eleéric {ub-
ftance T. He likewife found, that when the
charged phial ftood upon glafs, it might be
handled with all fafety . Thefe experi-
ments {eem not to have been made with pro-
per circumipection: for by an attention to
thele very circumflances, Dr. Franklin was
afterwards led to the great difcovery of the

different quality of the elericity, on different
fides of the glafs.

* Phil. Tranf. abridged, Vol. x.'p. 334
W fc.'Par. 1946, M. p. 684
1 Phil, Tranf, abridged, Vol. x. p. 337.
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THE METHODS USED BY THE FRENCH AND
ENGLISH PHILOSOPHERS, TO MEASURE
THE DISTANCE TO WHICH THE ELEC-
TRIC SHOCK CAN BE CARRIEDy; AND THE
VELOCITY WITH WHICH IT PASSES.

E are now come to an ampler field of

eletrical experiments, in which we
fhall be fpeQators, not of what might be exhi-
bited in a private room, and by a few operators,
but where we fhall find an amazing apparatus
neceflary, and a great number of afliftants in
the management of it; as well as the greateft
judgment, and the moft unwearied patience
in the condut of it.

Tue French philclophers were the firft to
appear in this field, but they excited the
Englith to go far beyond them in thefe great
undertakings. It has been faid already, that
a circuit was inade of nine hundred toifes,
confifting of men holding iron wires betwixt
each two, through which the eledric fthock
was fenfibly felt, At another time, they made
the thock pafs through a wire two thoufand
toifes in length, that is near a Paris league,
or about two Englith miles and a half;
though part of the wires dragged upon wet
grals, went over charmil hedges, or pali-
fades, and over ground newly ploughed ups
Into another chain they took the water of the

bafon
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bafon in the Thuilleries, the furface of which
was about an acre, and the phial was dif=
charged through it*. Mr. Monnier, who
made this experiment, mentioning the quan-
tity of furface in the bafon of water, as if it
was of confequence to the experiment, and
faying it was eleclrified, (tho’ all he meant by
this was, that it received and tranfmitted the
ele@ric charget.) Mr. Gralath made feveral
experiments, which prove, that bodies which
form the circuit of the thock are not properly
ele&rified 1.

Mr. MonxnIER the younger, zlfo endeav-
oured to determine the velocity of the eleéric
matter ; and for this purpofe, made the thock
pafs through an iron wire of nine hundred
and ffty toifes in length, but he could not
obferve, that it {pent a quarter of a fecond in
pafling it. He alfo found, that when a wire
of one thoufand three hundred and nineteen
feet, with its extremities brought near to-
gether, was electrified; the ele&ricity ceafed
at one end, the moment it was taken off at
the other, This fact refuted the opinion of
thofe who maintained, that it was the force
of the eleGtrical fhock, which threw the elec=
tric matter with {o great velocity §.

Thefe attempts of tlie French gave occafion
to the greater, the more accurate, and the
more numerous experiments of the Englifh.

* Phil. Tranf, abridged, Vol. x. p. 336.
T Ac. Par. 1746. M. p. 678,

1 Dantzick Memoirs, Vol. iii, p. 552.
§ Ac. Par. 1746, M. p. 686,

K  The
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The names of the Englith gentlemen, ani-
mated with a truly philofophical {pirit, and
who were indefatigable in this bufinefs, deferve
to be tran{mitted to pofterity in every work
of this nature.

Tur principal agent in this great {cene
was Dr. Watfon. He planned and directed
all the operations, and never failed to be pre-
fent at every experiment. His chief affiftants
were Martin Folkes, Efq. prefident of the
Royal Society, Lord Charles Cavendifth, Dr.
Bevis, Mr. Graham, Dr. Birch, Mr. Peter Da-
val, Mr. Trembley, Mr. Ellicott, Mr. Robins,
and Mr. Short. Many other perfons, and
fome of diftinftion, gave their attendance oc=
calionally.

Dr. WaTson, who wrote the hiftory of
their proceedings, in order to lay them before =
the Royal Society, begins with obferving (what.
was verified in all their experiments) that the
eleétric thock 1s not, ftrictly {peaking, con-
duled in the fhorteft manner poflible, unlefs
the bodies through which it pafles condu&
equally well ; for that, if they condu& un- |
equally, the circuit is always formed through
the beft conduétors, though the length of it
be ever {o great.

Tne firft attempt thefe gentlemen made,
was to convey the eleltric fhock acrofs the
river Thames, making ufe of the water of the
river for one part of the chain of communica-
tion This they accomplithed on the 14th
and 18th of July 1747, by faftening a wire
all along Weftminfter bridge, at a confiderable

6 . height
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height above the water. One end of this
wire communicated with the coating of a
charged phial, the other being held by an
obferver, who, in his other hand, held an
iron rod, which he dipped into the river. On
the oppofite fide of the river, flood a gentle=
man, who, likewife, dipped an iron rod in
the river, with one hand; and in the othef
held a wire, the extremity of which might
be brought into contalt with the wire of the
phial.

Upox making the difcharge, the thock was
felt by the obfervers on both fides the river,
but more {enfibly by thofe who were flation-
ed on the fame fide with the machine; part
" of the ele@ric fire having gone from the wire
down the moift ftones of the bridge, thereby
making {everal fhorter circuits to the phial 3
but {till all pafling through the gentlemen
who were ftationed on the fame fide with the
machine. This was; 1n a mannef, demon-
ftrated by fome perfons feeling a fenfible
thock in their arms and feet, who only hap~
pened to touch the wire, at the time of one of
the difcharges, when they were ftanding up-
on the wet fieps which led to the river. In
one of the difcharges made upon this occafiony
fpirits were kindled by the fire which had
gone through the river *.

Uron this, and the fubfequent occafions,
the gentlemen made ufe of wires; in pre=

s Phil. Tranf. abridged, Vol x. p. 394.

K 2 ference
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ference to chains, for this, among other rea-
fons, that the elefiricity which was conduci-
ed by chains was not fo ftrong, as that which
was conducted by wires. This, as they well
obferved, was occafioned by the junéures of
the links not being fufficiently clofe, as ap-
peared by the fnapping and flathing at every
juncture, where there was the leaft fepara-
tion. Thefe lefler inappings, being numer-
ous in the whole length of a chain, very
fenfibly leflened the great difcharge at the
gun-barrel.

THEIR next attempt was to force the elec-
trical thock to make a circuit of two miles,
at the New River at Stoke Newington. This -
they performed on the 24th of July 1747, at
two places; at one of which the diftance by
land was eight hundred feet, and by water
two thoufand: in the other, the diftance by
land wastwo thoufand eight hundred feet,and
by water eight thoufand. The difpofition of
the apparatus was fimilar to what they before
ufed at Weltminf{ter bridge, and the effet an-
{wered their utmoft expeftations. But, as in
both cafes, the obfervers at both extremities
of the chain, which terminated in the water,
felt the thock, as well when they ftood with
their rods fixed into the earth twenty feet
from the water, as when they were put into
the river; it occafioned a doul't, whether the
eleGric circuit was formed through the wind-
ings of the river, or a much fhorter way, by
the ground of the meadow: for the experi-

ment
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ment plainly fhewed, that the meadow-
ground, with the grafs on it, conducted the
eletricity very well.

By fubfequent experiments, they were
fully convinced, that the ele¢tricity had not,
- 1n this cafe, been conveyed by the water of
the river, which was two miles in length, but
by land, where the diftance was only one
mile ; in which {pace, however, the electric
matter muft neceflarily have pafled over the
New River twice, have gone through feveral
gravels pits, and alarge ftubble field *.

Jury 28th, they repeated the experiment,
at the fame place, with the following varia-
tion of circumftances. The iron wire was, in
its whole length, fupported by dry fticks,
and the obfervers ftood upon original elec-
trics ; the effect of which was, that they felt
the thock much more fenfibly than when
the condu&@ing wire had lain upon the ground,
and when the obfervers had likewife ftood
upon the ground, as in the former experi-
ment.

AFTERWARDS, every thing elfe remain-
ing as before, the obfervers were dire&ed,
inftead of dipping their rods into the water,
to put them into the ground, each one hun-
dred and fifty feet from the water. They
were both fmartly ftruck, though they were
diftant from each other above five hundred

feet 1.

* Phil. Tranf. abridged, Vol. x. p. 360,
t 1bid. p. 357.
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Tur fame gentlemen, pleafed with the
{uccefs of their former experiments under-
took another, the objeét of which was, to de-
termine, whether the ele&ric virtue could be
conveyed through dry ground; and, at the
fame time, to carry i1t through water to a
greater diftance than they had done before.
Tor this purpofe, they pitched upon High-
bury-barn beyond Iflington, where they car-
ried it into execution on the sth of Auguil
1747. They chofe a ftation for their ma-
chine, almoft equally diftant from two other
ftations for obfervers upon the New River ;
which were fomewhat more than a mile afun-
der by land, and two miles by water. They
had found the fireets of London, when dry,
to condu&t very ftrongly, for about forty
yards ; and the dry road at Newington about
the fame diftance. The event of this trial
anfwered their expe&ations. The ele&ric
fire made the circuit of the water, when both
the wires and the obfervers were fupported
upon original electrics, and the rods dipped
into the river. They alfo both felt the fhock,
when one of the obfervers was placed in a
dry gravelly pit, about three hundred yards
nearer the machine than the former flation,
and one hundred yards diftant from the river
from which the gentlemen were fatisfied,
that the dry gravelly ground had conducted
the eledricity as ftrongly as water.

FromMm the fhocks which the obfervers re=
ceived in their bodies, when the eleéric
power was condudted upon dry fticks, they

werg
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were of opinion, that, from the difference of
diftance fimply confidered, the force of the
thock, as far as they had yet experienced,
was very little, if at all impaired. When the
obfervers ftood upon electrics, and touched
the water, or the ground, with the iron rods,
the fthock was always felt in their arms or
wrifts ; when they ftood upon the ground
with their iron rods, they felt the fhock in
their elbows, wrifts, and ancles; and when
they ftood upon the ground without rods, the
thock was always felt in the elbow and wrift
of that hand which held the condudting wire,
and in both ancles *.

Tue laft attempt of this kind which thefe
gentlemen made, and which required all their
{fagacity and addrefs in the condutt of it, was
to try whether the eletric fhock was per-
ceptible at twice the diftance to which they
had before carried it, in ground perfetily dry,
and where no water was near; and allfo to
diftinguifh, if poflible, the refpetive velocity
of eletricity and found.

For this purpofe, they fixed upon Shooter’s-
hill, and made their firft experiments on the
14th of Auguft 1747, a time, when, as it
bappened, but one fthower of rain had
fallen during five preceding weeks. ‘The
wire communicating with the iron rod, which
made the difcharge, was fix thoufand feven
hundred and thirty-two feet in length, and
was fupported all the way upon baked fticks ;

* Philofophical Tranfaétions abridged, Vol. x. p. s60.
K 4 as
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as was alfo the wire which communicated
with the coating of the phial, which was
three thoufand eight hundred and fixty-eight
feet long, and the obfervers were diftant from
each other two miles. The refult of the ex-
plofion demonftrated, to the fatisfation of
the gentlemen prefent, that the circuit per-
formed by the electric matter was four miles,
viz. two miles of wire, and two of dry
ground, the {pace between the extremities of
the wires ; a diftance which, without trial,
as they juftly obferved, was too great to be
credited. A gun was difcharged at the in-
ftant of the explofion, and the obfervers had
ftop watches in their hands, to note the mo-
ment when they felt the fthock: but, asfar as
they could diftinguifh, the time in which the
eleétric matter performed that vaft circuit might
have been inftantaneous *.

In all the explofions where the circuit was
made of confiderable length, it was obferved,
that though the phial was very well charged,
yet that the {nap at the gun barrel, made by
the explofion, was not near fo loud as when
the circuit was formed in a room; {o that a
by-ftander, fays Dr. Watfon, though verfed
in thofe operations, would not imagine, from
{eeing the flafh, and hearing the report, that
the firoke, at the extremity of the condudling
wire, could have been confiderable; the con-
trary whereof, when the wires were properly
managed, he fays, always happened.

* Phil. Tranf. abridged, Vol, x. p. 363
8 STILL
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StirL the gentlemen, unwearied in thefe
purfuits, were defirous, if poflible, to afcer-
tain the abfolute velocity of eletricity at a
certain diftance ; becaufe though, in the laft
experiment, the time of it’s progrefs was cer-
tainly very {mall, if any, they were defirous
of knowing, {mall as that time might be,
whether it was meafureable, and Dr. Watfon
had contrived an excellent method for that
purpofe.
~ AccorDINGLY, on the cth of Auguft
1748, the gentlemen met once more, and the
Jaft time, at Shooter’s-hill; when it was
agreed to make an eleflric circuit of two
miles, by feveral turnings of the wire, in the
fame field. The middle of this circuit, they
contrived to be in the fame room with the
machine, where an obferver took in each
hand one of the extremities of the wires, each
of which was a mile in length. In this ex-
cellent difpofition of the apparatus, in which
the time between the explofion and the fhock
might have been obferved to the greateft ex-
actnefs, the phial was difcharged feveral times;
but the obferver always felt himfelf thocked
at the very inftant of making the explofion.
Upon this the gentlemen were fully fatisfied,
that through the whole length of this wire,
which was 12276 feet, the velocity of the elec-
tric matter was inftantaneous ¥,

Tuese experiments excited the admiration
of all foreign ele@ricians. ProfeffTor Mufchen-

® Phil, Tranf, abridged, Vol. x. p. 368.
broeck,



148 Dr. WATSON’s

broeck, who was greatly fatisfied with the
extent and {uccefs of them, faid, in a letter to
Dr. Watfon, upon the ocealion, Magnificen-
ziffimis tuis experimentis fuperafti conatus om-
niun.

It is faid by fome, that the laft of thefe
experiments go upon a wrong fuppnﬁtiun,
and therefore can be of no ufe; it being fu
pofed that the very fame particles of the elec-
tric fluid, which were thrown on one fide of
the charged glafs, aGtually made the whole
circuit of the intervening conduétors, and ar-
rived at the oppofite fide: whereas Dr. Frank-
lin’s theory only requires that the deficiency
on one fide of the glafs be {fupplied from the -
neighbouring condu&ors; which may, in re-
turn, receive as much as they parted with,
from the fide of the glafs that was overcharg-
ed. Sothat, to be a little more particular,
the redundancy of eleGtric matter on the
charged fide of a pane of glafs, only pafles
into the bodies which form that part of the
circuit which is contiguous to ity driving for=
ward that part of the fluid which was natural
to them; till, at length, the fluid which re-
fided in thofe conductors which formed the
laft part of the circuit, pafles into the ex-
haufted fide of the glafs.

BuT fhould this be the cafe (though in great
difcharges it fuppoles the natural quantity of
elefricity in bodies to be very confiderable)
and fhould Dr. Watlon, and other philofo-
phers at that time, have conceived otherwife;
it does not follow, that the experiments could

poflibly
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poflibly determine zozhing : for there fill re~
mains fomething to be meafured, viz. the
time required for the fucceflive diflodging
the ele@ric fluid in the whole length of the
circuit.

WEeRE the whole mafs of the eleGric mat-
ter contained 1n all the intervening conduétors
abfolutely folid, no motion could be made at
one extremity, without producing an inftan-
taneous motion at the other; juft as if one
end of a rod be ftruck, the motion is inftantly
communicated to the other end, But this
cannot be the cale in an elaftic medium, the
parts of which yield to one another. In this
cafe, the motion is communicated in a real
{fucceflion, like a vibration, running the whole
length of the circuit; which muit therefore
take up time¢, and be meafurable. The mo-
tion of found may be meafured, though no
particle of the vibrating, air be finally difplac-
ed. Thele great experiments of Dr, Watfon,
therefore, had a real obje&, only it appeared
{0 be too {mall to be alcertained by them.

SECTION
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S E.C.T 1-ON “HIL

MISCELLANEOUS DISCOVERIES oF D&r.
WATSON, AND OTHERS, BEFORE THE
TiME oF Dr. FRANKLIN.

HE firlt of thefe difcoveries in order

of time, and in importance fecond to
none {except that of the thock itfelf, and Dr.
Franklin’s difcovery of the different electricity
of the oppofite fides of the charged glafs) was
that of Dr, Watfon, prmrmg._. that the glafs
tubes and globes did not contain the eleétric
power in themfelves, but only ferved as Jir [t
movers, and determiners, as he calls it, of that
PDWEI’-

He was firft led to this difcovery by ob-
ferving, that, upon rubbing the glafs tube,
while he was ftanding upon cakes of wax (in
order, as he expe&ted, to prevent any of the
eleGric power from difcharging itfelf through
his body upon the floor) the power was, con-
trary to his expetation, {fo much leflened,
that no {napping could be obferved upon an-
other perfon’s touching any part of his body ;
but that if a perfon not eletrified held his
hand near the tube, while it was rubbed, the
fnapping was very {enfible *.

THE event was the fame when the globe
was whirled in fimilar circumftances. For if

* Phil, Tranf, abridged, Vol. x. p. 3e3.
the
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the man who turned the wheel, and who, to-
gether with the machine was {fufpended upon
filk, touched the floor with one foot, the
ele@ric fire appeared upon the conductor ; but
if he kept himfelf free from any communica-
tion with the floor, no fire was produced.

Dr. WaTson by this, and the following
experiments in conjunction, difcovered, what
he calls, the complete circulation of the elec-
tric matter. He obferved, that only a fpark
or two would iflue from his hand to the in-
fulated machine, unlefs he, at the fame time,
formed a communication between the con-
dutor and the floor; but that then there was
a conftant and copious flux of the eletric
matter to the machine. |

OBservING, that while his hand was in
contaét with the condutor, the man who
turned this infulated machine gave {parks,
which would fire inflammable {ubftances, and
perform other ele@rical experiments which
were ufually performed at the condutor; he
naturally imagined, that the fire iffued from
the man, for the very fame reafon that all
eleCtricians had before imagined that it came
from the conductor; and feeing that the man
gave no fire unlefs there was a communica-
tion between the floor and the condu&or, he
concluded that, in this cafe, the fire was {fup-
plied by that communication, {o that the
courfe of the ele@ricity was inverted, as he
exprefies it *.

* Phil. Tranf. abridged, Vol. x. p 305.
7 Ie
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IT was not then {ufpe&ted, that the eyé
could not diftinguith in what dire&tion an
electric {fpatk proceeds. Elefricians natu-
rally imagined that all ele@ric powers, and
confequently the eleéric fluid, which they
fuppofed to be the caufe of thefe powers,
exifted in the excited ele@ric, whatever it
was; and that whatever powers were exerted
by eleérified bodies, proceeded from a real
communication of eleftric matter to them.
Accordingly, when Dr. Watfon found that,
by cutting off the communication of the elec-
tric with the floor, all elerical operations
were ftopped, he concluded, that the electric
fluid was colle¢ted from the floor to the rub-
ber, and thence conveyed to the globe. For
the fame reafon, {feeing the rubber, or the
man who had a2 communication with 1t, give
no {parks but when the condutor was con-
neéted with the floor, he would as naturally
conclude that the globe was fupplied from the
conductor, as he had before concluded that it
was fupplied from the rubber.

CoMmPARING both thefe experiments to-
gether, Dr. Watfon was led to infer, that, in
all eleétrical operations, there was both an
afflux of eleGric matter tp the globe, and the
conductor, and likewife an ¢fffux of the {fame
eleftric matter from them *.

Finping that a piece of leaf filver was fuf-
pended between a plate ele&rified by the con-
duftor, and another communicating with the

¢ Phil. Tranf, abridged, Vol. x, p. 311.

floor,
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floor, he reafons from it in the following
- manner. ¢ No body can be fufpended in
¢ equilibrio but by the joint alion of two
¢¢ different directions of pewer: fo here, the
¢« blaft of elefiric ether from the excited
plate blows the filver towards the plate un-
¢« excited, and this laft, in its turn, by the
« blaft of ele@ric ether from the floor fetting

through it, drives the filver towards the
plate eleCGriied. We find from hence,
likewife, that the draught of ele@ric ether
¢ from the floor is always in proportion to
¢¢ the quantity thrown by the globe over the
¢ gun barrel, or the equilibrium by which
¢ the filver 1s fufpended could not be main-
¢ tained *.”

Dr. WaTsoN obferves, that the Abbé
- Nollet, two years before he made this com-
munication, had given it as his opinion
(though without any experiment which prov-
ed it) that the eleétric matter did not only
proceed from the eleCirified bodies, but from
all others about them, to a certain diftance 1.

SoME time after this, Dr. Watfon obferves,
in a paper read at the Royal Socicty, Janu-
ary 21ift, 1748, that Dr. Bevis had carried
his experiment, to prove that rubbing the
tube or the globe, only conveyed, and did
not produce the ele@ric matter, farther than
he had done. For he had obferved, above a
year before, that placing one man upon elec-
trics, to rub the tube or globe, and another
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* Phil. Trarf. abridged, Vol x, p. 310.
+ Ibid, p. 315.
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alfo upon eletrics to touch them, as the con=
duétor ; both the man who rubbed, and the
man who touched the excited glafs would
give a fpark; and farther, that if they touch-
ed one another, the f{napping was much
greater than if either of them touched a perfon
ftanding upon the floor. Upon this the Doc-
tor feems to have corre&ed his former opi-
nion of the afflux and eflux of elettric mat-
ter: for he accounts for this fack by fuppof=
ing, that as much elericity as was taken
from the perfon rubbing was given to him
who touched the conduétor, being conveyed
by the globe. By this means the ele&ricity
of the former of thefe perfons, he obferves,
was more rare than it naturally was, and that
of the latter more denfe ; {fo that the denfity
of electricity between thefe two perfons differ-
ed more than that between either of them,
and another perfon ftanding upon the floor.
In this manner did Dr. Watfon difcover, what
Dr. Franklin obferved, about the {fame time,
in America, and called the p/us and minus in
eletricity *.

Dr. WaTson obferved that the flame at
the end of an ele@rified wire was fenfible to
the hand, as a cool blaft of wind, and that
when light fubftances were attracted and re-
pelled between an ele@rified plate and one
communicating with the floor, the fucceflion
of thefe alternate attraCions and repulfions
was extremely quick, fo that fometimes the

® Phil. Tranf, abridged, Vol. x. p. 369.
eye
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eye could hardly keep pace with it; and that
when a glafs globe, of about an inch in dia-
meter, very light and finely blown, was put .
upon a plate of metal, and another plate
hung on the condufor over it, the ftrokes
from the alternate attradlions and repulfions
were almoft too quick for the ear. From
this laft experiment he likewife deduced an
argument to prove the extreme velocity with
which thefe glafs globes were attracted and re-
pelled. Hefays, that if they were let fall from
the height of fix feet or more upon a wooden
floor, or even a plate of metal, they were
rarely broken; but that by the attra&tion and
repulfion of them between thefe plates, though
at the diftance of no more than one fixth of
an inch, they were frequently beaten to pieces *.

Tue Doctor alfo proved, that the eleftric
matter paffed through the {fubftances of the
metal of communication, and not over the
{furface of it, by covering a wire with a mix-
ture of wax and rofin, and difcharging a phial
through it.

I MmusT here obferve, that Mr. Mon-
ni€r the younger dilcovered, that ele&ri-
city 1s not communicated to homogeneous
bodies in proportion to their mafles or
quantity of matter, but rather in propor-
tion to their furfaces; and yet that all equal
furfaces do not receive equal quantities of
eleCiricity, but that thofe receive the moft
‘which are moft extended in length; that a

* Phil. Tranf, abridged, Vol x. p. 309.
I f'qus.re
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{quare fheet of lead, for inftance, reccived a
much lefs quaiutity of eleftricity than a {fmall
firip of the fame metal with a furface equal to
that of a {quare fheet ¥,

Mr. Wirson, whofe curious obfervations
on the Leyden phial have been mentioned in
a former fection, claims no finall fhare of
honour in this. As early as the latter end of
the year 1746, he made the fame difcovery
that Dr. Watfon had done, viz. that the ele&ric
fluid did not come from the globe, but from
the earth idelf, and from all other non-ele&ric
bodies about the apparatus. He fuggefted a
method of proving this in a letter to Mr. Elli-
cott from Chefter ; and mentions his having
completed the experiment himielf foon after,
in a letter to Mr. Smeaton, from Dublin.

Having conceived that the difference be-
tween ecleftric and non-eleric bodies was
owing to the different réfiftance which a
Jubtle medium, as he calls it, on the furfaces
of all bodies gave to the paflage of the elec-
" tric fluid; and conceiving that heat would
rarify this medium, and thereby convert elec-
trics into non-cletrics, he made fome expe-
riments which confirmed him in that fuppo-
fition. He tound that one perfon might com-
municate electricity to another, notwith-
ftanding the intervention of a confiderable
quantity ot red-hot glafs. He alfo made other
experiments of a fumilar nature, as difcharg-
ing phials by means of hot glafs, hot amber,

* Phil. Tranf. abridged, Vol.x, p. 338.

and
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and various other heated ele&rics. Thefe,
however, as Mr. Canton afterwards obferv-
ed, might be owing to the hot air upon the
{furfaces of thofe bodies, which he found to
tranimit eletricity very well. But another
experiment, which Mr. Wilfon made upon
melted rofin, does not feem liable to that ob-
jection. He poured the melted rofin into a
phial, and found that he could give thocks
with it; but he obferved, that thefe fhocks
diminifhed as the rofin grew cold, and that -
when it was quite cold, they entirely ceafed *,
MRr. WirLson mentions a curious experi-
ment (of which, however, he does not fay
that he was the inventor) which he made with
paper vanes ftuck in a cork, and fufpended by
a magnet. Thefe, he fays, if they were
- bmught near the point of any body proceed-
ing from the prime conductor, would turn
round very fwiftly, but would not turn at all
in vacuo. This blaft he thought was occa-
fioned by the ifluing of the elefiric matter
out of the point, which caufed a current in
the air; but he did not try what would be
the confequence of prefenting the vanes to a
point which received the ele&ric fluid .
LasTLy, Mr. Wilfon obferved, that if a
needle were prefented to a piece of down
hanging to the conduflor, it would cling
clofe to it; but that, upon prefenting any
thing that was blunt, it would be repeiled
again; and fays that Mr. Canton made

* Wilfon’s Efliy, p. 143, + Ibid. p. 141.
12 {feveral
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{everal curious experiments of the fame
kind %,

Mg. SMEATON, within this period, ob-
{erved, that if a man who was infulated prefi-
ed againft the globe with the flat part of his
hand, while another perfon, ftanding on the
floor, did the fame, in order to excite it, the
perfon who was infulated would hardly be
ele@rified at all; but that, if he only laid his
fingers lightly on the globe, he would be
electrified very ftrongly T. The fame ingeni-
ous perfon alfo obferved, that upon heating
the middle of a large bar of iron to a glowing
heat, and cleCrifying it, the ele&ric power of

the part that was heated was as firong as that |

of the cold part .
* Tor f{everal curious dilcoveries relating to

eleCricity, made within this period, we

are indebted to Dr. Miles. In a paper
read at the Royal Society, January 2sth,
1746, he fays, that having excited a ftick

of black {ealing-wax with white and brown

paper, or clean dried flannel, he was able
to kindle common lamp-fpirits with it. Com-
paring the ftick of wax with the glafs tube,
he obferved a remarkable difference between
the appearance of fire from both, though he

did not underfland the reafon of it. He fays

he found the luminous effluvia to proceed in
a much greater quantity from the top of his
finger to the flick of wax, than they did to
the glafs. He feveral times obferved a {mall
* Wil bid
; Ib:dm;:& Ii;?y, Ps 141, + Ibide p. 353 .
globular

.‘. &
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globular {pot of fire to appear firft on his fin-
ger, from which iflued regular ftreams to-
wards the wax, in the form of a comet’s tail.
This 1s now well known to be the conflant
appearance of the eleétric fire between an un-
electrified body and an eleéric excited ne-
gatively *

Dr Mires found a ftick of fulphur to per-
form very well; but not atall, when he had
put an iron rammer in the center of it, to
ftrengthen 1t. It 1s remarkable, that after
fetting this {tick upright in a cupboard, it loft
all its eleftric virtue, and could never after-
wards be excited in the leaft degree. This ef-
fect the Doctor attributed to its being put up
without any cover.

Dr. Mires alfo mentions his having got a
a tube of green glafs, which he could never
excite but with great difficulty, and then but
to a fmall degree T.

Tue fame ingenious gentieman, fome time
after, made an experiment upon picces of leaf
brafs in a bottle hermetically {ealed. To thele
he found he could give motion by the ap-
proach of the excited tube, in the fame man-
ner as if they had been in the open air; but
one appearance ftruck him, of which he by
no means-gives- a fatisfaCtory account. He
obferved that when he removed the tube from
the exhaufted glafs flowly, no commotion was
fecen in the leaf brafs, but a very brifk one

* Wilfon’s Effay, p. 317.
+ Phil. Tranf, abndged, Vol. x. p. 320.

L 3 upon
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upon removing it fuddenly. Indeed this fact
could not have been underftood but by com-
paring it with other faéts depending upon the
fame principle, and which were not difcover-
ed till fome years after =,

From England, to which, as an Englifh-
man, 1 would give the preference only in
matters of ablolute indifference, I pafs over
to France, where, next to thofe made in
England, the moft important difcoveries, and
greatelt number of them were made in the pe-
riod of which I am treating. And, without
all difpute, the greateft name in France, in
this or any other period, except that of Mr.
Du Fay, his friend and aflociate, 1s that of
the Abbé Nollet.

Tur favourite obfervation of Mr. Nollet,
on which he built his darling theory of aflu-
ences and effluences was, that bodies not in-
fulated, plunged in eleftric atmofpheres,
fhewed figns of eleftricity. He obferved a
{enfible blaflt from the hand of a perfon not
eleftrified, in the above mentioned circum-
ftances, alfo the attraction and repuliion of
light bodies by them, the appearance of
flame, the diminution of their weight by in-
creafed evaporation and perfpiration, and al-
moft every other appearanc and effe& of elec-
tricity. Moreover obferving that his globe
contrafted a foulnefs while 1t was whirling,
even when rubbed with a clean hand, he had
the curiofity to colle&t a quantity of the mat-

* Phil. Tranf, abridged, Vol,x. p. 326

ter
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ter which formed that foulnefs; and finding
- that, when 1t was put into the fire, 1t had the
{fmell of burnt hair, he concluded that it was
an anmimal fubftance; and thatit had been car-
ried by the affluent elericity from his own
body to the globe *,

THE only miftake of this ingenious philo-
fopher in thefe experiments, and which was
the fource of many others, which, in the
end, greatly bewildered and perplexed him,:
© was, that the elericity of the body, which
was plunged in the atmofphere of an eleétri-
fied body, was of the fame nature with that
of the ele@rified body. Had he but preferv-
ed the diftin&ion, which Mr. Du Fay had
difcovered, between the two ele@ricities, and
imagined that the body ele@rified, and that
which was plunged in its atmofphere were
poflefled of thefe two different and oppofite
ele@ricities, he might have been led to the
great difcoveries made by Mr. Canton, Dr.
Franklin, and Mr. Wilcke; which, we fhall
find, arofe from that fingle obfervation; and
he would have avoided a great deal of debate
and contention, ‘which has not ended to his
advantage.

Turs partial difcovery of Mr. Noliet is by
no means the only one of his, that the hiftory
of ele@ricity prefents in this period. = He
made feveral experiments on pointed bodies,
and obferved, that thofe which had the
{malleft points fooneft threw out brufhes of

* NollciX Recherches, p. 142,
¥ 4 eleétric
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ele@ric light, but did not thow other figns
of eledtricity fo ftrong as bodics that were not
pointed *.

He took a great deal of pains in making
experiments, in order to determine the degree
in which different fubftances conducted the
ele@ric fluid; and found that the {moke of
gum lac, turpentine, karabé, and {fulphur did
not carry away the ele@ricity of an excited
tube {o {foon as the {moke of linen, wood, and
more efpecially the fteam of water, and the
effluvia of burning tallow, andof other fatty
{fubftances. In fhort, he found, that vapours

vhich were not watery did very little, or no
injury to clecirical experiments, provided the
tube was not expofed to them near the fire
which caufed them. A fmoky room did not
prevent his performing experiments, at leaft
in any great degree; nor were odoriferous
effluvia at all prejudicial to them

SEVER AL curious obfervations were made
by the Abb¢ upon heat, and heated bodies.
He found, that a picce of iron glowing hot,
{o as to throw off ignited particles, did not
leave the {malleft trace of ele@ricity in an ex-
cited tube, to which it had been brought with-
in five or {ix inches, and only held there two
or three feconds; but it cealed to affe& the
tube at the {ame diftance before it ceafed to be
red, and had no influence at all long before
it was cold. The eledlricity of the tube, in
this inflance, was probably conveyed through

* Recherches, p. 146. t Ibid. p. 194, &c.
the
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the air heated by the iron; as it can bardly
be fuppofed, that the iron emitted any effluvia
capable of producing that effect *.

Hze found that the excited tube loft ncthing
of its eledricity in the focus of a burning
mirror. That the flame of a candle, or the
near approach of it, would deftroy elettricity
had been known before: he obferved, that
- the flame was fenfibly difturbed by the ap-
proach of the excited tube, and he mentions
Mr. Du Tour, and the Abbé Needham’s hav-
ing found, that the interpofition of the
thinneft piece of glafs, or of any other fub-
ftance, between the candle and the tube pre-
vented the diflipation of the elellricity. From
this fact it was inferred, that the diflipation
was owing to {fcme effluvia proceeding from
the candle .

CoNTiNUING his obfervations on what
increafed or impeded electrical experiments,
he found, that a lght body, placed on a
non-electric ftand, moved more brifkly upon
the approach of an ele@rified body, than
when it was placed upon an electric ftand .
- Several ele@rical experiments, he obferved,
fucceeded beft when there was a number of
{peCtators prefent, and when they drew near,
and ftood clofe together to fee his experi-
ments; provided they did not occafion fo
great a perfpiration as made his glafles moift 4.

This obfervation we fhall find accounted for
hereafter by Mr, Wilcke.

* Recherches, p. 2,6. + Ibid. p. 219,
1 Ibid. p. 122. § Ibid. p. 123,

THE
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Tue Abb¢ moiftened, with water or {pirit
of wine, a flender and pointed bar of iron,
and thought that the blaft from the point of
it was more {enfible than when it was not
moifiened ; which he attributed to the elec-
tric fluid carrying away with it fome of the
particles of the water, and of the {pirit of
wine ¥,

SomEr few obfervations the Abbé made on
the difference between excited and communi-
cated eledlricity, and between the ele@ricity
of glafs and that of fulphur. He obferved,
that the eledtricity of an excited globe or tube,
caufed an odd fenfation upon the face, as if a
{pider’s web were drawn over it ; whereas that
effe:t was feldom produced by communicated
cle@ricity. Excited ele@ricity, he alfo fays,
might be perceived by the {mell, at more than
a foot diftance, when cmnmumcated ele€iri-
city could not .

rie melted fulphur in a glafs globe, by
turning it over a chafing dlih of burnmp:
coals; when he obferved, that {mall pieces
of {ulphur, before they were melted, were at-
tra¢ied and repelled by the glafs within, at
the {ame time that the athes of the coals were
attralted withoutf. Holding a piece of ex-
cited {ulphur in one hand, with a piece of
down ﬁicking to it, and ready to fly off, the
down, he fays, would cling faft to the fulphur,
upon prelenting to it an excited glafs, tube,
which he held in his other hand §.

* Recherches, p. 140, + Ibid. p. 136,
t Ibid. p. 183, § Ibid. p 124
: [sHALL
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I suarr, in the laft place, recite the Abbé
Nollet’s experiments made in vacuo. He
found that glafs, and other electrics, might .
be excited in vacuo, but not {o ftrongly as in
- the open air *. He obferved that there was a
remarkable difference between the appearance
of the electric light in vacuo, and in the open
air; being much more diffufe, and unbroken
in vacuo T. Inferting the extremity of his
conductor into an exhaufted glafs veflel, he
obferved the veflel to be full of light, when-
ever he brought his hand to it ; that the light
was confiderably increafed when he {pread his
hand over it; and that when a {park was
taken from the conduéor, the whole wveffel
feemed to be full of light. He alfo obferv-
ed, that fmall pieces of metal, inclofed in the
veflel, adhered clofe to the glafs; but de-
tached themfelves from it, on the approach
of the finger, or of any conduor on the
outfide,

M. Monx1ER attempted, in an ingenious
method, to be certain whether the quantity
of eleétricity communicated to a body was in
proportion to its folid or fuperficial contents.
He firft found that an anvil which weighed
two hundred pounds, gave but an inconfider-
able {park, while the {park from a {peaking-
trumpet of tin, which weighed but ten
pounds, but was cight or nine feet long,
was almoft equal to the thock of the Leyden
phial. He then obferved, that a ball of

¥ Recherches, p. 236, T Ibid. p. 243.
lead
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lead four inches in diameter, gave a fpark of
the fame force with another from a thin piece
of lead of the fame fuperficies, in the form of
a hoop. And, laftly, he took a thin and long
piece of lead, and obferved, that when it was
ele@rified in its whole length, it gave a very
ftrong {park, but a 'very {mall one when it
was rolled into a lump. But, becaule a {quare
piece of lead did not give a fpark equal to
one from a piece of the fame quantity of fur-
face, but of greater length, he concluded
that, though eleétrification is ftronger in pro-
portion to the furfaces of eletrified bodies,
yet that, of equal furfaces, that which is
drawn out to the greateft length will have the
advantage *.

TreRE are a few other names of eleétrici~
ans in France, whofe experiments and ob-
fervations, made within this period, deferve
to be mentioned. Of thele is Mr. Boulanger.
He took great pains to determine the degree
in which different fubftances are capable of
being excited. The experiments, he fays,
were made with the greateft care: .and though
the ftate of the {cience did not admit of this
bufinefs being determined with greater accu-
racy, 1t may not be difagreeable to fee the re-
fult of them ; which he has comprifed in the
tollowing table, beginning with thofe that are
leaft excitable in every column. |

* Ac. Par. 1746, M. p. 603.
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- FirsT CoLuMN.
Ebony.
Guiacum.
Box wood.
Sandal wood.
Oak.

Elm.,

Afh.

Linden tree.
RO{&
Willow.
Qzier.

Cork.

Dry wood of all kinds.

All dry plants.

~ Stconp CoLUMN.

Shells of all kinds.
‘Whalebone.
‘Bones.
Ivory.
Horn.
Scales.
Parchment.
Hair,
Wool.

~ Feathers.

~ ‘Cotton.
“Bilk.

Tairp CoLUuMN.

Alum,
Sugar Candy.

157

The Phofphorus of
Berne.

Yellow and white wax,

Japan varnifh,

Sandarac.

Maftich.

Amber.

Jet.

Pitch.

Gum copal.

Gum lac.

Colophonia.

Sulphur.

Sealing-wax.

All {alts which have
{fufficient confift-
ence.

All refins.

FourTH CorLumMN.

Loadftone.
Hand-ftone.
Marble of all colours.
Slate,
Free-ftone.
Granite.
Porphyry. -
Jafper.
Varnifhed earth.
Cornelians.
Agates.
All opaque precious
ftones.
Porcelaine,
FirTH
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Fir T CoruMN, Venii::e and Mufcovy

talc.

Hyacinth, Coloured diamonds,ef-
Opal. pecially yellow.
Emerald. White diamonds, ef-
Amethyft. pecially the bril-
Topaz. liant. _
Ruby. All tranfparent preci-
Sapphire. ous ftones.
Cat’s eye. - Glafs, and all vitrifi-
Peridote. cations without ex~
Granite. cepting thofe of
Rock cryftal. metals.

THE inference which this author draws
from this catalogue is, that the moft brittle,
and the moft tranfparent fubftances, are al-
ways the moft eleGtric; and he has recourfe
to an awkward hypothefis to account for the
marcaflites not being excitable at all, notwith-
ftanding they are both brittle and tran{parent.
He fays it 1s owing to condenfed air contained
in thofe fubftances, which is known to pre-
vent excitation *,

Tur {fame author fays, that mineral waters
are much more fenfibly affe¢ted with ele&tri-
city than common water ; that black ribbons
are much {ooner attracted than thole of other
colours; and, next to them, the brown, and
deep red 1.

¢ Boulanger, p. 74. 1 Ibid. p. 124.
Mzr.
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Mr. Le CaT, a phyfician at Rouen, who
has diftinguifhed himfelf by feveral perform-
ances in the learned world, fufpended feveral
pieces of leaf gold at his condutor, and ob-
ferved that they hung at different diftances,
according to their fizes, the {maller pieces
placing themfelves nearer the conductor, and
the larger receding farther from it. This he
compares to thediftances at which the planets
make their revolutions round the {un, and he
{uppofed the caufe to be the fame in both.
The {fame author very particularly compares the
ele@ric thock, which had juft been difcover-
ed, to thunder *.

GerMANY affords but few articles for the
ele@rical hiftory of this period; one of them,
however, 13 curious, and well deferves to be
tranfmitted to pofterity. Mr. Gordon of Er-
ford excited the elefricity of a cat {o firongly,
that, when it was communicated by iron
chains, it fired {pirit of wine T.

IT has been mentioned before, that {feveral
gentlemen in Germany, as well as in Eng-
land, had found, that if the man who rubbed
the globe ftood upon eleétrics, {parks were
perceived upon touching him; but Mr. Klin-
genftierna, a Swede, and Mr. Stroema, were
the firft who properly eleérified by the rub-
ber ; and their experiments were publithed in
the Acts of the Royal Academy of Sciences at
Stockholm for the year 1747 1.

* Hiflo're, p. 84—85, + Nollet’s Recherches, p. ¢f.
1 Wilcze, p. 112,

Maz.
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Mr. JarraserT, profeflor of philofopliy
at Geneva, found that a coating of pitch did
not prevent the conducor from being elettri-
fied, which proved that the eleéric fluid en=
ters the fubftance of metals, He alfo proved,
that ice was a condutor of ele@ricity, by
making the Leyden experiment with a bottle
in which water was frozen *.

THE amazing and extenfive effects of elec~
tricity now began to make philofophers look
for it where 1t had not been {ufpefted before.
The firftaccount that is given of woollen gar-
ments being obferved to exhibit figns of elec-
tricity, when they were put off, after the
flathes of light they gave were known to. be
owing to ecle@ricity, was fent to the Royal
Society by Mr. Coke of the Ifle of Wight,

who fays, that a lady of his acquaintance ob=

ferved it; and that it was alfo at laft found,
that it was only new flannel, and after fome
time wearing, which gave that appearance,
and that this property was loft when it was
wathed .

Tue {ame appearance, he obferves, upon
another occafion, was moft confpicuous in
frofty weather; in which feafon he takes
notice, that there is generally, not only a °
greater purity of the air, and abfence of moif-
ture, but that all hairy and horny fubftances
(for hairs, as he fays, are only fmall horns)
are more elaflic, and confequently fufceptible
of, and more capable of exciting flrong vi-

4 Hi[:tc:irE. P- 05, 95.

+ Phil. Tranf, abridged, Vol. x. p. 343,

8
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brations. He fays, that the flannel being
fendered damp with {ea water, and after-
wards dry, would heighten the elefiric ap-
pearanees *.

But though this was the firft appcarance
of the kind that was obferved, after it wag
known to arife from eleciricity, fimilar ap=,
pearances had been feveral tiines noted be-
fore. Bartholin, who flourithed in 1650;
wrote a book De luce animalium, in which he
fuppofes, that unciuous effluvia had a great
fhare in thofe appearances. The {ame writer
fays; that Theodore Beza might be {feen by a,
light proceeding from his eyesbrows; and
that {parks would flath from the body of
Charles Gonzaga; Duke of Mantua, UPDH be~
ing gently rubbed. But he does not fay
whether he had any particular hairy, or {caly
fuperficies to his fkin .

Dk. Simpson, who pubu{hed a philofophi-
cal difcourfe on fermentation, dedicated to
“the Royal Society in 1675, alfo takes’notice
of the light proceedinig from animals on frica~
tion; or peétation as he calls it, and inftances
in the combing of a woman’s head, the cur-
_ tying of a hmi.,, and the ftroking of a Ldt s
back .

. MRr. €ravTon alfo, in a letter fo Mr.
_Bnyle, dated]unc 23d, 1684; at James-town
in Virginia, gives him an aceount of a firange
aceident, as he calls #, which happened to
ene Mrs. Sewall, whofe wearing apparel emit=

* Phil. Tranf. abridged; Vol. x. p. 344. t Ibids p. 344

¥ 1bid. p. 357,
M ted:
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ted a flathing of fparks, which were feen by
feveral perfons. 'The like happened to Lady
Baltimore her mother-in-law ¥,

I suarL conclude this fection with what I
can find, in this period, about increaiing
the power of eleéricity, and meafuring its
cffets. *

Mr. MoNNIER the younger, whofe name
has been frequently mentioned in the courfe
of this hiftory, ufed glafs {pheroids inftead of
globes, and endeavoured to increafe his electri-
cal power by ufing feveral of thefe fpheriods
at a time ; but he found, upon trial, that they
did net anfwer his expefations; and was
thence difpofed to conclude, that there might
be a ne plus ultra in the intenfity of ele@rici-
ty, as well as in the heat communicated to
boiling water .

Tue power of glafs in ele@rifying being
found to be fo great, it is no wonder that phi-
lofophers {thould endeavour to find what kind,
of glafs was capable of being excited to the
greateft degree. Among other propofals we
tind a very memorable one communicated to
the Royal Society, April 6th, 1749, by Mr.
Boze. He fays, thata glafs ball which has
often been employed in violent diftillations,
and other chemical operations fends forth elec-
tricity incomparably more ftrong, than any
glafs which had never been expofed to fo vio-~
Tent a fire. This article 1s the more curious,
as it thews us how much philofophers at this

* Phil. Tranf. abridged, Vol x. p. 248.
$ Ibid, p. 330 :
fine
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time pl(luﬁ'd themfelves upon difcoveries in
¢leCtricity. He afferts his being the firft per-
fon who ever mentioned this notable circum-
ﬁance, as he calls it, and defires Dr. Watfon,
to whom he communicated it, tolet him have
the honour of that improvement in the Philo-
~ fophical TtanfaGions *.

- It was within this period that Dr. Watfon
contrived to improve the ftrength of eleétrici-
ty by moiftening the rubber of his globe,
though he was not aware of all the reaﬁ:ms
for it. He obferved that the man who ftood
on the floor, to excite the globe by his hand,
did it more firongly than a (‘.llﬂ'llDI] This, he
fays, He could not conceive to be owing to
any other difference, than to his hand being
more moift, and confequently more readily
conducting the ele@ricity from the floor;
wherefore he ordered his machine, and even
his cufhion, to be made damp; and then
found that the eleftricity was as flrong
as when the globe was rubbed by the
hand . |

A GeNTLEMAN at Chartres in France,
greatly increafed the effeéts of ele@ricity by
‘means of moifture, for afferting which he is
very much ridiculed by the author of Hiffoire
de PEleétricité.

M-r. WiLson fays, that if the cufhion
{which he made of leather) was gilt with fil-
ver, brafs, or copper, it would do very well;
and that the filk line on which the conduor

* Phil. Tranf, abridged, Vol, x, p. 329.
t 1bid. p. 3r2.
M 2 hung
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hung fhould be red or yellow *. - The tabley
he fays, fhould ftand on moift ground; or
a wire pafs from the machine to the moiit
ground .

Dr. WaTson alfo found, that thnugh no
eleiricity eould be produecd by rubbing the
globe with original eleétrics perfetly dry, yet
that they anf{wered very well when they had
been made moift; the water imbibed by thofe
fubftances ferving as a canal of communica-~
tion to the eletricity between the hand, or
the cufhion, and the globe; in the fame man-
ner as the airy replete with vapours in damp
weather, prevents the accumulation of the
eletric matter in any confiderahle degree, by
eonducting it as faft as it is excited to the
neareft non-ele@rics. He obferved, on the con-
trary, that moft vegetable {fubftances, though
made as dry as poflible, furnithed eleGricitys
but {mall in quantities, He exeited ele@ricity
not only from linen, cotton; &c. but even
tfrom fheet lead and a deal board }.

Tre Abbe Nolet {ays, that he found oil
of turpentire upon a piece of woollen cloth
excited glafs very powerfully, but that the
leaft Wdtﬁ'l‘ mixed with it prevented the ex- -
eitation §,

Mpr. BoutANGER fays, that if two cylih-
ders be made of the fame kind of glafs, and
of the fame fathion, one of them tranfparent,
and ‘the other tinged with any colour, the
tranfparent cylinder will be excited more eafily

* Wilfoo’s Effey, p- 5. 6.+ Ibid. p. 8.
¥ 1bid. 280, § Recherches, p. 168.

than
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than the coloured one *. e acknowledges,
however, that {fometimes the moft tranipa-
rent, and the moft brittle glafs is capable of
acquiring but little ele@ricity ¥. In another
place he fays, that a cylinder of three or four
lines in thicknefs will acquire a ftronger, and
a more lafting ele@ricity than a cylinder of
one line thick f. He alfo fays, that a
perfon’s two hands, or one cufhion, s better
than more §.

AsouT the {fame time that Dr. Wat‘ﬁ:}n
made his firft experiments upon the Leyden
phial, Mr. Canton difcovered a method by
which the quantity of ele@ricity accumulated .
“in the phial might be meafured to a good de-
gree of exaétmefs. He took the charged
phial in his hand, and made it give a f{park
to an infulated condudior, which {park he took
off with his other hand. This operation he
repeated till the whole was difcharged, and
he eftimated the height of the charge by the
number of the fparks. This is a pretty cer-
tain and exa&t methed of knowing how high
a phial has been charged but what elettrici-
ans chiefly want is a2 method of afcertaining
how high a phial 7s charged, or the exat force
of the charge while it is contained in the
glals.

SoMETHING of this kind was done by Mr.
Ellicott, in the {fame year :746. He pro-
pofed to eftimate the ftrength of common

* Poulapger, p. 64. + Ibid. p. 164,
1 lbid. p. 135. § Ibid, p. 16,

M 3 ele@ri-



166 DISCOVERIES or

ele@rification, by its power to raife a weight
in one fcale of a balance, while the othet
fthould be he[d over the ele&rified body,
and pulled to it by its attradtive power *. Mr,
Gralath alfo conftructed an ele&rnmeter upon
the fame principle T. ,

Tre Abbé Nollet applied the threads that
Mr. Grey and Du Fay had ufed in eleéirical
experiments, to thew the degree of eleCrici-
ty. He hung two of them together, and ob-
derved the angle of their divergence, by means
of the rays of the fun, or the light of a can-
dle, and their thadow upon a board placed
behind them. Mr. Waitz alfo thought of thie
fame kind of electrometer, with this improve-
ment, that he loaded the ends of the threads
with fmall weights .

¢ Boulanger, p. 324.
+ Dantzick Memoirs, Vol. 1 p 515
;‘. Hlﬂmrc, p 58

SECTION
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SECTION, IV

EXPERIMENTS ON ANIMAL, AND OTHER
ORGANIZED BODIES IN THIS PERIOD; AND
OTHER EXPERIMENTS CONNECTED WITH

THEM, MADE CHIEFLY BY THE ABBE
NOLLET.

ITHERTO the effe of eletricity up-

on human bodies had not been attend-

ed to, farther than the mere fthock of the
Leyden phial. But we fhall now fee a curi-
ous fet of experiments on this fubject exhibit-
ed by the Abbé Nollet. The Englith philo-
fophers, who led the way in almoft every
other application of ele@ricity, were among
the laft to try its effets upon animals, and
other organized bodies. The only article
that I can find upon this {ubjeét, before the
difcoveries of the Abbé Nollet, 1s one of Mr.
Trembley’s; who fays that feveral perfons
had obferved, that while they were eleétrified,
their pulfe beat a little fafter than before. He
fays, that he himfelf, after having been elec-
trified a long time together, had felt an odd
~ {enfation all over his body, and that fome per-

fons had felt very fharp Pams after being
ele@rified *,

* Phil, Tranf, abridged, Vol. x. p. 321.

M 4 THE
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Tut ingenious Abbé Nollet begins his ex=

periments with the evaporation of fluids by
electricity. They were made with the greatelt
attention, and the fol]nwmg obfervations were
the refult of them,

“ 1. ELecTrICITY augments the natural
¢ evaporation of fluids; fince, excepting mer-
¢ cury, which 1s too heavy, and the o1l of
¢ olives, which is too vifcous, all the others
¢« which were tried fuffered a diminution
¢¢ which could not be afcribed to any other
f¢ caufe than eleftricity,

¢ 2, ELECTRICITY augments the evapos
¢ ration of thofe fluids the mofl, which are
¢ moft fubjet to evaporate of themfelves. For
¢ the volatile fpirit of {al ammoniac {uffered a
¢¢ greater lofs than fpirit of wine, or turpen-
¢ tine ; thefe two more than common water ;
¢¢ and water more than vinegar, or the folu~
§ ti(:n of nitre.

. EveeTriCcITY has a greater effect
f¢ up{m fluids when the veflels which contain
“ them are non-cledrics; the effe@s alway
¢ feeming to be a little greater when the
¢ veflels were of metal, thau when they were
t¢ of glafs.

¢ 4. Twurs increafed evaporation was more
¢¢ confiderable when the veffel which contain-
¢ ed the liquor was more cpen, but the ef-
¢ fe&s did not increafe in proportion to their
“ apertures. For when thefe liquors were
¢ eleCtvified in veflels, whofe aperture was
#¢ four inches in diameter, though they pre-
¢¢ fented to the air a furface fixteen times

¢ larger

L2
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# lJarger than when they were contained in
s¢ veflels whofe aperture was one inch in dia-
¥ meter, they were, neverthelefs, far from
¢ fuffering a diminution proportioned to that
#¢ diffcrence.

“ ¢, ELEcTRIFICATION does not make
#¢ any liquors evaporate throngh the pores,
¢ either of metal, or of glafs ; fince after ex~
¢ periments which were continued ten hours,
¢¢ there was found no diminution of their
¢¢ weight, when the veflels in which they were
#¢ contained were well {topped *.”

ArTER having made experiments on fluids,

the Abbé began another courfe on folids of va-
rious kinds, the refult of which was, that they
loft weight only in proportion to the moif-
ture they contained, and the opennefs of their
pores 1.
- Tue Abbé alfo extended his experiments
to other fenfible qualties of bodies, as their
{mell, their tafte, and chemical properties ;
but found no change in any of them, after a
ftrong and continued electrification of a varie-
ty of {fubftances. Eledirification did not af-
fect the power of the magnet, and neither
retarded nor accelerated the heating or cool-
ing of bodies 1.

He then proceeded to the ele@rification of
capillary tubes, full of water ; it having been
obferved by Mr. Boze, who communicated
the obfervation to Mr. Nollet||, that the wa-
ter would iflue in a conftant ftream when they

* Nollet’s Recherches, p. 527. t Ibid. p. 3335,
3 Ibid. p. 34.1. I tbid. p. 333.
weEre
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- swere ele&rified ; whereas it would only drop
very flowly without that operation. Every
perfon, at firft fight, would judge that the
ftream was accelerated, and that the elec-
trified veflel would foon be empty : but this
accurate philofopher was unwilling to rely on
fieft appearances, and therefore refolved to af-
certain the fact, by meafuring the time, and
the quantity of liquor running out. And, in
order to know if the acceleration, {fuppofing
there were any, was uniform, during the
whole time of the running out, he made ufe
of veflels of different capacities, terminating
in pipes of different bores, from three lines
in diameter, to the {malleft capillaries.

As the Abbé did not find it fo eafly a mat-
ter to draw a fafe conclufion in this cafe as
might at firlt be imagined, he gives us in grofs
the fﬂl]{::-wmg refult of above an hundred ex-
periments *

« 1. TuE ele@rified ftream, though it
divides, and carries the liquid farther, is
neither fenfibly accelerated nor retarded,
¢ when the pipe through which it iflues is
¢ not lefs than a line in diameter.

¢¢ 2. Unper this diameter, 1f the tube is
wide enough to let the hiquid run in a con-
tinued fiream, eleCricity accelerates it a
little; but lefs than a perfon would 1ma-
gine, if he judged by the number of jets

which are formed, and by the diftance t
“ which they go. -

(14

(11

[ 44
it
(11
L1

(11

* Recherches, p. 527. Phil. Tranf, abridged, Vol. x. p. 382,
6 3! }.-F
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¢ 3. Ir the tube be a capillary one, from
# which the water only drops naturally, the
¢ eleCtrified jet not only becomes a continu-
¢ ed ftream, and even divided into {everal
¢ fireams, but is alfo confiderably accelerat-
¢ ed; and the fmaller the capillary tube
“ is, the greater, in proportion, is this ac-
¢ celeration.

¢ 4. So great, is the effe¢t of the electric
$¢ virtue, that it drives the water in a con-
¢ ftant {tream out of a very fmall capillary
¢ tube, out of which it had not before been
“ able even to drop.”

THE moft unaccountable of thefe experi-
ments, as the ingenious Abb¢ acknowledges,
are thofe which fuppofe a retardation of the
ele&rified current, and he long doubted the
fat; but a great number of experiments,
carefully noted in his journal, obliged him to
admit it, though ftill with hefitation, and to
account for it in the beft manner he could;
which, indeed, is not very fatisfaétory *

TrE béautiful appearance of thefe ftreams
of ele@rified water, when the experiment
was exhibited in the dark, is particularly de-
fcribed by this author, after Mefirs. Boze and
Gordon, who firft obferved it T.

THesk laft experiments ferved as a bafis to
the Abb¢’s future inquiries. He conlidered
all organized bodies as aflemblages of capil-
lary tubes, filled with a fluid that tends to run
through them, and often to iffue out of them.

® Recherches, p. 351, t Ibid. p. 354
In
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In confequenee of this idea, he imagined,
that the ele@ric virtue might poffibly com-
municate fome motion to the fap of veget-
ables, and alfo augment the infenfible per-
{piration of animals. He began with the fol-
lowing experiments, the refult of which con=-
firmed his fuppofition ¥,

He eletrified for four or five hours to-
gether, fruits, green plants, and {punges,
dipped in water which he had carefully
weighed ; and found that, after the experi-
ment, all thofe bodies were remarkably lighter
than others of the fame kind, weighed with
them, both before and after the experiment,
and kept in the fame place and temper 7.

Tug eleCrification of growing vegetables
was firft begun in Britain. Mr. Maimbray
at Edinburgh ele@rified two myrtle trees, dur-
ing the whole month of O&ober 1746; when
they put forth finall branches and blofloms
fooner than other thrubs of the {fame kind,
which had not been ele&rified. Mr. Nollet,
hearing of this experiment, was encouraged
to try it himfelf |

Hr took two garden pots, filled with the
{fame ecarth, and {owed with the fame feeds.
He kept them conftantly in the fame place,
and took the {fame care of them; except that
one of the two was eleCirified fifteen days to-
gether, for two or three, and fometimes four
hours a day. The confequence was, that the

*®* Recherches, p. 3c¢.
+ Phil. Tranf, abridged, Vol. x. p. 3%3,
I Recarrches, 356.

ele@n- |
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eledirified pot always fhewed the fprouts of
its feeds two or threee days fooner than the
other. It alfo threw out a greater number of
fhoots, and thofe longer in a given time;
which made him believe, that the ele@Gric vir=
tue helped to open and difplay the germs, and
thereby to facilitate the growth of plants.
This, however, our cautious philofopher only -
ealls a conjetture, which required farthes
confirmation. The feafon, he fays, wag then
too far advanced to allow him to make as
many experiments as he could have wifhed,
but he fays the next eourfe of experiments
had greater certainty, and they are not lefs
interefting *,

THe fame experiments were carrying on
about the fame time by Mr. jallabert, Mr.
Boze, and the Abb¢ Menon, principal of the
college of Bueil at Angers, who all drew the
fame conelufions from them .

Tue Abbé chofe feveral pairs of animals
of different kinds, cats, pigeons, chaflinches,
{parrows, &c. All thefe he put into feparate
wooden cages, and weighed them. One of
each pair he ele@rified for five or {ix hours
together, and then weighed them again, The
refult was, that the eleétribed cat was com-
monly fixty-five or feventy grains lighter than
the other, the pigeon from thirty-five to
thirty-eight grains, the chaffinch or fparrow
fix or feven grains. In order to have no-
thing to charge upon the difference tha,

* Recherches, p. 358, &c. Phil. Tranl. abridged, Vol. x.
P 383 # Recherches, p. 157.

mighf
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might arife from the temperament of the in=
dividuals he happened to pitch upon, he re~
peated the fame experiments, by ele@rifying
that animal of each pair whi¢ch had not
been eleCirified before ; and, notwithftanding
fome {mall varieties the ele@rified animal was
conftantly lighter than the other m propor-
tion *,

ArTER thefe experiments, he had no
doubt but that elecricity increafed the infen~
fible perfpiration of animals, but it was not
¢ertain whether this inéreafe was in the ratio
of their bulks, or in that of their furfaces.
The Abbe’s opinion was, that it was neither
in the one, nor the other, ftritlly {peaking,
but 1n a ratio much more nearly approaching
the latter than the former; fo that he ima-<
gined, there was no room to apprehend, that
a human perfon elettrified would lofe near a
fiftieth part of his weight, as it appeared tohim
to have happened to one fort of bird; nor
140th part, as to the pigeon, &c. All that
he had then obferved upon that head was, that
a voung man or woman, between the ages of
twenty and thirty, from being eleCirified five
hours together, had loft feveral ounces of
their weight, more than they were wont to
lofe when they were not elerified .

Tue Abbe obferves, that no inconvenience
whatever was felt by the perfons who {ub-
mitted to be eletrified 1 this manner. They

* Recherches, p. 366, &ec,
+ Phil. Tranf. abridged, Vol. x. p. 324. Recherches,
P- 35z.

only
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- ¢nly found themfelves a little exhaufled, and
had got a better appetite. Ie adds, that none
of them found themfelves {enfibly warmery
and that he could not percewe that their pulfe
was ercreafed *.

Trese laft experiments on human bod:c*s,
he juftly obferves, are difficult to puriue with
‘exainefs, becaufe the cloathing, which can-
not firictly be compared to the hairs or
feathers of animals, retains a confiderable
thare of the perfpired matter, and prevents
our forming a good judgment of the whole
effect of the eleétric virtue.

Tre foregoing experiments, he {ays, con-
vinced him of the reality of the offuent mat-
. ter, carrying away with it the Pt‘lfpll‘{blﬂ’
- parts of bodies, and whatcould be evaporated
from their furfaces. And he was convinced
of the affluent matter, by oblerving all thofe
effets produced, if, inftead of ecle&rifying
bodies themfelves, they were only brought
near a large body which*was eleétrified. He
motiftened a thick fpunge in water, and cut it
into two pieces, and then weighed the parts
{eparately, and placing the whole near a large
ele@ritied body ; he found that, after an elec~
trification of five or fix hours, that part of
the {punge which was nearer to the ele@rified
‘body had loft more weight than the other.
Trom this fa@ he concluded, that if any part
of ananimal body was prefented to a large
eleCtrified fubftance, 1t would perfpire more

* Recherches, o, 389,

than
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than the other, and that perhaps obftrics
tions might by this means be removed from
the pores of it *,

Tue experiments above recited of Mr.
Nollet by no means fatisfied the Englifh phi-
lofophers, and particularly Mr. Ellicott, who
made experiments to refute the theory which
the author had deduced from them. He obferv=
ed that the {yphon, though elerified, would
only deliver the water by drops, if the bafon
in which the watet was contained was elec~
trified too. But this does not invalidate Mr.
Nollet’s curious experiments upon the {ubject
of evaporation and perfpiration. For when
an animal body is ele&rified, there is always
non-eleftric matter enough in the atmofphere,
to anfwer the purpofe of the uneleétrified ba=
fon, in the experiment of the capillary tube;
thereby to caufe a continual exhalation of thé
perfpirable matter from the pores of the fkin.
Befides, the capillary tube will, in fact, unite
the water in a conftant fiream, when it has
only the open air to throw it into. In all de-
bates upon fubjects in natural philofophy,
falts ought only to be oppofed to fa&ts. The
veracity of the Abbé Nollet is not to be called
in queftion ; though it muft be acknowledged,
that, in his later writings, at a time when his
favourite fyftem was in danger, he makes |
miftakes with refpe to the fadts that nears
ly affeét it.

* Phil, Tranf. abrfdged,r Vol. x. p 383.
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To account for the appearance of light,
which feems, in fome cafes, to iflue from a
non-electric body prefented to an excited elec-
tric, and which Mr. Nollet thought to be the
affluent maitter, Mr. Ellicott fuppofes that it
was the light which had come from the elec=
tric. In accounting for the fufpenfion of leaf
gold between adn eleétrified and an unele&ri=
fied plate, Mr. Ellicott’s theory made it ne-
ceflary to {fuppofe (what Dr. Franklin after-
wards found not to be fact) that the leaf gold
will always be fufpended nearer the unelec-
trified than the eleétrified plate,

In his anfwer to Mr. Nollet, Mr. Ellicott
alfo endeavours to account for the eleCric
matter iffuing from a point at the extremity
of the conidu@or, more fenfibly than if it had
terminatéd round of flat. He fays that the
effluvia, in rufthing from the globe along the
conductor, as they approached the point,
were brought nearet together, and therefore
were denfer ‘thete than in any part of the
rod. Confequently, he fays, if the light be
6wing to the denfity and velocity of the efflu=
via, it will be vifible at the point, and no
where elfe. This, as far as [ can find, was
the firft attempt to account for this phenome-
fion; but it by no means accounts for the
whole virtue of the conductor being diflipat-
ed from fuch points. Indeed, it is no wonder
that the influence of points which are but im-
perfectly underftood even at this day, furmfhed
too difficult a problem fo many years ago *

* Phil. Tranf, abridged, Vo x, p. 593
N It
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IT will, now, be univerfally acknowledg-=
ed, that there was very great merit in thefe
experiments of the Abbé Nollet, made upon
animal and other organized bodies. He open-
ed a new and noble field of ele&rical difco-
veries, and he purfued them with great at-
tention, perfeverance, and expence. This laft
circumftance, 1 fuppofe, may have been the
reafon why his experiments have not, as far as
I can find, been refumed and purfued by any
ele@rician fince his time, though there {feems
to be great room to improve upon what he
began. The only method in which they can
be conducted to any purpofe, would be by the

“the help of a machine for perpetual eletrifi-
<cation, to go by wind or water ; which would,
likewile, ferve for many other capital experi—
ments in elefricity. This application of
eleQricity, in particular, may perhaps be of
more ufe in medicine, than any other mode in
which 1t has hitherto been adminiftered.

Mz, JarraBerT of Geneva carried the
experiments on plants farther than the Abbé
Nollet had done; and, by elecirifying bottles
in which the plants were growing in water,
and placing 1n the fame expofure other bot-
tles, containing plants of the {fame kind; he
proved, in the cleareft manner, that the elec~
trified plants always grew tafter, and had finer
{tems, leaves, and flowers than thofe which
were not eleétrified, and confumed more of
their water ¥,

* Beccaria dell’ elettricilmo naturale et artificiale, p. 1235.

SECTION
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THE HISTORY OF THE MEDICATED TUBRES,
AND OTHER COMMUNICATIONS OF MEDI~
CINAL VIRTUES BY ELECTRICITY; WITH
THEIR VARIOUS REFUTATIONS,

N the courfe of this hiftory we have feen
frequent inftances of felf-deception, for
want of perfons attending to all the eflential
circumftances of facs; but nothing we have
yet feen equals what was exhibited in the
years 1747 and 1748. Mr. Grey’s decep-
tions were chiefly owing to his miftaking the
caufe of real appearances; but in this cafe
we can hardly help thinking, that, not only
the imagination and judgment, but even all
the external fenfes of philofophetrs muft have
been impofed upon. It was afferted by Sig-
nior Pivati at Venice (who has all the merit
of thefe extraordinary difcoveries), and, after
him, by Mr. Verati at Bologna, Mr. Bianchi
at Turin, and Mr. Winckler at Leipfick, that
if odorous fubftances were confined in glafs
veflels, and the wveflels excited, the odours
and other medicinal virtues would tranfpire
through the glafs, infe& the atmofphere of
the conductor, and communicate the virtue
to all perfons in conta& with it; alfo that
thofe fubftances, held in the hands of perfons
ele@rified, would communicate their virtues
to them; fo that medicines might be made to
N 2 operate
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operate without being taken into the ftomach-
They even pretended to have wrought many
cures by the help of elediricity applied this.
way. Someof the more curious ot thele pre-
tended experiments deferve to be recorded,
for the entertainment and inftru&ion of pofte-
rity.
- Tue forementioned Signior Johannes Fran -
cifco Pivati, a perfon of eminence at Venice,
{fays, in an Italian epiftle, printed at Venice
with all the ufual licences, in the year 1747,
that a manifeft example of the virtue of elec~
tricity was fhown in the balfam of Peru,
which was {fo concealed in a glafs cylinder,
that, before the excitation of it, not the leaft
{mell could by any means be difcovered. A
man who, haﬂng a pain in his fide, hadap-
plied hyflop to it, by the advice of a phyfici~
an, approached the cylinder thus prepared,
and was eleétrified by it. The confequence
was, that when he went home, and fell afleep,
he {weated, and the power of the balfam was
fo difperfed, that even his cloaths, the bed,
and chamber, all fmelled of it. When he had
refrefhed himfelf by his{leep, he combed his
head, and found the balfam to have pene-
trated his hair; fo that the very comb was
perfumed *. |

The next day, Signior Pivati fays, heelec-
trified a man in health in the fame manner,
who knew nothing of what had been done be-
fore. On his going into company half an

* Phil. Tranf, abridged, Vol.x. p. 400.
hour
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hour afterwards, he found a gradual warmth
diffuling itfelf through his whole body, and
he grew more lively and chearful than ufual.
His companion was furprifed at an odour, and
could not imagine whence 1t procecded, but
fre himfelf perceived that the fume arofe from
bis own body, at which he alfo was much
furprifed, not having the leaft {ufpicion that
it was owing to the operation which had been
performed upon him by Signior Pivati*.
- MR, WinckLER of Leipfick, being ftruck
avith fo extraordinary arelation, fays, thathe
- was delirous of trying the power of eleétrici-
ty on certain fubftances in the fame manner,
and that he found the event to confirm what
had been related .

HE put {fome pounded fulphur into a glafs
{phere, fo well covered and ftopped, that, on
turning it over the fire, there was not the
leaft fmell of fulphur perceived. When the
{phere was cold he eletrified it; and, im-
mediately, a fulphureous vapour iffued from
it, and, on continuing the elefiricity, filled
the air, fo as to be {melled at the digance of
more -than ten feet. He called in a friend
well verfed in eletricity, profeflor Haubold,
and feveral others, as witnefles and judges
- of this fac; but they were prefently driven
away by the ftench of the fulpbur. He ftaid
a little longer himfelf in this {ulphureous at-
- mofphere, and was fo impregnated thereby,
that his body, cloaths, and breath retained

* Phil, Tranf, abridged, Vol. x, p. 401. 1 Ibid,
N 3 the
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the odour even the next day. On repeating
this experiment in the prefence of a perfon

. who was converfant with the efe&s of {ful-

phur, the {igns of an inflamed blood were vi-
iible in his mouth on the third day *,

ArTER this he tried the effe& of a more
agreeable fmell, and filled the {phere with
cinnamon. When he had heated this as be-
fore, the fmell of cinnamon was {foon perceiv-
ed by the company, and the whole room was
in a thort 1ime fo perfumed by it, that it im-
mediately aifected the nofes of all who came
in, and the odour remained the next da}*

He tried the balfam of Peru with the like
fuccefs, when his abave mentioned friend
(whofe teftimony, he fays, he did not care to
be without) after he had reccived the power
of the balfam, {fmelled fo ftrong of it, that
going abroad to fupper, he was often afked
by the company what prefume he had about
him. The next day, when Mr. Winckler
was drinking tea, he fays, he found an un-
ufual {weet tafte, owing to the fumes of the
balfam that ftill remained in his mouth .

In a few days, when the fphere had loft all
the {cent of the balfam, they let a chain out
of the chamber window, and extended it
threugh the open air, into another room de-
tached from the former. Here they {ufpend-
ed the chain on filken lines, and gave it into
the hand of a man, who alfo ftood on extend-
ed filken lines, and knew nothing of their

® Phil. Tranf, abridged, Vol x: p. 401, + Ibid.
purpole.
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purpofe. When the eletricity had been ex-
cited for fome time, the man was afked
whether he {melled any thing ; and, on {nut-
fing up his nofe, he faid he did. Being afk-
ed again what {mell it was, he faid he did
not know. When the ele@&rification had been
continued for about a quarter of an hour, the
room imelled {o fitrong of it, that the man,
who knew nothing of the balfam, faid his
nofe was filled with a fweet {mell, like that
of fome fort of balfam. After fleeping in a
houfe, a confiderable diftance from the room
where the experiment was tried, he rofe very
chearfully in the morning, and found a more
leafant tafte than ordinary in his tea *,

I sHALL only give an account of two ine
ftances of the effect of medicine applied in
this manner. The afiftance of Signior Piva-
ti, the celebrated inventor of this improve-
ment in eleCtricity, was implored by a young
gentleman, who was miferably afflicted by a
guantity of corrupted matter colleCted in his
foot, that eluded all the attempts of the phy-
{icians, Signior Pivati filled a glafs cylinder
with proper materials; and, having ele&ri-
fied it, drew {parks from the part affeGed,
and continued the operation for fome minutes.
When the patient went to bed, he had a good
night, and a mitigation of his pain.  When
he awaked in the morning, he found a fmall
red tubercle on his foot, which only itched,
as if a cold humour had flowed through the

¢ Phil, Tranl, abridged, Vol. x. p. 4c1.
N 4 inner
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inner part of his foot. He fweated every
night for eight days together, and at the end
of that time was perfeltly well.

ArTEeR this, Signior Donadoni, bithop of
Sebenico, came to Signior Pivati, attepded by
his phyfician and fome friends. His lordfhip
was at that time feventy-five years old, and
had been afflicted with pains in his hands and
fe et for feveral years. The gout had fo af-
fected his fingers, that he was not able to
move them ; and his legs, fo that he could
not bend his knees. In this deplorable fitua-
tion, the poor old bithop intreated Signior
Pivati to try the effeéts of elericity on
him. The elerician undertook 1t, and pro-
cceded after the following manner. He
filled a glafs cylinder with difcutient medi-
cines, and managed it {o, that the eleéric
virtue might enter into the patient, who pre-
fently feit fome unufual commotions in his
fingers ; and the action of elediricity bad been
cantmued but two minutes, when his lord-
fhip opened and thut both his hands, gave a
hearty fqueeze to one of his attendants, got
up, walked, fmote his hands together, help-
ed himfelf to a chair, and fat down, wonder-
ing at his own ftrength, and hardly know-
ing whether it was not a dream. At length
he walked out of the chamber down ﬂalra,
without any aﬂiﬁance, and with all the ala-
crity of a young man *.

¢ Philofophical Tranfaétions abridged, Vol. x. p. 403.
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A vARrRIETY of fa&ts of this nature being
publithed, and ﬁ,Emmgly well attefted, en-
gaged all the ele@ricians of Eumpe to repeat
thefe experiments ;- but none of them could
fucceed but thofe mentioned above, An ex-
cellent remark of Mr. Baker’s, who advifed
trying all thefe experiments, notwithftanding
- their feeming very improbable, deferves to
be quoted here. ‘¢ Romantic as thefe things
“ may feem, they fhould not be abfolutely
¢ condemned without a fair trial, {fince we
¢ all, T believe remember the time, when
¢ thofe phenomena in eleéricity, which are
¢ now the molt common and familiar to us,
¢« would havebeen thought deferving as little
¢t credit as the cafes under confideration may
¢« {eem to do, had accounts of them been fent
¢ to us from Rome, Venice, or Bologna,
« and had We never expenenced them our-
¢ felves *.»

To fee thefe wonders, and to be aflured of
their truth or fallacy, Mr. Nollet, who was
deeply interefted in every thing that related
to his favnur;te ftudy, and who fet no bounds
to his labour or expences, in the purfuit of
truth, even pafled the Alps, and travelled in~
to Italy, where he vifited all the gentlemen
who had publithed any account of thefe expe-
riments. But though he engaged them to re-
peat their experiments in his prefence, and

upon himfelf; and though he made it his bu-
finefs to get all the beft information he could

* Phil, Tranf, abridged, Vol. x. p. 406.
concerning
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concerning them, he returned, convinced that
the accounts of cures had been much exagge-
rated; that in no one inftance had odours
been tound to tranipire through the pores of
excited glafs; and that go drugs had evef
communicated thcu' virtues to perﬁ:}ns who
only held them in their hands while eleCri-
fied.

HEe had no doubt, howewver, but that, by
continued eleﬂnﬁcatmn, without drugs, fe-
veral perfons had found confiderable relief in
various diforders; particularly, that a para-
lytic perfon had been cured at Geneva, and
that a perfon deaf of one ear, a footman who
had a violent pain in his head, and a woman
who had a dlgrder in her eyes, were cured at
Bologna *.

THF Engh{h philofophers fhowed no lefs
attention to this fubject than the Abbé Nollet.
The Royal Society had received an account
from Mr. Winckler of his experiments, tq
prove the tranfudation of odoriferous matter
through the pores of excited glafs; and none
of them fucceeding here, the fecretary was
defired to write to Mr. Winckler, in the
name of the fociety, deliring him to tran{mit
to them, not only a circumftantial account of
his manner of making the experiments, but
likewife fome globes and tubes, fitted up by
himfelf, for that purpofe.

Tuese veflels, and direGions how to ufe
them, Mr. Winckler a&ually fent, and the

* Phil. T'ranf. abridged, Vol. x. p. 413, &c.
experi=
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experiments were made with every poffibie
precaution, at the houfe of Dr. Wation (the
moft interefted and a&tive perfon in the king-
dom in every thing relating to eleétricity) on
the 12th af June 17g51. There were prefert
Martin Folkes, prefident of the Royal Society,
Nicholas Mann, Efq. vice preﬁdcnt, Dr. Mor-
timeg, and Peter Daval, Efg. fecretaries, Mr.
Canton a fellow, and Mr. Shroder, a gentle-
man of diftin&ion, well known to, and cor-
refponding with Mr. Winckler. But, not-
withftanding all the pains thefe gentlemen
took, purfuing, with the utmoft exactnefs, the
d1rea1c-ns of Mr. Winckler, and alfo ufing
methods of their own, which they thc}ught
ftill better adapted to force the effluvia through
the glafs, they were unfuccefsful. They
were not able to verify Mr. Winckler’s ex-~
periments even in one fingle inftance *.

But perhaps the moft fatisfattory refuta-
tion both of this pretended tranfudation of
ﬂdﬂurs, and the medicinal effeéts of eleélri-
¢city above mentioned, was made at Venice,
the very place where this medical ele&ricity
took its rife. The experiments were made by
Dr. Bianchini, profeflor of medicine, in the
prefence of a great number of witnefles, many
of them prejudiced in favour of the pretended
difcoveries; but they were all forced to be
convinced of their futility, by the evidence of
falts, and by experiments made with the
greatelt care and accuracy T.

* Phil, Tranf. abridged, Vol. xlvii. p. 3z21.
+ 1bid. Vol. xlviii, p. 399.

AFTER
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ArTER the publication of thefe accounts
properly attefted, every unprejudiced perfen
was fatisfied, that the pretended difcoveries
from Italy and Leipfick, which had raifed
the expe&tation of all the ele@ricians in Eu-
rope, had no foundation in faét; and that
no method had yet been difcovered whereby
the power of medicine could by eleétricity
be made to infinuate itfelf into the human
body *,

LastLy, I would obferve, that Dr. Frank- .
lin alfo thowed, by feveral experiments, the
impoflibility of mixing the effluvia or virtue
of medicines with the ele&ric fluid .

In fome refpeéls fimilar to the experiments
with the medicated tubes {as thofe mentioned
above were ufually called) was that of pro-
feffor Boze, which he termed the beatification;
and which, for a long time, employed other
elefiricians to repeat after him, but to no
purpofe. His defcription of this famous ex-
periment was, that if, in eleftrifying, large
globes were employed, and the eleGrified
perfon were placed upon large cakes of pitch,
a lambent flame would by degrees arife from
the pitch, and fpread itfelf round his feet;
and that from thence it would be propagated
to his knees and body, till, at laft, ‘it afcend-
ed to his head; that then, by continuing the
cleGrification, the perfon’s head would be
{urrounded by a glory, fuch a one, in fome

* Phil. Tranf, abridged, Vol.-xlviii, p. 400,
+ Franklin’s Letters, p, 82.
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meafure, as is reprefented by painters in their
ornamenting the heads of faints *,

Tris experiment, as well as that of the
medicated tubes, fet all the eleéiricians in
Europe to work, and put them to a great deal
of expence ; but none of them could fucceed,
{o as to produce an appearance any thing like
that defcribed by Mr. Boze. No perfon took
more pains in *h is bufinefs than Dr. Watfon.
He himfelf underwent the operation {everal
times, fupported by folid eleétrics three feet
~high. Upon being eleétrified very ftrongly,
he found, as be fays feveral other perfons
alfo did, a tingling upon the fkin of his head,
and in many parts of his body, or fuch a fen-
fation as would be felt from a vaft number of
infeéts crawling over him at the fame time;
and he conftantly obferved the fenfation to be
the greateft in thofe parts of his body which
were neareft to any non-eleéiric, but fhill no
light appeared upon his head, though the ex-
periment was feveral times made in the dark,
and with fome continuance T.

AT length the Doftor, wearied with thefe
fruitlefs attempts, wrote to the profeffor, and
his anfwer thowed that the whole had been a
mere trick, He candidly acknowledged, that
he had made ufe of a fuit of armour, which
was decked with many bullions of fteel, fome
pointed like nails, fome like wedges, and
fome pyramidal; and that when the eleétri-
zation was very vigorous, the edges of the

* Phil, Tranf. abridged, Vol. x, p. 411. + Ibid.

helmet



190 - Mr. BO Z E’s

helmet would dart forth rays, fomething
like thofe which are painted on the heads
of faints. And this was all his boafted bea-
tification *.

Tuis fame Mr. Boze, who feéms to have
had a fingular affeGation of fomething myfte-
rious and marvellous in his experiments, in a
letter to the Royal Society at London, faid that
he had been able, by eleCricity only, to in-
vert the poles of a natural magnet, to deftroy
their virtue, and to reftore it again, but he
did not defcribe his method . Confidering
that no perfon in England could f{ucceed in
this attempt, and that we are now able to do
it but imperfectly, it is hardly probable that
he did it at all.

Tuere fecms to have been {fome decep-
tion in an experiment which the worthy and
excellent Dr. Hales communicated to the
Royal Society this year, when he fays,
that he obferved the ele@ric fpark from
warm iron to be of a bright light colour
from warm ecopper, green; and from a
warm egg, of a yellowith flame colour,
Thele experiments, he faid, feemed to argue,
that fome particles of thofe different bodies
were carried off in the ele@ric flafthes,
whence thofe  different colours were ex-
hibited J.

I smarr conclude this fe&tion, which
might juftly be intitled the marvellous, with

* Phil. Tranf. abridged, Vol. x. p. 413.
+ Wilfon’s Effay, p. 219.
1 Phil. Tranf. abridged, Vol, x. p. 406.
mention-
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mentioning the furprifing effe& of an elec-
tric fpark in fetting fire to a fuftian frock,
on a fon of Mr. Robert Roche, when he
was ele@rified for fome diforder. I do not
queftion the fa. The experiment was
repeated, and it anfwered again as well as
at the firft time, when it was merely acciden-
tal. The paper containing this account

was read at the Royal Society on the 29th of
May 1743 *

PR Y PcO S B U

'THE EXPERIMENTS AND DISCOVERIES OF
Dr. FRANKLIN.

e I B A L8 E R

Dr. FRANKLIN’s DISCOVERIES CONCERN-

ING THE LEYDEN PHIAL, AND OTHERS
CONNECTED WITH THEM.

E have hitherty feen what had been

done in eletricity by the Englith
philofophers, and thofe on the continent of
Europe, till about the year 1750; but our
attention 1s now ftrongly called to what was
doing on the continent of America; where
Dr. Franklin and his friends were as afliduous

in trying experiments, and as fuccefsful in

® Phil, Tranf. abridged, Vol. x. p. 406.
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making difcoveries, as any of their brethren
in Europe. For this purpofe, we muft look
back a few years. As Dr. Frankhn’s difco-
veries were made intirely independent of any
in Furope, | was unwilling to iaterrupt the
former general account, by introducing them
in their proper year. For the fame rcafon, I
imagine, it will be generally more agreeable,
to {ee, at one view, what was done in Ame=
rica for fome confiderable {pace of time, with-
out interrupting this account with what was
doing, in the mean time, in Europe. 1 fhall,

therefore, digefty, in the beft manner [ can,

the three firft publications of Dr. Franklin,
entitled New Experiments and Objervations on
Electricity, made at Philadelphia in America;
communicated in feveral letters to Peter Col-
linfon, Efg. of London, fellow of .the Royal
Society; the firft of which is dated July 25th,
1747, and the laft April 18th, 1754.
NoTHING was ever written upon the {ub-<
- je& of eleCiricity which was more generally

read and admired in all parts of Europe than °
thefe letters. There is hardly any European |
language into which they have not been tranf=

lated; and, as if this were not f{ufficient to

make them properly known, a tranflation of
them has lately been made into Latin. Itis |
not ealy to fay, whether we are moft pleafed |

with the fimplicity and perfpicuity with
which thefe letters are written, the modefty

with which the author propofes every hypo-
thefis of his own, or the noble franknefs

with which he relates his miftakes, when
they
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they were correCted by fubfequent experi-
ments.

TroucH the Englith have not been back-
ward in acknowledging the great merit of
this philofopher; he has had the fingular good
fortune to be, perhaps even more celebrated
abroad than at home; fo that to form a juft
idea of the great and deferved reputation of
Dr. Franklin, we muft read the foreign pub=
lications on the fubje of electricity ; in many
of which the terms Franklinifiny Frankliniff,
and the Frankiinian fyflem occur in almoft
every pages In confequence of this, Dr.
Franklin’s principles bid fair to be handed
down to pofterity, as exprefiive of the true
principles of electricity ; juft as the New-
tonian philofophy is of the true fyftem of na-
ture in general.

Tue zeal of Dr. Franklin’s friends, and
his reputation, were confliderably increafed
by the oppofition which the Abbé Nollet
made to his theory. The Abb¢, however,
never had any confiderable {econds in the con~-
trover{y, and thofe he had, 1 am informed,
have all deferted him.

THE rife of Dr. Franklin’s fame in France
was firft occalioned by abad tranilation of his
letters falling into the hands of Mr. Buffon,
intendant of the French King’s gardens, and
author of the Natural Hiftory for which he is
famous. This gentleman, having fuccefs-
fully repeated Dr. Franklin’s experiments, en-
gaged a friend of his, Mr. Dalibard, to reviie
the tranflation; which was afterwards publiﬂé—n

O ed,
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ed, with a fhort hiftory of ele&tricity prefix-
ed to it, and met with a very favourable re-
ception from all ranks of people. What con-
tributed not a little to the fuccefs of this pub-
lication, and to bring Dr. Franklin’s prin~
ciples into vogue in France, was a friend of
Mr. Dalibard’s exhibiting Dr. Franklin’s ex-
periments for money. All the world, in a
manner, flocked to fee thefe new experiments,
and all returned full of admiration for the in-
ventor of them ¥,
DR, Franxrin had difcovered, as well as
Dr. Watfon, that the eleric matter was not
created, but colle&ted by friction, from the
neighbouring non-eleétric bodies. He had
obferved, that it was impoflible for a man to
electrify himfelf, though he ftood upon glafs
or wax ; for that the tube could communicate
to him no more ele&ricity than it had received
from him in the a& of excitation. He had
obferved, that if two perfons ftood upon wax,
one of which rubbed the tube, and the other °
took the fire from it, they would both appear
to be eletrified ; that if they touched one an-
other after that operation, a ftronger fpark
would be perceived between them, than when
any other perfon touched either of them; and
‘that fuch a {park would take away the ele@ri~
city of both t.
THuEsE experiments led the Do&or to think,
that the electric fluid was conveyed from the
-perfon who rubbed the tube to him who touch-

® Nollet’s Letters, Vol.i. p. 4. -
1 Franklin's Letters, p. 14.

ed



rue LEYDEN PHIAL 195

ed it ; which introduced fome terms in ele@ri-
city that had not been ufed before, but have
continued in ufe ever fince. 'The perfon who
touched the tube was faid, by Dr. Franklin,
to be electrified pofitively, or plus; being fup-
pofed to receive an additional quantity of
" eleCtric fire: whereas the perfon who rubbed
the tube was faid to be ele@rified negatively,
or minus ; being {uppofed to have loft a part
of his natural quantity of the eleftric fluid *.

T'HIs obfervation was neceflary to explain
the capital difcovery which Dr. Franklin made
with refpe@ to the manner of charging the
Leyden phial ; which is, that when one fide
of the glafu is ele@rified pofitively, or plus,
the other fide is eleCtrified negatively, or mz-
nus; fo that whatever quantity of fire is
thrown upon one fide of the glafs, the fame
is thrown out of the other; and there is
really no more cle€ric fire in the phial after it
is charged than before; all that can be done
by charging, being to take from' one fide,
and convey to the other. Dr. Franklin alfo
obferved, that glafs was impervious to eletri-
city, and that, therefore, {ince the equili-
brium could not be reftored. to the charged
phial by any internal communication, it muft
be done by conduors externally, joining the
infide and the outfide 7.

THESE capital difcoveries he made by ob-
ferving, that when a phial was charged, a

c_ﬂrk ball fufpended on filk would be attracted

* Franklin’s Letters, p. 15. t Ibid. p. 3.
O a2 by
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by the outfide coating, when it was repelled
by a wire communicating with the infide;
and that it would be repelled by the outfide,
when it was attralted by the infide®. But
thetruth of this maxim appeared more evident
when he brought the knob of the wire com-
municating with the outfide coating within a
few inches of the wire communicating with
the infide coating, and fufpended a cork ball
between them; for, in that cafe, the ball was
attrated by them alternately, till the phial
was difcharged .

Tue European eleftricians had 'obferved,
that a2 phial could not be charged unlefs fome
conduétor was in conta& with the outfide;
but Dr. Franklin made the obfervation more
general, and alfo was able, by the principle
above mentioned, to give a better account of
it. As no more eletric fire, he fays, can be
thrown into the infide of a phial when all is
driven from the outfide; fo, in a phial not
yet charged, none can be thrown into the
infide when none can be got from the out-
fide. He alfo thowed, by a beautiful experi-
ment, that, when the phial was charged, one
fide loft exadtly as much as the other gained,
in reftoring the equilibrium. Hanging a
imall linen thread near the coating of an elec-
trified phial, he obferved, that every time he
brought his finger near the wire, the thread
‘was attracted by the coating. For as the fire
was taken from the infide by touching the

* Franklin’s Letters, p. 4. + Ibid, p. 5.
8 wire,
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wire, the outfide drew in an equal quantity
by the thread *.

He proved that, in difcharging the phial,
the giving from one fide was exaétly equal
to the receiving by the other, by placing a
perfon upon eleétrics, and making him dif=
charge the phial through his body; when he
obferved, that no elericity remained in him
after the difchargeT. He alfo hung cork
balls upon an infulated conduor at the time
of the difcharge of a phial hanging to it; and
obferved, that if they did not repel before the
explofion, they did not repel at the time, nor
after f. But the experiment which moft
completely proved, that the coating on one
fide received juft as much as was emitted from
the difcharge of the other, was the follow-
ing.
gHE infulated his rubber, and then, hanging a
phial to his conduéor, he found it could not
be charged, even though his hand was held
conftantly to it; becaufe, though the eleétric
fire might leave the outfide of the phial,
there was none colleGted by the rubber to be
conveyed into the infide. He then took
away his hand from the phial, and forming a
communication, by a wire from the outfide
coating to the infulated rubber, he found
that it was charged with eafe. In this cafe, it
was plain, that the very fame fire which left
the outfide coating was conveyed by the way
of the rubber, the globe, the conductor,

* Franklin’s Letters, p. 3. + Ibid p. 8.

1 Ibid. p. 84.
O3 and
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and the wire of the phial, into the in-
fide *.

Dr. FRankLIN’s new theory of charging
the Leyden phial led him to obferve a great
variety of faQs, relating both to charging and
difcharging 1it, than other philofophers had
attended to. He found that the phial would
be ele@rified as ftrongly if it were held by
the hook, and the coating applied to the
globe or tube, as if it were held by the coat-
ing, and the hook applied; and, confequent~
ly, that there would be the fame explofion,
and thock, if the electrified phial were held
in one hand by the hook, and the coating
touched with the other, as when held by the
coating, and touched at the hook. To take
the charged phial by the hook with {fafety,
and not diminifth 1ts force, he obferves,
that it muft firft be fet. down upon. eledlrics
per fe .

- Dr, FrANKLIN obferved, that if a man
held in his hand two phials, the one fully
ele@rified, and the other not at all, and
brought their hooks together, he would have
but half a fhock: for the phials would both
remain only half’ ele@rified, the one being =
half charged, and the other balf difcharged .

IF two phials were charged both through
their hooks, a cork ball {ufpended on filk,
and hanging between them, would firft be at=
tracted, and then repelled by both; but if
they were ele@rified, the one through the

* Franklin’s Lecters, 83 + 1bid. p. 10.
{ Ibid. p. z1. <

WIre,
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wire, and the other through the coating, the
ball would play vigoroufly between them
both, till they were nearly difcharged #. The
Do&or did not, at that time, take notice,
that if the phials were both charged through
their coatings (by which both the hooks
would have been eleérified minus) the ball
would be repelled by them both, as when
they were electrified plus. And when he,
afterwards, obferved that two bodies ele&ri-
fied minus repelled one another, he feems to
have been furprifed at the appearance, and ac-
knowledged that he could not fatisfactorily
account for it T.

IT was known to every eleCrician, that a
globe or tube wet on the infide would afford
little or no fire; but no good reafon was
given for it, before Dr. Franklin attempted
its explanation by the help of his general
maxim. He fays, that when a tube lined
with any non-eledtric is rubbed, what is col-
leGted from the hand by the downward firoke
enters the pores of the glafs, driving anequal
quantity out of the inner furface, into the non-
ele@ric lining; and that the hand, in pafling
up to take a fecond ftroke, takes out again
what had been thrown into the outward {ur-
face, the inner {urface at the fame time re-
ceiving back again what it had given to'the
non-cleCric lining ; fo that the particles of the
ele&tric fluid go in and out of their pores,
upon every ftroke given to the tubel,

* Franklin’s Letters, p. 21. + lbid. p. 34.

1 lbid. p. 7 6.
O 4 Ir,
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IF, in thefe circumitances, a wire was put
into the tube, he obferved, that, if one per=
fon touched the wire, while another was
rubbing the tube, and took care to withdraw
his finger as foon as he had taken the fpark,
which had been made to fly from the mﬁde,
it would be charged *.

Ir the tube was exhauﬂed of air, he ob-
ferves, that a non-eleéric lining in conta&
with the wire was not neceflary; for that, in
vacuo, the elelric fire would fly freely from
the inner {urface, without a non-eleiric con«
ductor 7. _

Uron the fame principle he accounts for
the effe@s of an excited eleéric being per-
ceived through the glafs in the vacuum be=-
yond it. The tube and its excited atmow
{phere, being brought near a glafs veflel,
repels the eleéric fluid from the inner fur-
face of the glafs; and this fluid, iffuing
from the inner furface acts upon light bodies
in the vacuum, both in its paflage from the
glafs, and likewife in its return to it, when
the cxcited clefiric on the outfide is with=
drawn f.

TH1s maxim, that whatever the phial takes
in at one furface it lofes at the other, led Dr.
',_Franklin to think of charging feveral phials
together with the fame trouble, by conneét-
ing the outfide of one with the infide of an-
other; whereby the fluid that was driven out
of t_he_ firft would be received by the fecond,

¢ Franklin’s Letters, p. 77. + Ibid,
$Ibid p. > 8

and
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and what was driven out of the fecond would
be received by the third, &c. By this'means
he found, that a great number of bottles
might be charged with the fame labour as
one only; and that they might be charged
equally high, were it not that every bottle -
receives the new fire, and lofes its old with
fome reluance, or rather gives fome {mall
refiftance to the charging. This cirumftance,
he fays, in a number of bottles, becomes
more equal to the charging power, and fo re-
pels the fire back again on the globe fooner
than a {ingle bottle would do *,

Upon this principle Dr. Franklin conftruct-
ed an elefirical battery, conlifting of eleven
panes of large fath glafs, coated on each fide,
and {o connected, that charging one of them
would charge them all. Then having a con-
trivance to bring all the giving fides in con-
ta&t with one wire, and all the receiving fides
with another, he united the force of all the
plates, and diicharged them all at once .

WHEN Dr. Franklin firft began his experi-
ments upon the Leyden phial, he imagined
that the ele@ric fire was all crowded into the
{fubftance of the non-ele@ric in contact with
the glafs; but he afterwards found, that its
power of giving a fhock lay in the glafs it-
felf, and not in the coating, by the following
ingenious analyfis of the bottle.

In order to find where the ftrength of the
charged bottle lay, he placed it upon glafs;

* Franklin® Letters, p. 12. + Ibid. p. z6.
then
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then firlt took out the cork and the wire, and
finding the virtue was not in them ; he touch-
ed the outfide coating with ‘one hand, and
put the finger of the other into'the ioith iof
the bottle; when the fhock was felt quite as
ftrong as if the cork and wire had been in it.
He then charged the phial again, and potr-
‘ing out the water into an empty bottle in-
fulated, expelled that if the force refided in
the water it would give the fhock, but he
found it gave none. He thén judged that
the ele@tric fire muft either have been loft in
decanting, or muft remain in the bottle; and
the latter he found to be true; for, filling the

charged bottle with frefh- water, he found
- the fhock, and'was fatisfied that the power of
giving it refided in the glafs itfelf * '

Tue Doltor made the {fame experiment
with panes of ‘glafs, laying the coating on
lightly, and changing it, as he had before
changed the water in the bottle, and the re-
fult was the fame in, both 7. 'This experi=
ment is more fatisfactory than the former ;
becaufe, when the water is poured out of the
phial, there ftill remainsa thin coating of the
fluid, which might be thought to contain the
power of giving a fhock.

TuaAT the ele@ric fire refided in the glafs, |

was alfo farther evident from this confidera-
tion, that when glafs was gilt, the difcharg-
ing of it would make a round hole, tearing
off a part of the gilding, which, the Dotor

* Frauklin’s Letters p. 24. 1 Thid. P25,
thought,
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thought, could only have been done by th¢
fire coming out of the glafs through the gild-
ing. He allo fays, that when the gilding
was varnifhed even with turpentine, this var-
nifh, though dry and hard, would be burned
by the fpark driven through it, yielding a
ftrong {mell, and a vifible {fmoke. Alfo,
that when a {park was driven through paper,
it would be blackened by the {fmoke, which
fometimes penetrated {everal of the leaves, and
that part of the gilding which had been torn
- off was found forcibly driven into the hole
made in the paper by the firoke. He alfo
obferved, that when a thin bottle was broken
by a charge, the glafs was broken inwards,
at the fame time that the gilding was broken
outwards *,

LasTry, Dr.Franklin difcovered, that fe=
veral fubftances which would conduc elec-
tricity in general, would not conduét the
fhock of a charged phial. A wet packthread,
for inftance, though it tranfmitted electricity
very well, fometimes failed to condu&t a
fhock ; as alfo did a cake of ice. Dry earth
too rammed into a glafs tube intirely failed
to conduct a thock, and indeed would convey
clericity but very imperfectly T.

* Franklin’s Letters, p. 32, t Ibid. p- 33.

SECTION
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SECThON .

Dr. FRANKLIN’s DISCOVERIES CONCERN=-

ING THE SIMILARITY OF LIGHTNING AND
ELECTRICITY.

H E greateft difcovery whichDr. Frank-

- lin made concerning ele&ricity, and
which has been of the greateft practical ufe
to mankind, was that of the perfe& {imilari-
ty between eleétricity and lightning., The
analogy between thefe two powers had not
been wholly unobferved by philofophers, and
efpecially by eleéricians, before the publica-
tion of Dr. Franklin’s difcovery. It was fo
obvious, that it had firuck feveral perfons. I
fhall give one inftance, in the fagacious Abbé
Nollet.

TuHE Abbé fays*, ¢ If any one fhould
¢ take upon him to prove, from a well con-
“ nefted comparifon of phenomena, that
¢ thunder 1s, in the hands of nature, what
¢ ele@tricity is in ours, that the wonders
¢ which we now exhibit at our pleafure are
<¢ little imitations of thofe great effects which
¢« frighten us, and that the whole depends
¢“ upon the fame mechanifm; if it is to be de-
¢ monftrated, that a cloud, prepared by the
¢ action of the winds, by heat, by a mix-
“ ture of exhalations, &ec. is oppofite to a

* Legons de Phyfique, Vol. iv. p. 34.
terreftrial
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LIGHTNING. 203
terreftrial object; that this is the ele@rized

.body, and, at a certain proximity from

that which is not; I avow that this idea, if
it was well fupported, would give me a
great deal of pleafure; and in fupport of
it, how many f{pecious reafons prefent
themfelves to a man who is well acquaint-
ed with elericity. The univerfality of the
ele&tric matter, the readinefs of its action,
its inflammability, and its altivity in giv-
ing fire to other bodies, its property of
ftriking bodies externally and internally,
even to their {malleft parts, the remarkable
example we have of this effect in the ex-
periment of Leyden, the idea which we
might truly adopt in fuppofing a greater
degree of ele&ric power, &ec. all thefe
points of analogy, which I have been {fome
time meditating, begin to make me be-
lieve, that one might, by taking elerici-
ty for the model, form to one’s {elf, in re-
lation to thunder and lightning, more per-
fe&& and more probable ideas than what
have been offered hitherto, &c.”

Mgr. WinckLER allo enumerated many

particulars, in which elericity and lightning
refemble one another *.

But though the Abbé, and others, had

been firuck with the obvious analogy be-
tween lightning and ele@ricity, they went no
farther than thefe arguments @ priorz. It was
Dr. Franklin who firft propofed a method of

* Dantzick Memoirs, Vol. iii. p. 528.
' verifying
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verifying this hypothefis, entertaining the
bold thought, as the Abbé Nollet exprefles
it, of brmgmg hghtmng from the hea‘vens,
of thinking that pointed iron rods, fixed in
the air, when the atmofphere was loaded with
lightning, might draw from it the matter of

the thunderbolt, and difcharge it without
noife or danger into the immenfe body of

the earth, where it would remain as it were

abforbed.
MoRreovER, though Dr. Franklin’s direc-

tions were firft begun to be put in execution

in France, he himfelf cﬂmpleted the demon-
{tration of his own problem, before he heard
of what had been done elfewhere: and he
extended his experiments fo far as actually to
imitate almoft all the known effects of light-
ning by electricity, and to perform every elec-
trical experiment by lightning.

But before I relate any of Dr. Franklin’s

experiments concerning lightning, I muft

take notice of what he obferved concerning
the power of pomnted bodies, by means of
" which he was enabled to carry his great de-

figns into execution. For he was properly

the firft who obferved the intire and wonder-
ful effect of pointed bodies, both in drawing,
and throwing off the eleétric fire.

IT was a {mall ftep towards difcovering the

effect of pointed bodies, that Carolus Auguftus

van Bergen, profeffor of medicine at Frank-
fort on the Oder, obferved that fparks taken
from a polithed body were fironger than thofe
from a rough one. He could fire fpirit eafily

6 with
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with a pmhihcd condu&or, but with difficulty’
by means of one not polithed *.
_ M=, JALLABERT was. perhaps . the firft
who obferyed that a body, pointed at one
end, and round at another, produced diffe-
rent appearances upon the fame body, ac-
cording as ‘the pointed, or round end was
- prefented to it. - Bat as Mr. Nollet, in whofe
prefence he made the experiment, fays, the
effect was not conftant, and nothing was in-
ferred from 1tT' And the Abbé acknow-
ledges, that Dr. Franklm was the firft who
fhowed the pmpertv of pointed bodies, in
drawing off elefiricity more effeCtually, and
at greater d1{tances than Gther ‘bodies could
dbiit 1. i i s

He elei’trmed an iron i'hot, three or four
‘inches in ‘diameter,” and obferved, that it
would not attract a thread, when the point of
a needle was prefented to it ; but that this was
not the cafe, unlefs the pointed body had a
communication with the earth; for, prefent-
ing the fame pointed body, ftuck on a piece
of fealing-wax, it had not that effe@ ; though
the moment the pointed body was touched
with his finger, the ele@ricity of the ball to
which it was {ufpended was difcharged. The

* Dantzick Memulrs, Vol. ii. p. 378.

+ Lettres, Vol. i. p. 130.

T Recherches, p. 132. Dr. Franklin, inthe new edition of
his Letters, p. g, fays, that the power of points to throw off
the ele@ric fire, was communicated to him by his friend
‘Mtr. Thomas Hopkinfon, who ele€rified an iron ball of three
or four inches diameter, with a necdle faltened to it, expefl-
ing to draw a fironger fpark from the point, as from a kind of
focus, but was furprifed to find little or none.

converle
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converfe of this he proved, by finding it im-
poflible to eleérify the iron thot when a fharp
needle lay upon it ¥,

By obferving points of different degrees of
acutenefs, Dr. Franklin corre&ed the con-
clufion of Mr. Ellicott, and other Englifh
ele@tricians, that a pointed body, as a piece
of leaf gold, would alwdys be fufpended
nearer tu the plate which was uneleérified
than that which was ele@rified, if it were
put between them. For the Dodor obfery-
ed, that it always removed fartheft from that
plate to which 1its fharpeft point was prefent-
ed, whether it was electrified or not; and if
one of the points was very blunt, and the
other very fharp, it would be fufpended in
the air by its blunt end, near the ele&rified
body, without any uneletrified plate being
held below it at all T.

Dr. FRANKLIN endeavoured to account
for this effect of pointed bodies, by fuppof-
ing that the bafe on which the ele&ﬁc fluid .
at the point of an ele@rified body refted, be-
ing {fmall, the attrattion by which the fluid
was held to the body was {light; and that,
for the fame reafon, the refiftance to the en-
trance of the fluid was proportionably weaker
in that place than where the furface was
flat{. But he himfelf candidly owns, that
he was not quite fatisfied with this hypothefis.
Whatever we think of Dr. Franklin’s theory
of the influence of pointed conduétors in

* Franklin’s Letters, p. 56, &c, 1 Ibid. p. 67.
t Ibid. p. ¢6,
drawing
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diawing and throwing off the ele@ric fluid,
the world is greatly indebted to him for the
praftu:a.l ufe he made of this do&trine *.

THE manner in which Dr. Fran]-_hu firlt
conceived the praticability of drawing light-
ning from the clouds may be feen in an -
E:-..tra& which he has given us from his me
morandums, November 7th, 1749, After
enumerating all the known points of refem-~
blance between lightning and eleéricity, he
concludeswith {'a-;.;fil:'.g, “The ele&tricfluid is at=
- “ tratted by points. ‘We do not know whether
§ ¥ this property be in lightning, but fince they
- *¢ agree in all the partmulars in which we can
s¢ already compare them, it is not probable that
¢ they agree likewife in this. Let the experi-
 ment be made.” Every ciccumftance relating
to a difcovery of {o much importance as this,
18 interefting and pleafing +-.

Dr. FRANKLIN begins his account of the
fimilarity of the elediric fluid and lightning
by cautioning his readers not to be ftaggered
at the great difference of the effects in point
of degree; fince that is no argument of any
difparity in their nature. It ‘is no wonder,
fays he, if the effects of the one fhould be fo
much greater than thofe of the other, For if -
two gun barrels’ electrified will ﬂtfkc at two
inches diflance, and make a loud report, at
how great a diftance will ten thoufand
acres of electrified cloud ftrike, and give

* Fran[-:hn s Letters, p. 6z.
T Lct:crs, New Edit. p. 323.

P its
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its fire, and how Iﬂud muft be that
crack ¥ |

[ smary digeft all Dr. Franklin’s obferva-
tions concerning lightning under the feveral
points of refemblance which he obferved be-
tween it and eleCricity, mentioned thefe
points of fimilarity in the order in which he
himfelf remarked them; only bringing into
one place the obfervations which may hap-
pen to lie in different parts of his letters,
when they relate to the fame fubjeét.

1. Frasugs of lightning, he begins with
obferving, are generally feen crooked, and
waving in the air. The fame," fays he, 18
the eledtric fpark always, when it is drawn
from an irregular body at fome diftance .
He might have added, when it is drawn by
an irregular body, or through a {pace m
which the beft«condu&ors are difpofed in an
irregular manner, which 1s always the cale
in the heterogeneous atmofphere of our
globe.

2. LicaTNING ftrikes the higheft and

moft pointed objeéts in its way preferably to
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others, as high hills, and trees, towers, *
fpires, mafts of fhips, points of {pears, &ec. =

In like manner, all pointed conduétors re-
ceive or throw off the eleéric fluid more i

readily than thofe which are terminated b)r
flat fur aces I.

L.icurNiNnc 1s obferved to take thﬂ' ;

iR
L Al

rﬂadl”ﬂ and beft condu&or.’ So does eletri-

* Franklin’s Letters, p. 44. + Ibid. p. 46.
1 Ibid. p. 47.

city =



- ! i
IP"IG HTNIEN G. 21t
¢ity in the difcharge of the Leyden phial. For
this reafon, the Doctor fuppofes that it would
be fafer, during a thunder {torm, to have one’s
cloaths wet than dry, as the lightning might
then, in a great meafure, be tranfmitted to
the ground, by the water, on the outfide of
the body. It is found, fays he, that a wet
rat cannot be killed by the explofion of the
electrical bottle, but that a dry rat may *.

4. LicuTNing burns. So does eleérici-
tv. Dr. Franklin fays, that he could kindle
with it hard dry mﬁn, {pirits unwarmed, and
even wood. He fays, that he fired gun-
- powder, by only ramming it hard in a car-
tridge, into each end of which pointed wires
were introduced, and brought within half an
inch of one another, and difcharging a fhock
through them .

, 5. LicaTning fometimes diffolves metals.
So does eledtricity, though the Doctor was
miftaken when he imagined it was by a cold
fufion, as will appear in" its proper place.
The method in which Dr. Franklin made elec-
tricity melt metals was by putting thin pieces
of them between two panes of glafs bound
faft together, and fending an elefiric fhock
through them. Sometimes the piece of
glafs, by which they were confined, would
be fhattered to pieces by the difcharge, and
be broken into a kind of coarfe fand, which
once happened with pieces of thick looking-
glafs; but if they remained whole, the piece

® Franklin’s Letters, p. 47. + 1bids p. 43, 92,
P 2 of
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of metal would be mifling in feveral places
where it had lain between them, and inftead
of it, a metallic ftain would be {feen on both
the glafles, the ftains on the under and
upper glafs being exa&ly fimilar in the mi-
nuteft ftroke *.

A riece of leaf gold treated in this manner
appeared not only to have been melted, but,
as the Doctor thought, even wvitrified, or
otherwife {o driven into the pores of the glafs,
as to be protected by it from the action of the
ftrongeft aqua regis. Sometimes he obferved
that the metallic ftains would fpread a little
wider than the breadth of the thin pieces of
metal. True gold, he obferved, made a.
darker ftain, fomewhat reddith, and filver a
greenifh ftain .

Mr. WiLson fuppofes that, in this expe-
riment, the gold was not  driven into the
pores of the glafs, but only into fo near 2
contact with the {urface of the glafs, as to be
held there by an exceedingly great force ; fuch
anone, he fays, as is exerted at.the furface of
all bodies whatever .

6. LicuTninGg rends fome bodies. The
fame does ele@ricity §. The Do&or obferves,
that the ele@ric fpark would firike a hole
through a quire of paper. When wood,.
bricks, ftone, &c. are rent by lightning, he
takes notice, that the fplinters will fly off on
that fide where there is the leaft refiftance.

* Franklin’s Letters, p. 48, 65. $ Ibid. p. 68.
1 Hoadley and Wilfon, p. 68.
- § Franklin’s Letters, p. 49.

In
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In like manner, he fays, when a hole is
ftruck through a piece of pafteboard by an
ele@trified jar, if the furfaces of the pafte-
board are not confined and comprefled, there
will be a bur raifed all round the hole onboth
fides of the pafteboard ; but that if one fide be
confined, {o that the bur cannot be raifed on
that ide, it will all be raifed on the other
fide, which way foever the fluid was directed.
For the bur round the outfide of the hole is
the effect of the explolion, which is made
every way from the center of the ele&ric
ftream, and not an effe&t of its diretion *,

7. LicaTNING has often been known to
firike people blind. And a pigeon, after a
violent fhock of eleftricity, by which the
Do&or intended to have killed it, was ob-
{ferved to have been firuck blind likewife T,

8. In a thunder ftorm at Stretham, de-
{fcribed by Dr. Miles {, the lightning ftripped
off fome paint which had covered a gilded
molding ot a pannel of wainicot, without
hurting the reft of the paint. Dr. Franklin
imitated this, by pafting a {lip of paper over
the filleting of gold on the cover of a book,
and fending an eleétric flath through it. The
paper was torn off from end to end, with
fuch force, that it was broken in: feveral
places ; and in others there was brought away
part of the grain of the Turkey leather in
which the book was bound. This convinced

. * Franklin’s Letters, p. 124. . + Ibid. p. 63.
$ Phil. Traof, abridged, Vol. xlv, p. 387.
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the Do&or, that if it had been paint, it
would have been firipped off in the fame
manner with that on the wainfcot at Stret-
ham *, ,

9. LiGHTNING deftroys animal life. Ani-~
mals have likewife been killed by the fhock
of eledtricity. The largeft animals which
Dr. Franklin and his friends had been able to
kill were a hen, and a turkey which weighed
about ten pounds T.

10. MacgneTs have been obferved to lofe
their virtue, or to have their poles reverfed by
lightning. The fame did Dr. Franklin by

ele@ricity. By eledricity he frequently gave .

polarity to needles, and reverfcd them at
pleafure. A fhock from four large jars, fent
through a fine fewing needle, he fays, gave
it polarity, fo that it would traverfe when laid
on water. What is moft remarkable in thefe
elefirical experiments upon magnets is, that
if the needle, when it was ftruck, lay Faft
and Weft, the end which was entered by the
electric blaft pointed North, but that if it lay
North and South, the end which lay towards
the North, would continue to point North,
whether the fire entered at that end or the
contrary ; though he imagined, " that a
fironger ftroke would have reverfed the poles
even in that fituation, an effe&t which had
been known to have been produced by light-
ning. He alfo obferved, that the polarity
was ftrongeft when the needle was firuck ly-
# Phil. Tranf. abridged, Vol. xlv. p. 64.

t Frapklin’s Lerters, p- 86, 153
in
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ing North and South, and weakeft when it
lay Eaft and Weft. He takes notice that, in
thele experiments, the needle, in fome cafes,
would be finely blued, like the fpring of a
‘watch, by the electric flame; in which cafe
the colour given by a flath irom two jars on-
ly might be wiped off, but that a flath from
* four jars fixed it, and frequently melted the
needles. The jars. which the Doflor ufed
held feven or eight gallons, and were coated
and lined with tinfoil *.

To demonfirate, in the completeft manner
poflible, the famenefs of the ele@ric fluid
with the matter of lightning, Dr. Franklin,
aftonithing as it muft have appeared, contriv-
ed aCtually to bring lightning trom the heavens,
by means of an eleGrical kite, which he
raifed when a ftorm of thunder was perceived
to be coming on. This kite had a pointed
. wire fixed upon it, by which it drew the
lightning from the clouds. This lightning
defcended by the hempen ftring, and was re-
ceived by a key tied to the extremity of it ;
that part of the ftring which was held in his
hand being of filk, that the ele&ric virtue
might ftop when it came to the key. Hefound
that the flring would conduct eleCricity even
when nearly dry, but that when it was wet,
it would conduct it quite freely; fo that it
would ftream out plentifully from the key, at
the approach of a perfon’s finger T.

* Fraoklin’s Letters, p go, &z, + Ibid. p. 106.
Pa AT



L

216 Dr, FRANKLIN eévx

AT this key he chargéd phials, and from
eleétric fire thus obtained, he kindled {pirits,
and performed all other ele¢trical experiments
which are ufually exhibited by an excited
globe or tube. '

As every circumitance relating to {o capital
a difcovery as this (the greateft, perhaps, that
has been made in the whole compafs of phi-
lofophy, fince the time of Sir Ifaac Newton) =
cannot but give pleafure to all my readers, I
{hall endeavour to gratify them with the com=
munication of a few particulars which I have
from the beft authority.

. 'Tue Doftor, after having publifhed his
method of verifying his hypothefis concern=
ing the {famenefs of ele@ricity with the mat-
ter lightning, was waiting for the eretion of
a {pire in Philadelphia to carry his views into
exccution ; not imagining that a pointed rod,
of a moderate height, could anfwer the pur-
pole; when it occurred to him, that, by
means of a common kite, he could have a
readier and better acceﬁa to the regions of
thunder than by any {pire whatever. Pre-
paring, therefore, a large ilk handkerchief,
- and two crofs flicks, of a proper length, on -
which to extend 1t, he took the opportumity
of the firft. approaching thunder florm to take
a walk into a field, in which there was a fhed |
convenient for his purpofe. But dreading the
ridicule which too commonly attends un-
fuccefsful attempts in {cience, he commu-
nicated his intended E‘ipﬁl‘llﬂfnt to no body

but
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put his fon, who affifted him in raifing the
kite.

THe kite being raifed, a confiderable time
~ elapfed before there was any appearance of
its being eleftrified. One very . promifing
cloud had pafled over it without any effet ;
when, at length, juft as he was beginning to

.defpair of his contrivance, he obferved {fome
~ Iofe threads of the hempen firing to ftand
ere&t, and to avoid one another, juft as if
they had been {ufpended on a common con-
ductor, Struck with this promiling appear-
~ ance, he immediately prefented his knucle to
the key, and (let the reader judge of the ex-
quifite pleafure he muft have felt at that mo-
ment) the difcovery was complete. He per=-
ceived a very evident eleétric {park. Others
{ucceeded, even before the firing was wet, fo
as to putthe matter paft all difpute, and when
the rain had wetted the firing, he collected
ele@ric fire very copioufly. This happened
in June 1752, a month after the eleftricians
in France had verified the fame theory, but
before he had heard of any thing that they
had done.

Resipes this kite, Dr. Franklin had after-
wards an infulated iron rod to draw the light-
ning into his houfe, in order to make experi-
ments whenever there thould be a confider-
able quantity of it in the atmofphere; and
that he' might not lofe any opportunity o
that nature, he connefted two bells with
this apparatus, which gave him notice,

P by
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by their ringing, whenever his rod was elec-
trified *,

‘Tue Doftor being able, in this manner,
todraw the lightning into his houle, and
make experiments with it at his leifure ; and
being certain that it was in all refpeéis of the
fame nature with ele@ricity, he was defirous
to know if it was of the pofitive or negative
kind. The firft time he fucceeded in making
an experiment for this purpofe was the 1zth

of April 1753, when it appeared that the

lightning was negative. Having found that
the clouds electrified negatively in eight fuc-
ceflive thunder gufts, he concluded they were
always eleCrified negatively, and formed a
theory to account for it. But he afterwards
found he had concluded too foon. For, on
the fixth of June following, he met with one
cloud which was elefrified pofitively; upon
which he correfted his former theory, but
did not feem able perfeQly to fatisfy himfelf
with any other. The Doéor {fometimes
found the clouds would change from pofitive
to negative eleétricity feveral times in the
courfe of one thunder guft, and he once ob-
ferved the air to be ftrongly eleéirified during
a fall of fnow, when there was no thunder
abyall 1.

Bur the grand pra@ical ufe which Dr.
Franklin made of his difcovery of the {fame-
nefs of clefricity and lightning, was to fe-

*. Pranklin’s Letters, p. 112, 1 Ibid. p. 112, &c.
cure
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eure buildings from being damaged by light-
ning, a thing of vaft confequence in all parts
" of the world, but more efpecially in {everal
parts of North America, where thunder {torms
are more frequent, and their effects, in that
dry air, more dreadful, than they are ever
known to be with us.

Turs great end Dr. Franklin accomplifhed
by fo ealy a method, and by fo cheap, and
feemingly trifling apparatus, as fixing a
pointed metalline rod higher than any part of
the building, and communicating with the
ground, or rather the neareft water. This
~wire the lightning was fure to {eize upon,
preferably to any o her part of the building ;
whereby this dangerous power would be {afe-
ly condulted to the earth, and diflipated,
without doing any harm to the building .

Dr. FRANKLIN was of opinion, that a
wire of a quarter of an inch in thicknefs
would be fufficient to conduét a greater quan=
tity of lightning than was ever a&ually dif-
charged from the clouds in one ftroke. He
found, that the gilding of a book was fuffici-
ent to condu& the charge of five large jars,
and thought that it would probably have
conducted the charge of many more. He al-
fo found by experiment, that if a wire was
defiroyed by an explofion, it was yet fufhci-
-ent to conduét that particular ftroke, though
it was thereby rendered incapable of condudct-
ing another 7.

* Franklin’s Letters, p. 62, 124. + Ibid. p. 124, t23.
Tue
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Tur Do&or alfo fuppofed, that pointed
rods erected on edifices might likewife often =
prevent a firoke of lightning in the following |
manner. He fays, that an eye fo fituated as
to view horizontally the underfide of a thun~- =
der cloud, will fee 1t very ragged, with a
number of feparate fragments, or petty clouds,
one under another, the loweft {fometimes not
far from the earth. Thele, as fo many ftep-
ping ftones, aflift in conduéting a ftroke be-
tween a cloud and a building. To reprefent =
thefe by an experiment, he direts us to take |
two or three locks of fine loofe cotton and |
conne& one of them with the prime condue-
tor, by a fine thread of two inches (which may
be {fpun: out of the fame lock) another to that,
and a third to the fecond, by like threads.
He then bids us to turn the globe, and fays

.we fhall fee thefe locks extending themf{elves
towards the table (as the lower fmall clouds
do towards the earth) but, that, on prefenting
a fharp point, eret under the loweft, it will |
thrink up to the {econd, tHe {gcond to the «

firft, and all together to the prime condu¢ior,
where they will continue as long as the point =
continues under them. A moft ingenious .
and beautiful experiment! May not, he adds,
in like m anner, the {mall eleérified clouds;
whofe ecquilibrium with the earth is foon re-
ftored by the point, rife up to the main body,
and by that mieans occafion {o large a vacancy,
as that the grand cloud cannot ftrike in that
place *,

TR L e N -
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* Frankliu’s Letters, p. 121, &c. :
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Mr. WiLckE, in his remarks on Dr.
Franklin’s letters, fays, that on the 20th of
Auguft 1758, he faw this fuppefition verifi-
ed; as he was viewing a large fringed cloud,
firongly ele@rified, pafling over a foreft of
‘tall fir trees. The ragged and depending
parts of the large cloud were firft attracted
{;wer, and then fuddenly rofe higher, and
joined the large cloud *. -

He was allo an eye witnefls of two clouds
.lying one over the other, approaching, and
“flathing into one another. The lightning
fpread itfelf over all the parts of the blacker
cloud, which was negative, and which imme-
diately began to diffolve in rain 7.

Dr. Frankrin advifes perfons who are
apprehenfive of danger from lightning, to
fit in the middle of a room (provided it be
not under a metal lufire fufpended by a chain}
fitting on one chair, and laying their feet on
afother, It is flill fafer, he fays, to bring
two or three mattrefies, or beds, mto the
middle of the room, and folding them double,
to place the chairs upon them, for they not
being fo good conductors as the walls, the
lightning will not chufe to pafs through
them ; but the fafelt place of all is in a ham=
mock hung in {ilken cords, at an equal dif-
tance from all the fides of the room, p. 484.
1 would add, that the place of moft abfolute
fafety muft be the cellar, and efpecially the
middle of it; for whena perfon is lower than

* Wilcke’s Tranflation, p. 451,
+ Franklin’s Letters, p. z50.
the
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the furface of the earth, the lightning muft
firike it before it can poflibly reach him., In
~ the fields, the place of fafety is, within a few
yards of a tree, but not quite near it. |

SHE G IzQsEN - S1E,

MISCELLANEOUS DISCOVERIES OF Dg.
FRANKLIN, AND HIs FRIENDS IN
AMERICA, DURING THE SAME PERIOD.

R. FRANKLIN, retaining the com-
mon opinion, that elecirified bodies
have real atmofpheres. of the eleric fluid
(confifting of particles at fome diftance from |
the furface of the body, but *always gﬂmg
along with it) obferved that thefe atmofpheres
and the air did not {eem to exclude one an- |
other; though, he fays, this be diffiult to
conceive, confidering that they are generally
fuppofed to repel one another.

AN ele&tric atmafphe:e, he fays, raifed
round a thick wire, inferted into a phial,
drives out none of the air it contained ; nor
on withdrawing that atmofphere; will any air
rufh in, as he found by a very curious expe- -
riment, accurately made, whence he alfo
concluded, that the elaflicity of the air was
not affected by it *. :

THE experiment, as the Doltor informs
me, was made with a {mall glafs {yphon,

* Franklin’s Letters, p. g8.
one
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one leg pafling through the ‘cork into the
bottle. The other leg had in it a drop of red
ink, which readily moved on the leaft change
of heat or cold in the air contained in the
~phial ; but not at all on the air’s being elec-,
trified.

He alfo made an experiment which would
feem to prove the immobility, as we may fay,
of thefe atmofpheres by any external force,
if they have any exiftence at all ; but others

may think it is rather an argument againft
their exiftence. He eleCtrified a large cork
ball faftenéd to the end of a filk firing three
feet long; and, taking the other end in his
hand, he whirled it round, like a {ling, a
hundred times in the open air, with the
{wifteft motion he could poflibly give it; and
obferved, that it ftill retained its eleéric at-
mofphere, though it muit have paffed through
eight hundred yards of air *,

To thow that a body, in different circum-
ftances of dilatation and contra&ion, is capable
of receiving, or retaining more or lefs of the
‘electric fluid on its {urface, he made the follow-
ing curious experiment. He ele@rified a filver
cann, in which there were about three yards of
brafs chain, one end of which he could raife
to what height he pleafed, by mecans of a
pully anda filken cord. He fufpended a lock
of cotton by a filken ftring frﬂm the ceiling
of the room, making it hang near the cup;
and obferved, that every time he drew up the

* Franklin's Letters, p. g7.
chain
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chain, the cotton approached nearer to thé

cup, and as conftantly receded from it when
the chain was let down. From this experi=
ment it was evident, he {ays, that the atmof=
phere about the cup was diminifhed by raif~
ing the chain, and increafed by lowering it ;

and that the atmofphere of the chain muft

have been drawn from that of the cup when

it was raifed, and have returned to it again

when it was let down *,

To make ele@ric atmofpheres in fome mea=

fure vifible, the Doctor ufed to drop rofin on

hot iron plates held under bodiesseleCirified;

and, in a ftill room, the fmoke would afcend,

and form wvifible atmofpheres round the bodies,

making them look very beautiful. In trying
in what circumftances, the repellency between
an eleé&rified iron ball, and a {fmall cork ball

‘would be altered, he obferved, that the {moke

of rofin did not deftroy their repellency, but
was attracted both by the iron and the cork f.

Tue Door obferved, that {ilver expofed to

the ele@ric fpark would acquire a blue ftain,

and that iron would feem corroded by it; buthe

could never perceive any impreffion made on

gold, brafs, or tin. The {pots on the filver |

or iron weré always the fame, whether they

received the fpark from lead, brafs, gold, or |

filver ; and the {mell of the eleftric fire was

the fame, through whatever bodies it was
conveyed .

* Franklin’s Letters, p. 121. + Ibid, p. 5.
3 Ibid. p. 81, ¢8.

WHILE
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WHILE we are attending to what was done
by Dr. Franklin at Philadelphia, we muit by
no means overlook what was done by Mr,
Kinnerfley, the Do&or’s friend, while at
Bofton in New England., Some of his ob-
fervations, of which an account is given in
the Doctor’s letters, are very curious; and
fome later accounts, which he himfelf bas

tran{mitted to England, {eem to promife, that,
~1f he continue his eleétrical inquiries, his
name, after that of his friend, will be {econd
to few in the hiil’[ury_of' ele@ricity.

He firft diftinguifhed himfelf by re-difco-
vering Mr. Du Fay’s two contrary eleCtricities
of glafs and fulphur, with which both he and
Dr. Franklin were at that time wholly unac=
quainted. But Mr. Kinnerfley had a great
advantage over Mr. Du Fay; for making his
experiments in a more advanced ftate of the
{cience, he faw immediately, that the two con-
_trary ele&ricities of glafs and fulphur were the
very {fame pofitive and negative eletricities,
which had juft been difcovered by Dr. Watfon
and Dr. Franklin.

He obferved, that a cork ball, ele@rified by
a conductor from excited glafs, would be at-
tra&ed by excited amber and {ulphur, and re-
pelled by excited glafs and china ; that elettri-
fying the ball with the wire of a charged phial,
it would be repelled by excited glafs, but at-
tracted by excited fulphur; and that when he
eleCtrified it by fulphur or amber, till it be-
- came repelled by them, it would be attra‘led
by the wire of the phial, and repelled by its

Q. coating.
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coating. 'Thefe experiments furprifed him

very much, but by analogy he was led to in-

fer, a priori, the following paradoxes, as he
calls them, which were afterwards verified by
Dr. Franklin at his requeit *.

¢
e
(49
L1
(43
(11

(11
{43
(91
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i
£

11

11
(14
(11
111

11
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« 1. IF a glafs globe be placed at one end
of a prime conductor, and a fulphur one at
the other, both being equally in good or=-

der, and in equal motion, not a fpark of

fire can be obtained from the condu&or,
but one globe will draw out as faft as the
other gives in.

¢ 2. Ir a phial be fufpended on the con-
ductor with a chain from its coating to the

table, and only one of the globes be made i:l

ufe of at a time, twenty turns of the wheel,
for inftance, will charge it; after which,
as many turns of the other wheel will

difcharge it; and as many more will charge
it again.

B
o SN ' i

3. TuE globes being both in motiony |
Each having a f{eparate conductor, with a

phial fufpended on one of them, and the

chain faftened to the other ; the phial will

become charged, one globe charging pofi-

tively, and the other negatively.

¢ 4. TuEe phial being thus charged, hang |
it 1n like manner, on the other condu&or.

Set both wheels a-going again, and the
fame number of turns that charged it be=-"
fore will now difcharge it, and the fame

number repeated will charge 1t again,

* Franklin’s Letters, p. 39.

« ¢, When
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¢ ¢, Wauen each globe communicates with
¢ the fame ‘prime conductor, having a chain
¢ hanging from it to the table, one of them,
¢ when in motion (but which I cannot fay)
- % will draw fire up through the cufhion, and
¢« difcharge it, through the chain ; and the
- % other will draw it up through the chain,
% and difcharge it through the cufhion *.”
Waen Mr. Kinnerfley was advifing his
friend to try the experiments with the fulphur
globe, he cautions him not to make ufe of
chalk on the cufhion, telling him that fome
fine powdered fulphur would do better. And
he exprefles his hope that if the Doctor fhould
find the two globes to charge the prime con-
dutor differently, he would be able to difco-
ver fome method of determining which it was
that charged pofitively. 130
~ Dr. FrankrLin, when thefe experiments
and conjectures were propofed to him, had no
idea of their having any real foundation; but
imagined, that the different attractions and
repulfions obferved by Mr. Kinnerfley pro-
ceeded rather from the greater or {maller
quantities of the eleQric fire, obtained from
different bodies, than from its being either
of a different kind, or having a different di-
retion. But finding, upon trial, that the
principal of Mr. Kinnerfley’s fuppofitions were
‘verified by faé&, he had no doubt of the
reft 1.

* Franklin's Letters, p. 100.
t+ Ibid. p. 102, 103.,

Q_2 In
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In anfwer to the doubt of Mr. Kinnerfley,
whether the glafs, or the {ulphur eleérified
pofitively, the Doctor gave it as his opinion,
that the glafs globe charged pofitively, and
the fulphur negatively, for the following
seafons.

1. Becavse, though the fulphur globe
feemed to work equally well with the glafs
one, yet it could never occafion fo large, and
fo diftant a {park between his finger and con-
ductor as when the glafs globe was ufed. But
what he adds to confirm this proof does not
~ feem to be fatisfactory. e fuppofes that
bodies of a certain bignefs cannot fo eafily
part with the quantity of eleétric fluid which
they have, and hold attra¢ted within their
fubftance, as they can receive an additional
quantity upon their furface, by way of atmo-
fphere; and that therefore fo much could not
be drawn out of the conduor, as might be
thrown on it *.

2. He obferved that the fiream or brufh of
fire, appearing at the end of the wire con=-
ne&ted with the condu€or, was long, large,
and much diverging when the glafs globe
was ufed, and made a fnapping or rattling
noife; but that when the fulphur globe was
ufed, it was fhort, imall, and made a hifling
noife. He alfo obferved, that juft the reverfe
of both thefe cafes happened when he held
the fame wire 1n his hand, and the globes
were worked alternately. The brufh was large,

* Fracklin’s Lecers, p. 104.

long,
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long, diverging, and f{napping or rattlings
avhen the fulphur globe was turned; bu
fhort, fmall, and hifling, when the glafs
globe was turncd. When the bruth was
long, large, and much diverging, it {feemed
to the Do&or, that the body to which it joined
was throwing the fire out, and when the
contrary appeared, it feemed to be drinking
*3n ¥, ;

3. HE obferved, that when he held his
knuckle before the fulphur globe, while it
was turning, the ftream of fire between his
knuckle and the globe feemed td fpread on its
{furface, as if it flowed from the finger, but
before the glafs globe it was otherwife.

4. He obferved that the cool wind {or
what was called {o) which is felt as coming
from an eletrified point, was much more {en-
fible when the glafs globe, than when the
fulphur one was ufed. But thefe, though
the beft arguments which the {enfes can fur-
nifh, of the courfe of the ele&ric fluid, the
Do&oracknowledges were but hafty thﬂup;hts.
Indeed, cnnﬁdermg that the velocity of the
electric fluid has been found, by experiment,
t> be nearly inftantaneous, in a circuit of
many miles, it cannot be {uppofed that the
eye thould be able to diftinguifh which way
it goes in the fpace of one or two inches .

I suarc conclude this article with obferv-
ing that the experiments, which the Do&or
made with globes of glafs and f{ulphur, are

® Franklin’s Letters, p. 104s t 1bid. p. 1os-
Q.3 much
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much more eafily exhibited by the condu&or
and infulated rubber of either of them, all
the effeéts being the reverfe of each other.
' I must now, for the prefent, take leave
of this ingenious writer and his friends, after
having brought the hiftory of their labours te
the year 1754, and muft return to fee what
was doing on the continent of Europe for two
or three years preceding this date, while we
left it to go over to America,

PR R d 4y Prhd,

THE HISTORY OF ELECTRICITY, FROM THE’

TIME THAT DR. FRANKLIN MADE HIS
EXPERIMENTS IN AMERICA, TILL THE
YEAR 17606,

E are now entering upon the laft pe-

i, S5

8

o e e
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riod into which the hiftory of elec-
" tricity divides itfelf, in which the great variety

of matter prefented to our view muft oblige

an hiftorian to have recourfe to the firiCteft |

method ; for, otherwife, the narratien would

be extremely perplexed and difgufting. . As

this period contains the events of a laiger =

fpace of time than moft of the others, yet

without any convenient refling place; as the

bufinefs of eleClricity has been confiderably
multiplied in it, and a greater number of
labourers have been employed in gathering in
the harveft of difcoveries, the feeds of which
were fown by Dr. Watfon, Dr. Franklin, and
| others,
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others, in the preceding periods; I am oblig-
ed to fubdivide this into more diftin& parts,
but I hope they will not be found to be more
than were neceflary, in order to prevent COn=
fufion.

HoweveR, this circumftance, of the great
- quantity and variety of materials furnifhed in
this period, in proportion as it tends to em-
barrafs an hiftorian, and exercife his talent
for proper diftribution and arrangement, is
a ftriking demonftration of a truth, which
muft give the greateft pleafure to allthe lovers
of electricity and Natural Philofophy, If the
progrefs continue the fame in another period,
of equal length, if the harveft of difcoveries
continue to be more plentiful, and the la-
hourers proportionably more numerous; what
a glorious fcene {hall we {ee unfolded, what a
fund of entertainment is there in ftore for us,

and what important benefits may be derived
to mankind !

Q4 SECTION
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IMPROVEMENTS IN THE ELECTRICAL AP~
PARATUS, WITH EXPERIMENTS AND OB-
SERVATIONS RELATING ToO IT.

S our ele&rical apparatus has been

much improved within this period, I
{hall firft recite what has occurred to me upon
this fubjeét; particularly the methods which
have, from time to time, been communicated |
of increafing the power of ele@ricity, by dif-
ferent circumftances of excitation.

So early as the year 1751, upon occafion
of trying Mr. Winckler’s experiments, notice
is taken of Mr. Canton’s method of rubbing
tubes with filk prepared with linfeed oil.
Thefe he had found, by the experience of
fome confiderable time, to produce the
greateft effe¢t upon tubes, but he had not
found that they were proportionably ufeful
in rubbing globes *. ;

Upron another occafion, Mr. Canton ob-
ferves, that by means of this rubber, a folid
cylinder of glafs, which had been fet before
the fire till it was quite dry, might be excited .
as eafily as a glafs tube, {o as to a& like one
in every refpe&; that even the: firft firoke
would make it firongly eleétrical .

* Phil. Tranf, abridged, Vol. xh*n. P- 239.
+ 'Jbid. Vol. xlvii. pt, ii, p. 784.

But
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But the greateft improvement which Mr.
Canton difcovered for increaling the pewer of
ele@ricity, was by rubbing on the cuthion of
the globe, or on the oiled filk rubber of the
tube, a {mall quantity of an amalgam of
‘mercury and tin, with a very little chalk or
‘whiting. By this means, a globe or tube
may be excited to a very great degree with
very little friction, efpecially if the rubber
be made more damp or dry as occaflion may

require *,

- Mgr. WiLcke fays, that aglafs tube excit-
ed with a woollen cloth, on which fome
white wax or oil has been put, will throw
out flames with a great noife in the dark .
Thefe flames, he {ays, he never knew to be
_ thrown from a globe, except fometimes when
they were firft ufed J.

QOuRr eleftrical apparatus has been much
augmented within this period by the difco-
very of Father Windelinus Ammerfin of Swit-
zerland, who, in a Latin treatife, publifhed
at Lucern, in the year 1754, has thewn us,
that wood properly dried, till it becomes very
brown, is a non-condudtor of cle&ricity, He
recommends boiling the wood 1n linfeed oil,
or covering it over with varnifh, after being
dried, to prevent any return of moifture into
its pores; and adds, that wood, f{o treated,
{feems to afford ftronger appearances of elec-
“tricity than even glafs. He himfelf made ufe
of common wooden meafures, fuch as are

* Phil. Tranf, Vol. lii. pt. ii. p. 461.
+ Wilcke, p. 124. 1 Ibid. p. 126,

ufually

L]



234 IMPROVEMENTS 1N

ufually found in granaries, firft boiled in oil,
and afterwards mounted, {fo as to be turncd

by a wheel *,

IT appears from the Philofophical Tranf~ |
actions, fays Mr. Wilfon, fo early as the year

1747, that Dr, Watfon having occafion to
fupport a long wire, in an experiment made
near Shooter’s Hill, with a view to determine
the velocity of electric fluid, ufed ftakes of
dry wood, which he told him, were baked,
to prevent the ele&ric fluid from f:fcaplng n-
to the ground 7.

A MoRE extraordinary method of procur-
ing elefricity than by baked wood, was one

that Signior Beccaria made ufe of. He puta

dry and warm cat’s {fkin upon his glafs globe,

and rubbing it with his hand, excued a very

powerful electrity 1.

Tuese wooden cylinders eleclrify pofitive-
ly or negatively as the rubber is filk or flannel,
but much more powerfully when negative
than when pofitive, owing to the rough-

nefs which there generally is upon their fur-

faces, and therefore make an agreeable va-
riety in an ele@rical apparatus. But the oldeft
and moft ufual method of procuring negative
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ele@ricity was by globes of fulphur., Thefe
Mr. Le Roi made by putting a coating of =

fulphur upon a globe of glafs, and then

{moothing 1t with an hot iron ; but Mr. Nol= 8

let preferred melting the fulphur in the infide

* Phil. Traaf, Vol. lii. pt. i. p. 342,
t+ Ibid. Vol. li. pt.iic p. 896
} Lettere dell” Elettricifmo, p. 58.

of &
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~ of the glafs globe, and ‘then breaking the glafs
from off it, becaufe this method made a much
finer polifh *,

One globe he made of a mixture of ful-
phur and pounded glafs, but he found that it
~ had the fame effe& as if it had been all of
fulphur. He fays that, when one part of
this globe was excited, the whole furface be-
came ele@rical 1.

BuT fince Mr. Canton’s difcovery of the
negative power of rough glafs, fome philo-
{fophers have made ufe of glafs globes made
rough by emery; and the ufual method of
taking off their polifh  was by rubbing them
as they turned upon their axis; but Mr.
Speedler, a mathematical inftrument maker at
Copenhagen, obferves, in his letters upon
the fubje& of ele@ricity, that glafs globes,
made rough by drawing the ftone, or emery,
from pole to pole, have a much greater vir-
tue ; this method of taking off the pelith giv-
ing them a greater roughnefs with refpe&t to
the rubber 1.

BurT a better, and a readier method than
all thefe of producing negative elediricity, is
by infulating the rubber of a {inooth globe,
‘and connefting it with an infulated prime con-
ductor, while the common conductor hath a
communication with the ground. Therubber,
if well infulated, is fure to produce a nega-
tive eleCtricity, equal in power to the pofitive
of the fame globe.  Mr. Dalibard direcis a

* Nollet’s Letters, Val. ii. p. 121.
¢ Ibid. p, 125, 127. } Wilcke, p. 57.
great
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great number of precautions, in order to elec~

trify well at the rubber, and to prevent it
from receiving any clettric fire in its ftate of =

infulation *,
Mr. Bereman of Upfal, fays, that very

often, when his glafs globes could not be ex-
cited to a fuflicient degree of firength, he
lined them with a thin coating of {fulphur,

and that then they gave a much ftronger po- *

fitive eleCricity than before .

R L R

In Italy, and ether places, Mr. Nollet in- :'_
forms us, it is the cuftom of elefiricians to
put a cuatmg of pitch, or other refinous mat- |

ter on the infide of their globes, which, they
pretend, makes them always work well 38

WEe are obliged to the Abb¢ Nollet for
fome obfervations on the eleirical powers of -

different kinds of glafs, in the fixth volume

! 3

of his Legons de phyfique printed in the year |

1764.

IT 1s not every fort of glafs, fays he, that _:
is equally electrizable. There are fome forts |

which are not {o at all, or hardly atall; fuch,

for example, is that of which they make plates i
of glafs at St. Gobin in Picardy. I have tried

it, iays he, an hundred times, in the form of

pIatﬁs, tubes, and globes, and in all kinds of
weather, but have {carce been ever able to
draw from it the leaft fenfible fign of

elcfiricit}r.

* Talibard’s Franklin, p. 110.
+ Phil. Tranf. Vol.4ii. pt. ii. p. 48¢.
} Lettres, Vol. ii. p. 122

L
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Tue plafs of which panes for windows
are made, and which is alfo ufed for drink-
ing-glafles, when it is newly manufatured,

“is excited with great difficulty. [ have often,

fa}'s he, repcatedly rubbed tubes, and other
pieces, even in the glafs-houle where they

‘were made, but without fuccefs; and it has

not been till after fome months, and fome-
times years, that I could bring them to
act. '

IT 1s CEI‘Idlﬂ, and he fays he has conftant-
1y obferved, that glafs becomes more fit for
eleftrical experiments by force of rubbing
and that f{ometimes it has required fome

‘months to bring globes and tubes to a¢t well.

He did not think that thefe fats could be
accounted for either by the different degrees
of tranfparency, or the different colours of
glafs. This, indeed, was evident from fome
globes. acquiring ele@ricity from ufe which
had it not originally. The glafs of which
bottles are made at Severs ferved him very
well, whereas giohes of white glafs did not
hecome tolerable till after having been ufed a
certain time.

He conld not tell pofitively why certain

kinds of glafs were ele@rizable or not® by
rubbing, but he {ufpe&ed, that it was prin-

cipally owing to the degree of its hardnefs

and vitrification. He was induced to think fo,
becaufe he found that the glafs at the French
manufactory at St. Gobin, and at Cherbourg
(the hardeft, the moft compad, and the beft
vitrified of all the kinds of glafs in France)

Was
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was the moft difficult to be ele@rized ; where=
as the cryftal glafs of England, that of Bo-
hemia, &ec. which are much fofter, were
the beft of all for experiments in electricity.
He f{ays, moreover, that he had procured
imperfect glafles, which had not been long
enough in the furnace to be clear; and that, |
though they were of the fame compofition as |
plates of glafs, which, he obferved before,
were not ealily ele@rized, yet that thefe were |
excited very fenfibly.
- He fays that a globe of ten or twelve ©
inches diameter, and which makes about four
revolutions in a fecond of time, will receive a
convenient rubbing; but that we muft not
expect that if the globe be one half, or one -
fourth part greater or lefs, the effets will be |
increafed or diminifhed in proportion *. o

Uron the {ubje& of infulating bodies, he
obferves, that when the cakes of fulphur,
refin, fealing-wax, and bees-wax are made |
ufe of for this purpofe, they ought to be well
cooled before they are ufed: for, he fays, he
has conftantly obferved, that when they are
newly made, they are not fo proper to infu-
late bodies, as they generally are at the end’
of fome months T.

IT will be proper, under this head, to ac-
quaint young ele&ricians, that globes have
been feveral times Lknown to burft during the
alt of excitation, and that the fragments have |
been thrown with great violence in every di-

* Legons de Phyfique, Vol. vi. p. 273—276.
+ Ibid, p. 29q.
rectiony
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rection, fo as to be ver}f dangerous i:ut‘ the
by-ftanders. This accident happened to Mr.
Sabatelli in Italy, Mr. Nollet in France, Mr.
Beraud at Lyonb, Mr. Boze at Wittemburgh,
WVEr. “Tie-Cat “at Rc:uen, and Mr. Robein at
Rennes.
TaE air in the infide of Mr. Sabatelli’s glabe

'-had no communication with the externul air,

but that of the Abbé Nollet ‘had. This laft,
which was of Englith flint, which had been
ufed two years, and which was more than a
line thick, burit like a bomb in the hands of
a fervant who was rubbing it; and the frag-
ments (the largeft of which were not more

“than an inch in diameter) were difperfed on

all fides, to a confiderable diftance. The

“Abb¢ fays, that all the globes which were

burft in that manner exploded after five or fix

turns of the wheel; and he afcribes this effect

to the a&ion of the elefiric matter, making

the particles of the glafs vibrate in a manner

he could not conceive *,

~ Wae~y Mr. Beraud’s globe burlt (and he
was the firlt to whom this accident was ever
known to happen) he was making fome ex-

. periments in the dark, on the 8th of Febru-

—

ary 1750; when a noue was firlt heard, as
of fomething rending to pieces; then follow-

ed the E*{ploiiﬂn, and when the lights were
brought in; it was obferved, that thofe places
of the floor which were oppolite to the equa-
torial diameter of the globe were frewed with

* Nollet’s Letters, Vol. i. p. 13,

{maller
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{maller pieces, and in greater numbers than
~ thofe which were oppofite to other parts of
it, This globe had been cracked, but it had |
been in conﬁant ufe in that ftate above a year,
and the crack had extended itfelf from the
pole to the equator. The proprietor afcribed
the accident to the vibration of the particles
- of the glafs, and thought that.the crack had
fome way 1mpeded thofe vibrations #.

Wuen Mr. Boze’s globe bmke, he fays
that the whole of it appeared in the a& of
breaking, like a flaming coal; a circumftance |
which we fhall fee accounted ‘for hereafter by
Mr. Wilcke t.

MRr. BouLanGER {fays, that glafs globes
have fometimes burft like bombs, and have
wounded many perfons, and that their frag—
ments have even penetrated {everal inches in-
to a wall {. He alfo fays, that if glﬂbes '
burft in whirling by the gun-barrel’s touch=
ing them, they burft with the fame violence, |
the {plinters often entering into the wall§.

Tur Abbé Nollet had a globe of fulphur
which alfo burft, as he was rubbing it wzth
his naked hands, after two or three turns ﬂf
the wheel, having firft cracked inwardly, It
broke into very {mall pieces, which flew to a',".-
great diftance; and into a fine duft, of which
part flew againft his naked breaft; where it |
entered the {kin fo deep, that it could not be
got off’ without the edge of a knife ||. '

* Hiltoire, p. £7. + Wilcke, p. 124.
1 Boulanger, p 21. § Ibid. p. 144.
|| Nollet’s Letters, Vol, ii. p. 220.
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SECTION I

OBSERVATIONSON THECONDCUTING POWER
OF VARIOUS SUBSTANCES, AND PAR-
TicULARLY Mgr. CANTON’s EXPERI~

MENTS ON AIR; AND SieNioR BECCA-
RIA’s oN AIR, AND WATER.

NE of the principal defiderata in the
fcience of ele@ricity, is to afcertain
wherein confifts the diftin¢tion between thofe
bodies which are conduétors, and thofe which
are non-conductors of the electric fluid. All
that has been done relating to this queftion,
till the prefent time, amounts to nothing
more than obfervations, how near thefe two
clafles of bodies approach one another; and
before the period of which I am now treat-
ing, thefe obfervations were faw, general,
and fuperficial. But I fhall now prefent my
reader with feveral very curious and accurate
experiments, which, though they do not
give us intire fatisfaction with refpect to the
great defideratum above mentioned ; yet throw
fome light upon the fubjet, They fhow
. that fubftances which had been confidered as
perfe&t condufors, or non-conductors, are
foonly to a certain degree; and that, pro-
bably, all the known parts of nature have,

in fome meafure, the preperties of both.
TuEsE experiments were made by two
perfons, whom, in the fiyle of Liftory, I
R ' may
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may juftly call two of the greateft /feroes of
this part of my work, viz. Mr. CanToN, |
whofe difcoveries in eleflricity are far more g
numerous, and more confiderable than thofe
of any other perfon, within this period, in
England; and Signior Beccaria, one of
the moft eminent of all the .elefricians a- =
broad. |

THAT air was capable of receiving elec~
tricity by communication, and of retaining it
when received, had not been difcovered by

oy e R

help of one of bis exquifite contrivances, he =
was able to alcertain that delicate circumﬁance, it
and even meafure the degree of 1t, if it was m
the leaft confiderable.
He got a pair of balls, turned in a lathe,
out of the dry pith of elder. Thefe he put
into a narrow box, with a {liding cover,
{o difpofed that the threads (which were of the =
fineft linen) were kept firaight in the box.,
Holding this box by the extremity of the
cover, the‘balls would hang freely from a pin =
in the infide. Thefe balls hung at a {ufficient ©
diftance from buildings, trees, &e. eafily ¥
fhow the electricity of the atmofphere. They ¥
alfo determine whether the electricity of the
clouds and the air be pofitive, by the decreafe; =
or negative, by the increafe of their repul-=
“fion, at the approach of excited amber or—,
fealing-wax. '
By the help of this mﬂrument, he c-b-'-
ferved, that it was poflible to ele&rify the
~air of a room near the apparatus; and Evin
the

b-z-.e

T
a i
e ...._-.l'. _._..._.-,.-..-_._-
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-i;he air of the whole room in which it was, to
a confiderable degree, and he was able to do
it both pofitively and negatively.

IN a paper read at the Royal Sﬂciety, De-

_cember the 6th, 1753, he obferves, that the
common zir of a room might be electrified to
a confiderable degree, fo as not to part with
its eledricity for fome time. Having render-

" ed the air of his room very dry, by means of

" a fire, he ele@rified a tin tube (with a pair of

~ balls fufpended at one of its extremitics) to a

~ great degree; when 1t appeared, that the
neighbouring air was likewife ele@rified. For,
having touched thetube with his finger, or any
other condu&tor, the balls, notwithftanding,
continued to repel one another, though not
at {o great a diftance as before *. But he ob-
ferves that their repulfion would decreafe as

. they were moved towards the floor, wainfcot,

“or any of the furniture; and that they would
touch each other when brought within a fmall
diftance of any conduc¢tor. Some degree of
this electric power, he has known to con-
tinue in the air above an hour after the rub-
bing of the tube, when the weather had been
very dry.

B To eie&rlfy the air, or the moifture con-
tained in it, negatively, Mr. Canton fupport-
ed, by filk firetched between two chairs (plac-
ed back to back, at the diftance of about three
~ feet), a tin tube with a fine fewing needle at

_ ® Phil. Tranf. Vol. xlix, pt. i. p. 500.
R 2 one



,
" -
il

244 S. BECCARTA’s

one end of it ; and rubbed fulphur, fealing-
wax, or a rough glafs tube'as near as he
could to the other end, for three or four mi-~
nutes ; after which he found the air to be ne=
gatively electrical, and that it would continue
~{o a confiderable time after the apparatus was
~ removed into another room *. |
In a paper dated November the 1 1th, 1754, |
he fays, that dry air, at a great dlﬁance from t.
the earth, if in an ele&ric ftate, will con- .1
tinue fo till it meets with fome candu&ﬂr, is
probable from the following experiment. An_ {
excited glafs tube, with its natural polifh, be—
ing placed upright in the middle of a room
(by putting one end of it into an hole, made
for that purpofe, in a block of wood) Would,}___
generally, lofe its ele@ricity in lefs than fiver
minutes, by attralting to it a {ufficient quan-
tity of moifture, to conduct the ele@ric fluid
from all parts of its furface to the floor; but
if, nnmedlately after it was excited, it was
placed, in the fame manner, before a -;
fire, at the diftance of about two feet, where
no moifture would adhere to its furface, it
would continue ele@rical a whole day, and
how much longer he knew not 1. o
Since the publication of the firft edition
of this work, Mr. Canton has hit upon: an-
other, much readier, and more powerful me=
thod of communticating ele@ricity to the air

than that defcribed above.  This he gives me :

: "
* Phil. Tean{, Vol xlviii, pt. ii. p. 284, + 1bid.
8 leave
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leave to publifh, and it appears to me to be
of fuch a nature, as that it may very poflibly

Jead to farther difcoveries concerning the
eleGricity of the atmofphere, and the pheno-
mena depending upon it. ¢ Take,” fays he,

¢ a charged phial in one hand, and a lighted

L candie, infulated, 1n the uther, and, gmng

¢ into any room, bring the wire of the phial

¢ very near to the flame of the candle, and
¢ hold it there about half a minute: then

«¢ carry the phial and candle out of the room,

¢ and return with the pith balls, fufpended,

-¢¢ and held at arm’s length, The balls will
¢ begin to feparate on entering the room,
¢ and will fltand an inch and half, or two
¢ inches a part, when brought near the
¢¢ middle of it.”

SiGNIoR Beccaria, who had no know-
ledge of what Mr. Canton had done, made
“the fame difcovery of the communication of
electricity to the air, and diverfified the ex~
periment in a2 much more pleafling and fatif-
faGory manner. He proves, that the air,
which is contiguous to an eletrified bady,
acquires, by degrees, the fame electricity ;
that this eleGricity of the air counteradls that
‘of the body, and leflens its effeéls, and that
as the air acquires, fo it alfo parts with this
eletricity very flowly.

- He began his experiments by hanging
linen threads upon an elerified chain, and
obferving, that they diverged the moft after
a few turns of his globe.. After that, they
came nearer together, notwithftanding he

g kept
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l:épt turning the globe and the excitation wag
as powerful as ever *,

WurN he had kept the chain eleétrified a
confiderable time, and then difcontinued the

frition, the threads collapfed by degrees, till
they hung parallel.  After this, they began
to diverge again, without any frefh electrifi
cation ; and, if the air was flill, this fecnnd
dwergence would continue an hour, or
more.

THuis divergence was leflened by the elec-

trification of the chain. For if the globe wasg

turned again, the threads would firft bec:f}mf;x

parallel, and then begin to diverge again as
before. Thus the fecond divergence of the
_ threads took place, when the chain was de-
prived of its ele@ricity, and when that
which the air had acquired began to {hnw

itfelf.

WiitLe the threads were beginning to di- |

verge with the ele@ricity of the air, if he

tauchcd the chain, and thereby took off what
remained of its ele@ricity, the threads would

{eparate farther. Thus the more the ele@ricity

of the chain was leflened, the more did thé_ 4

clectricity of the air appear.

- WHiLE the threads were in their fecond di-
vergence, he hung two other threads, fhorter |
than the former, by another filk thread to the =
chain; and when all the ele@ricity of the
Eh{ilﬂ was taken quite away, theywou]d fepa.-u

rate, like the furmer threads

* Lettere dell’ Elettricifmo, p, 87.

i
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Ir he prefented other threads to the for=
mer, in their fecond divergence, they would
all avoid one another *.

In this complete and elegant manner did
Signior Beccaria demonftrate, that air actually
‘receives electricity by communication, and
lofes it by degrees ; and that the eleéricity of
the air counteracts that of the body which
conveys eleCtricity to it. '

Sicnior BeEccaria alfo made a varjety of
other experiments, which demonftrate other
mutual affeGtions of the air and the ele@ric
fluid; particularly {fome that prove their mu-
tual repulfion; and that the eleftric fluid, in
pafling through any portion of air, makes a
temporary vacuum. f

He brought the ends of two wires within
a {mall diftance of one another, in a glafs
tube, one end of which was clofed, and the
other immerged in water; and obferved, that
the water {unk in the tube, every time that a
{park pafled from the one to the other, the
eleiric fluid having repelled the air .

He made the ele@ric explofion a great
number of times, in the fame air, incloled in
a glafs tube, in order to afcertain whether
the elafticity of the air was affeted by it; but
he could not find any alteration. After the
operation, he broke the tube under water, but
neither did any air make its efcape, nor any
water force its way into thetube. Theexpe-

* Lettere dell” Elettricifmo, p. go.
+ Elettricifmo artificiale e naturale, p. 110,

R 4 riment
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riment was made with all the prccaution, with
refpect to heat and cold, that the nature of
the cafe required *. E

" SiGNioR BEccARIA’s experiments on wa-
ter, thowing its imperfecion as a conductor,
are more xlll'pl"lf‘ ing than thofe he made upon =
air, thowing its imperfection in the contrary
refpe@. They prove that water condufts °
ele@ricity according to ‘its quantity, and that
a {mall quantity of water makes a very
great refiftance to the pailage of the ele@ric =
fluid.
He made tubes, full of water, part of the |
ele@ric circuit, and obferved, that when they |
were very {mall, they would not tranfmit a =
fhock, but that the thock increafed as wider &
tubes were ufed T. ¥
BuT what aftonithes us moft in Signior
Beccaria’s experiments with water, is his
making the ele@ric fpark vifible in it, not- &
- withftanding its being a real conduétor of elec- =
tricity.. Nothing, however, can prove more ©
clearly how imperfe& a condu@or it is.
He inferted wires, {o as nearly to meet, in &
{mall tubes filled with water; and, difcharg- =
ing fhocks through them, the eleftric {park &
was vifible between their points, as if no wa- =
ter had been in the place. 'The tubes were
generally broken to pieces, and the frag-~
ments driven to a confiderable diftance. This
was evidently occafioned by the repulfion of
the water, and 1its mcompreiﬁbilit}r, it not

* Llettricilmo artificiale ¢ naturale, p. 81,
1 Ibid. p. 113.

being
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being able to give way far enough within it-
felf, and the force with which it was repell=
‘ed being very great *,

~ Tae force with which fmall quantities of
water are thus repelled by the ele&ric fluid,
he fays, is prodigious. By means of a charge
of four hundred {quare inches, he broke a
glafs tube two lines thick, when the pieces
were driven to the dlﬁance of twenty feet.
Nay he {ometimes broke tubes eight or ten
lines thick, and the fragments were driven to
greater diftances in proportion .

He found the effe& of the ele@ric fpark
upon water greater than the effect of a fpark
of common fire on gunpowder ; and fays he
does not doubt, but that, if a method could
be found of managing them equally well, a
cannon charged with water would be more
dreadful than one charged with gunpowder.
He actually charged a glafs tube with water,
and put a fmall ball into it, when it was dif= -
charged with great force, {o as to bury its
felf in fome clay Whlch he placed to re~
ceive it .

THi1s refiftance which {mall quantities of
water make to the ele&ric matter, he ima-
gined, was greater l%lan the refiftance made
to it by air§. And yet he thought it was

* Elettricifmo artificiale e naturale, p. 114
T Lettre df:li’ elettricifmo, p. 74.
1 Ibid. p. 75, #6. Mr. Luriin fays, he pmdutﬂd much
greater Efﬁ:ﬂﬁ than thefe, by making the eleétric fpark vifible
® 1n os/ inflead of water., Qil being a much worfe conduétor, the
fpark in it would be larger. Diflertatio Phyfica, p. 26-
§ Elettricifmo artificiale, &c. p. 1135,
poflible,
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poflible, that, in this cafe, the eleflric mat-
ter might not act upon the water immediate~
ty, but upon the fixed air that was in it. For
when the tubes were not broken, he obferved
that a great number of air bubbles were let
loofe, through the whole mafs of the water,
rofe to the top, and mixed with the common

atmofphere *.
He alfo nnaglned that the elefric fluid

a&ted upon the fixed air in all bodies, though

no experiment could make it {fenfible 7.

O~ the contrary, he fuppofed that the ac-~
tion of the elef&ric matter tended to fix elaftic
air, by exciting a fulphureous matter, which
Dr. Hales fhows to have that property . But
the experiment above-mentioned, of the elec-
tric fpark taken in a clofed tube, doth not
favour this {fuppofition.

WaEeN a {mall drop of water was put be-
tween the points of two wires, and a large
thock pafled through them, the water was
equally difperfed on the infide of a glafs

fphere, in which they were all inclofed. In

the fame manner, heconjectures, that the ac-
tion of the electric matter promotes the eva-
poration of water §.

DiscHARGING a fhock through a quantity
of water, pﬂurcd on a flat {urface, where fome
parts of the circuit were purpofely left almoft
dry; thofe parts became quite dry fooner than
they would have been, if no fhock had Paﬁed
threugh them ||

* Elettricifmo artificiale, &¢. p. 116. + Ibid. p. 83.

1 1bic, § 1bid. p. 117. I Ihid. p. 121.
UroN
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 Uron this principle he accounts for the
fuppofed burfting of the blood veflels in {mall
birds killed by the ele&ric fhock*. And

. when a mufcle contra@®s by the fhock, he
. {uppofes it 1s owing to the dilatation of the

fluids their fibres contain, as the eleftric mat-

ter paffes through them.

So imperfe& a conduftor of eletricity is
mere water, that, he thought, a green leaf
conducted a fhock better than an equal thick-
nefs of water . If this be true, and veget-
able fluids condué eleétricity better than wa-
ter, 1t will confirm a conjeGture which Dr,

Franklin told me he had drawn from fome

experiments that he had not properly purfued,

- viz. that animal fluids conducted ele@ricity

better than water. He tried milk many years
ago; and Mr, Kinnerfley, and others in
America, have fince tried blood and urine,
and alfo the finews of animals newly killed;
and they were all found to be exceedingly
good condultors, remarkably better than
water. :

SIGNIOR BeccARr1A alfo found, that even
metal was not a perfet condultor of elec-
tricity, but made fome refiftance to the paf-
fage of the elecric fluid. This he afcertain-
ed, by meafuring the time that it was retard-
ed, in its pafling through long and fmall
wires, notwithftanding the experiments which
had been made before, that {eemed to prove
;he ¢ontrary, - . | | |

* Elettricifmo artificiale, &c, p. 128, 4 Ibid. p. 135.
He
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He {ufpended a wire of five hundred Paris

feet, in a large building, and, by means of 2 |

pendulum which wvibrated half {econds, ob-

ferved, that light bodies placed under a ball

of gilt paper, atone end, did not move, till,

at leaft, one vibration of this pendulum, after
he had applied the wire of a charged phial to

the other.

TryYING the fame with a hempen cord, he
could count {ix, or more vibrations before
they would ftir; but when he had wetted
the cord, they were moved after two or three
vibrations *. He does not, however, abfo-
lutely fay that, the eletric fluid muft have
taken up all this time in its progrefs, as it
might require a certain quantity of the fluid,
before it could raife the light bodies. But he
did imagine, that it moved with more velo=
city, in proportion as the bodies into which
it pafled had more or lefs of the fluid before t.
And he was confirmed in this opinion by fe=
veral phenomena of the atmofphere, which

' i o F
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will be related in their proper place, particu- ;

larly by feeing, very evidently, the progrefs nf
a quantzty of eleftric matter in the air, as it
advanced to firike his kite.

'\.

To thefe experiments of Signior Beccaria
on the condulling powers of air and water, I |
ihall fubjoin another curious fet of the {fame

author, thowing the manner in which the
{moke of rofin and of colophonia is affe -
ed by the approach of an electrified

# Elettricifmo artificiale, &c. p. st. + Ibid.

- body,
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body, as they have a very near affinity to
this {fubject.

REPEATING Dr. Franklin’s ew:per;lments
to make ele@ric atmofpheres vifible with the
fume of colophonia, which he preferred, for
this purpofe, to rofin; he obferved feveral
curious c:rcumﬁ'ances, whmh had efcaped the
notice of that ingenious philofopher,

HE heated the colophonia on a coal, which
he held in a {poon under an eledirified cube
of metal ; and obferved, that when part of
the fmoke afcended to the cube, another part
covered the handle of the {poon, and fpread
to his hand *.

THEe fmoke lay higher on the flat parts of
the cube than on the edges, and corners.

Ir a {park was taken from the conduétor,
the fmoke was thrown into an agitation, but
prefently refumed its former fituation.

TrE cube with its atmofphere gave larger,
and longer fparks, than a cube not furround-

ed with one,

A LARGER fpark might be taken from it

by the {poon, thanby any other body.

- Havine infulated the {fpoon, he obferved,
that hardly any of the {fmoke went to the
cube; and that what happened to go near
it was not affeCted by it, any more than it
would have been by any other body. He
put his finger to the {poon, and the former
phenomena returned. Taking it off again,

* Elettricifmo artificiale, p. 7z,
the
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the fmoke that had fettled on the cube f&ﬂrf
difperfed *.

Uxbpzr this head of the ele@ricity of vati-
obus fubftances, it will not be improper to
mention an experiment made by Mr. Henry -
Eeles of Lifmore inIreland, which, he thought, |
proved that fteam, and exhalations of all
kinds, are eleCtrical. The paper containing
this account was read at the Royal Society, ‘é
Aprll the 23d, 17 3

He cle&ﬂﬁed :-.1 plece of down, fufpended ,
on the middle of a long filk firing, and made
fteain and {moke of {everal kinds pafs under
it, and through i it; and obferved, that its elec-
tricity was not in the leaft diminifthed, as he
thought it would have been, if the vapour
had been non-clectric, afid confequently had
taken away with it part of the eletric mat-
ter with which the down was loaded. He
obferved that the effet was the {fame, whether
the down was ele@rified with glafs or wax,
which he thought was not eafy to be accﬂuﬂt-i'
ed forT..

To this experiment Dr. Darwin of thch-
field, in a letter addrefled to the Royal So<
ciety, and read May the sth, 1757, anfwers; &
that many electrified bodies, and particularly |
all light, dry, animal, and vegetable {ub-"
Mtances, will not ealily "part Wlth their elec=
tricity, though they be touched, for a cﬂnﬁ-%ﬁr
derable time, with conducors. He tuuchedf

S g !

* Elettricifmo artificiale, p P-73s 74 ..
+ Phil. Tranf. Vol. xlix, pt. 1, p. 153+ {

a feather;.é_
i
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a feather, ele@rified like that of Mr. Eeles,
nine times with his finger, and flill found it
“ele@rified. A cork ball was touched {even
‘times in ten feconds before it was exhaufted *,
Mr. KinnersLEy of Philadelphia, in a
letter dated March 1761, informs his friend
and correfpondent Dr. Franklin, then in
‘England, that he could not ele@rify any
“thing by means of fleam from eleétrified boil-
_ing water ; from whence he concluded, that,
contrary to what had been before fuppofed
by himfelf and his friend, fteam was fo far
from rifing ele@rified, that it left its fhare of

common ele&ricity behind T.

To try the effeéts of ele&ricity upon air,
Mr. Kinneriley contrived an excellent inftru-
‘ment, which he calls an eteéirical air thermo-~
meter. It confifted of a glafs tube, about
_eleven inches long, and one inch in diame-
ter, made air tight, clofed with brafs caps at
each end, and a {mall tube, open at both
ends, let down through the upper plate, into
fome water at the bottom of the wider tube.
Within this veflel he placed two wires, one
defcending from the brafs cap at the upper
end, and the other afcending from the brafs
cap at the lowerend ; through which he could
difcharge a jar, or tranimit a {park, &c. and
at the fame time fee the expanfion of the air
in the veflel, by the rife of the water, in the
{mall tube. 'With this infirument he made
the following experiments, related in a let~

* Phil. T anf Vol. 1. pt. 1. p. 2c2.
+ Ibid. v liii. pt. i.Pp. Bﬁ g
4, ter



26 A EXPERIMENTS

ter to Dr. Franklin, dated March the zzth,:. .
1761, :
7HE fet the thermometer on an electric ftand,
with the chain fixed to the prime condu&tor,
and kept it well electritied a confiderable time;
but thlS produced no confiderable effeGt:
from whence he inferred, that the eleftric
fire, when in a flate of reft, had no more
heat than the air, and other matter wherein |
it refides. i
WaeN the two wires within the veffel
were in contad, a large charge of eleGricity,
from above thirty fquare feet of coated glafs,
produced no rarefation in the air; *whu: 1
thowed, that the wires were not heated by
the fire pafling through them.
WHEN the wires were about two inches
afunder, the charge of a three pint botle,
darting from one to the other, rarefied the’
air very evidently; which fhewed, that the
eleftric fire produced heat in 1tfelf as Mr.
Kmnerﬂey fays, as well as in the air, by 1t&§
rapid motion.
TuE charge of a jar which contained about

wire, would caufe a prodigious expanfion in-
the air; and the charge of his battery of
thirty fquarf: feet of coated glafs would rzuféf"r
the water in the {mall tube quite to the top.
Upon the coaleicing of the air, the column af
water, by its gravity, inftantly fubfided, ¢ill |
it was in equilibrio with the rarified air. It
then gradually defcended, as the air cooleds
and fettled where it ﬁood hefore. By care=+
fully !

-
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fully obferving at what height the defcending
water firft ftopped, the degree of rarefaction,
he fays, might be dlfmvered which, in great
exploﬁons, was very confliderable.

It is obvious to remark, that the firft {ud-
den rife of the water of Mr. Kinnerfley’s ther-
mometer, upon an explofion being made n
the veflel which contained it, 1s not to be
afcribed to the rarefation of the air by heat,
‘but to the quantity of air aclually difplaced
by the electrical flath. It is only when that
firft fudden rife is fubfided, as Mr. Kinnerfley
“himfelf obferves, that the degree of its rare-
faction by the heat can be eftimated, viz. by
the height at which the water then {tands
above the common level. -

- Dr. Francxin had faid, that 7ce failed to
‘conduét afhock of elericity, and Mr. Berg-
man, in a letter to Mr. Wilfon, read at the |
Royal Society November the zoth, 1760,
fhows (what Signior Beccaria had done be-
- fore) that a {mall quantity of water failed as
' much as the ice had done with Dr. Franklin,
who feems to have made ufe of an icicle
which, Mr. Bergman thought, was not large
‘enough for the purpofe. From hence he fuf-
| pected, that large quantities of ice would tranf-
. mit a thock of eledricity as perfeétly as alarge
quantity of water ¥,
- HowEVER, he feéms, afterwards, to have
changed his {fentiments with refpe& to- ice:
for, in a fubfequent paper, read at the Royal

* Phil. Tranf. Vol. li. pt. ii. p. go8.
S Society
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Society March the 18th, 1762, when he had
remarked that {now would not conduét the
eleétric thock, he fays, he believes, if he
could procure plates uf ice of a proper thick-
nefs, he could charge them in the fame man~
ner as glafs *.

Jornannes Fravciscus Cion A was fo fully
perfuaded of the non-conducting power of
ice, that he made ufe of it in an experiment,
defigned to afcertain whether eleétric fub-
ftances did, according to Dr. Franklin’s hy-
pothefis, contain more of the ele@ric matter
than other bodies. He inclofed a quantity of
ice in a glafs veflel, and when he thought he
had converted it from an elefiric to 2 non- |
eleCtric by melting ; he tried whether it was
electrified ; but, though he found no appear-
ance of its having acquired any more of the |
fluid than it ought to have in its new ftate,
he does not feem to have given up his opi-
nion T 1

In the laft part of this work the reader will |
find {fome experiments, which, it is imagin=
ed, will afcertain the clafs of bodies in. which
ice ought to be ranked, by proving its con=~

du&ing power to be, at leaﬂ:, nearly equal to
that of water,

* Phil. Tranf. Vol li. pt.ii. p. 485.

+ Memoirs of the Academy at Turin, for the year I;rﬁ;..
P 47-
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Mz. CANTON’s EXPERIMENTS AND DIg«
COVERIES RELATING TO THE SURFACES
OF ELECTRIC BODIES, AND OTHERS MADE
IN PURSUANCE OF THEM, OR RELATING
TO THE SAME SUBJECT; ALL TENDING
TO ASCERTAIN THE DISTINCTION BE=-
TWEEN THE TWO ELECTRICITIES.

IL L this laft period of the hiftory, the

fame electricity had always been pro-

duced by the fame ele€ric. The friction of
glafs had always produced a pofitive, and the
friction of fealing-wax, &c. had always pro-
duced a negative ele@ricity. Thefe were
thought to be eflential, and unchangeable
properties of thofe fubftances ; and hence the
one was by many called the vitreous, and

' the other the refinouseledtricity ; and toelec-
- trify negatively, that is produce a refinous elec-
| tricity, by means of glafs; or to eleétrify pofis
- tively, that is, produce a vitreous elericity,
. by means of fealing-wax, &c. would have
| been thought as great a paradox, as to elec~
trify at all by the fri&ion of brafs or iron,
. For though it was not known why the elec-
tric matter thould flow from the rubber to
the excited glafs, or to the - rubber from ex-
-cited fealing-wax, the fact had been inva-
riable ; and nothing is even mentioned to
i have happcned, in the courfe of any experi-
o2 ments,
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ments, that could lead a }Jfrfon to fufpeé the
poffibility of the contrary.

WaaT then muft have been the furprife of
clectricians; to find that thefe different powers
of glafs and {ulphur were fo far from being
invariakble, that they were evenr interchange-
able; and that the fame glafs tube could be |
made to affume the powers of both! And
what muft have been their fatisfaCion to find
the circumftance on which the convertibility |
of thole oppofite powers depended, complete~
ly afcertained. This furprife and pleafure |

Was gwcn them by Mr. Canton, who thowed
that it depended only on the rubber, and the i
furface of the glafs, whether it ele&rified po-
fitively or negatively. ?

In what manner, by what train of thought, -
or by what accident he was led to this difco-
very, this excecllent philaﬁapher has not been
pleafed to inform us; but it is certainly a dif-
covery which, in an eminent manner, diftin- '
guithes this period of my hiftery. It throws |
great light upon the doétrine of pofitive and
negative cle&iricity, and led the way to other
difcoveries which throw flill mere light up-
on 1t. : -'!

TH1s {ubjelt of the two elecricities feems |
to have engaged the attention of e]e&rlclans ﬂ
ina more particular manner, in the whole |
courle of this period, and ever fince the dif= |
covery of Dr. Franklin, that the eleitricity of
the two durfaces Uf‘c,hargf:d glals are always
contrary to one another. Accordingly, the ¢

reader will find {everal fe&ions in this: perin{}

5 0

*
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of the hiftory relating to it; but he will find
that though much has been done, much yet
remains to be done; and that we are ftill far
from thoroughly underftanding the nature of
the two eletricities, with their dependence
upon and relation to one another.

PrEvious tothe communication of the dif-
covery itfelf, Mr. Canton obferves, that feal-
ing-wax might have pofitive electricity fuper-
induced upon it. He excited a flick of {eal-
ing-wax about two feet and a half 1in length,
and an inch in diameter; and, holding it by
the middle, he drew an excited glafs tube fe-
veral times over one part of it, without touch-
ing the other. The confequence was, that
that half which had been expofed to therac-
tion of the excited glafsawas pofitive, and the
other half negative: for the former half de-
ftroyed the repelling power of balls elec-
trified by glafs, while the other half increaf-
ed it *,

Tue experiments, which prove that the

- appearances of pofitive and negative eleciri-
. ity depend upon the furface of the ele&rics,

]

I
1

 and that of the rubber, were made in the lat-
ter end of December 1743.

Having rubbed a glafs tube with a piece
ﬂf thin thect lead, and flour of emery mixed
. with water, till its tranfparency was intirely

| deftroyed, he excited it (when it was made

perfettly clean and dry) with new flannel,
and found it a& in all refpetts like excited

* Pail. Tranf. Vol, xlviii, pt. i, p. 356.
S3 fulphur
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fulphur or fealing-wax. The ele@ric fire
feemed to iflue from the knuckle, or end of
the finger, and to fpread itfelf on the furface

of the tube, in a very beautiful manner. |

Ir this rough or unpolifhed tube was ex-

cited by a piece of dry oiled filk, efpemall)r
when rubbed over w1th a little chalk or whit=
ing, it would act like a glafs tube with its na- |
- tural polith. In this cafe the ele@ric fire ap-
peared only at the knuckle, or the end of the
finger, where it {cemed to be very much con-
denfed, before it entered.
- Bur if the rough tube was greafed all over
with tallow from a candle, and as much as
poflible of it wiped off with a napkin, then
the oiled filk would receive a kind of polith
by rubbing it; and, after a few firokes, would
make the tube act in the fame manner as when
excited at firft by flannel.

Tue oiled ﬁlk when covered with chalk
or whiting, would make the greafed ruugh
tube a& again like a polithed one ; but if the
tfrition was continued till the rubber became
fmooth, the eleric power would be changed
to that of fulphur, fealing-wax, &e. '
- Tuus, fays he, may the pofitive and ne-
gative powers of eleCricity be produced at
pleafure, by altering the furfaces of the tube
and rubber, according as the one or the other.
is moft affe@ed by the friction between them.
For if the polith be taken off one half of a
tube, the different powers may be excited
with the fame rubber at a fingle firoke ; and,
he adds, thc rubber is found to move much

2  eafier
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eafier over the rough, than over the polifhed

part of it.

TrAT polithed glafs electrified pofitively,
and rough glafs rubbed with flannel negative-
ly, feemed plain from the appearance of the
light between the knuckle, or end of the
finger, and the refpedtive tubes. But this,
Mr. Canton thought, was farther confirmed
by obferving, that a polifhed glafs tube, when
excited by {fmooth oiled filk, if the hand was
kept three inches, at leaft, from the top of
the rubber, would, at every ftroke, appear to
throw out a great number of diverging pencils
of ele&ric fire ; but that none were ever feen
to accompany the rubbing of fulphur, feal-
ing-wax, &c. nor was he ever able to make
any fenfible alteration in the air of a room
merely by the friction of thofe bodies § ;zvhém-
as the glafs tube, when excited fo as to emit
pencils, would, in a few minutes, elettrify
the air, to fuch a degree, that, after the tube
was carried away, a pair of balls, about the
fize of the fmalleft peas, turned out of cork,

 or the pith of elder, and hung to a wire by
. linen threads of fix inches long, would repel

each other to the diftance of an inch and an

. half, when held at arm’s length in the mlddle

of the room *,

ArTER thefe experiments of Mr. Canton,
Mr. Wilfon made feveral, which throw a
little more light upon this curious fubjeét;
but it is difficult to draw any general conclu-

* Phil. Tranf. Vol. xlviii. pt. ii. p. 782,
S 4 {ion
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{ion from them, and his own is not {ufficieat~
ly detcrminate. It 1s, that two eletrics be=
ing rubbed together. the body whofe fub-
ftance is hardeft, and eleciric power {trongeft,
will always be plus, and the fofteft and
weakeft miuus*.  Rubbing the tourmalin and
amber together, he produced a p/us ele&ricity
on both {ides of the {tone, and a minus onthe
amber; but rubbing the tourmalin and dia-
mond together, both fides of the tourmalin
were ele€irified minus, and the diamond plus,

TaESE experiments, which, he thought,
proved this propofition, encouraged him to
try what would be the effe¢t of rubbing or
forcing air againft different ele@rics, and the
effeCts were very confiderable. In thefe ex-
periments. he only made ufe of a common pair
of bellows, and his firft experiment was up-
on the tourmalin. This {fubftance he brought
near the end of the pipe, and found, that af-
ter it had received about twenty blafts, it was
eleGrified s/us on both fides. Air, there-
tfore, {eemed to be lefs eletric than the tour-
malin.

InTo the place of the tourmalin, he brought.
a pane of glafs, and blew againft.it the fame
number of times as in the former experiment;
and when he had examined both fides, he
found that they were ele@rified p/us alfo, but .
lefs than the tourmalin.

AMBEr, treated in the fame manner, was

cleCtrified lefs than the glafs.

* Phil. Tranf, Vol. Ii. pt. 1. p. 331.
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He next had recourfe to a {fmith’s bellows.
‘The difference which thefe occafioned was
only a much ftronger eleftricity in the tour-
malin. Amber was ftill weaker than the
glafs ; and the glafs weaker than the tour=
malin.

Having in view the medium (which, I
have obferved, he laid great firefs upon, as
conftituting the difference between eleftrics
and non-ele&trics) he confidered that heat
would rarify it on the furfaces of the particles
of air; by which means, air, having its re-
{iftance leflened, would more readily part with
the ele@ric fluid, and, of confequence, elec-
trify more powerfully.

TaE pipe of the bellows being made red
hot, he blew againft the tourmalin, twelve
times only, which was eight times lefs than in
the former experiment with cold air. In this
experiment the tourmalin was ele&rified plus
on both fides, but to a confiderable degree
more than was done in the former experi-
ments. The hot air had the fame effect up-
on glafs, but electrified 1t lefs than the tour-
malin; and amber, though, like the other
bodies, it received an increafe of power by
the fame treatment, was elettrified the leaft
Jaof all, _

FroMm the air electrifying more power-
fully when it was hot than when it was cold,
and the tourmalin being ele@rified more than
glafs, and glafs more than amber, as appear=
ed by the laft experiments, we feem, fays
Mr. Wilfon, to have obtained a proof, that

the
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the whole atmofphere is conftantly pro-
moting a flow of the eletric fluid, by the al-
ternate changes of heat and cold ; and farther,
that air is not only lefs elediric than the tour-
malin, but lefs than glafs, or even amber*,

In another paper, read at the Royal So-
clety November the 13th, 1760, Mr. Wilfon
recites fome curious experiments, which, he
fays, fhew that a plus eleCtricity may be pro=~
duced by means of a minus ele@ricity,

Having eledirified the infide of a large
Leyden bottle p/us, by means of a condu&mg
wire from an excited glafs globe; he fet it on
a ftand of prepared wood, and took away the
conduéling wire, after which the mouth of
the bottle was clofed with a ftopple of glafs.
Then the pointed end of an ivory condultor
was brought oppofite to the middle of the
bottle, and about two inches from it. Upon
doing this, the balls were eleQrified minus ;
and the more fo as the ivory was moved nearer
the bottle, 1n an horizontal dire&ion.

BuT, on removing the ivory to a greater
diftance, the minus eleéricity decreafed ; and,
at a certain diftance, there was not any fign
of it remaining ;- but when the diftance was
increafed to about eighteen inches from the
bottle, a p/us ele&tricity appeared, which con-
tinued even after the ivory was removed en=
tirely away .

WiTH a cylinder of baked wood he elec-
tfified the balls hanging to the ivory minus, at

* Phil, Tranf, "Vn'l Ih. pl: . p. 332, &g
+ 1bid, pt. 1. p. 8gg, &
the
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the diftance of four feet or more, by holding
the cylinder over the middle of the ivory, and
continuing it there ; and, on moving it nearer,
they were more ftrongly eleGrified minus;
‘but the fame cylinder, on removing it back
again to the diftance of two or three feet, or
more, eleQrified the balls plus.

Ween another conduGor of metal, with-
out edges or points, was ufed, mﬁead of the
ivory, and without any thing hanging from
it, the {ame cylinder held over the metal (as
was done in the laft experiment over the ivory,
at the diftance of two feet)®produced a plus
eleGricity ; and this was rendered weaker as
the cylinder was moved nearer ; but by leflen-
ing the diftance to about one foot, the mznus
eleCtricity took place. In thefe cafes Mr.
Wilfon thought, that the plus appearance
arofe from the earth, air, or other neighbour-
ing bodies.

WaEeN the preceding experiments were firft
made, he was a little embarafled, by the un-
certain appearances of a p/us ele€ricity at one
time, and a mnus at another, in the {ame ex-
periment; but, by repeated trials and obferv-
ations, he found, that a plus or minus elec~
tricity may be produced at pleafure, by care-
fully attending to the three following circum-
ftances ; viz. the form of the bodies, their
fudden or gradual removal, and the degrees
of ele@rifying.

Mr. WiLson, after this, proceeds to men-
tion fome other circumftances of a very nice
nature, where, the flighte(t and almoft im-

- perceptible
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perceptible differences in the pofition or in
the courfe of the frition of two bodies pro-
duce, in either of them, the plus ele€ricity at
one time, and the mzmus at another. -Such,
fays he, are the effects of this {ubtle and ac~
tive fluid, when the experiments are carefully
made ; and therefore they require the moft
fcrupulous attention to trace out the caufes
which occafion them. :
SeAaLING-wax and filver were the bodies
ufed in the two firft experiments, but many
other fubftances feemed to perform as well.
The fealing-wax#was clean, and undifturbed
by any friGion whatever, but that of the air
furrounding it, and had been fo for fome
hours. The filver was fixed to a piece of
prepared wood, which was allo preferved -
from fri¢tion for the {fame length of time.
Then, taking one of thofe {fubflances in each
hand, the filver being at the end of the wood
the fartheft from the hand, he laid the
{fmootheft part of the filver upon the fealing-
wax, and moved it along the {urface gently,
once only, and with a very {light preflure,
after which the filver was electrified plus, and
the wax minus. |
OnN repeating the experiment with equal
care, and in the fame manner, except that
the fmooth fide of the filver was a little in-
clined, {fo that the edge of it preffed againit
the wax; the filver, after moving it as be-
fore, was eleétrified msnus, and the wax plus,
contrary to what was obferved in the laft ex-
periment. -
Tuesr



TWO ELECTRICITIES. 269

.~ Taese oppolite effe&ts, occalioned by the
different applications of the fatted part or
edge of the filver, feemed to arife from an al-
‘teration made in the furface of the wax, by
‘deftroying the’ polith in one cafe, and not in
the other; and in this refpect refembled, the
- polithed and rough glafs mentioned before.

Upron making ufe of prepared wood inftead
of wax, and employing* different degrees of
preffure in the fri¢tion, with the fame edge
of the filver, he produced the like appear-
ances ; the leaft preflure caufing a plus, and
the greateft preflure a mnus appearance in
the filver.

A rFrLAT piece of fteel well poliihed, and
the edges rounded off, afforded the {ame ap-
pearances, by only applying the flat {urface
to the wood, but it required more prefling to
produce the minus effect in this cafe than it
did in the former, where the edge was con-
cerned.,

WaeTHER the reafon offered above for ex-
plaining thefe laft curious appearances be
true or not, Mr. Wilfon did not venture to
affirm, for want of farther experiments; but
thus much he thought might be fafely ad-
vanced, that we have learned to produce at
pleafure a plus or minus ele@ricity from the
fame bodies, by attending to the manner of
their application and friction *,

Mr. BereMm AN, in a letter to Mr. Wilfon,
read at the Royal Society February the 23d,

* Phil, Tranf. Yol. li. pt.ii. p. 899, &c.
1764,
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1764, gives an account of fome. curious ex-
periments of his, which, in conjunétion with
thofe of Mr. Canton above mentioned, con=
cerning furfaces, may throw confiderable
light upon the docrine of pofitive and nega-~
tive eleCtricity.

THE experiments were made with two rib-
bons of {ilk, one of which was extended ina
frame, while Mr. Bergman held the other in
his hand. He obferved, that if the two ribbons
were the fame with refpect to texture, colour,
fuperficies, and in every thing elfe, as far as
could be judged; and if he drew the whole
length of the ribbon which he held in his
hand over one part of that which was extend-
ed in the frame, that in his hand contraéed
the pofitive electricity, and that in the frame
a negative. If he drew one part of that
which he held in his hand over the whole
length of the other, the effets were re- |
verfed.

IF the ribbon in his hand was of a different
colour from that in the frame (provided it was
not black) the event was the fame. _

Ir the ribbon in his hand was black, it was
always negative, which ever way it was rub-
bed, except that in the frame was black too;
for then, if the whole length of it was rub-
bed, it was ele@rified pofitively. s

In endeavouring to account for thefe effeéts,
he obferves, that the ribbot"which was moft
rubbed was made fioother, and warmer than
the other; and was of opinion, that though
{moothnefs did difpofe bodies to be excited

pofitively, -



TWO ELECTRICITIES. 271

pofitively, yet that other circumftances were
alfo to be taken into confideration; having
found that when he held in his hand a ribbon,
which, by much frition, was made very
{mooth, and drew it over one part of another
ribbon, which was rough, and had never’
been ufed before, that the rough ribbon was,

neverthelefs, pofitive. From this experiment

he concluded, that this effe&t was, in fome
meafure, owing to the coleur; and, in purfu-
ing this thought farther, he was led to the fol-
lowing experiments.

Ir the ribbon in his hand was well warm-
ed, though it was drawn over one part of
that in the frame, it became eleétrified nega=
tively, and that in the frame pofitively. - He
made thefe experiments with the fame {uccefs
upon ribbons of filk of various colours, blue,
green, red, white, &e.

IFr the ribbon in the frame was black, it
never contracted a pofitive ele@ricity, though
that in his hand had been much heated, ex-

. cept this were black to6. From thefe experi-
. ments, he thought he might fafely conclude,,

' thatheat did difpofe fome {ubflances,at leaft, to

- a negative ftate; and he thought that the want

. of attention to this circumftance might have
. occafioned miftakes in the event of {fome ex~
| periments, efpecially thofe concerning ifland
. eryftal. '

From the whole he concludes, that there
15 a certain fixed order with refpeét to nega-

| tive and pofitive ele@ricity, in which all
| bodies may be placed, while other circum-

{tances
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ftances remain the fame. Let A, B, C, D, E,
be certain {ubftances, each of which, when
rubbed with one which 1s antecedent to 1t, is
negative, but with a {ubfequent pofitive. In
this cafe, the lefs diftance there is between the
bodies that are rubbed, the weaker, cet. par.
will be the ele@ricity; wherefore it will be
fironger between A and E, than it will be be-
tween A and B. Heat, he fays, difpofes
bodies to a negative ele@ricity, but if the dif-
tance above-mentioned be confiderable, it may
not be able to overcome, though it may weaken
that ele&ricity, as is evident from the ribbon
of black filk. 'When a glafs globe grows
warm in whirling, we are fenfible that its
eletric power is diminifthed. Is it not ow-
ing, fays he, to this circumftance, that by
heat 1t is more difpofed to negative ele@ricity,
by which means the diftance above-mention-
ed between -the glafs and the rubber is
leffened * ?

Upron the fubject of this fe&mn, I muftin-
troduce to the acquaintance of my reader two
_eminent elericians whofe difcoveries will
give him the greateft fatisfaCtion; I mean
M. WiLckE, and Mr. Arinus, the former
of Roftock in Lower Saxony, and the latter
of Peterfburgh: a circumftance which gives
me an occafion of congratulating all the
lovers of the {ciences, and particularly of
eleftricity, on the extenfive {pread of their
ftudies. What joy would it have given Mr.

® Phil. Tranf. Val. liv. p. 86.
Haukibee,
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Hauki{bee, or Mr. Grey, to have forefeen that
two fuch admirable treatifes on the fubject of
elecricity, as thofe of the perfons above-
mentioned, would come from countries ﬁ:: re-
mote from the place of its rife !
- MRr. WiLcke relates many curious EKPEI‘I-
“ments concernimg the generation of what he
calls /pontaneous eleciricity, produced by the
i quefaction of electric fubftances, which, com-
pared with thofe of Mr., Canton, throw great
light upon the do&rine of pofitive and nega-
tive eleCtricity.
- He melted {ulphur in an earthen veflel,
which he placed upon conductors ; then, let-
ting them cool, he took out the {fulphur, and
found it ftrongly eledtrical; but it was not fo
‘when 1t had ftood to cool upon ele&ric {ub-
“ftances.
He melted fulphur in glafs veflels, where-
by they both acquired a ftrong elericity in
the circumftances above mentioned, whether
‘they were placed upon electrics or not; but a
fironger in the former cafe than in the latter;
‘and they acquired a ftronger virtue flill, if
the glafs veffel into which they were poured
was coated with metal. In thefe cafes, the
glafs was always pofitive, and the fulphur ne-
gative. It was particularly remarkable, that
the {ulphur acquired no eleétricity till it began
to cool and contra@, and was the ftrongeft
when an the fiate of greateft Luntra&mn :
whereas the eleétricity of the glafs was, at
the fame time, the weakeft; and was the
firongeft of all when the fulphur was fhaken
1 out,
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out, before it began to contract, and acquired
any negative eleétricity.

Pursving thefe expenments, he found
that melted fealmg-wax, poured into glafs, ac-
quired a negative eleCtricity, but poured into
fulphur it acquired a pofitive eletricity, and
left the fulphur negative. Sulphur poured in-
to baked wood became negative. Sealing-
wax alfo poured into wood was negative, and
the wood confequently pofitive; but fulphur
poured into fulphur, or into rough glafs, ac-
quired no eledlricity at all *.

ExPERIMENTs fimilar to thefe were alfo
made by Mr. Epinus. He poured melted
{fulphur into metal cups, and obferved that
., when the fulphur was cold, the cup and the
fulphur together fhowed no figns of elec~
tricity, but thowed very ftrong figns of it the
moment they were {eparated. The electrici-
ty always difappeared when the fulphur was
replaced in the cup, and revived upon being
taken out again. The cup had acquired a ne=
gative, and the {ulphur a pofitive ele&ricity 3
but if the eleQricity of either of them had
been taken off while they were {eparate, they |
would both, when united, thow figns of that
ele@ricity which had not been taken off. This !
ele@ricity, he obferves, was only gn the {fur-
face of the {fulphur .

MRr. WiLckE has, likewife, recited feverall
curious experiments, which he made _on the:
frition of warious {ubftances, which like--

* Wilcke, p. 44, &c. + /Epini T:nramcn,p 66. 0.
ﬁlfc
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wife throw confiderable light on the fame
{fubject.

SurpuuR and glafs rubbed together pro-
duced a ftrong elellricity, pofitive in the glafs,
and negative in the {ulphur.

SvurpuuR and fealing-wax being rubbed
together, the wax became pofitive, and the
_{fulphur negative.

- Woob rubbed with cloth was always ne-
gative. |

Woob rubbed againft {fmooth glafs became
negative, but againft rough glafs politive.

SuLPHUR rubbed againft metals was always
pofitive, and this was the only cafe in which
it was fo; but being rubbed againft lead it
became negative, and the metal pofitive; lead
appearing, thereby, to be not {o good a con-
duétor as the other metals.

AFTeR thefe experiments, Mr. Wilcke
gives the following catalogue of the principal
{fubftances with which eleCrical experiments .
are made, in the order in which they are dif-
‘pofed to acquire pofitive or negative elec-
tricity ; any of the fubftances becoming pofi-
tively eleétrical when rubbed with any that tol-
low it in the lift, and negative when rubbed
with any that precede it.

Smooth glafs. White wax.
Woollen cloth. Rough glafs,
- Quills, Lead.
Wood. Sulphur,
Paper. Other metals *,

oealing-wax.
& * Wilcke, p. 54y &c;

R In
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In all experiments made to determine the
order of thefe fubftances, Mr. Wilcke f&ys,
that great care 1s neceflary, to diftinguifh ori-
~ ginal ele@ricity from that which is communi-
cated, or the confequence of friction *.

Mr. WiLckE fays that {mooth giafs is in
all cafes pofitive, and thence infers that it at-
tracts the eleciric fluid the moft of all known
fubftances ; but Mr. Canton tells me he has
found, that the fmootheft glafs will acquire a
negative elellricity by being drawn over the
back of a cat. | _

Or the {ame nature with thefe experiments
of Mr. Wilcke are the following of /Epinus.
He prefled clofe together two pieces of look-
ing-glafs, each containing fome {quare inches;
and obferved, that when they were feparated,
and not fuffered to communicate with any
conductor, they each acquired a firong elec-
tr1c1ty, the one politive, and the other nega-
tive. When they were put together agam, the
elecricity of both difappeared, but not if either
of them had been deprived of their elericity
when they were afunder; for in that cafe, the
two when united, bad the eleétricity of the
other. The fame experiment, he fays, may
be made with glafs and {ulphur, or with any
other electrics, or with any elettric and a

piece of metal T.

* Wilcke, p. 6g. 4+ Apini Tentamen, p.63.

SECTION
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B Bk Tl Q!N . AV,

Mr. DELLAVAL’s EXPERIMENTS RELATING

. TO THE. TWO ELECTRICITIES, AND HIS
coNTROVERSY WiTH Mgr. CANTON vron
THAT SUBJECT.

R. CANTON, in the courfe of experi-
ments related in the preceding fection,
clearly proved, that the production of either
of the two eletricities depends intirely upon
the furface of the excited eleétric with refpect
to the rubber, and thowed, that the very fame
glafs tube would produce either of them at
pleafure; yet, notwithftanding this demon=
ftration, Mr. Delaval, feveral years after-
wards, propofed another theory of the two
ele@ricities, which feems to be more ingeni-
ous than folid; as it goes upon the old fup-
pofition ‘of the different powers depending
intirely upon the different {ubftances them-
felves. The account of this theory was read
at the Royal Society, March the 22d, 1739.
It'neceflarily occafioned fome controver{y with
‘Mzr. Canton, in the courfe of which fome
new experiments were made, and fome new
fa&s difcovered ; on account of which I fhall,
with the utmoft impartiality, report all that
was advanced on both fides.

Mgk, Drravar obferved, that there are
two of the pure chymical principles of bodies,
viz. earth and fulphur, which are each poif-

T3 {efled
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fefled of a different kind of eleftricity; one
of which we might call a p/us eleéricity, the
other a m#nus; and thought that it might be
expetted, that, in a body compounded of
both, the oppofite powers of thofe ingredi-
ents would counterbalance, and deftroy the
effet of each other ; and - therefore, that
bodies in which the negative and pofitive
powers were equal, would be neutral, ot
non-ele@rics. Such a {fubftance he took me-
tal to be, confifting of calx and fulphur ; me-
tals not being calcinable without a degree of
heat fufficient to diffipate all their fulphur; as
is evident from their not being reducible again
to their metallic form, without the admix-
ture of fome un&tuous matter. * The fame
diffipation of fulphur, he fays, muft take
place in animal and vegetable {ubftances, be-
fore they become white afhes. Tran{parent
ftones he confidered as little more than pure
earth, free from the leaft mixture of oil;
judging of others by the chymical refolution
of cryftal.

To confirm this theory, Mr. Delaval made
experiments with dry powders of calcined
metals, viz. cerufs, lead afhes, minium, calx
of antimony, &ec. inclofing them in long
glafs tubes, and endeavouring to tranfmit the
electric virtue through them, and always find=
ing 1t impoflible. Animal and vegetable fub-
ftances, when reduced to athes, were alike
impermeable to eleéricity, as alfo the ruft of
metals. X |

He
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He was firft led to thefe experiments, and
to this hypothefis, by finding that dry mould
would not conduét eleétricity. This he alfo
~ tried with dry Portland ftone, {fome of which

he had cut into plates nearly as thin as win-
dow glafs. Thele he heated to a proper de-
gree, and coated them on both fides with
metal, in order to make the Leyden experi-
‘ment. When the ftone was hot enough to
finge paper, it condufted as perfeétly as
when cold ; but on cooling a little, it began
not to conduct, and afforded {mall fhocks ;
which gradually increafed in ftrength for
about ten minutes, at which time it was about
its moft perfeét ftate, and remained {o near a
quarter of an hour., After that time, the
~ thocks gradually decreafed, as the ftone grew
~«cooler; till, at laft, they' ceafed, and the
ftone returned to its conducting flate again,
but this ftate appeared before the flone was
«quite cold.

ExPerIMENTS of this kind fucceeded with
all bodies abounding with calx, or earth, as
ftones, earth, dry clay, wood when rotten,
or burned in the fire till the furface becomes
black, Among other {ubftances he tried a
~.common tobacco-pipe, part of which, near
the middle, he heated to a proper degree, and
then applied one end of it to an eleétrical bar,
‘while the other was held in the hand ; and he
obferved, that the ele@ric fluid pafled no far-
ther along the pipe than to the heated part *.

® Phil. Tranf, Vol. li. pt. 1. p. 83.
X 4 From
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From thefe experiments Mr. Delaval in-
ferred, that ftones and other carthy {fubftances
were convertible, by feveral methods, and
particularly by different degrees of heat, from
non-cleétrics to elefirics. But finding, after-
wards, that it was the opinion of fome per-
fons (Mr. Canton was the perfon chiefly hint-
ed at) that this change did not immediately,
but only confequentially depend on heat, by
evaporating the moifture, which would re-
turn again when the fubftance cooled; he ob-
ferves, in a paper read at the Royal Society,
December the 17th, 1761, that the tobacco-
pipe loft its eleGricity before it was cold, and
therefore before it could have imbibed mmf»
“ture {ufficient to deftroy its eleéricity ; and
befides, that the f{ubftance employed in the
experiment was not of that kind of bodies
which is apt {fuddenly to draw moifture from
the air.

To account for Mr. Delaval’s experiments,
M. Canton fuppofes, in a paper read to the
Royal Society, February 4th, 1762, that
flone, tobacco-pipe, wood, &c. will conduéct |
when cold by the moifture they contain in
that {tate ; that when their moifture is evapo- |
rated by heat they become non-conductors ;
and that when they are made very hot, the
hot air at, or near their furfaces will conduét,
and the bodies will appear to be conductors
again, Hot air, he fays, may eafily be prov-
ed to be a conductor of elediricity, by bring=-
ing a red hot-iron poker, but for a moment,
within three or four inches of a fmall eleétri-

fied
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- fied body ; when it would be perceived, that
its ele&tric power would be almoft, if not in-
tirely deftroyed; and by bringing excited am-
ber within an inch of the flame of a candle,
when it would lofe its eletricity before it had
acquired any fenfible degree of heat.

To confirm this, he mentions his having
obferved, that the tourmalin, Brafil topaz,
and Brafil emerald, would give much ftronger
figns of electricity when cooling, after they
had been held about a minute within two
inches of an almoft furrounding fire, where
the air is a condu&or, then they ever will af-
- ter heating them in boiling water. e adds,
that if both fides of thofe ftones be equally
heated, in a lefs degree than will make the
{furrounding air a conduétor, the eleGricity of
each fide, whether p/us or minus, would con-
tinue fo all the time the ftone was both heat-
ing and cooling, but would increafe while it
was heating, and decreafe while it was cool-
ing; whereas, if the heat was f{ufficient to
make the furrounding air conduét the eleétric
fluid from the pofitive fide of the ftone to the
negative fide of it, while it was heating, the
electricity of each fide would increafe while
the ftone was cooling, and be contrary to what
it was while the ftone was heating.

As to the tobacco-pipe, Mr. Canton fays, -
that it not only attracts the moifture of the
air, but abforbs it. Hence a tobacco-pipe,
after it begins to cool, will become a conduc-
tor again fooner than wood. And that it im-~
bibes moifture fafter than wood, he fays, is

evident,
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evident, becaufe when wetted, it will not con-
tinue wet fo long as wood, imbibing the moif~
ture prefently.

TuAT tobacco-pipe doés not become a
conductor by a particular degree of heat,
without evaporating its moifture, 1s evident,
he fays, from the following experiments.

Ir three or four inches of one end of a to-
bacco-pipe, of more than a foot in length, be
made red hot, without fen(ibly heating the
other end, this pipe will prove a ready con-
ductor, through the hot air furrounding one
part of it, and the moifture contained in the
other; although fome part of it muft have the
degree of heat of a non-condu@or. But if
the whole pipe be made red hot, and f{uffered
to cool till it has only fuperficial moifture
enough to make it a good conduétor, and then
three or four inches of one end beagain made
hot, it will become a non-condu&or.

Ir a nail be placed at, or near each end of
a longifh folid picce of any of the abforbent
bodies above-mentioned, fo as the point of
each nail may be about half the thicknefs of
the body within its furface; this body, by
heat, may be made a non-condu&or exter-
nally or fuperficially, while it remains a good
conductor internally, For the eleGric fluid
will readily pafs from one nail to the other,
through the middle of the body, when it will
not pafs on its furface, and even . when the in-.
ternal parts of the body are in an equal de-
gree of heat with the external, as they muft
foon be after it begins to cool. But if the

tame
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fame body be expofed, for a fhort time, to a
greater degree of heat than before, or if it be
kept longer in the {fame heat, it will become
a non-conductor intirely *,

- Mr. DeELAvAL, In confirmation of parti-
cular bodies requiring particular degrees of
heat to render them elefiric or non-eleétric,
independent of moifture, mentions a {ub-
ftance which, he fays, is affe€ted by heat in
an oppofite manner to the former inftances;
fince the degrees of heat, neceflary to render
the other {ubftances ele&ric, makes this non-
eleétric.

Tue fubftance was 7fland cryflal (which is
well known for its fingular property of a

. double refralion) on a piece of which he

made the following obfervations. 1. After
this piece of cryftal had been rubbed, when
the heat of the air was moderate, it thowed
figns of eleCricity, though not very ftrong
ones. 2. If the heat was increafed, {o as to
be a little greater than that of the hand, it de-
ftroyed 1ts eledric power intirely. 3. By
cooling the {tone again, the ele&rm power
was reftored.

He immerfed this piece of cryftal into a
veflel filled with quickfilver, and furrounded
with ice, where it remained near two hours,
when the weather was very cold; and ob-
ferved, that, upon taking it out with a pair
of tongs (that it might not be altered by the

Phil. Tranf, Vol. lii. pt. ii. p. 459.
heat
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heat of his hands) and rubbing it again, it
was more firongly eleétric then he had at any
other time experienced; but that, on placing
it a few minutes upon the hearth, at fome
diftance from the fire, its ele@ric property
was again deftroyed, for that rubbing would
not oecalion any {igns of 1it.

Tuus, fays he, we fee two different kinds
of fixed bodies, the one of which acquires an
eleciric property with the fame heat with
which another lofes it; while a third fet of
fubftances, as glafs, &c. retain their elec-
tricity through both the degrees of heat necef-
fary to the other two.

Some ipieces of ifland cryftal, which he
had procured from different places, had not
the property of lofing their eleétricity by a
moderate heat. He had, in particular, a
piece of that cryftal, one part of which, when
greatly heated, became non-eleftric, while
the other part, with the fame heat, or even
with a much greater one, remained perfectly
eletiric.

He found feveral other mrth}r fubftances,
whofe ele@ricity was deﬁruyed by d1fferf:nt
degrees of heat.

From confidering that the degrce of heat,
at which the ifland cryftal firft mentioned was
in its moft perted elettric {tate, was lefs than
the ufual heat of the air, and that a {mall in-
creafe of that heat rendered it non-eleéiric ;
he did not think it 1mprobable, that many
{ubflances, which are not known to be elec-

fric,
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tric, 'might prove fo, if expofed to a greater
degree of r:.cnld then they have been hitherto
examined in *

To thefe - nbfervatinns Mr. Canton replies,
that having formerly obferved that the fric-
tion between mercury and glafs in vacuo
would not only produce the light of elec-
tricity, as in the luminous. barometer, or
within an evacuated glafs ball, but would
alfo ele&rify the glafs on the outfide, he im-
merged a piece of dry glafs in a bafon of
mercury; and found, that by taking it out,
the mercury was elerified minus, and the
glafs plus, to a confiderable degree. He
alfo found, that amber, fealing-wax, and
ifland cryftal, when taken out of mercury,
were all electrified pofitively. How then,
fays he, does it appear, that "the eletricity
which was obferved in rubbing the laft men-
tioned f{ubftance, after it was taken out of
mercury {urrounded by ice, was owing to
cold, and not to the frifion between it and
the mercury in taking 1t out. Hland cryftal
when warm 1s a non-conduétor, and all non-
‘conductors may be excited with proper
rubbers t.

M=«. Bereman of Upfal, in a letter to Mr.
Wilfon, read at the Royal Society, April the
14th, 1701, fays, that he bad tried the ex-
periments of Mr. Delaval with ifland cryftal,
but that the event had always been contrary to

* Phil. Tranf. Vol. lii, pt. i, p. 354, &c.
+ 1bid. pt. ii. p 461,

what
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what Mr. Delaval had reported. Trying
different picces of cryftal, he found one which
inftead of having its virtue increafed by cool-
ing, was fen{ibly increafed by heating. Af-
terwards trying all the reft which he had by
him, whether Swedith cryflal, or ifland, he
found the effect to be the fame. From this
he inferred, that the cryftals which he bad

were of a quite different kind from that of
-Mr. Delaval *,

5 culiinGis Fubkls Oy Niuaie

Mgr. CANTON?’s EXPERIMENTS AND DI§=
COVERIES RELATING TO BODIES IMMER G~
ED IN ELECTRIC ATMOSPHERES, WITH
THE DISCOVERIES OF OTHERS, MADE BY
PURSUING THEM. :

N this fe¢tion I fhall prefent my reader

with the fineft feries of experiments that
the whole hiftory of eleéricity can exhibit,
and in which we fhall {ee difplayed the geni-
us and addrefs of four of the moft eminent
ele@ricians in this whole period; viz. Mr.
Canton and Dr. Franklin, Englifhmen; and
Mefirs. Wilcke and Apinus, foreigners, Mr.,
Canton had the honour to take the lead, and he
made all the eflential experiments. Do&or
Franklin profefledly purfued them ; and
though all his firength he put not forth on

* Phil. Traaf. Vol, liii. pt. i. p. 8.
this
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this occafion, he diverfified the experiments,

and made fome improvement in the method
ﬂf accounting for them. But Meflrs. Wilcke
and Apinus in conjunction carried the expe-
-riments vaitly farther, and completed the
difcovery; which is, certainly, one of the
. greateft that has been made fince the time of

Dr. Franklin. 1 fay the time of Dr, Frank-
lin, though he himfelf be one of the perfons
concerned ; for by the time of Dr. Franklin will
always be underftood the time in which he
made his capital difcoveries in America. This
will always be a diftinguifhed epocha in the
hiftory of electricity, from which all his own
future difcoveries will be dated. _

Tue original experiments 1n this fection,
when Mr. Canton firft publifhed them, in
his ufual concife, though peripicuous man-
ner, without any preamble, to inform ushow
he was led to them, exhibit fuch a variety of
attraltions and repulfions of eleGrified be-
dies in different circumflances, as looked like
the power of magic; and were they conduct-
ed with a little art, I do not know any elec-
trical experiments {made without light, or
noife) more proper for a deception of this
kind. But when they are attentively confi-
dered, they demonfirate a remarkable pro-
perty of all eleGtrified bodies, which has of=-
ten been referred to in the courfe of this hif-
tory, but which had not been attended to be-
fore; nor indeed do 1 apprehend that it was
fully underftood, till it was explained in all
its extent by Mr. Wilcke and Zpinus. It is,

7 that
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that the ele@ric fluid, when there is a redun-
~ dancy of it in any body, repels the eleGrie
fluid, in any other body, when they are
brought within the {phere of each other’s in-
fluence, and drives it into the remote parts of
the body; or quite out of it, if there be any
outlet for that purpofe. [n other words,
bodies immerged in ele&ric atmofpheres al-
ways become poflefled of the eleétricity, con-
trary to that of the body, in whofe atmofphere
they are immerged. 'This principle purfued
led them to the method of charging a plate of
air; like a plate of glafs, and to make the
moft perfect imitation of the phenomena of
thunder and lightning.

.THE paper, containing an account of Mr.
Canton’s experiments, was read at the Royal
Society, December the 6th, 1753. :

- MRr. CanTon {ufpended cork balls, one
pair by linen threads, and another pair by
filk ; then holding the excited tube at a con-
fiderable diftance from the balls with the linen
thread, they {eparated ; and, upon drawing
‘it away, they immediately came together:
but he was obliged to bring the excited tube
much nearer to the balls hanging by filk
threads, before they would feparate; though
“when the tube was withdrawn, they continu-
-ed {eparate for fome time, :

As the balls in the former of thefe experi=
ments were not infulated, Mr. Canton ob-
ferves, that they could not properly be faid to
be eleCirified; but that when they hung with=-
in the atmofphere of the excited tube, they

| might
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might attrac and condenfe the ele@ric fluid
round about them, and be feparated by the
repulfion of its particles. He conjetures al-
{o, that the balls, at this time, contain lefs
than their common fhare of the eletric fluid,
on account of the repelling power of that
which furrounds them, though fome may be
continually entering and pafling through the
‘threads. And if that be the cafe, he fays,
the reafon is plain why the balls hung by
filk in the fecond experiment muft be in a
much more denfe part of the atmofphere of
the tube before they will repel each other. He
~ adds, that at the approach of an excited ftick
_of wax to the balls, in the firft experiment,
the eleltric fire is {fuppoled to come through
the threads 1nto the balls, and to be condenied
‘there, 1n its paflage towards the wax; {ince,
according to Dr. Frankling excited glafs
emits the elefric fluid, and excited wax re-
celves 1t.

WuiN two balls, {ufpended by linen
threads upon an infulated tin tube, were elee-
trified pofitively, and had {eparated; he ob-
ferved, that the approach of the excited tube
would make them come nearer together; if
brought to.a certain diftance, they would
touch; and if brought nearer, they would fe-
parate again.

In the return of the tube, they would ap-
proach each other, till they touched, and then
repel as at firft. If the tin tube was eletrifi-
ed by wax, or the wire of a charged phial;
the balls would be affeéted in the fame man-
' U ner
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ner at the approach of excited wax, or the
wire of the phial. If the cork balls were elec~
trified by glafs, their replufion would be in-
creafed at the approach of an excited ftick of
wax. And the effe&t would be the {ame, if
the excited glafs was brought towards them,
when they had been elecirified by wax.

THE bringing the excited glafs to the end,
or edge of the tin tube, in the former of thefe
experiments, 1s by Mr. Canton {uppofed to
electrify it pofitively, or to add to the eleéric

fire it before contained; and therefore fome

will be running off through the balls, and

they will repel each other. But at the ap=-
proach of excited glafs, which likewife emits
the ele@ric fluid, the difcharge of it from the

balls will be diminifhed, or part will be driven

back, by a force ating in a contrary direc~
tion, and they will come nearer together. If
the tube be hel@ at fuch a diftance from the
balls, that the excefs of the denfity of the
fluid round about them above the common
quantity in air, be equal to the excefs of the
denfity of that within them above the com-

mon quantity contained in cork, their repul=

{fion will be quite deftroyed. But if the tube

be brought nearer, the fluid without being |
more denfe than that within the balls, it will
be attra&ted by them, and they will recede

from each other again.
MR, CanTon farther obferves, that when
the apparatus bas loft part of its natural

ftore of this fluid, by the approach of excited

wax to one end of it, or is eletrified negative=

lys
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ly, the ele@ric fire is attracted and imbibed
by the balls; to {upply the deficieney; and
that more. plentifully at the approach of ex-
cited glafs, or a body pofitively ele&rified,
than before; whence the diftance between the
balls will be increafed, as the fluid {furround-
ing them 1s augmented And, in general;
whether by the approach or recefs of any
body, if the difference between the denfity of
the internal and external fluid be mcreaied,
or diminifhed; the repulfion of the balls will
« be increafed, or diminifhed accordingly.

He obferved, that when the infulated tin
. tube was not elecirified, if the excited glafs
was brought towards the middle of it, the
balls hanging at the end would repel each
other, and the more fo as the excited tube
was brought nearer. When it had been held
a few feconds, at the diftance of about fix
inches, and withdrawn, the balls would ap=
proach each other till they touched; and, fe=
parating again, as the tube was removed far=
ther, would continue to repel when the tube
was taken quite away. This laft repulﬁen
would be increafed by the approach of excit-
* ed glafs, and diminifhed by that of excited
wax ; juft as if the apparatus had been eclec-
trified by wax, after the manner defctribed in
the laft experiment.
~ He infulated two tin tubes, which may be
diftinguithed by calling-them A and B, fo as
to be in a line with eac_h other, and'half an
inch afunder, 'and at the remote end of each
fufpended a pair of cork balls. Then, upoin °
U2 bring-
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bringing the excited glafs tube towards the
middle of A, and holding it a fhort time at
the diftance of a few inches, he obferved each:
pair of balls to feparate. Upon withdrawing
the tube, the balls of A would come together,
and then repel each other again, but thofe of
B would hardly be affeted. By the ap-
proach of excited glafs the repulfion of the
balls of A would be increafed, and thofe of
B diminifhed *.
In the former of thefe experiments, Mr.
Canton fuppufes the common ftock of elefiric
matter in the tin tube to be attenuated about
the middle, and to be condenfed at the ends,
by the repelling power of the atmofphere of |
the excited glafs tube, when held near it. And
perhaps, he fays, the tin tube may lofe fome
of its natural quantity of the ele@ric fluid be-
fore it receives any from the glafs, as that
fluid will more readily run off from the ends
or edges of it than enter at the middle; and
accordingly, when the glafs tube is with-
drawn, and the fluid is again equally diffufed
through the apparatus, it is found to be elec- |
trified negatively; fince ex.cited glafs brought
under the balls will increafe their repulfion.
In the latter of the experiments, Mr. Can- |
ton {uppofes that part of the fluid driven out
of one tin tube entérs the other, which is
found to be ele@ritied pﬂﬁtwely, by the de~
crealing of the repulfion of its balls at the ap~
proach uf excited glafs.

® Phil, Tranf, Vol, xlviii, pt. i, p. 350.
It
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IT will readily be feen that, at the time
thefe experiments were made, Mr. Canton re-
‘tained the common idea of elefric atmoi-
pheres; whereas it will appear by the experi-
ments of Meflrs. Wilcke and Apinus (which
in fa& contain nothing more than thofe of
Mr. Canton) that they tend to refute the com-~
mon opinion, and are much eafier explained
‘upon the {uppofition, that the portion of fluid
belonging to any eletrified body is conftant-
ly held in contact, or very nearly in contadt,
with the body; but adts upon the eleGricity
of other bodies at a certain diftance.

Dr. FrankrLin purfued, or rather diverfi-
fied the experiments of Mr. Canton, but re-
taining, likewife, the common opinion of
ele@tric atmofpheres, he thought that the phe-
nomena were more eafily e*{plamed upon the
fuppofition, that thefe atmoipheres, being
~ brought near each other, did not eafily mix,
and unite into one atmoiphere, but remained
{eparate, and repelled each other ; and more-
over, that an eletiric atmofphere, would not
only repel another eletric atmofphere, but
alfo the eleftric fluid contained in the f{ub-
ftance of a body approaching it, and, without
joining or mixing with it, force it into the
‘other parts of the body that contained it.

HouGH it muft be difficult to aflign a rea-
fon why the particles of one atm-::-fphere
fhould repel the particles of another atmo-
iphere, or of the fluid contained in another
body with more force than they repel one an-
other, or the particles of the fluid contained

U 3 n
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in the body to which they belong, {ince the
matter i3 the fame in both; yet this idea of
the mutual repulfion of ele@ric atmofpheres,
could it once be fuppofed, will certainly and
clearly account for all the fa&s; and the
theory pleafes on account of its fimplicity,
But the fame appearances will be accounted
for, in a manner as fimple and mtelllglble, ‘
upon the f{uppofition, that the portion of
eleCtric fluid belonging to each body, being
{ftrongly attracted by the body, is held in clole
contalt with it; but that it a&ts by repuliion
upon the electric fluild belonging to other
bodies, at a diftance from them; and that the
electric fluid doth not actually pafs out of one
body into another, till it have firft repelled
the fluid out of the other body, and then be
more ftrongly attracted by the other body, than
by its own; which has already got more than
its natural {hare.

THE paper containing an account of thefe
experiments of Dr. Franklin was read at the
Royal Society, December the 18th, 1755,
His apparatus was different from that of Mr.,.
Canton, but ftill he exhibited the {fame effe&is
proceeding from the fame caufe. He fixeda
taflel of fifteen or twenty threads, each three
inches long, at one end of his prime conduc-
tor, which was five feet long and four inthes
in diameter, fupported by filk lines. The
threads were a little damp, but not wet. -
I~ thefe circumilances, an excited tube
brought near the end of the prime conduc=
tor, oppolite to the threads, {o as to give it

2 fome
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fome {parks, made the threads diverge, each
thread having thereby acquired its feparate
ele@ric atmofphere.

. In this ftate, the approach of the excited
tube, without giving any {parks, made the
threads diverge more; but, being withdrawn,
they clofed as much; the atmofphere of the
conductor being driven by that of the tube in-

- to the threads, and returning again upon with-

- drawing the tube, which had then left no part
of its atmofphere behind it.

THE excited tube brought under the diverg-
ing threads made them clofe a little, having
driven part of their atmofpheres into the con-
ductor. Upon being withdrawn, they di-
verged as much; that portion of their atmo-
ipheres which they had loft returning again

_from the conductor, and the tube having left
no part of its own.

THE excited tube, held at the diftance of
five or {ix inches from the end of the conduc~
tor oppolfite to the threads, made them {fepa-
rate, and, upon being withdrawn, they came
together again: but if, in their ftate of fepa-
ration, a {park was taken from the conductor
near them, they would clofe; and, upon re-
moving the tube, would feparate. "The tube,
in both cafes, left no part of its atmofphere
behind it. It only drove the natural quanti-
ty of eleéricity, contained in the conduflor
towards the threads; and part of that being
taken away by the {park, the tube would
leave the condu&or and threads negative, in

| Uy which
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which cafe, they would repel one another, as

if they had been eleétrified pofitively.

In this fituation, if the excited tube was 1

brought near the conductor, they would ciofe
again ; the atmofphere of the tube forcing
* that of the condudtor into the threads, to fup-
ply the place of what they had loft : but, up-
on withdrawing the tube, they would open
again; the tube, as before, taking its whole
atmofphere away with it, 'When the excited
tube was brought under the threads, diverg-

ing with negative ele@ricity, they diverged

more; the atmofphere of the tube driving
away more of the atmofpheres cf the threads,
and giving them none in its place. |
Lastry the Dolor brought the excited
tube near the prime conductor, when it was
not ele&rihied; and when the threads were,

thereby, made to diverge, he brought bis

finger near them, and obferved, that they re-
ceded from it. This appearance had been
taken notice of by Mr. Hauk{bee, and others,
Dr. Franklin accounts for it by fuppofing,
that when his finger was plunged into the at-
mofphere of the glafs tube, part of its natural
electricity was driven back, through his hand

and body, fo as to leave the finger negatively .

el o A

eleCrified, as well as the threads; in which

cafe they muft neceflarily repel one another.

To confirm this hypothefis, he held a flender

lock of cotton, two or three inches long, near
the prime condu&or, clefrified by excited
glafs, which made the cotton ftretch itfelf ta-

wards :
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swvards the condu&or; and obferved, that, in
this ftate, it would recede from the finger of
his other hand, at the fame time that it was
attracted by a wire of a bottle charged po-
fitively *.

Tuese experiments of Dr. Franklin, made
in purfuance of thofe of Mr. Canton, were
confirmed, as I obferved before, and carried
much farther by Meflrs. Wilcke and Epinus.

Mgr. WiLckE obferves, that a {mall body
immerged in any eledric atmofphere, if it be
touched by no other body, and be withdrawn
before it be repelled, fcarce ever fhows any
fign of eleétricity; if any, it is of the fame
kind with that of the body into whofe atmo-
{phere it was plunged 4. If any body, com-
municating with the ground, he brought to
this light body, while it remains immerged
in the atmofphere of the ele@rified body, it is
firlt attratted, and then repelled by it. If a
point be prefented to this light body, and af-
terwards withdrawn, it will be found to have
acquired an electricity oppolite to that of the
clectrified body. From this he r.:{mc]udr‘:s, that
parts of non-ele@ric bndles, plunged in elec-
tric atmolpheres, acquire an electricity oppo-
fite to that of the atmofphere in which they
are plunged f.

He placed two large infulated condu&ors
with their ends oppolite to one another, and
a cork ball fufpended on filk between them;
and obferved, that, upon the application of

o Phil. Tranf. Vol. xlix. pt. i. p. 370.
1 Wilcke, p. 73. 1 Ibid. p. 77.

L ' the
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~ the excited glafs tube to one end of either
of them, the cork ball would play between
them very faft; and if the tube were held
a while at the {ame diftance, would be at
reft. Upon withdrawing the tube, the mo-
tion of the cork ball began again, and, at
length, ceafed gradually as before. If the
condu&tors were removed from one another,
while they were within the atmofphere of the
tube, they would, upon being brought to-
gether again, give a fpark. 'This experiment
confirmed the demonftration, that the part of
a body which is immerged in the atmofphere
of an elerified body acquires the contrary
eletricity *.

Bur the moft complete demonftration of
this general maxim is an experiment of Mr.
Kpinus. He placed a fmall weight upon one
end of a large metallic conduélor, and, by
means of a {ilk ftring, removed it from the
condu&or, while the end on which it refted
was immerged in the atmofphere of an elec-
trified body; and found that it had aQually
acquired a different eleétricity from that of the
atmofphere. If the end of the condu&or,
oppofite to that on which the moveable weight
was placed, was made to communicate with
the earth, ftill that part of it which was near
the excited cle@ric was affe¢ted with the op-
pofiteeleCiricity. Placing the moveable weight
on the oppolite end of the conductor, when it
was infulated, he found that it had fometimes

* Wilcke, p. 78,
acquired
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acquired an eletricity contrary to that of the
excited eleé&ric, fometimes the fame elec-
tricity, though weak, and fometimes no elec-
tricity at all *,

Tue fame ingenious philofopher confider-
ed that the fame principle muft extend to
glafs, and all other eleirics; fince they, as
well as condutors, contain a certain quantity
of the ele@ric fluid, in their natural fate.
To verify this, he took a glafs tube, and elec~
trified one end of it pofitively. The confe-
quence was, that four or five inches of that
end were pofitive ; but beyond that there
were two inches negative ; and beyond that
the tube was again pofitive, though weakly
fo. This experiment he repeated very often
with the fame fuccels; as alfo when, infltead
of glafs, he ufed a folid ftick of fulphur. To
account for this fa&, he fuppofed, that the
eleQricity communicated to the end of the
tube repelled the natural quantity of the fluid
in the glafs to fome diftance. This natural
quantity retiring from its former f{ituation, he
{uppofes to become condenfed, and confe-
quently to repel another quantity of the fluid
natural to the glafs from its place; and that
thus the whole rod would be alternately pofi-
tive and negative. The author afferts, that it
was from theory only that he was led to this
curious experiment, the fa& exaltly corre-
{fponding to what he bad before deduced, as
- the neceflary confequence of Dr. Franklin’s

* Zpini Tentamen, p. 123,

principles
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principles of negative and pofitive elec-
tricity *.

THE hint of thefe experiments Mr. Epinus
received from thofe above mentioned of Mr.
Wilcke; and thefe gentlemen, refiding at the
fame time at Berlin, purfued thefe curious
experiments jointly, till they were led by
them to difcover a method of charging a plate
of air in the fame manner as plates of glafs
had ufually been charged, and to throw ftill
more light upon the theory of the famous Ley~
den experiment. '

In the above mentioned experiments, thefe
gentlemen obferved, that the negative flate
of one of the bodies depended on the oppo-
fite ftate of the other, which was known to
be exaltly the cafe of the two fides of a charg-
ed pane of glafs; and the reafon of the non-
communication of the fame eletricity was
evidently the impermeability of the glafs to
the eleéric fluid in the one cafe, and the im-
permeability of the air in the other. Upon
this hint they made feveral attempts to give
the eleiric thock by means of air; and at
length fucceeded, by {ufpending large boards
of wood covered with tin, with the flat fides
parallel to one another, and at fome inches
afunder. For they found, that upon ele&trify-
ing one of the boards pofitively, the other
was always negative, agreeable to the former
experiment : but the difcovery was made
complete and indifputable by a perfon’s touch-

* /Zpini Tentamen, p. 192,

ing



ELECTRIC ATMOSPHERES. 10f

ing one of the plates with one hand, and
bringing his other hand to the other plate;
for he then received a fhock through his
body, exaltly like that of the Leyden expe-~
riment *,

WitH this plate of airy as we may call it,
they made a variety of curious experiments.
The two metal plates, being in oppofite ftates,
ftrongly attralted one another, and would
have ruthed together, if they had not been
kept ‘afunder by ftrings. Sometimes the elec-
tricity of both would be difcharged by a
ftrong {park between them, as when a pane
of glafs burfts with too great a charge. A
finger put between them promoted the dif-
charge, and felt the fhock. It an eminence
was made on either of the plates, the felt-dif-
charge would always be made through it, and
a pointed body fixed upon either of them pre-
vented their bem g charged at all.

Tue ftate of thefe two plates, they ex-
cellently obferve, juftly reprefents the ftate of
the clouds and the earth during a thunder
{ftorm ; the clouds being always in one ftate,
and the earth in the oppofite ; while the body
of air between them anfwers the fame pur-
pole as the fmall plate of air between the
boards, or the plate of glafs between the two
metallic coatings in the Leyden experiment.
The phenomenon of lightning is the burft-
ing of the plate of air by a {pontaneous dif-
charge, which is always made through emi-

* Wilcke, p. g7.

nences,
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nenccs, and the bodies through which the
difcharge is made are violently thocked #,

Tuis principle, they likewife thought,
would explain an obfervation of the Abbé
Nollet, that electricity was often obferved to
be peculiarly ftrong, when the room was full
of company, and more particularly, when
numbers of them drew near together, to fee
the experiments. The conduétor was then in
one ftate, and the company in another; fo
that, conflituting a large furface, when any
of them took a fpark, as he thereby difcharg-
ed the elefiricity of all the company, he
would feel it more fenfibly than if he had
ftood fingle 7.

Thais difcovery, of the method of giving
the ele@ric fthock by means of a plate of air,
may be reckoned one of the greateft difco-
veries in the {fcience of electricity fince thofe
of Dr. Franklin, It 1s beautiful to obferve
how this fine difcovery took its rife from the
experiments of Mr. Canton. Mr. Canton’s
experiments were purfued by Dr. Franklin,
and thofe of Dr. Franklin, purfued by thefe
gentlemen, produced the difcovery. It is one
and the fame principle that, in different cir=
cumftances, accounts for this beautiful feries of
experiments.

Tuis experiment of charging a plate of
air is likewife related by Mr. KEpinus, who
fays that he was led to the difcovery, by rea-

* Wilcke, p. 1014 + Ibid. p. g6, &ec.

foning
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foning from the confequences of Dr. Frank-
lin’s theory.

From thefe experiments he was alfo led to
form a more diftinct idea of the impermeabi-
lity of glafs to the ele@ric fluid. For fincea
plate of air might be charged as well as a
plate of glafs, that property, whatever it be,
muft be common to them both; and could
not, as Dr. Franklin once fuppofed, be any
" thing peculiar to the internal ftru&ture of glafs.
Impermeability, he, therefore, infers, muft be
common to all ele@rics; and fince they can
all receive electricity by communication to,a
certain degree, it muft confift in the difficulty
and flownefs with which the eleétric fluid
moves 1n their pores; whereas, in perfet con=
duors, it meets with no obftruction at all *.

IT was chiefly this courfe of experiments,
alfo, thatled Mr. Epinus to deny the exii-
tence of eleftric atmoipheres, confifting of
efluvia from elecrified bodies.

HE feems, however, to confider this as a
bold opinion; fince he herein differs, as he
fays, from all the ele&ricians who had written
before him, and even from Dr. Fr?nklin him-

/18 by no means countenanced by the general
principles of this theory, which {uppofe the
electric fluid to move with difliculty through
every eledtric fubftance like the air.

To thofe who might fay, that an elettric
atmolphere is a thing obvious to the fenfes,

® Apini Tentamen, p 8a.
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and no matter of theory; fince it may be felt
like a {pider’s web upon the hands or face; he
replies, that this feeling, together with the
fulphureous {mell of ele@rified bodies, are on-
ly fenfations excited by the ation of the fluid
in the ele&rified bodies upon the eleéric fluid
in the noftrils, or the hand; or upon thofe
parts of the body themfelves in an unelec-
trified ftate; and that they are not felt by a
perfon who is not poflefled of the fame kind
and degree of eleCrizity. .

He, therefore, thinks there never was any
fufficient reafon to admit thofe atmofpheres;
and declares, that whenever he ufes the word,
he means no more by it than the fphere of
action of the electricity belonging to any body.
Or, he {ays, the neighbouring air, which 1g
eleétrified by it, may be {o called.

- Bur that thefe atmofpheres have little
effe& in ele@rical experiments, he fays, is
evident from this circumftance ; that if it be
blown upon with a pair of bellows, the elec-
tricity of the body which it {furrounds is not
fenfibly diminifhed. The electric fluid, he
{fuppofes, to refide wholly in the cleérified
body, and from thence to exert its attraction or
repuliion to a certain diftance *.

Tue fubjed of eleétric atmofphcrcs had riot
efcaped the attention of the accurate Sigmior
'Bﬂctaria, who was probably prior to Mr. Apinus
in fuppoling, that ele@rified bodies have no
other atmofphere than the ele€ricity commu-

* JEpini Tentamen, p. 257.
nicated
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nicated to the neighbouring air, and which
‘goes with the air, and not with the eleGrified
bodies, agreeable to that curious difcovery of
his mentioned above.,

He alfo mentions an experiment, which,
‘he thinks, dire&ly proves, that all the elec-
tricity communicated to any body adheres to
its furface, and does not fpread into the air.
He eleQrified a large conduttor of gilt
paper, in which the gilding was, in feveral
‘places, taken off quite round; and obferved
~ that whenever he difcharged it, by taking
Apark at the end, other fparks were vlﬁblﬁ at
all the interruptions ; the charge of the more
‘remote parts having come off through the
fubftance of the metal, and not along the air;
as the greateft part of it, at leaft, might have
done, if it had lodged there *.

It is now alfo Mr. Canton’s opinion, that
ele@ric atmofpheres are not made of effluvia
from excited or eleérified bodies, but that
they are only an alteration of the ftate of the
eleétric fluid contained in, or belonging to the
air {urrounding them, to a certain diftance;
that excited glafs, for inftance, repels the
eleéric fluid from it, and confequently, be=
yond that diftance makes it more denfe;
whereas excited wax attracts the ele&tric fluid
exifting in the air nearer to it, making it rarer
than it was before.

Tuis will be beft underftood by a figure.
Let A (PL L fig. 1.) reprefent unexcited glals

* Elettricifmo artificiale, p. g4.

s or
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or wax. B excited glafs, and C excited wax;
and let the dots on each fide of A reprefent a
line of particles of the ele@ric fluid at their
proper diftance in a natural flate.

LeT B and C be carried about where you
will in the air, B will make an atmofphere
equally denfe, and G an atmofphere equally
rare, while the quantity of the eleétric fluid
each of them contains is the fame as at firft.
When any part of a conductor comes within
the atmofphere of B, the eletric fluid it na-
turally contains will be repelled by the denfe
atmofphere, and will recede from it. But if
any part of a conductor be brought within the
atmofphere of C, the elefiric fluid it natural-
ly contains will be attra&ted by the rare at-
mofphere, and move towards it. And thus
may the electric fluid contained in any body
be condenfed or rarefied ; and if the body be’
a conduclor, it may be condenfed or rarified in |
any part of it, and fome may be eafily drawn
out of, or an additional quantity put into it. .

It was obferved before, that an experiment |
of Dr.Franklin, which he thought proves that
ele@ric atmofpheres did not exclude the airy,
might juflly make us fufpe@ the exiftence of |
thofe atmolpheres, fince the elefric matter is ¢
known to repel the air.  Another experiment !
of the {fame nature was made by Dr. Darwini
of Litchfield, who fent an account of it to the:
Royal Society, which was read May the sth,,
1757.  He got a glafs tube, open at one end,,
and having a ball at the other. This ball and{
half of the tube he coated; and when he hadl

inverted !
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1hverted it, and dipped a confiderable part of
it into a veffel containing oil of turpentine, he
introduced a wire into it, and charged it ; and
obferved, that the oil did not at all appear to
. fubfide. From this he concluded, that the
ele@ric atmofphere, flowing round the wire
- and the coating the tube, above the oil, did
not difplace the air, but exifted in its pores *.

AN experiment {imilar to that of Dr. Frank-
lin and that of Dr. Darwin was made by
Signior Beccaria. He took a coated phial, and
when he had inferted into it a fmall glafs tube,
bent horizontally when it came out of the
phial ; he clofed it with cement, and prefent-
ed light athes to the extremity of the tube, the
orifice of which was very fine; and always
found, that the athes were blown off, when
a {park was taken into the phial, but they
returned towards the end of the tube after-
- wards 1. It is probable, that the metal not
being fufficiently in conta¢t with the infide
coating, a Ipark was made in the infide,
which expelled the air, and caufed the mo-
tion in the athes. The faireft method of try-
ing it would be with a phial, in which the
metal that received the fire from the conduc-

tor, thould be a production of the inward
coating, -'

® Phil. Tranf. Vol. L. pt. i. p. 551.
4 Lettere dell’ elcutricifmo, p. 79.

X 2 SECTION
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Mgr, SYMMER’s EXPERIMENTS RELATING
TO THE TWO ELECTRICITIES, AND THOSE

mape By JOHANNES FRANCISCUS
CIGNA IN PURSUANCE OF THEM.

T had hitherto been univerfally fuppofed,

that all the phenomena of eleftricity were
produced by the aftion of one eleéric fluid.
Even Mr, Du Fay, at the time that he ima-
gined he had difcovered another eleétric fluid,
diftin& from that of glafs, and peculiar to
rofin, &e. thought, however, that it was quite
independent of the other, and that themr ope-
rations were never combined. Dr. Watlon,
and Dr. Franklin thought it was very evident,
~ that the difference between the two elefirici-
ties confifted in the one being a redundancy,
and the other a deficiency of the fame matter.
And all the experiments that had been made
concerning the two eletricities {eemed to con=
firm this hypothefis. At length, howeyer,
Mr. Symmer produces a great number of cu-
rious experiments, relating to the fame fub-
je& i and infers from them the probable’
exiftence of two elefiric fluids, not independ-
ent, but always co-exiftent, and counteract~
g one another.,

Tue- firft fet of his experiments are’ very
remarkable, but he does little more than re-
late naked facts. They were diverfified, and

2 purfued
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purfued much farther by Mr. Cigna, of
Turin, who has alfo explained them upon
the principles of Dr. Franklin’s theory ;
though he was of opinion, that no experi-
ments that had yet been made were decifive in
favour of either of the two hypothefes. Few
hiftories of éxperiments are more entertain-
ing than the firft of thefe of Mr. Symmer;
the fubfequent experiments are lefs fatisfac-
tory. The papers relating to them all were
read at the Royal Society in the year 1759 *
THis gentleman had for fome time ob-
ferved, that upon putting off his ftockings, in
an evening, they made a crackling or fnap-
ping noife, and that, in the dark, he could
perceive them to emit #parks of fire. He had
no doubt but that this proceeded from the
principle of eleftricity, and, after a great
aumber of obfervations, to determine on
what circumftances thofe ftrong eleérical ap-
pearances depended, he found, at length,
that it was the combination of white and
black that produced the eleCricity; and that
the appearances were the f{trongeft when he
wore a white and black filk ftocking upon the
fame legt. Thefle, however, difcovered no
fign of ele@ricity while they were upon the

* Phil. Tranf. Vol. li. pt. 1. p. 340.

+ The Abbé Nollet, in repeating thele experiments of Mr.
Symmer, found, that it was not abfolutely neceflary, that one
of the ftockings fhonld be bi=ck, for thar, if one of them was
only dipped in a decoction of gall-nuts, which doth not dye
them black, but is oniy a preparative to it, it would have the
fame cfect. Nollet’s Lettres, Vol iii, p. 42.

x 3 Iﬁg:
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leg, or hand (for he found that his hand was
{ufficient) though they were drawn back-
wards and forwards upon it feveral times.
Nor when taken from the hand, and prefent-
ed to an ele&rometer (1. e. Mr. Canton’s balls)
did they appear to have acquired any more
than a very {mall degree of elericity; but
the moment they were feparated, they were
found, both of them, to be highly ele&trifi- |
ed, the white pofitively, and the black ne-
gatively, .
Bortu the ftockings, when held at a diftance

from one another, appeared inflated to fuch
a degree, that, when highly eleftritied, they
exhibited the intire fhape of the leg; and
when two black, or two white ftockings were
held together, they would repel one another,
{o as to form an angle, feemingly, of thirty or
thirty-five degrees. :
- WHEN a white and black ftocking were
prefented to each other; they would be mu-
tually attrated; and, if permitted, would
rufth together with furprifing violence. In
their approach their inflation gradually fub-
{fided, and their attra&tion of foreign objecls
diminithed, but their attraction of one an-
other increafed. When they adtually met,
they grew flat, and joined as clofe together,
as if they had been fo many folds of filk.
When they were feparated, their eletricity
did not feem to have been in the leaft impair-
ed by the thock of meeting ; for they would
be again inflated, attradt, repel, and rufl to-
gether as before.

WHEN
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- 'WHuEeN this experiment was performed with
two black ftockings in one hand, and two
white ones in the other, it exhibited a curi-
ous {pectacle. The repulfion of thofe of the
{fame colour and the attra&ion of thofe of dif-
ferent colours, threw them into an agitation
which was not unentertaining, and made
them catch each at the oppelite colour, ata
greater diftance than could have been ex-
pected.

Waen the flockings were {eparated from
one another, they would lofe their power very
foon, much like the excited tube; but when
they were together, they Woul_d retain it an
hour or two, or longer, if the air was favour-
able to eleltricity. The fharpeft metallic
point could not deprive them of it; and when
they were one within the other, no means he
could think of could procure the leaft per-
ceivable difcharge of the elettricity. In this
refpet, Mr. Symmer thought there was a
confiderable refemblance between the black
and the white ftocking, when put within one
another, and the Leyden phial.

WaaT was ftill more remarkable in thefe
experiments with the white and black ftock-
ings, was the power of elefrical cohefion
which they exhibited. Mr, Symmer perceiv-
ed that the white and black ftockings, when
ele@rified, and allowed to come together, not
only joined extremely clofe, but aCtually ftuck
to each other. By means of a balance, he
found, that in order to feparate them, it re-
guired from one to twelve ounces. Another

G time
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" time they raifed feventeen ounces, which was
twenty times the weight of that flocking
which fupported them, and this in a direc»
tion parallel to its {urface, :

WauenN one of the flockings was turned in-
{ide out, and put within the other, it requir=
ed twenty ounces to {eparate them, though
when they were applied to each other exter=
nally, ten ounces were {ufficient.

GerTIing the black ftockings new dyed,
and the white ones wathed, and whitened in
the fumes of fulphur; and then putting them
one within the other, with their rough fides
together, it required three pounds three ounces
to feparate them. And he had reafon to
think that the fulphur contributed nothing to
the experiment. |

TryInG this experiment with flockings of
a more fubftantial make, he found the effefts
.more confiderable. When the white ftocking
was put within the black one, {o that the out-
fide of the white was contiguous to the infide
of the black, they railed nine pounds want-
ing a few ounces, which was fifty tithes the
weight of the flocking, When the white =
ftocking was turned infide out, and put with-
in the black one, fo that their rough furfaces
were contiguous, they raifed fifteen pounds
one pennyweight and a half, which was nine-
ty-two times the weight of the flocking.

Havinc cut off the ends of the thread,
 and the tufts of filk, which had been left in
the infide of the ftockings, the cohefion was
confiderably diminifhed. Prefling them to-

gether
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gether between his hands contributed much
to firengthen it *.

WhenN the white and black ftocking were
in cohefion, and another pair, more highly
_ ele&rified were {eparated from one another,
and prefented to the former, their cohefion
would be diffolved; and each ftocking of the
fecond pair would catch hold of, and carry
away with it, that of its oppofite colour, If
the degree of eleétricity of both pairs were
- equal, the cohefion of the former pair would
be weakened, but not diflolved; and all the
four would cohere, forming one mafs, If the
{econd pair were but weakly ele@trified, the
cohefion of the firft pair would be but little
impaired, and the cohefion of the whole mafs
would be {mall in proportion.

Mzr. SymMEeR alfo obferved, that white and
black filk, when ele&rified, not only cohered
with each other, but would alfo adhere to
bodies with broad, and even with polithed
furfaces, though thofe bodies were not elec-
trified. This he difcovered accidentally, hav-
ing, without defign, thrown a ftocking out
of his hand, which ftuck to the paper hang-
ings of the room. He repeated the experi-
ment, and found it would continue hanging
near an hour.

HavinG ftuck up the black and white
ftockings in this manner, he came with an-
other pair of flockings highly ele@rified ; and
applying the white to®the black, and the

* PLil. Tranf, Vol, li. pt. i. p. 393
black
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black to the white, he carried them off from.
the wall, each of them hanging to that which
had been brought to it.

Tur fame experiments held with the paint-
ed boards of the room, and likewife with the
looking-glafs, to the {mooth furface of which
both the white and the black filk appeared
to adhere more tenacioufly than to either of
the former *,

A rew obfervations, fimilar to fome of
thefe of Mr. Symmer, were made by Signior
Aleflandro Amadeo Vaudonia, a {riend of
Signior Beccaria. He put a beaver fhirt be-
tween two others, which he wore in extreme
cold weather; and whenever he put off the
uppermoft thirt, which he did every day, he
found it adhered to the beaver fhirt, and, on
the feparation, electric fparks were vifible be-
tween them. Whenever he putoff the beaver
{hirt, it adhered ftill more to the under fhirt,
and when held at a confiderable diftance from
it, would rufth to it. Thele attra&ions would
be repcated many times, but they grew more
languid by degrees, till they intirely ceafed.
Signior Beccaria, upon hearing of this expe-
riment, repeated it with fome variation, and
found it to anfwer on himfelf T.

Tue cohefion of the two ftockings induced
Mr. Symmer to try the force of electrical co-
hefion in ele@rified panes of glafs. For this
purpofe, he got two panes of common window
glafs, the thinneft and the fmootheft that he

* Phil. Traof. Vol. li. pt. i. p. 366.
t Dell elettricifmo artificiale, p 197.

could
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could find, and coated one of the fides of each
with tinfoil, leaving a {pace uncovered near
the edges. He then put the uncovered fides
together, and charging them both as one
pane, he found, as he expe&ed, that their
cohefion was confiderably ftrong : but he had
no apparatus to meafure the flrength of it
He then turned the plates upiide down, and
found that the fame operation which had be-
fore charged them, did now uncharge them,
according to the analogy of the Leyden
phial,

PrAcIinG two panes of glafs, each of them
coated on both fides, one upon the other, he
found that they were both charged f{eparate-
ly, and that there was no cohelion between
them.

In purfuance of thefe laft mentioned expe-
riments of Mr. Symmer, and another made
at Pekin (which will be recited prefently) Sig-
nior Beccaria made the following, which are
very curious; but which, after the example
of the author, I fhall rclate without attempt-
ing an explanation. |

HavinG charged a coated plate of glafs, he
flipped the coating from off the negative fide,
and applied another, uncoated and uncharged
plate of glafs clofe to it. After this, putting
a coating upon the uncharged glafs (fo that
the whole refembled one coated plate, confift-
ing of two Jaminz ) he formed a communica-
tion between the coatings. The confequence
was an explofion, and a cohefion of the
plates.

. Ir
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Ir he feparated the plates before the explo=-
fion, after they had been in conjunétion fome
time, the charged plate was pofitive on both
fides, and the uncharged plate negative on
both fides. But if he feparated them after the
explofion, the charged plate was negative on
both fides, and the uncharged plate pofitive
on both fides.

Ir after the explofion he feparated and
joined them again alternately, a fmall circle of
paper, placed under the uncharged plate, ad-
hered to it upon every feparation, and was
thrown off again upon every conjunction.
‘This he could repeat even five hundred times,
with once charging the plate. This was the
experiment that he fays was made by fome
Jefuits at Pekin, in the year 1755, and be-
ing fent to the Academy of Sciencesat Peterf-
burgh was publithed in their Memoirs, vol.
viii. p. 270.

IF, in thefe experiments, the charged plate
was inverted, and the polfitive {ide applied to
the uncharged plate, all the effetts were
exactly the reverfe of the former. If it was
inverted ever {o often, after remaining fome
time in contat with the uncharged glafs, it
would produce a change in the ele@ricity. In
the dark, a light was always {een upon the
feparation of thefe plates.

- Laving the two plates together, like one
plate, and coating the outfides of them, he
charged them both together, and, at the dif-
tance of about four feet, he diftinguithed fix
of the coloured rings, which Newton defcribes
in his book of Optics, all parallel te one an-

other,
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“other, and nearly parallel to the edge of the
coating. At the angles of the coatings the
rings Ipread to a greater diftance ; where the
coatings did not quite touch the glafs, the
rings bent inwards ; and where the coatings
adhered very clofe, they retired farther from
them. Upon difcharging thefe two plates,
the coloured rings vanifhed, and the eleétric
cohefion (which Mr. Symmer had obferved in
this cafe) cealed with them. -

Uron feparating thefe plates before the
explofion, that which had received the pofi-
tive ele@ricity was pofitive on both fides, and
the other negative on both fides. If they
were {eparated after the explofion, each of
them (as in the former experiment) was af-
fected in a manner juft the reverfe of this.
Upon inverting thefe plates, that which was
* the thinner appeared to be poflefled of the

Atronger elericity, and (like the charged plate
in the former experiment) brought the other
to correfpond to it.

CHARGING the two plates fﬂparately, and
taking off two of the coatings, {o as to place
the two pofitive or the two negative fides to-
. gether, there was no cohefion or explofion.
But joining a pofitive and a negative fide, they
cohered, and a communication being formed
~on the outfide, there was an explofion, which
increafed the cohglion. Making the above-
mentioned Experiments with thefe plates, he
fays, they acted juit as thf:: two that were
charged at the fame time *

® Phil, Tranf, Vol. lvii, p. 438.
Mur.
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MRr. SyMMER concludes his account of
thefe experiments with declaring it be his
opinion, that there are two eleétric fluids, or
emanations of two diftin&t electric powers,
effentially different from each other; that
electricity does not confift in the afflux and
efflux of thefe fluids, but in the accumulation
of the one or the other of them in bodies
ele&rified ; or, in other words, it confifts in
the pofleflion of a larger portion of one or
the other power, than is requifite to maintain
-an even balance within the body; and laftly,
that, according as the one or the other power
prevails, the body is ele&rified in the one or
the other manner. Nor will this principle,
fays he, of two diftin& electrical powers be
found, upon due confideration, to difagree
with the general {yftem of nature. It is one
of the fundamental laws of nature, that ac-
tion and reaction are infeparable and equal;
and, when we look round, we find that every
power which is exerted in the material world
mects with a counteracting power, which con=
trouls and regulates its effeéts, {o as to an{wer
the wife purpofes of providence *. _

MRr. Symmer alfo alledges, in proof of
his two diftinét powers of eledricity, the ex-
periment which Dr. Franklin has related, of
piercing a quire of paper with an eleciric
fhock. He thought that the bur which was
raifed on both fides of the paper was produced
by two fluids, moving in two different direc-

* Phil. Tranf, Vol. Ii. pt. i. p. 389.

tions,
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tions, To fthow the manner in which this
ftroke was made more evidently, he men-
tions two other fimilar experiments, in which
the circumftances of the {troke were a little
varied.

A piecE of paper, covered on one fide with
Dutch gilding, and which had been left acci-
dentally between two leaves, in a quire of
paper in which the former experiment had
been made, was found to have the impref-
fion of two ftrokes upon it, about a quarter of
an inch from each other; the gilding being
firipped off, and the paper left bare for a
little {pace in both places. In the center of
one of thefe places was a little round hole, in
the other only an indenture or impreflion,
fuch as might have been made with the point
of a bodkin,

Tuaesk obfervations Mr. Symmer commu-
nicated to Dr. Franklin, who, notwithftand-
ing Mr. Symmer was endeavouring to eftablith
a theory of elericity contrary to his own,
with the generofity natural to him, afhfted
bim with his apparatus in making another
experiment in purfuance of that mentioned
above,

In the middle of a paper book, of the
thicknels of a quire, Mr. Symmer put a {lip
of tinfoil ; and in another. of the {ame thick-
nefs, he put two {lips of the fame fort of foil,
including the two middle leaves of the book
between them. Upon firiking the two dif-
terent books, the effects were anfwerable to
what he expe@led. In the firft, theleaves on

each,



320 Mr. SYMMER ox THE

each fide of the foil were pierced, while the
foil itfelf remained unpierced ; but, at the
fame time, he could perceive an impreffion
had been made on each of its furfaces, at a
little diftance from one another ; and fuch im-~
preiflions were fill more vifible on the paper, -
and might be traced, as pointing different
ways. In the fecond, all the leaves of the
book were pierced, excepting the two that
were between the {lips of foil ; and in thefe
two, inftead of holes, the two impreflions in
contrary directions were vifible.

MRr. SymmEeRr afterwards got an eledrical
apparatus of his own, formed on the model
of that of Dr. Franklin, with which he fre-
quently repeated the experiments above-men-
tioned, the refult of all which he comprifes
in the three following obfervations. _

1. WHEN a quire of paper, without any
thing between the leaves, is pierced with a
firoke of electricity, the two different powers
keep in the fame track, and make but one
hole in their paflage through the paper: not
but that the power from above, or that from
below, {fometimes darts into the paper at two
or more different points, making fo many
holes, which, however, generally unite be-
fore they go through the paper. They {eem
to pafs each other about the middle of the
quire, for there the edges are moft vifibly
bent different ways; whereas, in the leaves
near the outfide of the quire, the holes
very often carry mare the appearance of
the paflage of a power ifluing out, and ex=

ploding
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ploding into the air, than of one darting into
the paper.

2. WHEN any thin metallic fubftance, {uch
‘as gilt leaf, or tinfoil, is put between the

leaves of the quire and the whole is ftruck,
~in that cafe, the counterating powers devlate
from the dire& trad, and leaving the path
which they would i common have taken
through the paper, only make their way in
~different lines to the metallic body, and ftrike
it in two different points, diftant from one
-another about a quarter of an inch, more or
lefs ; the diftance appearing to be the leaft
when the power 1s greateft : and whether they
pierce it, or only make impreflions uponit, in
either cafe they leave evident marks of mo-
tion from two different parts, and in two con-
trary direftions. It is this deviation from a
- common courfe, and the feparation of the
lines of direCtion confequent upon it, fays he,
 that affords a proof of the exertion of two
diftinét and countera@ing powers.

3. Wuen two {lips of tinfoil are put into
the middle of the quire, including two or
more leaves between them, if the elericity
be moderately ftrong, the countera&ing powers
only firike againft the flips, and leave their
impreflion there. When it is ftronger, one
of the {lips is generally pierced, but feldom
both; and from what he had obferved in fuch
cafes, he fays it thould feem, as if the power
which ifflued from the outfide of the phial
acted more ftrongly than that which proceeded
from within, for the lower {lip was moft com-

g monly
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monly pierced. But this, he adds, may be
owing to the greater {pace which the power
from within has to move through before it
ftrikes the paper *.

In the fame paper, Mr. Symmer furnithes
a remarkable inftance of the power of an hy-
pothefis in drawing fa&ts to itfelf, in making
proofs out of facts which are very ambiguous,
and in making a perfon overlock thofe cir-
cumflances in an ‘experiment which are un-
favourable to his views,

WaueN a phial is eletrified but a little,
Mr. Symmer fays, if we touch the coating of
it with a finger of one hand, and, at the {fame
time, bring a finger of the other hand to the
wire, we fhall receive a pretty {fmart blow
upon the tip of each of the fingers, the fen-
fation of whieh reaches no farther., If the
phial be eleétrified a degree higher, we fhall
feel a ftronger blow, reaching to the wrifls,
but no farthcr When, again, it is eleétrified
to a fhill higher degree, a feverer blow will be !
received, but will not be felt beyond the:
elbows. Laftly, when the phial 1s ﬁrr::-ngly
charged the ftroke may be perceived in the !
wrifts, and elbows ; but the principal thock is |
felt in the breaft, as if a blow from each fide !
met there., This plain and fimple experi=-
ment, {ays Mr. Symmer, feems obviouily to
fuggelt to obfervation the exiftence of twol
diftinét powers, ating in contrary directions;;
and, 1 believe, fays he, it would be held as a#

® Phil. Tranfl Vol. li. pt.i. p. 377, &eo | -
S ; fufﬁmentr
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{ufficient proof by any perfon, who fhould
try the experiment, with a view to deter-
mine the queftion fimply from his own per-
‘ceptions *. |

“ It is a fuflicient anfwer to this remark of
Mr. Symmer, that if twenty people join
hands, they may all be made to feel the thock
in their wrifts, or their elbows, without hav-
ing their breafts affeGted in the leaft. And
can it be fuppofed, that the two currents of
eleGric fire eould come at all their wrifts or
‘elbows, without pafling through their breafts ?
- According to Mr. Symmer’s hypothefis, i1t
thould feem, that, in a large circle, thofe
perfons only who ftood near the phial, on
either hand, thould feel a fmall fhock ; that a
-few perfons more, at each extremity of the
circle, thould feel one fomething ftronger ;.
“and that it could only be a very ftrong thock,
“which could at all affect the perfon who ftood
in the middle; and that then he fthould be af-
fetted the leaft of any perfon in the com-
pany. But all thele confequences are contrary
“to faét.

THis hypothefis of Mr. Symmer, notwith-
ftanding he has failed in his application of it
“to the experiments above mentioned, has at-
tra¢ted the notice of {everal eletricians, both
at home and abroad; and fome perfons feem
~ inclined to adopt it, in preference to Dr. Frank-
lin’s theory. 1 fhall therefore confider it
more at large, when I come to treat of theories

" ® Phil. Tranf. Vol. Ii pt, i. p. 373, &¢.
s Gy profefled-
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profefledly ; till which time, I take leave of
this ingenious philofopher, and his two elec- |
tric fluids.

Tue experiments of Mr. Symmer excited
the attention of Mr. Cigna, and led him
to a courfe of experiments, which throws ftill
more light, both upon the doctrine of the
two electricities and the Leyden phial. They
are alfo a farther illuftration of the difcovery
of Mr. Canton, improved by Mefirs. Wilcke
and Epinus, of the mutual repellency Df imi-
lar electric atmofpheres.

He took two white filk ribbons, juft dried
at the fire, and having extended them upon a
fmooth plain, either a conduftor or a non=- |
conductor, he drew over them the fharp edge
of an ivory ruler, and found, that both the
ribbons had acquired ele@ricity enough to ad-
here to the plain ; though, while they re-
mained upon the plain, they fhewed no other
fign of it. If they were both taken off from
the plain together, they attracted one another,
the upper having acquired the refinous and
more powerful, and the lower the wvitreous
“and weaker eleCtricity, If they were taken
up f{eparately, they repelled one another, |
having both acquired the refinous elec=
tricity *,

In this {eparation of both the ribbons from
the plain, as alfo in their feparation, after-
wards, from one another, ele@ric {parks
were vifible between them; but if they were

* Memoirs of the Academy at Turin for the year 1763,

p- 31- :
again
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again put upon the plain, or joined together,
no light appeared upon their fecond fepara-
tion, without another friction of the ruler.
Alfo, when, by being taken off feparately,
they had been made to repel one another, if
they were laid on the plain again, and taken
off together, they would not attract; and if;
by being taken off together, they had firlt
been made to attra& one another, and were
laid on the plain a fecond time, and then
taken off f{eparately, they would not repel,
without another friction.

WHEN, by the operation above mention-
ed, they had acquired the fame eleéricity, if
they were placed, not upon the imooth body
on which they had been rubbed, but on a
rough one, and a conductor, as hemp or cot-
ton, not very dry; they would, upon being
feparated, thow contrary ele@ricities ; which,
when they were joined together, would dif~
appear as before *,

Ir they had been made to repel one another,
and were afterwards placed one upon the
other, on the rough {urface above mentioned,
they would, in a few minutes, attra¢t one an-
other; the lower of the two ribbons having
changed its refinous into a wvitreous elec-
tricity.

Ir the two white ribbons received their
frition upon the rough furface, they always
acquired contrary ele@ricitics; the upper of
the two having the rcﬁm}us, and the lower

* Memoirs of the Academy at Turin for the year 1765,

P33
Y the
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the vitreous, in whatever manner they were
taken off, |

Tue fame thing that was done by a rough
furface was done by any pointed conduétor.
If two ribbons, for inftance, were made to
repel, and hang parallel to one another; and
the point of a needle were drawn oppolite to
one of them, along its whole length, they
would prefently ruth together; the eleGri-
city of that ribbon, to which the needle
was prefented being changed into the con-
trary *, _ ¥

In the fame manner in which one of - the
ribbons changed 1its ele&ricity, a ribbon not

ele@trified would acquire Elﬁﬁrlmty, viz. by
putting it upon a rough furface, and. laying
an electrified ribbon upon it; orby holding it
parallel to an electrified rlbbnn, and prefent-
ing a pointed conductor to it.

He placed a ribbon not quite dry under
another that was well dried at the fire, upon a
{mooth plain; and when he had given them
the ufual fri¢tion with his ruler, he found
that, in what manner foever they were remov-.
ed from the plain, the upper of them had ac-
quired the refinous, and the lower the vitre-
ous eledtricity T.

Ir both the ribbons were black, all the
above mentioned experiments {ucceeded,

in the fame manner as if they had been
white §.

* Memoirs of the Academy at Turin for the year 1765,
P 34- t lbid, p. 35. 1 Ibid.

IF,
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Ir, inftead of his ivory ruler, he made ufe
of any fkin, or of a piece of {mooth glafs,
the event was the fame; but if he made ufe
of a ftick of fulphur, the eleétricities were, in
all cafes, the reverfe of what they were be-
fore; the ribbon which was rubbed having
always acquired the vitreous eledtricity.

Waen he made ufe of paper, either gilt or
not gilt, the refults were uncertain.

Wuen the ribbons were wrapped in paper,
gilt or not gilt, and the frition was made
upon the paper,- laid upon the plain above
mentioned, the ribbons acquired, both of
them, the refinous ele@ricity *

Ir the ribbons were one black, and the
other white, which ever of them was laid
uppermoft, and in whatever manner the fric-
tion was made, the black generally acquired
the refinous, and the white the vitreous elec-
tricity

HEe obferved, however, the following con-
ftant event ; that whenever the texture of the
upper piece of filk was loofe, yielding, and
retiform, like that of a ftocking, {o that it
could move, and be rubbed againit the lower,
and the rubber was of fuch a nature as to im-
part but.little ele€ricity to glafs; the elec-
tricity which the upper piece of fitk acquired,
did not depend upon the rubber, but upon
the body it was laid upon; in which cafe the
black was always refinous, and the white vi-

* Memoirs of the Academy at Turin for the year 1765,
p 36, + lbid. p. 38.
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treous. But when the filk was of a clofe
texture, hard and rigid, and when the rubber
was {fuch as imparted a great degree of elec-
tricity to glafs, the electricity of the upper
piece did not depend upon the lower, but
upon the rubber. Thus a white filk ftock-
ing, rubbed with gilt paper upon glafs, be-
came refinous, and the glafs vitreous; but if
a piece of filk, of a firmer texture, was laid
upon a plate of glafs, it always acquired the
vitreous elericity, and the glafs the refinous,
if it was rubbed with {ulphur; and for the
moft part, if it was rubbed with gilt paper *.
So that the filk that was rubbed received its
ele@ricity, fometimes from the rubber, and
fometimes from the fubftance placed under it;
according as it received greater friction from
the one or the other, or in proportion as one
or the other was more proper to give elec-
tricity to glafs.

AvnotHEeRr fet of experiments, which the
fame Mr. Cigna made, illuftrate the adhefion
of Mr. Symmer’s ele@rical ftockings to bodies
with fmooth furfaces. He infulated a plate
of lead, and bringing an ele€rified ribbon
near it, obferved that it was attrated very
feebly. Bringing his finger to the lead, a
{park iflued out of it, upon which it attract-
ed the ribbon vigoroufly, and both together
fhewed no figns of eleéricity. Upon the fe-
paration of the ribbon, they again both ap-

* Memoirs of the Academy at Turin, for the year 17635,
P: 49

peared
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peared to be eletrified, and a {park was per-
ceived between the plate and the finger *.

Laving two plates of glafs upon a {mooth
- conduftor communicating with the ground,
and rubbing them in the fame manner as the
ribbons had been rubbed, they likewife ac-
quired ele&ricity, and adhered firmly, both
to one another, and to the condu&or. If it
were a plate of lead, not very thick, it would
be fupported by the attraction., When they
were together, they thowed no other figns of
electricity . '

WaEN the two plates of glafs were feparat-
ed from the conduétor, and kept together,
they thowed, on both fides, a vitreous elec-
tricity ; and the conductor, if it had been in-
{ulated, was feen to have contra&ted a refin-
ous electricity. .

THE two plates of glafs them{elves, when
{eparated, were pollefled of the two elec-
tricities ; the upper of the vitreous and
ftronger, and the lower of the refinous and
weaker.

WiTH a rough conduttor, whether they
were originally rubbed upon it, or brought
to it, after they had been rubbed upon a
{mooth one, they {carce contracted any elec-
tricity ; though, when they were {eparated
from one another, they were affected as be-
fore.

Upron this principle, Mr. Cigna endeavours
to account for the non-excitation of a globe

* Memoirs of the Academy at Turin, fer the year 1763,
P- 43 + Ibid, p. 52.
or
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or tube from which the air is exhaufted, or
~ which is lined with condué&ing fubftances.

In this cafe, he fays, the wvitreous cle&rici%
on the external {urface of the glafs is balancec
by the refinous in the inward coating, or in
the vacuum which ferves inftead of a coat-
ing; and therefore it is in the fituation of
the plates of glafs while they lie upon the
condu&or above-mentioned : but when the
inward coating 1s taken away, the eleGricity
appears on the outfide, without any frefh
excitation, as when the plates were removed
from the conductor *,

Wary he laid a number of ribbons of the
fame colour upon the fmooth conduétor, and
drew his ruler over them ; he found, that
when he took them up fingly, they all gave
iparks, at the place where they were feparat-
ed, as the laft nnibbon did with the {mooth
plate, and had all acquired the refinous elec-
trlu:lt}? “|"

Ir they were all taken from the plate to-
gether, they cohered in one mafs, which, on
both fides, appeared to be refinous. If they
were laid upon the rough conducor, in the
fame order (whereby the oppofite ele@ricities
were brought to an equilibrium) and they
were all feparated fingly, beginning with the
loweft, {parks appeared as before; but all
the ribbons had acquired the vitreous elec-
tricity, except the uppermoft, which retained

* Memoirs of the Academy at Turin, 'for the year 1763,
P'-i 5..""1 1" lhidl PI 6]!

the
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the refinous eledricity it had received from
the frition *.

Ir they received the friction upon the
Yough conduor, and were all taken up at
once (in order to have a bundle in which the
oppolite ele@ricities were balanced) all the in-
termediate ribbons acquired the elericity,
either of the higheft or the loweft ribbon, ac-
cording as the feparation was begun with the
higheft, or the loweft.

IF two ribbons were feparated from the

- bundle at the fame time, they clungtogether;
~and, in that flate, thowed no fign of elec-
tricity, as one of them alone would have
done. When they were feparated, and the
different eleGricities were manifeft, the elec=-
tricity was obferved to refide in the outermotft,
and was oppofite to that by which they had
both adhered to the bundle, but much
weaker T.

He placed a number of ribbons upon a
plate of metal, which received eleétricity from
the globe, while he held a pointed body to
the other fide of the ribbons., The confe-
quence was, that all the ribbons became poi-
{efled of the ele@ricity oppofite to that of the
plate, or of the fame, according as they were
taken off ; except the moft remote, which al-

ways kept an eleélricity oppolfite to that of
the plate.

From thefe experiments he infers, that as
eletricity is propagated from the outermoft
* Memoirs of the Academy at Turin, for the year 1565,

p. 61. + Ibid.
ribben
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ribbon to thofe underneath it, or elfe from
the plate below to thofe next above it, when
they are feparated, fo likewife when the coat-
ing is {eparated from a charged pane of glafs,
it likewife depofits its electricity upon the fu-
perficies of the glafs, the phenomena being
the fame in both. For when he put metal
coatings on the fide of a plate of glafs, with-
out any cement, they adhered firmly to the
glafs when it was charged, and a light appear-
ed upon their being feparated from it, as in
the cafe of the ribbons *.

WHEN he coated a number of ribbons in
the fame manner, and charged them, the
coatings adhered firmly to the ribbons; but
he could never feparate one of them, but (in
confequence of the loofe texture of the filk) a
fpark would go to the oppofite coating, which
immediately fell off, the whole being then
difcharged T.

ButT he thought the coatings did not depo-
fite all their ele@ricity on the plate, when they
were taken off ; for though, when both were
taken off, the eleéricities of the two {ides ftill
balanced one another (becaufe each retained
the fame diminifhed quantity) yet, when one
fuperficies of the glafs, or of the ribbons, re-
ceived its ele@ricity from friction, and the
other only from the oppofite coating, he ob-
{ferved, that the ele&ricities which balanced
one another while the coating was on, were
no longer balanced when it was taken off;

* Memoirs of the Academy at Turin, for the year 1763,
p. 63. 1 lbid. p. 64. i
the
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the elericity of the furface which was rub-
bed then prevailing, becaufe the conduting
coating had, upon its feparation, taken part
of its electricity along with it *.

To confirm this, he adds another experi-
ment. He charged a pane of glafs, coated
on one fide, while the other received elec-
tricity by a pointed conduétor from the ma-
chine: he likewife inverted the plate, and
made the coated fide communicate with the
prime conductor, while a pointed piece of
metal was prefented to the oppofite fide;
and, in both cafes, found, that while the
coating remained, the two eleciricities ba-
lanced one another ;3 but that when the coat-
ing was {lipped off, the elettricity of the op-
pofite fide prevailed, {o as to be apparent on
both fides of the plate .

* Memoirs of the Academy at Turin for the year 1765,
p. 63, t Ibids
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THE nisTory of THE LEYDEN PHIAL

CONTINUED,

REAT as were the difcoveries of Dr.
Franklin concerning the Leyden phial,

he left {fome curious particulars for this pe-
riod of the hiftory of ele&nc[ty, and the
fubjedt is by no means exhaufted. Many of
the properties of this wonderful bottle, as the

Do&or calls 1t, are ftill unexplained. But as

more and more light is perpetually thrown
upon it, let us hope that, at length, we fhall
thoroughly underftand this great experiment.
The greateft difcovery concerning the proper-
ties of the Leyden phial, in this period, hath

already been related in the account of Meflrs.
Wilcke’s and Epinus’s method of giving the

thock by means of a plate of air; and other
obfervations have, likewife, been occafionally
mentioned, in places where their connection
required them to be inferted. This {fection,
however, will contain feveral experiments

of a mifcellaneous nature, which are well

worth notice.

IMmMEDIATELY upon the difcovery of the
fhock given by glafs, all eleCricians attempt-

ed to charge other elefiric fubftances, but |

none of them fucceeded before Signior Bec-
caria. He found that a very fmooth plate of
fealing-wax, made by pouring that fubftance,

when

L
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when melted, upon an oiled marble- table,
would receive a confiderable charge ¥,

AFTER trying feveral other ele@rics, in the
fame manner, he found that a mixture of
pitch and colophonia was charged lefs than
{ealing-wax, but more than fulphur, and a
great deal more than pitch alone .

But the moft curious experiment of this
philofopher, relating to this fubject, was
made with a view to alcertain the real direc-
tion of the elecric fluid in a difcharge. He
{ufpended a coated plate of glafs by a filk
thread, and having charged it, and kept it

* perfectly ftill; he obferved that no motion
. was given to it, when the difcharge was
made by a crooked wire approaching both
the fides at the fame time. The experiment,
in fact, proved the re-action of the glafs up-
on the eleftric matter ; whereby the plate
were kept fhll, notwithftanding the Huid
ruthed with great violence from one fide to
the other. Hecompares the glafs to an ivory
ball placed between two others, which keeps
its place, when, by an impulfe given to one
of them, the oppoliite ball flies off {.

Mr. HarTMman of Hanover has publith-
ed an account of a curious experiment, which
feems to thow the progrefive motion of the
ele@rical explofion. He palles a thock
through a great number of cannon balls, {fome-
times to- the number of, forty, placed near
one another, upon fmall drinking-glailes;

* Lettere dell’ eletwicifmo, p. 644 + Ibid. p. 66.
1 ibid. p. 72. {
wign
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when all the {parks are feen at the fame mo=
ment of time, and all the fnappings make
but one report. But when he {ubftitutes eggs
inftead of the balls of metal, the progrefs of
the explofion is vifible, every two giving a
{nap and a flafh {eparately. This experiment
requires weather very favourable to eletri-
city, and, he fays has generally fucceeded
the beft with only ten or twelve eggs *. This
author has not exprefsly faid in which direc-
tion .the fparks ran; but as he adopts Dr.
Franklin’s hypothefis, it may be prefumed,
that he imagined them to go from the pofi-
tive to the negative fide of the charged
glafs. . !

A vVvERY ingenious experiment has alfo
been made by Mr. Amadeus Lullin of Gene-
va, in order to afcertain the direction of the
“ele@ric fluid in explofions, and which he
thinks comes nearer to the experimentum crucis
than any other. He placed a common card
in the circuit of the ele@rical explofion, while
the wire which communicated with the pofi-
tive fide of the jar lay on one fide of it, and
that which communicated with the negative
fide lay on the other, their extremities not
being placed oppofite to one another, but at
fome diftance. Things being thus circum-
ftanced, he obferved, that upon making the
difcharge, the card was conftantly pierced
clofe to the extremity of the wire which com-
municated with the negative fide of the jar,

* Abhandlung, p- 88, &c.
: as
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" as if the ele@ric fluid, ruthing from the po-
fitive fide of the jar into the wire which com-~
municated with it, and ifluing from the ex-
tremity of it, was driven by its own impulfe
along the furface of the card, and did not
- pierce it, till it.came oppofite to the extremi-
ty of the other wire, which communicated
. with the negative fide, by which it was
~ ftrongly attratted *,

A very curious and elegant experiment
on the Leyden phial was made by profeflor
Richman of Peteriburgh, whofe unfortunate
death will be related in this hiftory. |

HeE coated both {ides of a pane of glafs,
within two or three inches of the edge, and *
faftened linen threads to the upper part of the
coating, on both™ fides; which, when the
plate was not charged, hung down in contalt
with the coating ; but fetting the plate up-
right, and charging it, he obferved, that when
neither of the {ides was touched by his tn-
ger, or any other conductor communicating
with the earth, both the threads’ were repell-
ed from the cc}atmg, and ftood at an equal
diftance from it; but when he braught his
ﬁnger, or any other conductor, to one of the
{ides, the thread banging to that fide fell
nearer to the coating, while the thread on
the oppofite fide receded as much ; and that
when his finger was brought into' contack
with one of the fides, the thread on that fide
fell into conta& with it likewife, while tha

¢ Diflestatio Phyfica, p. 24.
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thread on the Dppuﬁte fide receded to t"*.i',*mci!L
the diftance 4t which it hung originally ; fa%-
that the two threads always hung fo as to
make the fame angle with oneanother *
fErinvus thows, that it is not ﬁn&ly true, |
that an infulated perfon, difcharging the Ley-
den phial through his own body, contraéts no
eleCtricity. EleCrifying a large plate of air,
he obferved, that if the nearer plate, (by
which I {uppofe he means that which he fir 3%
touched) was cle@rfiied pofitively, he acquir~ |
ed a pofitive clectricity by the difcharge; but
if it were negative, he acquired a negative |
eleciricity. He fuppofes that the reafon whﬁ,
the experiment did not fucceed with Dr.
Franklin, was, that the furfaces with whichagn
he tried the experiment were not large enough
to make the effect fenfible ; and that the dif: &1
tance of the metal plates was, likewife, t too*
fmall, as it neceflarily muft be in charging of
glafs T.

_ chargmg a phial, upon the principle dlfcnver" :'
ed by Mr. Canton and Mr. Wilcke, viz. that®
the ele@ricity of one body repels that of an= |
other, efpecially if it have a flat furface, and |

- .gives it the contrary eleé’mmty.
- He infulates a {fmooth plate of lead, -
while he brings an ele@rified body, as a'%
flocking, to it, hc takes a {park with the wire |
of a phial from the oppofite fide; and remov;
- ing the flocking, he takes another fpark wn@_*

* Zpini Tentamen, p. 335. & + Ikd. p. z7. 3
his
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a fpark, either from the finger, or the wiré
of annther phial *, ' Y

Tre fame ingenious philofopher makes a
confiderable difference between the ele&r:c a
fluid which gives the fhock, and that ﬂn@
which fome other phenomena ‘of coated glafs
depend. The former, which is far the greateft

quantity, he fuppofes to refide, either in the
coating itfelf, or on the furface of the glafs; i
whereas the other, he imagines, to have en-
tered the pores, and affeéted the fubflance of z“
the glafs itfelf.

He laid two plates of glafs, well drled,
one upon the other, as one picce; the lower
of them being coated on the outfide ; and,
when they were infulated, he alternately rub~ -d-
bed the uppermoft plate with one hand, and
took a fpark from the coating of the lower ﬁ
with the other, till they were charged; when | "
the coating, and both the plates adl‘:r:rf:d;aar
firmly together. Giving a coating to the.
other fide, and making a communication be~ "
tween that and the other coating, the ufual -3;
explofion was made. But the plates, though '
thus difcharged, flill cohered; and though |

4

other fign of ele@ricity ; yet, when the:jr
were {eparated, they were each of them found |
to be poflefled of an eleCiricity oppofite to that =
of the other. W
Ir the two plates were feparated bef-::rre;-
they were dilcharged, and the coating of

¢ Memoirs of the Academy at Turin for the year 1765,
P 1. 4
— each
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each were touched, a fpark came from each;

and when put together, they would cohere as
before, but were incapacitated for giving a
fhock *.

HE, therefare, cnmpares the ele&tricity
“which gwea the fhock to the eleGricity of the
~ metal plate in the former experiment ; which
- 15 loft with taking one {park, as the filk is re-
- moved from it, and is different from the elec-
tricity by which the two plates of glafs co-
_ here. The one is difperfed at once, hut the
~ other flowly ; the one exifling, as he {uppofes,
in the conduclors, or upon the furfaces-of
the electrics, and the other in the fubftance
atfelf 1.

AMoONG experiments relatmg to the elec-
tric thock, we ought to mention what has
been obierved within this period of its amaz=
ing force in melting wires, and producing
other {urpriling effeés.

TraT even artificial ele@ricity, fays Dr.
Watfon, in a paper read at the Royal Society
June 28th, 1764, when in too great a quan-
tity, and hurried on too faft, through a fine
iron wire, has a remarkable effe& upon the
wire, appears from a very curious experi-
ment of Mr. Kinuerfley. This gentleman,
in the prefence of Dr. Franklin, made a large
cafe of bottles explode at once through a fine
iron wire. The wire at firft appeared red
hot, and then fell into drops, which burned

~ * Memoirs of the Academy at Turin for the year 1763,
P55+ " t Ibid. p. 56.
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circumflance was a trace of the fundamental
principles being the fame in them all *.
~ Mgr. Dariparp obferved, that, when a
large pane of glafs difcharged itfelf, the po-
. lifh was taken off at the place of the dif-
- charge, and that the track it left behind it
~ was ufually, as he exprefles it, in the zig
- zag form. With the piece of glafs with
" which he made thefe difcharges he pierced
~ 160 leaves of paper. It contained 1200
- {quare inches .
©  MRgr. WiLckeE f{ays, that, if a {mall piece
- of metal be hung in a {mall filken ftring, op-
pofite to a part of a glafs jar, made thin for
the purpofe ; upon the {pontaneous difcharge
through that place, the piece of metal will
. be driven off to.the diftance of five or fix
- inches 7.
- Mger, WinkLER fired the feeds of clubmafa
(lycopodium) by difcharging a phial through
" 2 quantity of them. He allo fired the aurum
Julminans placed upon a picce of  parch-
ment, which was torn to pieces by the ex- -
plofion §.
By the ele@ric thock, Signior Beccaria could
melt borax aad glafs. But the moft remark-
able of his experiments with the ele@ric
ihock are thofe by which he revivified metals.
‘This he did by making the explofion between
two pieces of the calces. In this manner he

*E lettricifmo artificiale, &c. p. 134, 135,
- + Hiltoire abrigée, p. 84.

1 Remaiks on Franklin’s Letters, p. 266.
#7hil. Tranf. Vol. xxxviii. pt.ii. p. 773

Z 4 revivified



344 Tur HISTORY ot

revivified feveral of the metals, and among

others, zink. He even produced real quick-

{ilver from cinnabar *. In this cafe of revivi<

fication, he always obferved fireaks of black

beyond the coloured metallic ftains, owing,
as he imagined, to the phlogifton driven
thither from the parts that were vitrified,
when the other part reyivified the calx .

ANOTHER curious ,experiment he made

with the ele@ric fhock, by difcharging it

through fome brafs duft, {prinkled between

two piatcﬁ of fealing-wax. The whole was
perfectly luminous and tranfparent{. Anex-
periment which throws fome light upon one
of Mr. Hauk{bee’s.

Witu the ele@ric thock he alfo made that
capital experiment, on which he lays fo

much ftrefs in his theory of thunder ftorms;

and by which he proves, that the eleéric
matter forces into its paflage all light con-

ducting fubftances; by means of which it is
enabled to pafs through a quantity of refift-

ing medium, which it could not otherwife

do. He put a narrow piece of leaf filver be-

tween two plates of wax, laying it acrofs the
plates, but fo as not quite to reach one of the

fides. The difcharge being made through

this ftrip of metal, by bringing a wire oppo-
fite to the filver, at the place where it was

difcontinued; the filver was found melted,

and part of it difperfed all along the track that

the eleGtric matter t{}(}k between the plates

o Letteredell’ clettriciimo, p. 283 + Ibid. p. 255.
3 Ibid. p. 257

of
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of wax, from the filver to the wire*, An
accident gave him occafion to obferve another
fa& of a fimilar nature. He once, inadver-
tently, received the charge of a fmall jar,
through fome fmoke of {fpirit of nitre; when
a hole was made in his thumb, where the fire
- entered; and which he thought could only
~ have beén made by the nitre, which was car-
ried along with the eleétric fluid .

VioLeENTLY as the eleftric explofion gene~

rally affetts the human body, we have ac-
counts of fome perfons who could not be
made to feel it; particularly three or four
mentioned by Mr. Mufchenbroeck, among
whom was a young woman . 1 have allo -
been told, that this was the cafe with a per-
fon near Leeds, who was at the fame time a
little paralytic.
" T suarr clofe the hiftory ‘of the Leyden
phial for this period with the accounts of
fome extremely curious facts, which Mr.
Canton gives me leave to publith relating to
 this fubje. They certainly deferve the utmoft
attention of phxlnﬁ}phers, and may probably
throw fome light ! up-:m the eleltricity of the
tourmalin.

He procured fome thin glafs balls, of
about an inch and a half in diameter, with
ftems or tubes of eight or nine inches in
length, and ele@rified them, fome pofitively
on the infide, and others negatively, after
the manner of charging the Leyden phial,

* Lettere dell’ elettricifmo, p. 248. + Ibid. p. 249.
I Montbly Review, O¢tober 1767, p. 250.

and



346 Tur HISTORY, &o.

and then fealed them hermetically. Soon
after, he applied the naked balls to his elec-
trometer, and could not difcover the leaft fign
of their being elettrical : but holding them
~ to the fire, at the diftance of five or {ix inches,
they became ftrongly ele@rical, in a wvery
fhort time, and more fo when they were
cooling. Thefe balls would, every time
they were heated, give the ele&ric fire to, or
take it from other bodies, according to the =
plus or minus ftate of it within them. Heat= =
ing them freguently, he found, would fenfi- =
bly diminifh their power ; but keeping one of s
them under water a week did not appear in |
the leaft to impair it. ~That which he kept
under water was, charﬂed the 22d of Septem-~
ber 1760, was feveral times heated before i it
was kept in water, and had been heated fre-
quently afterwards; and yet it flill retained
1ts virtue to a confiderable degree, on the 31{t
of O&aber following, when he fent an ac- -
count of it to Dr. Franklin. The breaking
two of his balls accidentally gave him an op-
portunity of meafuring their thicknefs, which
he found to be between feven and eight parts
in 1oco of an inch.

THuE balls mention in the account above,
which was written {ix years ago, flill * retain
their virtue, but in a lefs degree.

MRg. Lurrin alfo found, that a glafs tube
charged, and hermetically fealed, would thow
figns of clediricity when it was heated |,

¢ In 1769, + Differtatio Phyfica, p. 32.
SEC-
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B'ECT T 0 N. YL

E“{PERIMENTS AND OBSERVATIONS CON~

CERING ELECTRIC LIGI—IT

Y reader has been informed of the ne-

ceflity I was under of dividing the bu-
finefs of this period of my hiftory into {eve-
ral parts. Ie has already feen titles which
he could not have expefted from the divifions
of the preceding periods, but he would per-
haps leaft of all expe a diftinét feGion upon
electric light; and yet the experiments and
obfervations which have been made, imme=~
diately relating to this {ubje&, are fo many,
that they deferve a place by them{elves. And
I would rather err by making too many fub-
divifions, than too few; becaufe, above all
things, I would wifh to preferve perfpicuity,
which is chiefly injured by crowding together
things diflimilar,

Many experiments had *been made very
early, by Mr. Haukibee and others, on elec-
tricity, and particularly ele@ric light, in va-
cuo; but fo little was, at that time, known
of the nature of ele@ricity in general, that,
comparatively, little ufe could be made of
thofe experiments. Very fortunately, Dr.
Watfon happened to turn his thoughts that
way, after the great difcovery of the accumula-
tion of cleftricity in the Leyden phial ; and by
this means he difcovered, that our atmofphere,

when
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when dry, is the agent by which,, with the
affiftance of other ele&rics per fe, we were
enabled to accumulate ele&ricity upon non-
ele¢irics (he might have added electrics -too),
that is, to communicate to them a greater
quantity of ele@ricity than thofe bodies na-
turally have. That upon the removal of the
air, the ele@ric fluid pervaded the vacuum to
a confiderable diftance, and manifefted its
effects upon any non-elediric-fubftances by
which 1t was terminated.

Thuis he demonfirated by one of the moft
beautiful experiments which the whole com-
pals of electricity yet exhibits. He exhauft-
ed a glafs cylinder, three feet in length, and
three inches in diameter, with a contrivance
to let down a brafs plate, as far ag he pleaf~
ed, into it; in order to make it approach
another plate, fixed near the bottom of the
vellel,

Ta1s cylinder, thus prepared, he infulat«
ed, and obferved, that when the upper plate
was elerified, the eleCtric matter would pafs
from one plate to another, at the greateft dif=

tance to which the brafs plates could be drawn §

and that the brafs plate at the buttom of the cy=-
linder was firongly elecrified, as it a wire had
conneded it with the prime condu@or. It
was a moft delightful f?E&&C]E, he fays,
when the room was darkened to {fee the elec-
tric matter in its paflage through this vacuum;
to oblerve, not as in the open air, imall
bruthes or pencils of rays, an inch or two 1

length, but corufcations of the whole length
of”
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of the tube, 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 ra-
mifications, and refembled very much the
moft lively corufcations of the aurora bo-
realis.

SomeTivrs he obferved, that when the
tube had been exhaufted in the moft perfect
manner, the elefric fluid was feen to pafs
between the brafs plates in one continued

. ftream, of the fame dimenfions throughout

its whole length ; which he thought demon-
firated, that the canfe of that very powerful

‘mutual repulfion of the particles of ele@ric

fire, which is feen in the open air, is more
owing to the refiftance of the air, than to any
natural tendency of the ele&tricity itfelf. For,
in the open air we obferve that thefe brufhes,
when the ele&ricity is ftrong, diverge fo
much, as to form almoft a fpherical figure *.
He made this vacuum part of a circuit ne=
ceflary to make the difcharge of 3 phial; and,
at the inftant of the explofion, there was feen
a mafs of very bright embodied fire, jump-
ing from one of the brafs plates in ‘the tube
to the other. But this did not take place
when one of the plates was farther diftant

from the other than ten inches. If the dif-

tance was greater, the fire began to diverge,
and lofe part of its force: and ‘this force
diminifhed in proportion to its divergency,
* Phil. Tranf. Vol xlvii. p. 367.
7 : which
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which was nearly as the diftance of the two
plates.

To find a more perfe& vacuum for the af—-
fage of the clectric fluid, he had recourﬁ. to

an excellent invention of Lord Charles Ca-
vendith; who, by means of a long bent tube

of glafs, filled with mercury, and inverted, .
made all the bended part of it (which was -

above the mercury) the moft perfect vacuum
that'can be made. This vacuum Dr. Watfon
infulated, and one of the balons of the mer-
cury being made to communicate with thecon-
ductor, when {fome non-ele&tric fubftance
touched the other, the eleétric matter pervad-

ed the vacuum in a continued arch of lambent

flame, and, as far as the eye could follow ity
without the leaft divergency.

CoNNECTING one of the bafons with the
machine, which was infulated, the fire was
{een pervading the vacuum in a contrary di-
re@ion. And this he confidered as the expe-
rimentum crucis of two principles which he
had advanced before, viz. that ele@ricity is
furnithed to the condu&or, not by the excit-
ed ele&ric, but from the non-eleérics in con-
ta&t with the rubber ; and that we are able to
take from, or add to that quantity of elec-
tricity, which is naturally inherent in bodies.

He alfo obferved, that if, in the fore-
mentioned circumftances, the hand of a per-
fon ftanding upon the floor was brought near
the fide of the glafs, the corufcations would
dart themfelves that w ay in a great varicty of
forms, extremely curious to behold.

' Burt
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glafs in the lath, whilfl, at the fame time,. it
was rubbed with his hand; a confiderable
quantity of lambent flame, variegated with
all the colours of the rainbow, appeared with-

in the glafs, under the hand. This light

was pretty fleady in every refpe@, except
that every part of it was perpetually chang-
g colour.

WHEN a little air was let into the glafs, the

light appeared more vivid, and in a greater:

quantity, ‘but was not fo fteady : for it would
frequently break out into a kind of corufca-

"w

tions, like lightning, and fly all about within

the glafs. 'When a little more air 'was let in,

the flathing was continual, and ftreams of

blueith light feemed to iffue from under his
hand, within the glafs, in a thoufand forms,
with great rapidity ;. and appeared like a cai-
cade of fire. Sometimes it {feemed to fhoot out
into the forms of trees, mofs, &c.

WHuEN more air was let in, thé quantity

of light was diminifhed, and the ftreams com-
pofing the flathes narrower, The glafs now
required a greater velocity, and harder frie-
tion. Thefe circumiftances increaled as more
air was let in; fo that, by fuch time as the
‘glafs was one third full of air, thefe corufca-

Gi e e

. Aty

Lo

fions quite vanithed, and a much {maller

quantity of light appeared partly within, and

partly without the glafs, And when all the

air was let in, the light appeared wholly with-

out the glafs, and much lefs in quantity than

when the glafs was in part exhaufted *,
* Wilfon’s Effay, p. 216,

Me,
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Mgr. CanTON, in repeating Dr. Watfon’s
experiment with the Torricellian vacuum, ob-
ferved one circumfitance attending it, which
throws great light upon the Leyden phial.
He obferved, that when the excited tube was
brought near one of the bafons of this machine
(infulated) a light was {een through more than
‘half of the vacuum; which foon vanithed, if
the tube was not brought nearer, but which
‘appeared again as it moved farther off; and
that this appearance might be repecated fe-
veral times, without exciting the tube a=-
frefh.

TH1s experiment he confidered as a kind of
ocular demonftration of the truth of Dr.Frank-
lin’s hypothefis, that when the eleéric fluid
was condenfed on one fide of the glafs, it was
- repelled from the other, if it met with no re-
fiftance. Thus, at the approach of the excit=
“ed tube, he fuppofed the fire to be repelled
from the infide of the glafs furrounding the
vacuum, and to be carried off through the co-
lumns of mercury, but to return again as the
tube was withdrawn *.

- Twais curious experiment Mr., Canton, as
he informed me, thowed and explained to
Mr. Wilfon; who afterwards expatiated up-
on it, in a book publithed by him and Dr.
“Hoadley in conjunétion, intitled Obfervations

¥ & Phil. Tranf. Vol. xlviii. pt. = p. 356. It has been feen
P- 95, that this obfervation, of the return of the eletric light
. in wacuo, was made before the difcovery of the Leyden phial

by Mr. Grummert of Biala in Poland ; but this was unknown
“both to Dr. Watfon and Mr. Canton, -

Aa on
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on a Series of Eleclrical Experiments ; in a
note of which, p. 28, he fays, ¢“ Mr, Can-
“ ton has taken notice of this vanithing and
¢ returning of the light.”

Mgr. CanTon has fince diverfified this
beautiful experiment, by bringing the excit-
ed tube to another glafs tube, exhaufted, and
hermetically fealed; by which means he ex-
hibits the perfe&t appearance of an aurora
borealis. The flame from one of its extremi=
ties, which is in a manner coated by the handﬂi
which holds it, will dart to the other extre—-f
mity, at uncertain intervals of time, for near
a quarter of an hour together, without re=
peating the application of the excited tube,

WHEN it was generally agreed among elec~
tricians, that what had been called vitreous
and refinous ele@ricity were in reality a re=
_dundancy of the elecric fluid in one cafe, and
adeﬁciEncy in the other; and when, in con=
fequence of this fuppaﬁtlﬁn, the one was call-
ed pofitive, and the other negative eleGrici=
ty ; there flill remained fome doubt which of |
the two was pofitive, and which negative, |
Mr. Wilfon, in a paper read at the Royal So-.
mct}r, December the 6th, 1759, recites an ex= |
periment which, he thought, put the matter !
beyond all difpute, and abfolutely determin=.
ed, that what had been called vitreous was |
really pofitive, and what had been called re={
linous was negative; as, indeed, had gene-.
rally been fuppofed, though, as Mr. Wilfon|
thought, without f{ufficient reafon, notwith--
ftanding what had been advanced by Dr..

Franklin,,
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Franklin, and Mr. Canton upon that fub-
ject,

; REPEATING the beautiful expenment men-
tioned before, as firft confrived by Lord
Charles Cavendifh, he fays he attended to a
circumftance which feemed to have been over-
looked by Dr. Watfon, who publithed the
account of it. This was a fingular appear-
ance of light upon one of the {urfaces of the
quickfilver. To obferve this remarkable ap-
pearance to more advantage, Mr. Wilfon let
a fmall quantity of air into the tube, by which
means four columns of quickfilver were ob-
‘tained, and confequently fix vifible furfaces,
in one of the legs of the inverted tube., He
then electrified the mercury in the other leg,
- while the mercury on the oppofite fide had a
communication with the earth, when, the
room being dark, the fltream of ele@ric light
was vifible through the whole length of the
vacuum, and its general appearance was of a
feeming uniform denfity ; except at the vp-
per furfaces of each column, where about one
tenth of an inch above the {urface, the light
‘was always confiderably brighter; whereas
the under furfaces exhibited no fuch ap=-
pearance, the light being rather lefs bright in
thofe places than in the general appearance of
the whole illuminated vacuum.

Tuis luminous appearance Mr. Wilfon
afcribed to the refiftance the fluid met with at
the upper {urface of the quickfilver, in en=
deavouring to get into it. He therefore in-
ferred that excited glafs elerified bodies po-
i Aaz ﬁti“.’ﬁ*l}’,
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{itively, or gave them a greater quantity of t'he '
ele@ric fluid than they had.

ELECTRIFYING, in the fame place, with i
a cylinder of rofin, inftead of glafs, the lumi-
nous appearances were all on the under fur-
faces of the columns of quickfilver; from
which he inferred, that rofin ele&rified bodies
negatively, depriving them of part of the elec-
tric fluid which they naturally had; or, as he |
exprefles it, occalioning a current of eletric
fluid to fet the contrary way.

THEsE luminous appearances, Mr. Wilfon
alfo confidered, as a ftrong confirmation of |
the exiftence of a medium, at or near the fur-
faces of bodies, which hindered the entrance
or exit of the ele@ric fluid. A do&trine which
Mr. Wilfon had advanced, and laid great ﬁrcfi
upon on {everal other occafions #,

Tue arguments which to Mr. Wilfon ap-
peared conclufive, in proof of what is com=
monly fuppofed, that glafs eleQrifies plus,
and fulphur, &ec. minus, did not appear fo to
Mr. Apinus; though he acknowledges that
the knobs of light in the vacuum did, in com-
mon with many other appearances, prove a
real difference between the two elericities ; |
and thought that it was very eafy to conceive,
that when an elaftic fluid iffues from a body,
it thould be denfer near the furface fmm‘v
whence it iffues, than where it finds more li-
berty to expand itfelf. He might have add-
ed, that this might have been expeﬁtcd, from

* Phil, Tranf, Vol, li, pt. 1. p. 308.
the
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the mutual attration which is fuppofed to
fubfift between the ele&ric fluid, and other
‘bodies. But Apinus did not exprefsly men-
tion this circumftance Mr. Willon, there-
fore, makes light of the objection ; and adds,
that when he related the expenment with the
bent tube, in his letter to Dr, Heberden, he
- omitted fome phenomena attendmg the fa&,
which greatly favoured the do&rine he ad-
vanced. If, fays he, when glafs is electrified,
and applied to the firft column, we {uffer the
eleCtric fluid to pafs along the tube in {mall
quantities only, and at fhort intervals, little
luminous fireams will be feen to move from
the firlt to the fecond column of quickfilver,
and confequently from the glafs.. The like
appearances happen, but in a contrary direc-
tion, when rofin or amber is made ufe of, and
applied to the fame column. Glafs, there-
fore, he concludes, ele@rifies p/us, or fills
bodies with more of this fluid than belongs
to them naturally, and rofin, &c. mznus *.

This controver{y took its rife, in fome mea-
{ure, from a deception: for Mr. Canton in-
forms me, and gives me leave to inform the
public, that the light which Mr. Wilfon takes
notice of, as appearing on one furface of the
mercury in the double barometer of Lord
Charles Cavendifh, and which Mr. Wilfon
takes to be a proof of the exiftence of a me-
dium on the furface of bodies, which hinders
the entrance or exit of the electric flud to

* Phil. Tranf. Vol. liii. p. 438. p. 441.
Naig {fome
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fome degree, he found to be caufed by no-
thing but common air. For if the Torricel-
lian vacuum be properly made, no difference
of light can be feen on the furfaces of the
columns of mercury ; but if as much air be
et into the vacuum, as will make each co-

lumn of mercury a quarter of an inch fhorter -

than that of a good barometer, the light will

appear as Mr. Wilfon has deferibed it. When
Mr. Wilfon fuppofed that Dr. Watfon, when

he made the experiment of the Torricellian
vacuum, did not attend to 'the fingular ap-

pearance of light on one of the furfaces of

the mercury, he little fufpected that if the va-
cuum Dr. Watfon made was free from air,
there was no fuch fingular appearance of light
to be attended to. Air, Mr. Canton adds,

ignuﬁ; be condenfed near. the {urface of all bo= =
dies that attra& it; and will, therefore, be
fome hindrance to the exit, or entrance of the
electric ﬂu1d except the hﬂdw.s be very fharp-

ly pointed.

SoME curious obfervations relating to elec-
tric light were made by Mr. Wilcke. Rub-
bing two pieces of glafs together in the dark,
he obferved a vivid phofphoreal light: which,
however, threw out no rays, but adhered to °
the place where it was excited. It was at-
tended with a ftrong phofphoreal {mell, but

.

with no attraltion or repulfion. From this

experiment he inferred, that fri¢tion alone

would not excite cle@ricity, fo as to be ac=

cumulated upon any body; and that to pro-

duce this eﬂe& the badms rubbed  together
mu{t
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muft be of different natures, with refpect to
their attracting the eletric fluid. He, more-
over, imagined, that all examples of phoi-
phoreal light, without attralion, were owing
to the fame excitation of elediricity, without
the accumulation of it. Such he imagined to
be the cafe of light emitted by the Bolognian
ftone, cadmea fornacum, rotten wood, pound-
ed fugar, and glafs of all kinds *.

A TusE excited with a woollen cloth, on
which white wax or o1l had been put, he fays,
threw out flames ; each of which when exa-
mined, appeared to rife out of a little protu-
berance of fire. The flame was one, and
very narrow at the bottom, but farther from
the tube it divided into {everal ramifications ;
which always leaned to thofe parts of the
tube which were the leaft excited, or to con=-
ductors in the neighbourhood .

He fays that, upon prefenting a finger or
other non-¢ledlric to an excited negative elec-
tric, a cone of light is formed ; the bafe of
which is at the finger, or other non-electric,
~and the apex at the eletric, on the furface of
which it {preads to a confiderable diftance all
round J.

SomeTiMEs, he had feen tfery particles
thrown laterally from an irregular eletric
{park, which fhone like ftars, and were very

like thofe which are produced by the collifion
of flint and {teel §.

* Wilcke, pP. 123, 124. + Ibid. D. 125,
1 Ibid. p. 127, § Ibid. p. 130.

Aa a4 SUSPEND-
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SUuSPENDING various balls from his con-
duor, and prefenting others to them, which
were fometimes of glafs and fometimes of
metal, and varying them in every manner
poffible, he always found (except when two
metal balls were ufed) that the light between
them formed a cone, the bafe of which was
always on the body which was pofitive, and
the apex on that which was negative. He
fays that this criterion 1s fufficient to diftin-
guifh the two elericities from one an-
other.

He obferves that, at the apex of a cone
iffuing from pointed bodies, ele@rified pofi-
tively, there is a cylindrical {park, out of
which lucid rays, like a river, are darted.
~ 'Thefe rays, he fays, form a lucid cone, the
apex of which i1s turned towards the point
from which the fire proceeds. Sometimes
from the apex, or at fome diftance from it,
there 1s a lucid point, which, he fays, Hau-
fenius calls the fire of the fecond kind, out of
which flew fireams of fire. The {lreams
never iflue from the ele@rified body itfelf, but
always from this lucid point. He fays,
moreover, that this lucid point at the extre-
mity of an eleétrified body, and which throws
out lucid rays, forms the diftin@ive charater
of the pofitive cone *.

A NEGATIVE cone, he fays, is fmall, con-
fifting of very {lender filaments, which imme-
diately adhere to the point at which the light

® Wilcke, p. 132,
enters,
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enters, or to its fides; and, if accurately ex-
amined, feems to form little cones,” the bafes
of which reft upon the body.

WaEN he atterwards comes to confider the
caufe of negative cones of light, he owns
himfelf to be at a great lofs how to do it.

MRr. WirLcke put Englifh phofphorus up-
on a pointed body, which, in the dark, ren-
dered the whole vifible ; and when he {fufpend-
ed this pointed body perpendicularly, the
phofphoreal vapours were feen to aicend ; but
upon ele&rifying it, as it hung in the fame
direCtion, the vapours were carried down-
~wards, and formed a very long cone, extend-
ing out of the middle of the cone of eleftric
light, which was feen perfeétly diftin& from
it. When the ele@rification was difcontinued,
the phofphoreal vapour afcended as at firft.
From this depreflion of the phofphoreal efflu-
via Mr. Wilcke infers the efflux of the elec~
tric fluid from the point, and upon the fur-
face, and not only through the fubftance of
the pointed body. It is pity that he did not
try this curious experiment with pointed: bo-
dies electrified negatively. He would certain-
ly have found the fame depreflion of the
phofphoreal effluvia, and would, probably,
have retrated his conclufion concerning this
proof of the efflux *.

Mr. Wircke alfo thought it to be a proof,
that the eletric matter did not only flow out
of the fubftance of electrified bodies, but up-

* Wilcke, p. 134.
on ¥
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on the furface of them, that a metallic ring, pro-
je&ing ever fo little beyond the point of a wire
on which it had been put, prevents the appear-
ance of the lucid point.

TrE laft obfervation which I fhall recite of
Mr. Wilcke concerning ele@ric light is, that
if a point not electrified be gppofed to a point
ele@rified pofitively, the cones of light,
which, in other circumftances, would appear
upon both of them, difappear; but that if a
pofitive cone be oppofed to a negative cone,
they both preferve their own charadterifiic pro-
perties ™, -

SIGNIOR BEccARIA was of opinion, that
the direGion of the ele@ric fluid may be de-
termined from the phenomena of pointed
bodies. The pencil (by which he means the
electric fire at a pmnt eletrified pnﬁtwely) he
{fays, contradls as it approaches a flat piece of
metal not eletrified; whereas the flar [b}r
which he means the ele&rlc fire at a pmnt
- electrified negatively) expands in the fame cir-
cumftances, and has 'a {mall cavity near the
point towards the large fuperficies. The pen-
cil is attended with a {napping noife, the ftar
makes little or no noife. He hardly gives any
reafon for the firft of thefe phenomena ; he
only fays, that fuch is the neceffary confe-
quence of a fluid iffuing out of, or entering
into a point. But the greater noife made by
the pencﬂ he thought was made by the im-
pulfe given by the cle&rm matter to the air,

* Wilcke;, p. 140.
caufing
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gaufing it to vibrate: and this muft be greater
when the fluid is thrown from the point into
the air, than when it comes through diffe-
rent portions of the air, and meets in one
point *,

* WHEN two points are oppofed to one an=-
other, he fays, the phenomena are much the
fame in both .

~ SigniorR BeccarTA obferved that hollow
glafs veflels, of a certain thinnefs, exhaufted
of air, gave a light when they were broken in
the dark. By a beautiful train of experi-
ments, he found, at length, that the luminous
appearance was not occafioned by the breaking
of the glafs, but by the dafhing of the exter-
nal air againft the infide, when it was broke.
He covered one of thefe exhaufted veflels with
a receiver, and letting the air fuddenly on the
outfide of it, obferved the very fame light.
This he calls his new invented phofphorus §.

" Tuis excellent philofopher produced a moft
beautiful appearance of eleétric light in the
following ‘manner. He conveyed pofitive
electricity to a brafs ball, fufpended by a wire,
within an exhaufted receiver, when, upon
prefenting to it another ball 7z vacuo, the
lower hemifphere of the former was moft
beautifully illuminated, with a vifible ele&ric
atmofphere. 'When he conveyed negative
eleétricity to the ball, the fame beautiful illu-
mination was obferved on the ball prefented to
it. 'This experiment, he fays, is a very deli-

* Elettricifmo artificiale, p. 63. + Ibid.
1 Lettere dell’ tll&ta{icifmo, p- 365, &c. :
cate
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cate one, requiring great patience and dexte-
rity, in adjufting the diftances, &ec. in order
to make it fucceed perfetly *,

TuaT eleftric light is. more fubtle and pe-
netrating, if one may fay fo, than light pro-
duced in any other way is manifeft from fe-
veral experiments, particularly the remark-
able one of Mr. Haukibee; but none prove
it fo clearly as fome made by the ingenious
Mr. Lane, who gives me leave to mention
thefe, :

WHEN he had, for fome different purpole,
made the ele&ric thock pafs over the furface
of a piece of marble, in the dark; he obierv-
ed, that the part over which the fire had pafl-
ed was luminous, and retained that appear-
ance for fome time. No fuch effe of the
eleCtric fthock having ever been obierved be-
fore, he repeated the experiment with a great
variety of circumftances, and found it always
anfwered with all calcarious fubftances, whether
animal or mineral, and efpecially if they had
been burnt into lime. And, as far as he had
tried, many more {ubftances would retain this
light than would not do it; among others fe-
veral vegetable fubftances would do it, parti-
cularly white paper. Tiles and brick were lu-
minous, but not tobacco-pipe clay, though
well burnt. _

THAT gypleous f{ubflances, when calcin=
ed, were luminous, appeared from bits of

* Phil. Tranf, Vol. Ivi. p. 107.

7 images
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‘images made of plaifter of Paris; and of this
clafs, he fays, is the famous Bolognian ftone.
But many bodies, he found, were luminous
after the ele&ric firoke, which were not ap-
parently fo, when expofed to the rays of the
fun. | |

He made thefe curious experiments by

,. ~placing the chains, or wires that led from the

- conductor to the outward coating of his jar,
within one, two, or three inches (according to
the firength of the charge) from one another,
on the furface of the body to be tried, and
difcharging a fhock through them. If the
ftone was thin, he found, that if one chain
was placed at the top, and the other at the
bettom, it would appear luminous on both
fides after the explofion.

Mgr. CaAnTON, to whom thefe experiments,
were communicated, clearly proved, that it
was the /ight only that the {ubftances retain-
ed, and nothing peculiar to elericity ; and,
moreover, after frequent trials, difcovered a
compofition, which retains both common
light, and that of eledtricity, much more
ftrongly than either the Bolognian {tone, or
any other known {ubflance whatever. With
~ this new phofphorus he makes a great num-
ber of moft beautiful experiments. The flafh
made by the difcharge of a common jar,
within an inch of a circular piece of it, of
about two inches and a half in diameter, will
illuminate it fo much, that the figures on a
watch plate may be eafily diftinguifhed by it

in
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in a darkened room,; and it will retzun the
light half an hour *.

IsuarLL clofe th15 fe@ion of experiments
and obfervations on eleéric light, with an ac-
count of a remarkable appearance which oc-
curred to Mr. Hartman. When he had been
making experiments four or five hours to-
gether, in a fmall room, and after going out

of it, returned foon, with a lighted candle in

his hand, walking pretty {wiftly; he per-
ceived a {mall flame to follow him, at the
diftance of about a ftep and a half; but it va-

nithed when he flopped to examine it. He

was a good deal alarmed at the appearance at
firlt, but afterwards imagined it to be occa-
fioned by the afcenfion of the fulphur, which
had been thrown into the air by the violent
continued eleétrification .

# See a particular account of this cnmpnﬁtmn, and experi-
ments with it, in my Hiffery of Difcoveries relating 10 Fifion,
Light, and Colours, p. 371

+ Abhandlung, p. 135,
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SO G TR TN TX.
Tue eLecTRICcITY oF THE TOURMALIN.

H IS period of my hiftory furnifhes an
entirely new fubje&t of ele@rical in=-
- quiries ; which, if properly purfued, may
throw great light upon the moft general pro-
perties of ele&ricity. ‘This is the Tourmalin :
though, i1t muft be acknowledged, the expe-
riments which have hitherto been made upon
this foflil ftand like exceptions to all that was
before known of the {fubjett.

THE tourmalin, as Dr. Watfon {uppofes,
was known to the antients under the name of
the Jyncurium. All that Theophraftus fays
concerning the lyncurium agrees with the
tourmalin, and with no other foflil that we
arc.acquainted with. He {fays, that it was
ufed for feals, that it was. very hard, that it was
endued with an attralting power like amber,
and that it was faid, particularly by Diocles,
to attract not only firaws, and {mall pieces of
wood, but al{o copper and iron, if beaten very
thin; that it was pellucid, of a deep red co-
lour, and required no {mall labour to polifh
it. The account which pafled current among
the ancients concerning the origin of this
ftone was fabulous, which made Pliny
think that all that was faid of it was fa-
bulous too.

THI1s
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Twuis {tone, though not much attended to
by European philofophers, till very lately, is
common 1n feveral parts of the Eaft Indies,
and more particularly in the ifland of Ceylon,
where it 1s called by the natives fournamal.
In this ifland the Dutch became acquainted
with it, and by them it is called afchentrikker,
from its property of attralting athes, when it
is thrown into the fire.

Tue firft account we have had, of late
years, concerning this extraordinary ftone is in
‘the Hiftory of the Royal Academy of Sciences
at Paris for the year 1717; where we are told,
that Mr. Lemery exhibited a ftone, which was
not common, and came from Ceylon. This
ftone, he faid, attraéted and repelled {mall
light bodies, fuch as afhes, filings of iron,
bits of paper, &ec.

Linnzvus, in his Flora Zeylonica, men-
tions this ftone under the name of /Japis eleéiri-
cus, and takes notice of Mr. Lemery’s expe-
riments.

- NoTwIiTHSTANDING this, no farther men-

tion was made of this ftone and its effects till
fome years after ; when the Duc De Noya, in
his letter to Mr. Buffon, prefented to the
‘Royal Society, informed us, that when he
was at Naples, in the year 1743, the Count
Pichetti, {ecretary to the king, aflured him,
that, during his ftay at Conftantinople, he

had {feen a {mall ftone called #surmalin, which
attra&ted and repelled athes. 'Thisaccount the
Duc De Noya had quite forgotten, but being
in
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in Holland in the year 1758, he faw, and
purchafed two of thofe flones. With thefe,
in company with Meflrs.: Daubenton and
Adamfon, he made a great number of expe-
- riments, of which he favoured the public with
a particular account *,

But prior to the Duc De Noya’s experi-
ments, Mr. Lechman had acquainted Mr.
{Epinus with the attractive power of the tour=-
malin, and furnithed him with two of them,
on which he made many experiments; the re-
Hfult of which he publithed in the Hiftory of
the Academy of Sciences and Belles Lettres at
Berlin for the year 1756. The {ubflance of
the memoir is as follows. \

Tue tourmalin has always, at the fame
time, a politive and a negative eletricity ;
~one of its fides being in one ftate, and the
other in the oppofite ; and this does not de-
pend on the external form of the ftone. Thefe
eleGricities he could excite in the ftrongeft
degree, by plunging the ftone in boiling-
_water.

IFr one fide of the tourmalin be heated
more than the other (as if it be laid upon a
hot cake of metal) each of the fides acquire an
eletricity oppofite to that which is natural to
it; but if left to itfelf, it will return to its
natural ftate.

" IF one of the fides of the tourmalin be rub-
bed, while the other is in conta&t with fome
conduftor communicating with the ground ;

* Phil. Tranf. Vol. li. pt. i. p. 396.
Bb the
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the rubbed fide 'is always pofitive, and the
other negative. If neither fide be in contact
with a conductor, both become pofitive. If,
in the former of thefe cafes, the tourmalin be
rubbed, fo as to acquire a fenfible heat, and
the fide which is naturally pofitive be made
negative, it will upon ftanding to ‘cool, re-
turn to its natural ftate; but if it bave acquir-
ed no fenfible heat, it will not return to ‘its .
natural ftate while any kind of ele¢tricity re-
mains. If it be heated, even when it is rub-
bed and infulated, (in which cafe both fides
become pofitive) it will fiill return to its na=
tural ftate upon cooling.

Tur Duc De Noya mentions thefe experi-
ments of Mr. ﬂ:pmus, but does not admit of
a plus and minus ele@ricity belonging to the
tourmalin when heated. On the contrary, he
fays, that both the fides are eleCtrified plus,
but one of them more than the other, and
that it was the difference between thofe de=
grees. which led Mr. &pinus into 1’115 r_mf-
take * g

THE tourmalin was introduced to the l'.lﬂ-'qa
tice of the Englifh philofophers by Dr, Heber- |
- den, who fortunately recollefting to have {een |
one of them, many years before, in the paf-
feflion of Dr. Sharp at Cambridge (and it was
the only one known in England at that time)
procured it for Mr. Wilfon; who, though it
was but a fmall one, repeated with it moit o.E
the experiments of Mr, Lpinus, fo far as to

* Phil. Tranf. Vol. lvii, pt. i ps 315 _
| {atisfy”
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fatisfy himfelf that his opinion of its pofitive
and negative power was well founded.

AFTERWARDS, Dr. Heberden, ever defirous
of extending the bounds of {cience, procured
fome of thefe ftones from Holland, and put
them into the hands of thofe perfons who
were likely to make the beft ufe of them,
particularly Mr. Wilfon and Mr. Canton; in
whole hands they were not lodged in vain, as
will appear by the brief account I fhall fub-
join of their experiments upon them.

MR. WiLson’s obfervations are too many,
, and too particular to be ali inferted in this
work. The refult of them was, in the main,
the {fame with that of Mr. Epinus, eftablith-
ing the opinion of the two different powers of
this ftone; but, contrary to Mr. £pinus, he
aflerts, that when the fides of the tourmalin
are unequally heated, it exhibits that {pecies
of ele@ricity which is natural to the hotter
{ide, that is, the tourmalin is p/us on both
fides, when thé plus fide is the hotter; and
minus on both {ides, when the minus fide is the
hotter.

Upron this Mr. Epinus repeated all his for-
mer experiments, and {till found the refult of
them agreeable to his former conclufion, and
contrary to that of Mr. Wilfon. Mr. Wilfon
alfo repeated his, without any variation in the
event, and imagined the difference between
him and Mr. Apinus might arife from the
different {izes of the tourmalins they made
ufe of, or from their different manner of mak-
ing the experiments. And it is evident, from

Bb 2 the
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the defcription of both their apparatufes, that

of Mr Wilfon was much better calculated for

the purpofe of accurate experiments than that
of Mr. Lpinus. Mr. Wilfon alfo ufed a
greater variety of methods of communicating
heat to his tourmalins. He both plunged them
in boiling water, held them to the flame of a

candle, and expofed them to heated infulated

eleflrics *.

TuoucH the detail of all Mr. Wilfon’s ex-

periments would be, as I obferved before,

much too long for my purpofe, I cannot help

relating one of them, which was made with

the laft mentioned method of treating. He
heated one end of a glafs tube red-hot, and
when he had expofed what both he and Mr.
Aoinus call the negative {ide of the tourma-
lin to 1t; he obferved that about three inches
of the heated part of the glafs were ele&trified
minus, though the glafs beyond that was elec-
trified p/us, and continued fo even after the
glafs. was cold, the electric fluid having pafled

from the tourmalin to the glafs; fince thefe

were the fame appearances that were pro- =

duced by prefenting an excited tube to the |

heated glafs.

Hr then applied the plus fide of the tour-
malin to the fame heated glafs, and found that
the tube was elelirified minus, above a foot in
lenw*h, without the leaft appearance of a plus
glectricity I‘EfDI]d the menus one, as in the

G o ]
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othier experiment; and this msnus eleCiricity

* Phil. Tranf. Vol. liii. p. 436, &e.

appeared
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appeared when the tube was nearly cold. In
this cafe he judged that the electric fluid had
pafled from the glafs to the tourmalin.

Mgr. WiLson imagined that the tourmalin,
as well as glafs, was permeable to the elec-
tric fluid, and that the refiftance to its enter-
ing the fubftance of it was lefs on what he
calls the negative than on the pofitive fide.
Thefe conclufions he drew from the two fol-
- Jowing experiments. Rubbing the pofitive
fide of the ftone {lightly, he found both fides
 ele&rified p/us, but rubbing the negative fide
in the fame manner, both fides were eletrified
plus more ftrongly than before *.

SEVERAL experiments led Mr. Wilfon to
conclude, that the tourmalin refifted the exit
and entrance of the eleétric fluid confiderably
lefs than glafs, or even than amber ; and npon
the whole he infers, that the tourmalin dif-
~ fers in nothing from other electric bodies but
in acquiring Ele&rlmw by beat .

ExAMINING a great number of tourmalins,
he found that a line drawn from thc plus
part, through the center of the ftone, would
always pafs through the m/nus part.

ArLmosT all thefe tourmalins he greafed
over, and whilft they were warm enough to
preferve the greafe liquid, he tried each tour-
malin {eparately, but found no alteration in
the virtue of the {tone, except that it was a
little weakened ; though it 1s well known, he
{ays, that moifture of any fort readily conducéts

*. Phil. Tranf, Vol. li, pt. 1. p. 327. + Ibid. p. 329.
Bb 3 the
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the ele@ric fluid. If, therefore, the tour-
malin had not a fixed kind of electricity, the
plus and minus eleCricity, obfervable on the
two fides of the ftone, muft, by this treat-
ment, ;have united and deftroyed each other.
From this circumftance Mr. Wilfon conclud-
ed, that the tourmalin fuffered the elediric
fluid to pafs through it only in one direftion,
and that in this it bore fome analogy to the
loadftone ; having, as it were, two elefiric
poles, which are not eafily defiroyed or alter-
ed *. But he was not aware how imperfet
a conductor oil or greafe of any kind is. 3
Tuis induced him to try whether, like the
loadftone, the tourmalin would lofe its vir-
tue after being made red-hot ; but, though he
" kept two of them in a ftrong fire for half an. |
hour, he could not perceive the leaft altera~
tion in them: but plunging one in water,
‘while it was red-hot entirely defiroyed its
virtue, and gave it the appearance of having
been fhivered in many parts without break-
ing . He obferves that when a tourmalin,
which he had from Dr. Morton, washeld be-
tween the eye and the light, and viewed in
the direction thrcsugh which the eleétric luid
is found to pafs, it appears of a darker colour
confiderable than when it is viewed at right
angles to the former dire€tion. This appear- |
ance, he fays, obtains in many other tourma- *.

linsy efpecially when they happen to be as*
conveniently thaped .

* Phil. Tranf. Vol. li. pt. 1. p. 337, 338.
+ lbid. p. 338 1 Ibid. Vol. liii. p. 448. >
OT=
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*NoTWITHSTANDING the attention given
to this fubje& by Mr. Apinus and Mr. Wil-
fon, the moft important difcovery relating to
the eletricity of the tourmalin was relerved
for Mr. Canton; who, in a paper read at the
Royal Society in the fame month with that
above-mentioned of Mr. Wilfon, viz. Decem-
ber 1759, obferves, that the tourmalin emits -
and abforbs the eleéric fluid only by the in-
creafe or diminution of its heat, For if the
tourmalin, hefays, be placed on a plain piece
of heated glafs or metal, fo that each {ide of
it, by being perpendicular to the furface of
. the heated body, may be equally heated ; it
will, while heating, have the ele@ricity of
one of its {ides pofitive, and that of the other
negative. This will, likewife, be the cafe
when it is taken out r:-f boiling water and fuf-
fered to cool ; but the fide which was pofitive
while it was heating will be negative while it
is cooling, and the fide which was negative
will be pofitive.

In this paper Mr. Canton refers to the Gen-
tleman’s Magazine for the month of Septem-
ber before, in which he had publifhed the re-
fult of fome experiments he had made on a
tourmalin which he had procured from Hol-
land. The propofitions he there lays down
are fo few, and comprife the principal part of
what is known upon this fubjeét in {o concife
and elegant a manner, that T fhall recite them
all in this place.

. WHEN the tourmalin is not ele@rical or
attra@cwe, heating it, without friction, will
Bha - make
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make it fo; and the eleGricity of one fide
of it (diftinguithed by A) will be pofitive,
and that of the other fide (B) will be ne-
gative.

2. THE tourmalin not being eleClrical will
become fo by cooling; but with this differ-
ence, that the fide A will be negative, and
the fide B pofitive.

. IF the tourmalin, in a non-eleéirical
ftate, be heated, and fuffered to cool again,
without either of its {ides being touched; A
will be pofitive, and B negative, the whole
time of the increafe and degreafe of its heat.

4. Eirtuer {ide of the tourmalin will be
pofitive by fri¢tion, and both may be made fo
at the fame time.’

Tue:r, fays he, are the principal laws of
the eleftricity of this wonderful flone; and
he adds, if air be fuppofed to be endued with
fimilar properties, 1. e. of becoming electri-
cal by the increafe or diminution of its heat
(as is probable, if its ftate before and after a
thunder ftorm be attended to) thunder clouds
both pofitive and negative, as well as thunder
gufts, may eafily be account for.

‘T'uns: capital dilcoveries were made before
Mr Canton had received of Dr. Heberden the
tourmalins above mentioned. When thofe

came to his hands he was enabled to make fe-
~veral new and curious experiments, which I
have leave to publith.

Hr put one of the tourmalins, which was
of the common colour into the flame from a
blow-pipe and burnt it white; when he found

~ that

ol
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|
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that its eledtrical property was intirely de-
ftroyed. The eledtricity of another was only
in part deftroyed by the fire. Two other
tourmalins he joined together, when they
were made foft by fire, without deftroying
their eletrical property. The virtue of an-
other was improved by its being melted at
one end; and he found (contrary to what
Mr. Wilfon had obferved of another tourma=
lin, which he treated in the fame manner)
that one tourmalin retained its eleétrical pro-
perty after it had been frequently made red-
hot, and, 1in that ftate, put into cold water.

BuT the moft curious of his experiments
were made upon a large irregular tourmalin,
about haif an inch in length, which he cut
into three pieces; taking one part from the
pofitive, and another from the negative end.
Trying thefe pieces feparately, he found the
outer {ide of the piece which he cut from the
end that was negative when cooling was like-
wife negative when cooling, and that the
outer fide of that piece which was cut from
the end that was pofitive when cooling was
likewife pofitive when cooling ; the oppofite
{ides of both pieces being, agreeable to the ge-
neral law of the eleCricity of the tourmalin,
in a contrary {tate.

Tue middle part of the fame tourmalin was
affeCted juft as it had been when it was in-
tire; the pofitive end remained politive, and
the negative end continued negative. The
fame he had allo obferved of two other tour-

malins,
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malins, each about the fize of this, which
were alfo cut out of a large one.

On Januvary the 8th, 1762, Mr. Canton
took the Dotor’s large tourmalin (which Mr,
Wilfon has given a defcription of in the fifty-
firft volume of the Philofophical Tranfaétions,
p- 316.) and having placed a {mall tin cup of
boiling-water on one end of his eleétrometer,
which was fupported by warm glafs, while
the pith balls were fufpended at the other end;
he dropped it into the water, and obferved,
that during the whole time of its being heat=
ed, and alfo while it was cooling in the wa-
ter, the balls were not at all ele&rified.

Tirr the year 1760 it had been fuppofed,
that, of all ele@ric fubftances, the tourmalin
alone pofleffed the property of being excited
by heating and cooling ; but in the beginning
of that year, Mr. Canton having had an op-

portunity of examining a variety of gems, by |

the favour of Mr. Nicolas Crifp a jeweller in
Bow Church-yard, firft found the: Brazil
topaz to have the ele@rical properties of the
tourmalin. The largeft he met with' he put
into the hands of Dr. Heberden, who re-
turned it November the 27th, 1760, and
fent with i1t the tourmalins above men-
tioned.

In September 1761, Mr. Wilfon (who had
“been informed of Mr. Canton’s difcovery) met
with feveral other gems, of different fizes and

colours, that refembled the tourmalin with
refpe&t to eleirical experiments. The moft

beautiful of them were fomething like the
ruby,



rar TOURMALIN. 379

ruby, others were more pale, and one inclin-
ing to an orange colour. In point of hard-
nefs and luftre, they were nearly the fame
with the topaz.

FroM all his experiments upon thefe gems
he thought it was abundantly evident, that
the dire&tion of the fluid did not depend upon
the external figure of the gem, but upon fome
particular internal make and conftitution of
it. And that there 1s fome fuch natural dif=
pofition in all gems affording thefe appear-
ances may be collected, he faysy from another
curious {pecimen of the tourmalin kind, which
is green, and formed of long {lender cryftals
with feverals fides; many of which are found
fticking together, and are brought from South
America,

THESE gems, numbers of which were fur-
nithed him by Mr. Emanuel Mendes Da
Cofta, he not only found to be like the tour-
malin with refpe& to ele@ric appearances;
but that the direction of the eleftric fluid
moving therein was always along the grain or
fhootings of the cryftals, one end of it being
electrified plus, and the other end mnus. And
that the fluid is more difpofed to pafs in that
diretion than in another, he thought, might
be farther collected from what has been ob-
ferved on the grain of the loadftone by Dr.
Knight ; who found that though the magne-
tic poles of the natural loadftone might be
varied in any direction, yet that the fame load-
ftone admitted of being made much more mag-
netical along the grain than acrofs it.

8 From
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From thefe experiments and obfervations
Mr. Wilfon inferred by analogy, that the
ele@ric fluid, flowing through all thefe ftones
and gems, moves in that direGtion 1n which
the grain happens to lie; and that the reafon
of this 1s, that the refiftance which the fluid
meets with in pafling through the gem i1s lefs
in that diretion than in any other *,

In a {fubfequent paper of Mr. Wilfon’s, read
at the Royal Society December the 23d, 1763,
and March 1764, he recites feveral curious
experiments on the effects of removing the
tourmalin from one room to another, in
which there was {fome difference of heat ; the
refult of which exaétly confirms Mr. Canton’s
-difcovery, that the fide which is pofitive when
heating is negative when cooling, and wzce
verfa. Upon a very nice examination, and
during fome favourable circumftances, Mr.
Wilfon fays he has obferved the tourmalin to
be fecbly eleftrified, when the thermometer
varied up and down only one degree .

* Phil. Tranf. Vol lii. pt.ii, p. 443.
't" lhidl P- 4.5?- : i
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- DISCOVERIES THAT HAVE BEEN MADE SINCE |
THOoSE ofF Dr. FRANKLIN, wiTH RE-
SPECT TO THE SAMENESS OF LIGHTNING
AND ELECTRICITY,

: T HE year 1752 makes an @ra in elec-

tricity no lefs famous than the year
1746, in which the Leyden phial was difco-
vered. In the year 1752, was verified the
hypothefis of Dr. Franklin, of the identity of
the matter of lightning and of the elefric
fluid ; and his great proje&t of trying the ex-
periment by real lightning actually brought
‘down from the clouds, was carried into exe-
cution.
+ Tue French philofophers were the firft to
diftinguith themfelves upon this memorable
occalion, and the moft a&ive perfons in the
fcene were Mr. Dalibard and Delor, both
zealous partifans (as Mr. Nollet calls them) of
Dr. Franklin. The former prepared his ap-
paratus at Marly La Ville, fituated five or {ix
" leagues from Paris, the other at his own
houfe, on fome of the higheft ground in that
~capital,  Mr. Dalibard’s machine confifted of
an iron rod forty feet long, the lower extre-
mity of which was brought into a centry box,
where the rain could not come; while, on
the outfide, it was faftened to three wooden
polts by long filken firings defended from the
rain,
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rian. 'This machine happened to be the firft
that was favoured with a vifit from this ethe-
* real fire. 'The philofopher himfelf happened
not to be at home at that time; but, in his
abfence, he entrufted the care of his apparatus
to one Coifher a joiner, a man who had ferved
fourteen years among the dragoons, and on
whofe underftanding and courage he could de-
pend. This artifan had all proper inftruc-
tions given him, both how to make oblerva-
tions, and alfo to guard himfelf from any
harm there might be from them; befides be-
ing exprefsly ordered to get {ome of his neigh-
bours to be prefent, and particularly to fend
for the curate of Marly, whenever there thould
be any appearance of the approach of a thun-
der ftorm. At length the long expected event
arrived.

O~ Wednefday the 10th of May 1752, be-
tween two and three o’clock in the afternoon,
Coiffier heard a pretty loud clap of thunder.
~ Immediately he flies to the machine, takes a
phial furnifhed with a brafs wire, and pre-
{enting one end of the wire to the rod, he fees
a {mall bright {park iflue from it, and hears
the {napping that it made. Taking a {econd
{park ftronger than the former, and attended °
with a louder report, he calls his neighbours,
and fends for the curate, The curate runs
with all his might, and the parifhioners, fee-
ing the precipitation of their {piritual guide,
imagine that poor Coiflier had been killed with
lightning. The alarm {preads through the vil-
lage, and the hail which came on did not pre-

vent
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vent the flock from following their fhepherd.

The honeft ecclefiaftic arriving at the machme,
and feeing there was no danger, took the wire
~into his own hand, and immediately drew fe-
veral ftrong {parks, which were moft evident-
ly of an eleérical nature, and completed the
difcovery for which the machine was
erected.

Tue thunder cloud was not more than a
quarter of an hour in pafling over the zenith
of the machine, and there was no thunder
heard befides that fingle clap. As foon as the
ftorm was over, and no more {parks could be
drawn from the bar, the curate wrote a letter
to Mr. Dalibard, containing an account of this
remarkable experiment, and fent it immediate-
ly by the hands of Coiffier himfelf.

He fays, that he drew {parks from the bar
of a blue colour, an inch and a half in length,
and which {melled firong of fulphur. = He re-
peated the experiment at leaft fix times in the
fpace of about four minutes, in the prefence
of many perfons, each experiment taking up
the time, as he, in the ftile of a prieft ex-
prefles himfelf, of a pafer and an gve. In
the courfe of thele experiments he received
a ftroke on his arm, a little above the elbow,
but he could not tell whether it came from the
brafs wire inferted into the phial, or from the
iron bar. He did not attend to the ftroke at
the time he received 1it, but, the pain con-
tinuing, he uncovered his arm when he went
home, in the prefence of Coiffier ; and a mark
was perceived round his arm, fuch as might

have
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have been made by a blow with the wire on
his naked fkin;. and afterwards feveral per-
fons, who knew nothing of what had hap-
pened, {aid that they perceived a {mell of ful-
phur when he came near them. ;

CeirFIER told Mr. Dalibard, that for abnut
a quarter of an hour before the curate arrived,
he had, in the prefence of five or ix perfons,
taken much fironger fparks than thofe which
the curate mentioned *.

Eigut days after, Mr. Delor {faw the fame
thing at his own houfe, although only a cloud
‘paffed over, without either thunder or light-
ning . :

Tue fame experiments were afterwards re-
peated by Mr. Delor, at the requeft of the
king of France, who, it is faid, faw them
with the greateft fatisfaction, and exprefled a
juft fenfe of the merit of Dr. Franklin. Thefe
applaufes of the king excited in Mr. De Buf-
fon, Dalibard, and Delor, a defire of verify-
ing Dr. Franklin’s hypothefis more complete-
ly, and of purfuing his {peculations upon the
fubject.

Mz. DELOR’s apparatus in Paris confifted
“of a bar of iron ninety-nine feet highy and
anfwered rather better than that of Mr. Dali-
bard, which, as was obferved before, was on=
ly forty feet high. But as the quantity of
ele@ricity which they could procure from the
clouds, in thefe firft experiments, was but
{fmall, they added to this apparatus what they

. Dalibard’s Franklin, Vol. ii. p. 109, &¢.
+ Nollet’s Letters, Vol i, p. 3.
called
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called a magazine of ele@ricity,fonfifhing of
many bars of iron infulated, and communi=
cating with the pointed iron rod. This ma-
gazine contained more of the ele@ric matter,
“and gavea more fenfible {park; uponi the apa
proach, of the finger than the pointed-bar.

A Macgazine of this kind Mr. Mazeas
had in an uppet room of his houfe, into which
he brought the lightning, by means of a
wooden pole projecting out of his window, at
the extremity of which a glafs tube, filled
with rofin, received a pointed iron rod, twelve
feet long. But all this while the electrics,
which they made ufe of to fupport thefe iron
rnds, were too much expofed to the open
air, and ccrnfequently were liable to be wet,
which would infallibly defeat their experi-
ments.

Tue moft accurate éxperiments, madé with
thefe meerfe& inftruments, where thofe of
Mr. Monnier. He was convinced that the
high fitvation in which the bar of iron had
commonly been placed was not abfolutely ne~
ceflary for this purpofe: for hé oblerved a
commion {peaking-trumpet, fufpended upon
ik five or fix fect from the ground, to exhi-
bit very evident figns of ele@ricity. He alfo
found that a man placed upon cakes of rofin,
‘and holding in his hand 2 woaden pole, about
eighteen feet long, about which an iron wire
‘was twilled, was f{o well ele@rified when it
thundered, that very lively f{parks were
drawn from him; and that another man;
ﬂandmg upon non-ele&rics, in the middle of
Ce a garden
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a garden, and only holding up one of his
hands in the air, attracted, with the other
hand, fhavings of wood which were held to
him.

He fays, that he obferved a continual di-
minution of the ele@ricity when the rain
came on, though the thunder was fill very |
loud, and though the cake of rofin which
fupported his conductor was not wet. But he .
afterwards found, that this was not univer-
{ally true. |

He once obferved, that when the condu&-
ing wire was furrounded with drops of rain,
only fome of them were eleQrified, as was
evident from the conical figure they had,
while the ‘reft remained round as before. It
was alfo perceived, that the eleCrified and |
non-electrified drops generally fucceeded each |
other alternately ; which made Mr. Monnier
call to mind a fingular phenomenon, which
happened fome years before to five peafants
who were pafling through a corn field, near |
Frankfort upon the Oder, during a thunder
ftorm ; when the lightning killed the firft, the |
third, and the fifth of them, without injuring
the fecond or the fourth *,

IT was not owing to any want of attention .,
to this {fubje& that the Englith philofophers
were not the firft to verify the theory of Dr.t
Franklin. They lmppened to have few op-~'
portunities of trying experiments. In ther

few they bhad, they were difappointed hy

* Phil. Tranf. Vol xlvii, p. 551, -
the
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the rain wetting their apparatus, which was
not better conftruéted than that of the
French.

A length fuccefs crowned the afliduity and
happier contrivance of Mr. Canton, who, to
the lower end of his conduéting wire, had
had the precaution to faften a tin cover, to
keep the rain from the glafs tube which fup-
ported it. By this means, on the 2oth of
July 1752, he got {parks at the diftance of
half an inch, but the whole appearance ceafed
in the {pace of two minutes *.

Mr. WiLson, who took great pains in
thefe purfuits, as he did in every thing elfe
relating to eletricity, perceiving feveral elee-
trical {naps, on the 12th of Auguft follow=
ing, from no other apparatus than an iron
curtain rod ; one end of which he put into
the neck of a glafs phial, which he held in
his hand, while the other was made to point
into the air.

Dr. Bevis alfo, at this time, viz. on the
12th of Auguft, obferved nearly the fame
~ appearances that Mr. Canton had done be-
fore

Mgr. CanTon afterwards, refuming his ob=
" fervations on lightning, with the afliduity
and accuracy with which he obferves every
thing, found, by a great number of experi-
ments, that fome clouds were in a pofitive,
and fome in 'a negative fltate of eleCricity,
And that, by this means, the eledricity of

* Phil. Tranf. Vol. xlvii. p. 568.
L § Ibid. . p- 569,
Cec2 his
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his condu&or would fometimes change from

one flate to the other five or {ix times in lels

than half an hour *,

Tuis obfervation of Mr. Canton, on the

different eleétricity of the clouds was made,and
the account of it publithed in England, before

it was known that Dr. Franklin had made the ¥

fame difcovery in America.

WHEN the air was dry, he obferved, that

~ the apparatus would continue eleétrified for

' ten minutes, or a quarter of an hour after the

clouds had pafed the zenith, and fometimes
till they were more than half way towards
the horizon; that rain, efpecially when the
drops were large, generally brought down

the ele@ric fires and hail in fummer, he be=

lieved, never failed. The laft obfervation he
had made before the time of his writing this

paper, when his apparatus had been clecirifi= -

s e Lo 3

ed by a fall of thawing {now. This wason
the 12th of November 1753, which, he fays;
was the 26th day, and the fixty-firft time, it
had been electrified fince it was firft fet upy, |

viz. about the middle of the preceding May.

Onry two thunder ftorms had happened
at London during that whole fummer, and
. Mr. Canton’s apparatus was fo ftrongly elec-
trified by one of them, that the ringing of
the bells (which he fufpended to his appara-
tus, to fignify when the ele@rification was
begun, and which were frequently rung fo |

loud as to be heard in every room in the

* Phil. Tranf, Vol. xlviii. pt. i, p. 356.

houfe)
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houfe) was ftifled by the almoft conftant
* fiream of denfe ele@ric fire between each bell
and the brafs ball, which would not fuffer it
to firike.
- Upron a farther occafion, he obferves, that
in the {ucceeding months of January, Febru-
ary, and March, his apparatus was eleCrified
- no lefs than twenty-five times, both pofitive~
ly and negatively, by fnow as well as by hail
and rain; and almoft to as great a degree
when Fahrenheit’s thermometer was between
twenty-eight and thirty-four, as he had ever
known it in fummer, except in a thunder-
Atorm *,
MRr. CanToN concludes his paper with
propofing the two following queries. 1. May
not air {uddenly rarefied give eledtric ﬁrf: to,
and air {uddenly condenfed receive ele@ric fire
from clouds and vapours. pafling through it?
2. Is not the.aurora borealis the flathing of
eleGric fire from pofitive towards negative
_clouds at a- great diftance, through the upper
~part of the atmofphere, where the refiftance is
leaft 2 |
Mgr. CanTON not only obferved th-:: diffe~
-rent {tates of pofitive and negative eleCricity
- in the clouds, but alfo noted the proportion
that the one bore to the other for a confider-
able time. Inthe firlt period he had obferved
- the clouds had been pofitively electrical 83
times, and negative 101. In this period he

* Phil, Tranf. Vel. xlviii, pt. ii. P 785,
+ Ibad. pt. i» p. 358.

Cegz had
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had pun@ually fet down how often the powers

had fhifted, and the whole time that the

apparatus continued to be eledtrified, but he

had intirely negleGted to note the time that
- each power lafted. But this laft circumftance
he afterwards carefully attended to for about
two months, viz. from the 28th of June to
the 23d of Auguft 1754; and found the ap-
paratus to be electrified pofitively thirty-one
times, which taken together lafted three hours
'thirt)r—ﬁve minutes; and negatively forty-five
times, the whole duration of which was ten
hours thirty-nine minutes. He alfo obferved
that the pofitive power was generally the

ftronger. This account he wrote the 31ft of |

Auguft 1754.

T'HEsE obfervations, which Mr. Canton gives
me leave to make public, are extremely curi- |
ous, and muft have required great attention;

but they are hardly fuflicient to authnnze any
general conclufion.

OnEe of the effects of lightning and elec- |

tricity is the melting of metals. This was

firft thnught to be a cold fufion; but that opi-
nion is refuted, in a very (enfible manner, by
Dr. Knight, in a paper read at the Royal So-

ciety, November 22d, 1759. He obferves,
that the inftances moft generally given of cold

fufion are two, viz. that of a fword being

melted in its fcabbard, and that of money be-
ing melted in a bag, both the {cabbard and

‘the bag remaining unhurt.
A GreAT- number of authors, he fays,
have mentioned both the fals, but without

giving
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giving either their own teflimony, ‘or that of
any one elfe for the truth of them, or defcrib-
.ing any of the other concomitant circum-
ftances. And it {feemed to him very poflible,
that lightning might produce effe&s fimilar to
thofe above mentioned, without our being
“obliged to have recourfe to a cold fufion to
account for them.
Ir, fays he, the edge or cxternal furface of
a {word had been melted, whilft the main
part of the blade remained entire, it would
have afforded f{uflicient ground to aflert, in
general terms, that the {word was melted,
and yet the fcabbard might have remained
unhurt; becaufe either the edge or furface of
a {word might be inftantly melted by light-
ning and cooled {fo fuddenly, as to make no
impreflion of burning upon the {cabbard.
Metals, as well as other bodies, he obferves,
will both heat and cool fooner in proportion
as they are thin and flender ; that very {mall
wire will mﬂantly become red hot, and even
melt, and run into a round globule in the
flame of a common candle ; though it is no
fooner removed out of the flame, but it is in-
ftantly cold He therefore concludes, that the
edge of a {word, or even its {urface, might
be inftantly melted by lightning; and being
“in contaét with, or rather fhill umited to the
reft of the blade, which might be cold, 1t
would part with its heat too 3[1.1(:1(1611})r to pro-
duce any appearance of burning.
He was confirmed in this reafoning, by
examining fome fragments and particles of
Cca wire
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wire melted by li ﬂtmng, Whmh were {ent

him by Mr. Mountaine.. Amongft them ap-

peared globules of various fizes, which had
undergone very different degrees of fufion.
The largeft of them had not béen fluid enough
to put on a {perical figure, but they approach-
ed nearer to it, in proportion as they were
{maller ; fo that, in the {fmalleft granule, the
fuion was moft perfect, the globules being
very round and {mooth. Their fizes con-

tinued diminithing till they became invifible -

to the naked eye, and fome of them, when
viewed with a microfcope, required a third or
fourth magnifier to fee them diftinétly.

Some of the bits' of wire were rough and

fcaly, like' burnt iron, and were fwelled n
thofe places- where they were beginning to
melt. Others continued ftraight, and of an
equable thicknels ; but theéir outward furface
feemed to have und&rgnne a perfect fufion, fo
‘that there were two or more pieces adhermg
together, as if joined by a thin folder.

In  the Philofophical Tranfa&ions, Dr.
Knight fays, there are two or three relations
“which feemed at firft to favour a cold fufion,

- but when duly conlidered prove nothing con-
clufive *.

Bur that there is really no fuch thingas

cold fufion, either by eledricity or lightning,

“was moft clearly demonftrated by Mr. Kin-
- nerfley, in a letter to Dr. Franklin, dated Phtl—
adelphia, March 12th, 1761,

# Phil, Tranf, Val, li. pt. i. p. 294, &e. | *
He
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Hr f{ufpended a piece of {mall brafs wire,
about twenty-four inches long, with a pound
weight at the lower end; and, by fending
through it the charge of a cafe of bottles,
containing above thirty feet of coated glafs,
he difcovered what he calls a new method of
wire-drawing. The wire was red-hot, the
whole length well annealed, and above an
inch longer than before. A fecond charge
‘melted it fo that it parted near the middle,
~and meafured, when the ends were 'put to-
- gether, four inches longer than at firft.

Tuis experiment, he fays, was propofed
to him by Dr. Franklin, in order to find
whether the eleftricity, in pafling through
the wire, would {fo relax the cohefion of its
conftituent particles, as that the weight might
produce a feparation ; but neither of them had
the leaft fufpicion that any heat would be pro-
duced.

TuaT he might have no doubt of the wire
being /4of, as well as red, he repeated the ex-
periment on another piece of the fame wire,
encompafled with a goofe quill, filled with
loofe grains of gun-powder ; which took fire,
asreadily as if it had been touched with a red-
hot poker. * Alfo tinder, tied to another piece
of the wire, kindled by it; but when he tried
a wire about twice as big, he could produce
no fuch effects.

Hence, fays he, it appears, that the elec-
tric fire, though it has no {enfible heat, when
in a ftate of reft, will, by its violent motion,
and the refiftance it meets with, produce heat

in



304 EXPERIMENTS or Tae ENGLISH

in other bodies, when paffing through them,
provided they be {mall enough. A great
quantity will pafs through a large wire, with-
out producing any {enfible heat; when the
fame quantity, pafling through a very {mall
one, being there confined to a narrower pafiage,
the particles crowding clofer together, and
meeting with a greater refiftance, will make
it red-hot, and even melt 1t.

- Hence, he concludes, that lightning does
not melt metal by a cold fufion, as Dr. Frank-
lin and himfelf had formerly fuppofed; but
that, when it pafled through the blade of a
dword, if the quantity was not very great, it
might heat the point fo as to meltit, while the
broadeft and the thickeft part might not. be
fenfibly warmer than before.

WHEeN trees and houfes are fet on fire by
the dreadful quantity, which a cloud, or fome-
times the earth difcharges, muft not the heat,
fays he, by which the wood is firft kindled; be
generated by the lightning’s violent mo-
tion through the rebiting combuftible mat-
ter ?

Ir lightning, by its rapid motion, pro-
duced heat in itfelf as well as in other bodies
(which Mr. Kinnerfley imagined was evident
from fome experiments made with electrical
thermometer, mentioned before) he thought
that its {fometimes fingeing the hair of ani-
mals killed by it might eafily be account for;
and that the reafon of its not always doing fo
micht be, that the quantity, though fufhcient
to kill a large animal, might not be great

| enough

2
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enough, or not have met with refiftance
enough, to become by its motion burning-
hot.

We find, fays he, that dwelling-houfes
ftruck with lightning, are feldom fet on fire
by it; but that when it pafles through barns,
with hay or ftraw in them, or ftore-houfes
containing large quantities of hemp, or fuch
like matter, they feldom, if ever, efcape a
conflagration. 'This, he thought, might be
owing to fuch combuftibles being apt to kindle
with a lefs degree of heat than was neceflary
to kindle wood *. |
- Arr that was done by the French and

Englifh ele@ricians, with refpet to lightning

and ele€ricity, fell far fhort of what was
done by Signior Beccar1a at Turin. His
attention to the wvarious ftates of the atmo-
{phere, his affiduity in making experiments,
his apparatus for making them, the extent of
his views in making them, the minute exat-
nefs with which he has recorded them, and
his judgment in applying them to a general
theory, far exceeded every thing that had
been done by philofophers before him, or
that has been done by any perfon fince. And
though I fhall give confiderable fcope to my
account of his experiments and obfervations,
I thall be able to give my reader but a faint
idea of the extent, variety, and value of his la-
bours in this great field.

* Phil. Tranf, Vol. liil, p, g2, &c,
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He made ufe both of kites and pointed
rods, and of a great variety of both at the
fame time, and in different places. Some of
the firings of his kites had wires in them,
and others had none. Some of them flew to
a prodigious height, and others but low;
and he had a great number of afliftants, to
note the nature, time, and degree of appear~
ances, according as his views required.

To keep his kites conftantly infulated, and
at the fame time to give them more or lefs
firing, and for many other purpofes, he had
the firing rolled upon a reel, which was {up-
ported by pillars of glafs; and his cﬂndu&ﬂr
had a communication with the axis crf the
v

To diftinguith the pofitive and negatwe
ftate of the clouds, when the electricity was
vigorous, .with more certainty, and with more

fafety than it could be done by prefenting an

E's:cued ftick of glafs, or {ealing-wax to

‘threads diverging from his conduéor ; he in~
clofed a pointed wire and a flat piece of lead -

~oppofite to it within a cylindrical glafs veflel,
wrapped in pafteboard, {o that the infide could
have no communication with the external
light, Into this cover, and oppofite to the
point of the wire, he inferted a very long
tabe of pafteboard; through which he could
look from a confiderable diftance, and fee the

. o . S
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form of the ele@ric light at the end of the

* Lettere dell’ elettricifmo, p. 112.

wire ;
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wire; which is the fureft indication of its qua-
lity ¥,

From Signior Beccaria’s extremely exa&
and circumftantial account of the external ap-
pearances of thunder clouds, which he pre-
fixes to his obfervations on their probable
caufes, [ {hall draw a general outline of the
moft remarkable particulars, in the ufual pro-
grefs of a thunder ftorm.

Tue firft appearance of a thunder florm
(which generally happens when there is little
or no wind) is one denfe cloud, or more, in=
creafing very faft in fize, and rifing into the
higher regions of tke air. The lower fur~
face is black, and nearly level ; but the upper -
finely arched, and well defined. Many of"
thefe clouds often {eem piled one upon an-
other, all arched in the fame manner; but
they keep cﬂntlm‘lall}* uniting, ﬁmelhng, and
éxtending their arches.

AT the time of the rifing of this cloud, the
atmofphere is generally full of a great num=
ber of feparate clouds, motionlefs, and of
odd and whimfical fhapes. All thefe, upon
the appearance of the thunder cloud, draw to-
wards it, and become more uniform in their
thapes as they approach; till, coming very
near the thunder cloud, their limbs mutually
firetch towards one another; they immediate-
ly coalefce, and together make one uniform
mafs Thele be calls gdfiititious clouds, from
their coming in, to enlarge the fize of the

* Lettere dell’ elettrici{fmo, p. 107,

7 thunder
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thunder cloud. But, fometimes the thunder
cloud will fwell, and increafe very faft with=
out the conjunétion of any adfgititious clouds;.
the vapours in the atmofphere forming them-
felves into clouds wherever it paffes. Some
of the adlcititious clouds appear like white
fringes, at the fkirts of the thunder cloud, or
under the body of it, but they keep continual-
ly growing darker and darker, as they ap-
proach to unite with it.

WHueN the thunder cloud is grown to a
great fize, its lower furface is often ragged,
particular parts. being detached towards the
carth, but ft1ll conneéted with the reft. Some~
times the lower furface {wells into various large
protuberances bending uniformly towards the
earth. And fometimes one whole fide of the
cloud will have an inclination to the earth,
and the extremity of it will nearly touch the
earth *, 'When the eye 1s under the thunder
cloud, after it is grown larger, and well form-
ed, it i1s feen to {ink lower, and to darken
prodigioufly ; at the fame time that a number |
of {mall adfcititious clouds (theorigin of which
can never be perceived) are feen in a rapid
motion, drwmg about in very wuncertain di-
reCtions under it. While thefe clouds are
agitated with the moft rapid motions, the rain
generally falls in the greateft plenty, and if
the agitation be exceedingly great, it com-
mon!'y hails T,

* Lettere dell” elettricifmo, p. 351,
+ Ibid, p. 155.

WHILE
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- WaiLE the thunder cloud is fwelling, and
extending its branches over a large tract of
country, the lightning is feen to dart from
one part of it to another, and often to illu-
minate its whole mafs. When the cloud has
acquired a {ufficient extent, the lightning
ftrikes between the cloud and the earth, in
two oppofite places, the path of the lightning
lying through the whole body of the cloud
and its branches. The longer this lightning
continues, the rarer does the cloud grow, and
the lefs dark is its appearance; till, at length,
it breaks in different places, and thows a clear
{ky. When the thunder cloud is thus dif-
perfed, thofe parts which occupy the upper
regions of the atmolphere are equally {pread,
and very thin ; and thofe that are underneath
are black, but thin too: and they vanifth gra-
~dually, without being driven away by any
wind *,

HavinG feen what this philofopher ob-
ferved abroad, and in the air, let us fee what
he took notice of at his apparatus within
doors. 'This never failed to be ele&rified up-
on every approach of a thunder cloud, or any
of its branches ; and the ftream of fire from it
was generally perpetual, while it was diretly
over the apparatus 1.

TuaT thunder clouds were fometimes in a
pofitive as well as negative ftate of ele@ricity,
Signior Beccaria, had difcovered, before he
heard of its having been obferved by Dr.

» Lettere dell” eletricifmp, p. 146. 176.
+ Ibid. p. 167.

Rl
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Franklin, or any other perfon*. The fame

cloud, in pafling over his obfervatdry, eleGtri-
fied his apparatus, fometimes pofitively, and

fometimes negatively . The ele@ricity con-

tinued longer of the fame kind, in proportion

as the thunder cloud was {imple, and uniform |

in its dire€tion ; but when thelightning chang-
ed its place, there commonly happened a
change in the eleCricity of his apparatus. It
would change fuddenly after a very violent
flafh of lightning, but the change would be
gradual when the lightning was moderate,
and the progrefs of the thunder cloud {low.
IT was an immediate inference from his
obfervations of the lightning abroad, and his

apparatus within, that the quantity of elec~

tric matter, in an ufual ftorm of thunder; is
almoft inconceivably great, confidering how
many pointed bodies, as trees, {pires, &c. are
perpemally drawing it off, and what a pro-
digious quantity is repeatedly difcharged to,
or from the earth 1.
AFTER this fummary view of appearances,
I thall, in the fame fuccinét manner explain
the hypothefis by which this excellent philo-

fopher accounts for them, and fome other

rincipal and well known phenomena of thun-
der ftorms.

ConsipERING the valt quantity of eleétric
fire that appears in the moft fimple thunder
ftorms, he thinks it impoffible that any cloud,
or number of clouds thould ever contain it

* Lettere dell’ elletricifmo, p. 138, t 1bid. p. 172.
$ 1bid. p. 180,
all
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all, fo as cither to difcharge or receive it. Be-
fides, during the progrefls and increafe of the
ftorm, though the lightning frequently ftruck
- to the earth, the fame clouds were the next
moment ready to make a flill greater dif-
charge, and his apparatus continued to be as
much affe@ed as ever. The clouds muft,
confequently, have received at one place, the
moment that a difcharge was made from them
in another *. In many cafes, the elericity
of his apparatus, and confequently of the
- clouds, would inftantly change tfrom one kind

to another feveral times ; an effect which can-
not be accounted for by any {imple difcharge,
or recruit. Both muft have taken place in a
very quick fucceflion .

Tiure extent of the clouds doth not leflen
this difficulty :* for, be it ever {o great, ftill
the quantity ought to be leflened by every dif-
charge : and, befides, the points, by which
the filent difcharges are made, are in propor=
tion to the extent of the clouds . Nor 1s the
- difficulty leflened by f{uppofing that frefh
clouds bring recruits; for befides that the
clouds are not ripe for the principal ftorm, till
all the clouds, to a great diftance, have a&tual-
ly coalefced, and formed one uniform mafs,
thofe recruits bear no fort of proportion tothe
difcharge, and whatever it was, it would {oon
be exhaufted,

" Tue fatt, therefore, muft be, that the
ele@ric matter is continually darting from the

* Lettere dell’ elettricifmo, p.183. 188.
1' lhidi Ps 220, I [bid.; P. 1851
' Dd clouds
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clouds in one place, at the fame time that it
is difcharged from the earth in another. And
it is a neceflary confequence from the whole,
that the clouds ferve as conduétors to convey
the eleétric fluid from thofe places of the earth
which are overloaded with it, to thofe which
are exhaufted of it *,

To afcertain this fa& in the moft complete
manner, he propofes that two obfervatories |
be fixed, about two leagues afunder, in the
ufual path of the thunder clouds; and that
obfervations be made, whether the apparatus
be not often pofitive at one place, when it is
negative at the other 4.

TuAaT great quantities of eleftric matter
do fometimes ruth out of particular parts of
the earth, and rife through the air, into the
higher regions of the atmofphere, he thinks
is evident from the great quantities of fand,
afhes, and other light {fubftances, which have
often been carried up into the air, and fcat=
tered uniformly over a large tradt of coun-
try 1. No other known eflicient caufe of this
phenomenon can be afligned, except the:
wind; and 1t has been obferved when there
was no wind flirring; and the light bodies
have even been carried againft the wind §. He |
fuppofes, therefore, that thefe light bodies
are raifed by a large quantity of eleétric matter
ifiuing out of the earth, where it was over- |
charged with it, and (by that property of it
which he bad demonfirated) attra@ing, and

* Lettere dell’ elettricifmo, p. 193. + Ibid. p. 194. '
1 lbid. p. 199, § Ibid. p. 225.
carry-
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carrying with it every fubftance that could
ferve as a conductor in its paflage. All thefe
bodies, being poflefled of an equal quantity
of the electric fuid, will be difperfed equally
in the air, and cc:-nfequerltl}* over that part
of the earth where the fluid was wanting, and
whither they ferve to convey it *. Had thefe
bodies been raifed by the wind, they would
have been difperfed at random, and in heaps.
Tris comparatively rare phenomenon (but
of which he had been more than once a {pec-
tator) he thinks exhibits both a perfect image,
and a demonftration, of the manner in which
the vapours of the atmofphere are raifed to
form thunder clouds. Thefame eleCtric mat-
ter, wherever it iflues, attralls to it, and car-
ries up into the higher regions of the air, the
watery particles that are difperfed in the at-
mofphere. The ele@ric matter afcends to the
higher regions of the atmofphere, being foli-
cited by the lefs refiftance it finds there than
in the common mafs of the earth ; which, at
thofe times, is generally very dry; and confe-
quently bighly ele¢tric. The uniformity with
which thunder c¢louds fpreads themielves, and
fwell into arches, muft be owing to their be-
ing affected by fome caufe which, like the
ele@ric matter, diffufes itfelt unitormly where-
ever it acts, and to the refliflance they meet
with in afcending through the air . As a
proof of this, fleam, rifing from an eleltrifi-
ed eolipile, diffufes itfelf with the fame uni-

* Lettere dell’ elettricifmo, p. 202, + .Ibid. p. 203,
Dda formity
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formity, and in fimilar arches, extending it~
felf towards any condu&ing {ubflance *.

Tue {ame caufe which firlt raifed a cloud,
from vapours difperfed in the atmofphere,
draws to it thofe that are already formed, and
continues to form new ones, till the whole
colleted mafs extends {o far as to reach a part
of the earth where there is a deficiency of the
eletric fluid 1. ‘Thither too, will thofe
clouds, replete with eledricity, be ftrongly
attralled, and there will the ele&ric matter
difcharge itfelf upon the earth. A channel
of communication being, in this manner,
found, a freth fupply of eleric matter will
be raifed from the overloaded part, and will
continue to be conveyed by the medium of
the clouds, till the equilibrium of the fluid
between the two places of the earth be reftor-
ed. When the clouds are attra&ed in their
pailage by thofe parts of the earth where there
is a deficiency of the fluid, thofe detached

fragments are formed, and alfo thofe uniform

depcnding protuberances, which will be fhown
to be, in fome cafes, the caufe of water-fpouts
and hurricanes ¥.

TuaT the eletric matter, which forms
and animates the thunder clouds, iflues from

places far below the furface of the earth, and

. that it buries itfelf there, is probgble from the
deep holes that have, in many places, been |

made by lightning§. Flafhes of lightning

have, allo, been {een to arife from {ubterrane-

* Lettere dell’ elettricifmo, p. 206. t Ibid, p. 212
1 lbid. p. 214, § Ibid. p. 227.
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ous cavities, and from wells *. Violent in-
undations have accompanied thunder ftorms,
not occalioned by rain, but by water burfting
from the bowels of the earth, from which 1t
muft have been diflodged by fome internal
concuflion. Deep wells have been known to
fill fafter in thunder ftorms 4, and others have
conftantly grown turbid at the approach of
thunder 1.

THi1s very rife, as well as the whole pro-
grefs of thunder clouds, has fometimes been,
in a manner, vilible. Exhalations have been
frequently feen to rife from pmticular caverns,
attended with a rumbling noife, and to afcend
into the higher regions “of the air, with all
the phenomena of thunder ftorms defcribed
above, according to the defeription of perfons
who lived long before the connection be-
tween ele@ricity and lightning was {uf-
pected §.

Tae greateft difficulty attending this theory
of the origin of thunder ftorms relates to the
collection, and infulation of ele@ric matter
within the body of the earth. With refpet
to the former, he has nothing particular ‘to
fay. Some operations in nature are certainly
attended with a lofs of the equilibrium in the
ele€tric fluid, but no perfon has yet afligned a
more probable caufe of the redundancy of the
“electric matter which, in fa&, often abounds
in the clouds, than what we may {uppofe

* Lettere dell” elettricifmo, p. 228. + Ibid. p. 233.
1 Ibid. p. 360. § Ibid. p. 231.

Ddg3 poflible
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poflible to take place in the bowels of the
earth. And fuppofing the lofs of the equili-
brium poflible, the fame caufe that produced
the effect would prevent the reftoring of it;
fo that not being able to force a way, at leafl
one fuﬂimently ready, through the body of
the earth, 1t would iflue at the mofl convenient
vent into the higher regions of the air, as the
better paflage. His eledtrical apparatus,
though communicating with the earth, has
frequently, in violent thunder ftorms, given
cvident fparks to his finger *,

In the enumeration of the effe@s of thun-
der ftorms, he obferves that a wind always
blows from the place from which the thunder
cloud proceeds; that this 1s agrecable to the
obfervations of all mariners, and that the
wind 1s more or lefs violent in proportion to
the {uddenefs of the appearance of the thun-
der cloud, the rapidity of its expanfion, and
the velocity with which the adfcititious clouds
join it.  The fudden condenfation of fuch a
prodigious quantity of vapours muit difplace
the air, and repel it on all fides .

He, in fome meafure, imitated even this
“effect of thunder, at leaft produced a circula-
tion of all the air in his room, by the continu-
ed.cle@rification of his chain {.

Awmone other effeés of lightning, he men-
tions the cafe of a man rendered exceedingly
fuif, prefently after he was firuck dead in a
ftorm of thunder. But the moft remarkable

* Lettere dell’ elettricifmo, p. 236. 1 Ibid. p. 329, 340.
§ Ibid. p. 343.
circum-
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circumftance, in this cafe, was the lightning
(chufing the beft conductor) having ftruck
one particular vein, near his neck, and fol-
lowed it through its minuteft ramifications ;
fo that the figure of it appeared through the
{kin, finer than any pencil could have
drawn it *.

He cautions perfons not to depend upon
the neighbourhood of a higher, or, in all
cafes, a better condu&or than their own body;
fince, according to his repeated obfervations,
the lightning by no means defcends in one
undivided track ; but bodies of various kinds
condu&t their thare of it, at the {fame time, in
proportion to their quantity and conduéting
power T.

A ereaT number of obfervations, relat-
ing to the defcent of lightning, confirm his
theory of the manner of its afcent: for, in
many cafes, it throws before it the parts of
conducting bodies, and diftributes them along
the refifting medium through which 1t muit
force its paflage I.

Uron this, principle it is, that the longeft
flathes of lightning feem to be made, by its
forcing into its way part of the vapours in
the air §. One of the principal reafons why
thofe flathes make fo long a rumbling, is their
being occafioned by the vaft length of a va-
cuum, made by the paflage of the eledtric
matter. For though the air collaples the mo-

® Lettere dell’ elettricifmo, p. 242. + Ibid. p. 246.
§ 1bid. p. 247. § Ibid, p. 851,

Dd4 ment
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ment after it has pafled, and the vibration (on

which the found depends) commences at the
fame moment, through the whole length
of the track ; yet, if the flath was direGed
towards the perfon who hears the report, the
vibrations excited at the nearer end of the
track will reach his ear much fooner than
thofe excited at the more remote end; and
the found will, without any repercuflion or
echo, continue till all the vibrations have fuc-
cefliyely reached him *,

I musT introduce in this place a very curi-
ous experiment and ob{ervation of Mr. Lullin,
concerning the prodution of electricity in the
clouds. He made a long infulated pole pro-
je& from the fide of one of the Alps; and,
on the 2¢th of June 1766, obferved, that
when {mall clouds of vapour, raifed by the
heat of the {un, rofe near the foot of the
mountain, and afcended along the fide of it;
if they touched the extremity of the pole only,
it was éle@rified ; but if the whole pole, and
confequently part of the hill on which it flood,
was likewife involved, it was not eleGrified.
From this he concludes, that the eleétricity
of the clouds is preduced by their pafling
through the air while the fun fhines upon
them. But to which of thefe two circum-
ftances, namely the motion through the air,
-or the altion of the fun’s rays, this was ow-
ing, he could notdetermine, though he made
feveral experiments for that purpofe T.

¥ Letttre dell’ elettricifmo, p. 252,
- 4 Didlertatio phyfica, p, 42.
: One
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OnE of the mofl remarkable effects of light-
ning is that it gives polarity to the magnetic
needle, and to all bodies that have any thing
of iron in them, as bricks, &c. and by ob-
ferving which way the poles of thefe bodies
lye, it may be known, with the utmoft cer-
" tainty, in what direCtion the ftroke pafied *.
In one cafe S. Beccaria aCtually alcertained the
dire&ion of the lightning in this manner 7.

Since a fudden ftroke of lightning gives
polarity to magnets, he conjectures that a re-

ular and conftant circulation of the whole
mafs of the fluid, from North to South, may
be the original caufe of magnetifm in gene-
ral f. This isa truly great thought; and, if
juft, will introduce greater fimplicity into our
conceptions of the laws of nature.

TuAaT this etherial current is infenfible to
us, is no proof of its non-exiftence, fince we
ourfelves are involved in it. He had feen birds
fly fo near a thunder cloud, as he was fure:
they would not have done, if they had been
affeCted by its atmofphere §. '

THis current he would not {uppofe to arife
from one fource, but from feveral, in the
northern hemifphere of the earth. The aber-
ration of the common center of all thefe cur-
rents from the North point may be the caufe of
the variation of the needle, the period of this
declination of the center of the currents may
be the period of the variation, and the obli-
quity with which the currents {irike into the

* Lettere dell’ elettricifmo, p. 262. 1 Ibid. p. 263.

t Lbid. p. 268, § lbid.

| earth
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carth may be the caufe of the dipping of the
needle, and alio why bars of iron more eafily
receive the magnetic virtue in one particular
diretion *,

He thinks that the Aurora Borealis may be
this ele¢tric matter performing its circulation,
in {uch a ftate of the atmofphere as renders it
~vifible, or approaching nearer to the earth
than ufual. Accordingly very vivid appear-
ances of this kind have been obferved to occa-
{ion a fluctuation in the magnetic needle .

STonEs and bricks ftruck by lighning are
often vitrified. He fuppofes that fome ftones
m the earth, having been flruck in this man-
ner, firft gave occafion to the vulgar opinion
of the thunder bolt f.

Sigalor Beccaria was very fenfible that
heat contributes much to the phenomena of
thunder, lightning, and rain; but he could
not find, by any experiment, that it tended
to promote electricity. He, therefore, rather
thought that heat operated, in this cafe, by
exhaling the moifture of the air, and thereby
cutting off the communication of the eletric
fluid between one place and another, particu-
larly between the carth and the higher re-

gions of the air, whereby its effets were =

more viiible §.

Having entertained my reader with the
oblervations of this greatlItalian genius, I muft
once more condu¢t him to France, where he
will fee feveral experiments well worth his

* Lettere dell’ elettricifino, p. 269. t+ Ibid. p. 272.
1 lbid. p. 263. & lbid. p. 359: :
notice.
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notice. In this country we have feen that
Dr. Franklin’s theory of the identity of elec-
tricity and ‘'the matter of lightning was firft
~ yerified, and we fhall now f{ee it verified in
the grandeft and moft con{picuous manner,

Tur greateft quantity of eleltricity that was
ever brought from the clouds, by any appa-
- ratus prepared for that purpofe; was by Mr.
De Romas, afleflor to the prefideal of Nerac.
This gentleman was the firft who made ufe of
a wire interwoven in the hempen cord of an
electrical kite, which he made {even feet and
a half high, and three feet wide, {fo as to have
eighteen {quare feet of {urface. This cord
was found to conduct the eleQricity of the
clouds more powerfully than a hempen cord
would do, even though it was wetted; and,
‘being terminated by a cord of dry filk it
enabled the obferver (by a proper manage-
ment of his apparatus) to make whatever ex-
periments he thought proper, without danger
to himfelf.

By the help of this kite, on the 7th of
]une 1753, about one in the afternoon, when
it was raifed 550 feet from the ground, and
had taken 780 feet of firing, making an angle
of near forty-five degrees with the horizon;
he drew iparks from his conductor three inches
long and a quarter of an inch thick, the {nap-
ping of which was heard about zoo paces.
Whilft he was taking thefe {parks, he felt, as
it were, a cobweb on his face, though he was
above three feet from the firing of the kite;
after which he did not think it fafe to ftand

o
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{o near, and called aloud to all the company
to retire, as he did himfelf about two feet.
THinkinG himfelf now -fecure enough,
and not being incommoded by any body very
near him, he took notice of what pafled among
the clouds which were immediately over the
kite ; but could perceive no lightning either

there or any where elfe, nor fcarce the leaft -

noife of thunder, and there was no rain at ajl.
The wind was Weft, and pretty ftrong, which
raifed the kite 100 feet higher, at leaft, than
in the other experiments.

AFTERWARDs, cafting his eyes on the tin
“tube, which was faftened to the firing of the
kite, and about three feet from the ground,

he {aw three ftraws, one of which was about |

~one foot long, a fecond four or five inches,
and the third three or four inches, all ftand-
ing erect, and performing a circular dance,
lixe puppets, under the tin tube, without
touching cne another. - '

Tuis little fpeftacle, which much delight-
ed feveral of the company, lafted about a
quarter of an hour; after which, fome drops
of rain falling, he again perceived the fenfa-
tion of the cobweb on his face, and at the
fame time heard a continual ruftling noife,
like that of a {fmall forge bellows. This was
a farther warning of the increafe of elerici-
ty; and from the fir(t inftant that Mr. De

Romas perceived the dancing ftraws, he &

thought it not advifeable.to take any more
fparks even with all his precautions; and he
again

.L..-i-—'-.r‘: L
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again intreated the company to f{pread them-
{elves to a ftill greater diftance.
~ ImMEDIATELY after this came on the laft
a&t of the entertainment, which Mr. De Ro-
mas acknowledged made him tremble. The
longeft firaw was attralted by the tin tube,
upon which followed three explofions, the
noife of which greatly refembled that of thun-
der. Some of the company compared it to
the explofion of rockets, and others to the
violent crafhing of large earthen jars againft a
pavement. It is certain that it was heard into
the heart of: the city, notwithftanding the va-
rious noifes there, :

THue fire that was {feen at the inflant of the
explofion had the thape of a fpindle eight
inches long and five lines in diameter. But
the moft aftonifhing and diverting circum-
ftance was produced by the ftraw, which had
occafioned the explofion, following the ftring
of the kite. Some of the company faw it at
forty-five or fifty fathoms difiance, attracted
and repelled alternately, with this remarkable
circumf{tance, that every time it was attracted
by the firing, flathes of fire were feen, and
cracks were heard, though not {o loud as at
the time of the former explofion.

IT 1s remarkable, that, from the time of
the explofion to the end of the experiments,’
no lightning at all was feen, nor {carce any
thunder heard. A {mell of fulphur was per-
ceived, much like that of the luminous elec-
tric effluvia iffluing out of the end of an elec-
trified bar of metal. Round the flring ap-

peared
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peared a luminous cylinder of light, three of
four inches in diamcter ; and this being in the
day-time Mr. De Romas did not queftion but
~ that, if 1t had been in the night, that eleCric
atmofphere would have appeared to be four
or five feet in diameter. Lafily, after the
experiments were over, a hole was difcovered
in the ground, perpendicularly under the tin
tube, an inch deep, and half an inch wide,
which was probably made by the large tlathes
that accompanied the explofions.

AN end was put to thefe remarkable experi-
ments by the falling of the kite, the wind be-
ing fhifted into the Eaft, and rain mixed with
hail coming on in great plenty. Whilft the
kite was falling, the firing came foul of a
penthoufe; and it was no fooner difengaged,
than the perfon who held it felt fuch a ftroke
in his hands, and fuch a commotion through
his whole body, as obliged him inftantly to
let it go; and the firing, falling on the feet
of fome other perfons, . gave them a fhock alfo,
though much more tolerable #.

THae quantity of ele@ric matter brought by
this kite from the clouds at another time is
really aflonithing. On the 26th of Auguft
17506, the ftreams of fire iffuing from it were
obferved to be an inch thick, and ten feet
long. This amazing flath of lightning, the
effe& of which on buildings or animal bodies,
would perhaps have been equally deftructive
with any that are mentioned in hiftory, was

* Gent. Magaz. for Augult 1756, p. 378.
fufdy
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fafely conducted by the cord of the kite to a
non-eleéric body placed near it, and the report
was equal to that of a piflol.

Mr. Romas had the curmilty to place a
pigeon in a cage of glafs, in a little edifice,
which he had purpofely placed, fo as that it
thould be demolithed by the lightning brought
down by his kite. The edifice was, accord-
mgly, fhattered to pieces, but the cage and
the pigeon were not ftruck *.

THE Abbé Nollet, who gives this ac-
count, adds, that if a ftroke of this kind had
gone through the body of Mr. De Romas, the
unfortunate profeflor Richman had not pro-
bably been the only martyr to eletricity, and
advifes, that great caution be ufed in con-
dué&ing {uch dangerous experiments .,

Weuen we confider how many fevere
fhocks the moft cautious and judicious elec~
tricians often receive through inadvertence,
we fhall not be furprifed, that when philo-
fophers firft began to collect and make experi-
ments upon real lightning, it fhould fome-
times have proved a little untraCable in their
hands, and that they were obliged to give
one another frequent cautions how to proceed
with it.

Tue Abbé Nollet, as early as the year
I?-‘{E, advifes that thefe experiments be made
with circumf{pe&ion; as he had been inform-
ed, by letters from Florence and Bologna,
that thofe who had made them there had had

* Nollet’s Letters, Vol. ii. p. 2139.
t Phil. Traaf. Vol. Lii. pt. 1. p. 342.
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their curlofity more than fatisfied by the vio-
lent fhocks they had fuftained in drawing
{parks from an iron bar eleétrified by thunder.
One of his correfpondents informed him, that
once, as he was endeavouring to faften a fmall
- chain, with a copper ball at one of 1ts extre=-
mities, to a great chain, which communicat-
ed with the bar at the top of the building (in
order to draw off the eleCiric {parks by means
of the ofcillations of this ball) there came a
flath of lightning, which he did not fee, but
‘which affe@ed the chain with a noife like that
of wild fire. At that inftant, the electricity
communicated itfelf to the chain of the copper
ball, and gave the obferver {o violent a com-
motion, that the ball fell out of his hands, and
‘he was ftruck backwards four or five paces.
He had never been {o much fhocked by the

experiment of Leyden *.

Mr. Romas received a fevere firoke when ¢

he firft raifed his kite : and Mr. Dalibard
{fays, that Mr. Monnier, a phyfician of St.
Germain en Laye, member of the Academy
of Sciences at Paris, and Mr. Bertier of the
Oratory at Montmorency, a correfpondent of
the Academy, were both ftruck down by
firokes of lightning, as they were taking fparks
from their apparatus 7.

Bur the greateft fufferer by experiments
with lightning, fince mankind have intro-
duced fo dangerous a {ubject of their inqui-
ries, 'was profeflor Richman of Peterfburgh

* Phil. Tranf. Vol. xlviii. pt. 1. p. zog.
+ Dalibard’s Franklin, Vol. ii, p. 12g.
: | before
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before mentioned. He' was ftruck dead, on
the 6th of Auguft 1753, by a flath ﬂfh_g}ht—
ning drawn by his apparatus into his own
room, as he was attending to an experiment
he was making with it. 'Thete were two ac-
counts of this fatal accident communicated to
the Royal Society, one by Dr. Watfon who
had it from the beft authority *; and the
other tranflated from the High Dutch T,
From both thefe the following 1s extracted.

Tue profeflor had provided himfelf with
an inftrument which he called an e/elfrical

gnomoi, the ule of which was to meafure the

ftrength of clectricity. It confifted of a rod
of mctal terminating in a {mall glafs veflel,
into which (for what reafon I do not know)
he put fome brafs filings. At the top of this
rod, a thread was faftened, which hung down
by the fide of the rod when it was not elec-
trified 3 but when it was, it avoided the rod,
and fteod at a diftance from it, making an
angle at the place where it was faficned. To
meafure this angle, he had the arch of a qua-
drant faftened to the bottom of the iron
rod.

HE was obferving the effect of the BledH-

- city of the clouds, at the approach of a thun-

der ftorm, upon this gnomon; and, of courfe,
ftanding with his head inclined. towards it,
accompanied by Mr. Solokow (an engraver,
whom he frequently took with him, to be a

* Phil, Tranf, Vol. xlviii. pt. ii. p. 765.
4 Ibid. Vol, xlix. pt. i P 61,

Eec joint
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. joint obferver of his ele@rical experiments, in ™
‘order to reprefent them the better in cuts)’
when this gentleman, who was ﬂ:a.ndmg clofe 1
to his elbow, obferved a globe of blue fire, as
he called it, as big as his fift, jump from the =
rod of the gnomon towards the head of the
profeflor, which was, at that inftant, at about
a foot diftance from the rod. This flath klll-'_
ed Mr. Richman, but Mr. Solokow could give =
no account of the particular manner in which
he was immediately affeCted by it: for, at
the fame time that the profeflor was ftruck,
there arofe a fort of fteam, or vapour, which
intirely bénumbed him, and made him fink *
downupon the ground ; fo that he could not
remember even to have heard the clap of thun=
der, which was very loud. .
Tue globe-of fire was attended with a re-3%
port as loud as that of a piftol: a wire, which’
brought the ele@ricity to bis metal rod, was
broken to pieces, and its fragmr-:nts thmw' |
upon Mr. Solokow’s cloaths, Half of the
glafs veffel in which the rod of the gnomon
ftood was broken off, and the filings of
metal that were in 1t were thrown . about the
room. <
Uron examining the effeCts of the light=@
ning in the profeffor’s chamber, they found
. the duer—;af& half {plit through, and the doot
- torn off, and thrown into the room *. They
« opened a vein of the breathlefs body twice, but}
no blood followed, and endeavoured to re=t

# Phil. Tranf. Vol. xlviii. pt. ii. p. Ak N
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.cover {enfation by wviolent ehafing, but in
vain. Upon turning the corple with the fac
downwards, durmg the rubbing, an 1ncon-
fiderable quantity of blood ran out of the
mouth. There appeared a red 1l}m on the’
forehead, from which Ipirted fome drops of
blood through the pores, without wounding
the fkin. - The fhoe.belonging to the lelt foot
was burft open, and, uncovering the toot at
that placc, they fc}und a blue Illd['k from
‘which it was concluded, that the L].-.I&I'ILJ.I force
of the thunder, having entered the head, made
its way out again at that foot.

Uron the body, particularly ,on the left
fide, were {everal red and blue {pots, refem-
bling leather fhrunk by being burnt. Many
morée blue {pots were afterwards vifible over
the whole body, and in particular over the
back. That upon the forehedd changed to a
brownifh red, but the hair of the head was
not finged, notwithftanding the {pot touched
fome of 1it. In the place where the thoe was
unripped, the ftocking was intire; as was the
coat every where, tlm waiftcoat only being
linged on the foreflap, where it Jt)lﬂf:d tlﬂr:
hinder_; but there appeared on the back of
Mr. Solokow’s coat long narrow fireaks,
as if red hot wires had burned off the
nap, and which could not be well accounted
for.

WHEN the body was opened the next day,
twenty-four hours after he was flruck, the
cranium was very intire, having no fiflure,
Pieiz nor

&
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nor crofs opening ; the brain as found as
it poflibly could be, but the tranfparent

pellicles of the windpipe were exceflively
tender, gave way, and eafily rent. There
was fome extravalated blood in it, as like-
wife in the cavities below the lungs; thofe
of the breaft being quite found, but thofe
towards the back of a brownifh black co-

lour, and filled with more of the above

mentioned blood : otherwife, none of the
entrails were touched ; but the throat, the

glands, and the thin inteftines were all in-

flamed. The finged leather-coloured {pots
penetrated the fkin only. Twice twenty-
four hours being elapfed, the body was {o far

corrupted that it was with difliculty they got

1t 1nto a coffin *.

* Phil. Tranf, Vol. xlix. pt. 1. p. 67.
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OB G T 0 N T XL

OBSERVATIONS ON THE GENFRAL STATE OF
ELECTRICITY IN THE ATMOSPHERE, AND
ITS MORE USUAL EFFECTS,

LECTRICIANS, after obferving the
great quantity of eleCtric matier with
which the clouds are charged during a thun-
der ftorm, began to attend to the lefler quanti-
ties of it which might be contained in the
common ftate of the atmofphere, and the
more ufual effe&ts of this great and general
agent in nature. Mr. Monnier, whole ob-
fervations of the ele@ricity of the air during a
thunder ftorm have been already mentioned,
was the firft who found that there was very
often, and perhaps always, a quantity of elec-
tric matter in the atmofphere, when there
was no appearance of thunder. This he con-
firmed by decifive experiments, made at St.
Germain en Laye, and publifhed in a memoir
read at the Royal Academy of Sciences at Paris
November the 1 5th, 1752 *,

BuT more accurate experiments upon the
ele@ricity of the air were made by the Abbé
- Mazeas, at Chateau de Maintenon, during
the months of June, July, and O&ober 1753,
and communicated to the Royal Society, in a
letter to Dr. Stephen Hales.

* Phil. Tranf, Vol. xlviii. pt. i. p. z03.
Fic 2 THp
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Tue Abbé’s apparatus confifled of an iron
rod 370 feet long, railed ninety feet above
the horizon. It came down from a very high
room in the caftle, where it was faﬂ;ened to a
filken cord fix feet Iong; and it was carried
from thence to the fteeple of the town, where

it was likewife faﬁenc.d to another filken cord
“of eight feet long, and fheltered from rain.
And a large key was {ufpended, by the end
of this wire, in order to receive the ele&ric
fluid.
O~ the 17th of June, when he began his
E&perlments, the eletricity of the air was fen-
bly felt every day, from fun rife till {even or
eight in the evening , except in moift weather,
when he could perceive no figns of ele@ricity.
In dry weather, the wire attrated minute
bodies at no greater diftance than three or
four lines. He repeated the experiment care-
fully every day, and conftantly obferved, that, =
in weather void of ftorms, the elecricity of a
piece of fealing-wax of two inches long was i
above twice as firong as that of the air, This
obfervation inclined him to conclude, that in
weather of equal drinefs the ele@ricity of the &
air was always equal. ‘
It did not appear to him that hurricanes 3§
and tempefts increafed the ele@ricity of the &
air, when they were not accompanied with
thunder; for that, during three days of a °
very violent continual wind, in the month of =
July, he was obliged to put fome duft within =
four or five lines of the conductor, before any
fenfible attraltion could be perceived. |

THE
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Tut dire&tien of the winds, whether Eaft,
Weft, North, or South, made no fenfible al-
teration in the ele@ricity of the air, except
when-they were noiil.

In the drieft nights of that flummer, he could
- difcover no figns of clectricity in the air; but
it returned inthe morning when the fun began
to appear above the horizon, and vanifhed
again in the evening, about half andour after
[un-fet.

TrE ftrongeflt common eleCtricity of the at-
mofphere, during that fummer, was perceived
in the month of July, on a very dry day, the
heavens being very clear, and the fun ex-
tremely hot. The diftance of ten or twelve
lines was then fufficient for the approach of
the duft to the conduor, in order to {fee the
particles rife in a vertical direGion, like the
filings ¢f ivon on the approach of a magnet.

On the 27th of June, at two in the after~ -
noon, he perceived {fome ftormy clouds rifing
above the horizon, and immediately went up
to his apparatus; and, having applied the
duft to the key, it was attratted with a force
which increafed in proportion as the clouds
reached the zenith. When they had come
nearly over the wire, the duft was {o impetu-
oufly repelled, as to be entirely fcattered from
the paper. He drew confiderable {parks from
- 1t, though there was neither tbunder nor
lightning. When the ftormy clouds were in
the zenith of his wire, he obferved that the
electricity was increafed to fuch a degree, that

Eeg even
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even the filken thread attralted light bodies at
the diftance of feven or eight inches.

Tuaese flormy clouds remained about two
hours above the horizon, without either thun-
der or lightning ; nor did a very heavy rain
‘diminith the eleétricity, except about the
end, when the clouds began to be diffi-
pated xS

Mg, KINNERSLEY abferved that when the
air was in 1ts drieft ftate, there was always a
confiderable quantity of elericity in it, and
which might be eafily drawn from it. Let a
perfon, he fays, in a negative flate, ftanding
out of doors, in the dark, when the air is dry,
- hold, with his arm extended, a long fharp
needle, pointing upwards, and he will foon
be convinced that ele@ricity may be drawn out
of the air; not indeed very plentifully, for,
being a bad condu&or, i1t {feems loth to part
with it, yet fome will evidently be colletted.
'The air near the perfon’s body, having lefs
than the natural quantity, will have none to
{pare  but his arm being extended, as above,
{fome will be colle&ted from the remoter air,
and will appear luminous as it converges to the
point of the needle.

Let a perfon ele@rified negatively, he fays,
prefent the point of a needle horizontally, to
a cork ball fufpended by filk, and the ball
will be attra&ted towards the pnint, till it has
parted with {fo much of its natural quantity ot
gleGricity, as to be in a negative ftate, in the

* Phil. Tranfl. Vol. xlviii. pt, i. p. 377, &e,
{fame
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fame degree with the perfon who holds the
needle; then it will recede from the point,
being, as he fuppofes, attratted the contrary
way by the eleGricity of greater denfity in the
air behind it. But as this opinion, he plea-
{fantly fays, feems to deviate from eleétrical
arthodoxy, he would be glad to {fee thefe phe-
nomena better accounted for by the {uperior
and more penetrating genius of his friend Dr,
Franklin, to whom he is writing.

WueTHER the ele@ricity in the air, in clear
dry weather, be of the fame denfity at the
height of, 200 or 300 yards, as near the fur-
face of the earth, he thought might be fatif-
fa&orily determined by Dr. Franklin’s old (S
periment of the kite.

Tue twine, he {ays, fhould have through-
out a very imall wire in it, and the ends of
the wire, where the feveral lengths are unit-
ed, ought to be tied down with a waxed
thread, to prevent their alling in the man-
ner of points,

WueN he wrote this letter, he had tried
the experiment twice, when the air was as
dry as it ever is in that country, and {o clear,
that not a cloud had been feen, and found the
twine each time in a {mall degree elecirified
politively *.

- TuEe preceding obfervations of Mr. Mon-
nier, Mr. Mazeas, and Mr. Kinnerfley, fall
far {hort of the extent and accuracy of thofe
of SIgmm Beccaria; whole obfervations on

* Phil, Tranf. Vol. liii. pt.i. p. 87,
the
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the general flate of elefricity in the atmo-
{phere I have referved for the laft place of the
{eCtion, becaufe they are the moft confiderable
though they were all made independent of,
and, many of thm? prmr to thofe mentioned
before.

He obferved that, during very hlgh winds,
* his apparatus gave no figns of being ele@rifi-
ed ¥, Indeed he found that in three different
flates of the atmofphere, he could find no
Eleﬁrlmt}' in the air. 1. In windy and clear
weather, 2. When thc {kv was covered with
diftin& and black clouds, that had a flow mo-
tion. 3. In moift weather, not a&ually rain-
ing T. In a clear fky, when'the weather was
calm, he always perceived figns of a moderate
ele@ricity, butinterrupted. In rainy weather,

without lightning, his apparatus was always:

elc@rified a little time before ‘the rain fell,
and during the time of the rain, but it ceaf-
‘cd to be affected a little before the rain was
" OVET, ;

Tae higher his rods reached, or hlS kites
flew, the ih onger figns they gave of their be-
ing electrified t Alfo longer ftrings or cords,
extended and infulated in the open air, ac-
quired eletricity fooner than thofe which
were fhorter. A cord 1500 Paris feet long,
ftretched over the river Po, was as firongly
elecirified ‘during a fhower, without thun-
der, as a metallic rod, to bring lightning

* Lettere dell’ elettricifmo, p. 106.
1‘ Ihldq P+ 1661 I ]b.ldl- Pl- IT{.-

into
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into his houfe, had been in any thunder
ftorm *,

Having two rods for brmgmg the light-
ning into his houfe, 140 fect afunder, he ob-
{ferved, that if he took a {park from the higher
of them, the fpark from the other, which was
thirty feet lower, was at that inflant leflened ;
but, what is remarkable, is that its power reo
vived again, though he kept his hand upon
the former T.

He imagined that the ele@ricity communi-
cated to the air might fometimes furnifh {mall
fparks to his apparatus ; fince the air parts
with the ele&ricity 1t has received very {low=
ly, and therefore the equilibrium of the elec-
tric matter in the air will not be reftored {o
- foon as in the earth and clouds 1.

Amon the effelts of a moderate eleGricity
in the atmofphere, Blgmﬂr Beccaria reckons
rain, hail, and fnotw.

Croups that bring rain, he thought, were
produced in the {fame manner as thunder
clouds,” only by a more moderate eledtricity.
He defcribes them at large, and the refem-
blance which all their phenomena bear to
thofe of thunder clouds is indeed very ftrik-
ing {.

I-Ifs. notes feveral circumftances attending
rain without lightning, which make it very
probable, that it 1s produced by the fame caufe
‘as when 1t 1s accompanied with lightning.
Light has been feen among the clouds by

* Lettere dell’ elettricifno, p. 165. + Ibid. p. 175.
1 Ibid. p. 347. § Ibid, pr 284,

7 night
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night in rainy weather; and even by day
rainy clouds aré {fometimes feen to have a
brightnefs evidently independent of the fun*,
The uniformity with which the clouds are
{pread, and. with' which the rain falls, he
thought were evidences of an unifosmn caufe.
like that of eleiricity f. The intenfity of
eleCricity in his apparatus generally corre-
{ponded very nearly, to the quantity of rain
that fell in the fame time}. Nor is any
thing to be inferred to ‘the contrary of this
{uppolition from the apparatus not being al-
ways cleCtrified during rain, It has- {fome-
- times failed during thunder. Indeed it fol-
lows from his, general theory, that the elec~
tricity ‘of his apparatus could not always cor-
refpond to the eleCricity of the clouds; fince .
it muft in {fome meafure depend upon the fi-
tuation of the obfervatory, with refpect to
thofe parts of the earth or clouds which are
giving or taking ele@ric fire. This was con-
tirmed by an oblervation which he made up-
on one thunder clopd, which paffed over his
obfervatory. At its approach his apparatus
was clectrified politively, when it was diret-
Iy over him all figns of elericity ceafed, and
when 1t was pafied, his apparatus was elec-
trified negatively §. - This obfervation very.
much favours his general theory of thunder
clouds. | '
SomEeTIMES all the phenomena of thunder,
bightning, hail, rain, {fnow, and wind, have
% Lettere dell’ ¢lettricifimo, p. 288. + Ibid, p. 299.
1 1bid. p. 307. § Ibid. p. 310,
| been
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been obferved at one time; which thows the
connection they all have with fome common
caufe *, |

SicNiorR Beccaria, therefore, fuppofes
that, previous to rain, a c*antit}r of eleric
matter efcapes out of the earth, in fome place
where there was a redundancy of it; and, in
its afcent to the higher regions of the air,
colle&s and conduéls into its path a great
quantity of vapours. The fame caufe that
colleéts, will condenfe them more and more :
till, in the places of the neareft intervals, they
come almoft into contad&, {6 as to form fmall
drops; which uniting with others as they
fall, come down, in rain. 'The rain will be
heavier in proportion as the eledlricity is more
vigorous, and the cloud approaches more
nearly to a thunder cloud 7.

He imitated the appearance of clouds that
bring rain by infulating himfelf between the
rubber and condu&or of his ele&rical machine,
and with one hand dropping colophonia into a
{poon faftened to the conduCor, and holding
a burning coal, while his other hand com-
municated with the rubber. In thefe circum-
ftances the fmoke {pread along his arm, and,
by degrees, all over his body, till it came to
the other hand that communicated with the
rubber. The lower furface of this {moke was
every where parallel to his cloaths, and the
upper furface was fwelled and arched like
clouds replete with thunder and rainf. In

¢ Lettere dell” elettrici{mo, p. 290. 345,  *t Lbid. p. 304
T Ibid, p. 294. _
this
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- this manner, he fuppofes, the clouds. that
bring rain diffufe themfelves from over thofe
parts of the earth which abound with eleélric
fire, to thofe parts that are exhaufted of it;
and, by letting fall their rain, reftore the equi-
librium between them.

SI1GNIOR Beccaria thought that the elec-
trmlty communicated to the air, which both
receives and parts with it flowly, would ac-
count for the retention of vapours in a clear
fky ; for {mall disjoined clouds, not difperfed
into rainj for the {fmaller and lighter clouds
in the higher regions of the air, which are
but little affected by ele@ricity; and alfo for
the darker, heavy, and ﬂugglfh clouds in the
lower regions, which retain more of it ¥, The
degree of clectricity which he could commu-
nicate to the air of his room, notwithftanding
its being in conta& with the floor, the walls,
&ec. made this appear to him both poflible
and probable T.

He even imagined, that fome alteration in
the weight of the air might be made by this
electricity of it . He obferved his barome-
ter to fall a little immediately upon-a flath of
lightning ; but he acknowledges that this cir-
cumftance is no fufficient foundation to fup-
pole that elefiricity will account for much va-
riation of the height of the barometer §. But
he thought that the phenomena of rain favour-
. ed the fuppofition, that the eleétric matter in
the air did, in fome meafure, leffen its pref-

* Lettere dell’ elettricifmo, p. 348, 340

+ Ibid. p. 350: 1 Ibid. §1md P 353
{ure.
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{fure. For when the eleGric matter is actually
in the air, colle&ing and condenfing the va-
pours, the barometer is«loweft.. When the
" communication is,made between the earth and
the clouds by the rain, the quickiilver begins
" torife; the electric matter, which Jupported
part of the prefiure, being dilcharged. And
this, he thows, will be the cale whether the
ele@ricity in the -air be pofitive or ne-
gative *, a '

Hart, this ingenious philofopher {fuppofes
to be formed in the higher regions of the air,
where the cold is intenfe, and where the elec-
tric matter is very copious. In thefe circum-
ftances, a great number of particles of water
are brought near together, where they are
frozen, and in their defcent colle& other par-
ticles : {o that the denfity of the fubftance of
the hail-ftone grows lefs and lefs from the
- center ; this being formed firft, in the higher
regions, and the {urface being collecked in the
lower. Agreeable to this, it is obferved, that,
in mountains, hail-ftones, as well as drops of
rain, are very [mall; there being but {mall
fpace through which they can fall, and there-
by increafe their bulk. Drops of rain and
hail agree alfo in this circumftance, that the
more intenfe is the eleCricity that forms them,
the larger they aref. Motion is known to
promote freezing, and fo the rapid motiot of
the ele@rified clouds may promote that effect
in the air T. :

* Tettere dell’ ellettricifmo, p. 374, Ibid. p. 314.
t Ibid. p. 318, Lo i

CLoUDs
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Croups of fnow differ in nothing from
clouds of rain, but in the circumftance of cold,
which freezes them. Both the regular diffu-

fion of fnow, and the regularity in the ftruc= -

ture of the parts of which it confifts (particu-~
larly fome figures of {now or hail, which he
calls rofezte, and which fall about Turin) thow
the clouds of fnow to be attuated by {fome uni-
~ form caufe, like ele&ricity *. He even en-
deavours, very particularly, to fhow in what
manner certain configurations of fnow are
made, by the uniform aétion of eleéricity .

All thefe conjetures about the caufe of hail :

and fnow were confirmed by obferving, that
his apparatus never failed to be electrified by
inow, as,well as by rain.

A MoxEe intenfe eletricity unites the par-
ticles of hail more clofely than the more mo-
derate ele&ricity does thofe of {now. In like
manner, we fee thunder clouds more denie
than thofe which merely bring rain, and the
drops of rain are larger in proportion, though
they often fall not from {o great a height {.

I s aALL conclude this fe€tion with abferﬁng;
that profeflor Winthrop found his apparatus
to be flrongly electrified for {everal hours,
while the {fnow, which fell the day before
(and which had not eleQrified his apparatuss
while it was falling) was driven about by a
high wind the fame he had obferved twice be=
fore. Iranklin’s Letters, new editiom, p. 494s

® Lettere dell” ellettricifmo, p. 320. 322. 325,

f ibid. p. 325. 331 333 } Ibid.p. 528.
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Bolk e PO N XL

'THE ATTEMPTS THAT HAVE BEEN MADE
TO EXPLAIN SOME OF THE MORE UN-

USUAL APPEARANCES IN THE EARTH

AND HEAVENS BY ELECTRICITY.

N the two preceding feGtions of this pe-

riod, relating to the ele&ricity of the at-
mofphere, the experiments and obfervations
of Signior Beccaria have made a principal
figure; and the materials I have colle&ed
from him make a no lefs confiderable part of
this. They who may have thought he in-
dulged too much to imagination before, will
think him abfolutely extravagant here; but
his extravagancies, if they be fuch, are thofe
of a great genius; and had he a thoufand
more fuch extravagancies, I fhould, with
pllitafure, have followed him through them
all.

Tuae meteor, ufually called a falling fiar,
has hitherto puzzled all philofophers. Signior
Beccaria makes it pretty evident, that itis an
electrical appearance; and the fact which he
relates as a proof of it, is exceedingly curious
and remarkable.

As he was one time {itting with a friend
in the open air, an hour after {un-fet, they
faw what is called a falling ftar directing its
courfe towards them, and apparently growing

larger and larger, till it difappeared not far
Ff from
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from them ; when it left their faces, hands»
and cloaths, with the earth, and all the neigh-
bouring objects, fuddenly illuminated, with
a diffufed and lambent light, attended with
no noife at all. While they were ftarting up,
ftanding, and looking at one another, fur-
prifed at the appearance, a fervant came run-
ning to them out of a neighbouring garden,
and afked them if they had feen nothing ; for
that he had {een a light fhine fuddenly in the

garden, and efpecially upon the ftreams which

he was throwing to water it *,
Avrr thefe appearances were evidently elec~

trical ; and Signior Beccaria was confirmed in

his conjefture, that eleftricity was the caufe
of them, by.the quantity of eletric matter
which, as was mentioned before, he had feen
gradually advancing towards his kite; for
that, he fays, had very much the appearance

of a falling ftar. Sometimes alfo he faw a

kind of glory round the kjte, which followed

it when it changed its place, but left fome ]
light, for a {mall fpace of time, in the place |

which it had quitted 7. :
THAT appearances, which bear evident

marks of ele@ricity, have a very fenfible pro-

greflive motion,is demonftrated from a variety
of meteorological obflervations. I fhall relate
one made by Mr. Chalmers, when he was on
board the Montague under the command

of Admiral Chambers, The account of it 'ij:

* Lettere dell’ elettricifmo, p. 111.
+ Ibid. p. 130.

7 was
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was read at the Royal Society, March the 224,

174
O{gﬂ the 4th nf November 1749, in lat.
42° 48 long. ¢° 3" he ‘was taklng an ob-
fervation on the quarter—deck, about ten mi-
nutes before twelve, when one of the quarter-
malfters deflired he would look to the wind-
ward; upon which he obferved a large ball of
blue fire rolling on the furface of the water, at
about three miles diflance from them. They
immediately lowered their top-fails, &ec. but
it came down upon them fo faft, that before
they could raife the main-tack, they oblerved
the ball to raife almoft perpendicular, and not
above forty or fifty yards from the main-
chains ; when it went off with an explofion as
if hundreds of cannon had been fircd at one
time, and left {o great a {mell of brimflone,
that the fhip {feemed to be nothing but ful-
phur. After the noife was over, which, he
believed, did not laft longer than half afecond,
they found their main top-maft fhattered: into
above a hundred pieces, and the main- maft
rent quite down to the heel. There were fome
of the fpikes which nail the fifh of the main-
maft drawn with fuch force out of the malft,
~ and they ftuck fo faft in the main-deck, that
the carpenter was obliged to take an iron
crow to get them out. There were five men
knocked down, and one of them greatly
burnt by the explofion. They believed, that
when the ball, which appeared to them to be
~ of the blgnt.fh of a large mill-ftone, rofe, it
took the middle -af the main top-matft, as the
IFf 2 head
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head of the maft above the hounds was not
fplintered. They had a hard gale of wind
from the N. by W. to the N. N. E. for two
days before the accident, with a great deal of
rain and hail, and a large fea. From the
northward they had no thunder or lightning,
neither before nor after the explofion. The
ball came down from the North-Eafl, and
went to the South-Weft.

THuAT the Aurora Borealis 1s an elefirical
phenomenon was, I believe never difputed,
from the time that lightning was proved to be
one. To the circumitances of refemblance
which had before been taken notice of be-
tween this phenomenon and elericity ;
Signior Beccaria adds, that when the Aurora
Borealis has' extended lower than ufual into
the atmofphere, various founds, as of rum-
bling, and hifling, have been heard *.

Mgr. BEreMm AN fays, he has often obferved
the magnetic needle to be difturbed by a high
aurora borealis, but that he could never pro-
cure any eleétricity from them, either with
pointed metallic rods, or by means of a
kite . |

Mg. CanTon (befides his conje@ture, men=-
tioned before, p. 38¢, that the aurora bo-
realis may be the flathing of eletric fire from
pofitive towards negative clouds at a great
diftance, through the upper part of the at-
molphere, where the reliftance is leaft) fup-
pofes that the aurora borealis, which happens

~ * Elettricifmo artificiale e naturale, p. 221.

4+ Phil. Tranf, Vol. lii. pt. ii. p. 485.
at
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at the time that the needle is difturbed by the
heat of the earth,. is the eleiricity of the
heated air above it; and this, he fays, will
appear chiefly in the northern regions, as the
alteration in the heat of the air in thofe parts
will be the greateft. This hypothefis, he
adds, will not feem improbable, if it be con-
fidered, that ele@ricity 1s now known to be
the caufe of thunder and lightning, that it has
been extradted from the air at the time of an
aurora borealis; that the inhabitants of the
northern countries obferve the aurora to be
remarkably ftrong, when a fudden thaw hap-
pens after {fevere cold weather; and that the
curious in thefe matters are now acquainted
with a fubftance that will, without fri&ion,
both emit and abforb the eletric fluid, only
by the increafe or diminution of its heat;
meaning the tourmalin, in which he had dif-
covered that property *.

In a paper, dated November the rith,
1754, he fays he has fometimes known the
air to be ele&rical in clear weather, but never
at night, except when there has appeared an
aurora borealis, and then but to a fmall de-
gree, which he had feveral opportunities of
obferving that year. How far pofitive and
negative eleCtricity in the air, with a proper
quantity of moifture between, to ferve as a
condu&tor, will account for this, and other
meteors, fometimes feen in a ferene fky, he
leaves to be inquired into T,

* Phil, Tranf. Vol, li. pt. i. p. 403.
4 1bid. Vol. xlviii, pt. 1i. p.784.

Et g SiGNIOR
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Sien1or BeEccaria takes fome pains to
thow that water [pouts have an eleétrical ori~
gin. 'T'o make this more evident, he firft de-
{cribes the circumftances attending their ap-
pearance, which are the following.

Tuey generally appear in calm weather.
The {ea feems to boil, and fend up a fmoke
under them, rifing in a hill towards the {pout.
At the fame time, perfons who have been
near them have heard a rumbling noife. The
form of a water {pout is that of a {peaking-
trumpet, the wider end being in the clouds,
and the narrower end towards the {fea. The
fize is various, even in the {fame {pout. The
colour is fometimes inclining to white, and
fometimes to black. Their pofition, is fome=
times perpendicular to the fea, fometimes ob-
lique ; 'and {fometimes the {pout itfelf is in the
form of a curve. Their continuance is very
various, fome difappearing as {oon as formed,
and fome continuing a confiderable time.
One that he had heard of continued a whole
hour. But they often vanifh, and prefently
appear again in the fame place *.

TuE very fame things that water {pouts are
at fea are fome kinds of whir/winds and hur-
ricanes by land. They have been known to
tear up trees, to throw down buildings, make
caverns in the earth; and, in all thefe cafes,
to {catter earth, bricks, ftones, timber, &c. to
a great diftance in every direftion |. Great

* Elettricifmo artificiale e naturale, p. 206, &c.
+ Ibid, p. z10.

quantities
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quantities of water have been left, or raifed
by them, fo as to make a kind of deluge;
and they have always been attended with a
prodigious rumbling noife.
TuAT thefe phenomena depend upon elec-
tricity cannot but appear very probable from
~ the nature of feveral of them ; but the con-
je&ture is made more probable from the fol-
lowing additional circumftances. They ge-
nerally appear in months peculiarly fubje& to
thunder ftorms, and are commonly preceded,
accompanied, or followed by lightning, rain,
or hail; the previous ftate of the air being
fimilar. 'Whitith or yellowith flathes of light
have fometimes been feen moving with prodi-
gious {wiftnefs about them. And, laftly, the
manner in which they terminate exallly re-
{embles what might be expected from the pro-
longation of one of the uniform protuberances
of ele&rified clouds, mentioned before, to-
wards the fea; the water and the cloud mu-
tually attracting one another: for they {ud-
denly contra& themfelves, and difperfe almoit
at once; the cloud rifing, and the water of
the fea under it falling to its level. But the
moft remarkable circumftance, and the moit
favourable to the fuppofition of their depend-
ing upon clericity 1is, that they have been
difperfed by prefenting to them fharp pointed
knives or {words. This, at leaft, is the con=
ftant praclice of mariners, in many parts
of the world where thefe water {pouts abound ;
and he was affured by feveral of them, that
Fi g4 the
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the method has often been undoubtedly effec-.
tual *, -

THE analogy between the phenomena of
water {pouts and elericity, he fays, may be
made vifible, by hanging a drop of water to
a wire communicating with the prime con-
duétor, and placing a veflel of water under it.
In thefe circumftances, the drop affumes all
the various appearances of a water {pout, both
in its rife, form, and manner of difappearing.
Nothing is wanting but the {moke, which
may require a great force of ele@ricity to be-
come vifible.

Mgr. WiLckek alfo confiders the water {pout
as a kind of great ele@rical cone, raifed be-
tween the cloud firongly ele@rified, and the
{ea or the earth T, and he relates a very re-
markable appearance which occurred to him-
{elf, and which firongly confirms his {uppofi-
tion. On the 2cth of July 1758, at three
o’clock in the afternoon, he obferved a great
quantity of duft rifing from the ground, and
covering a field, and part of the town in
which he then was. There was no wind,
and the duft moved gently towards the Eaft,
where there appeared a great black cloud,
which, when it was near his zenith, ele&rifi-
ed his apparatus pofitiveiy, and to as great a
degree as ever he had obferved it to be done
by natural eleéricity. This cloud pafled his
zenith, and went gradually towards the Weft,
the duft then following it, and continuing to

* Elettricifmo artificiale e naturale, p. z13.
+ Wilcke, p. 142.

rife
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rife higher and higher till it compofed a thick
pillar, in the form of a fugar-loaf, and at
length feemed to be in contact with the cloud.
At {fome diftance from this, there came, in
the fame path, another great cloud, together
with a long ftream of {maller clouds, moving
fafter than the preceding. Thefe clouds elec-
trified his apparatus negatively, and when
they came near the pofitive cloud, a flafh of
lightning was feen to dart through the cloud
of duft, the pofitive cloud, the large negative
cloud, and as far as the eye could diftinguifh,
the whole train of fma?l’er negative clouds
which followed it. Upon this, the negative
clouds fpread very much, and diffolved in
rain, and the air was prefently clear of all the
duft. The whole appearance lafted not above
half an hour *,

To Signior Beccaria’s theory of water {pouts
and hurricanes, I fhall add a defcription of a
hurricane in the Weft Indies, from the Ac-
count of the European Settlements in America,
part of which is tranfcribed from the Philo-
{fophical Tranfactions. Both were evidently
written without the moft diftant view to an
philofophical theory, and leaft of all that of
eledtricity ; and yet thofe who are difpofed to
favour this hypothefis may perceive feveral cir-
cumftances, which tend to ftrengthen it. I
need not point them out.

“ It is in the rainy feafon, principally in
the month of Auguft, more rarely in July

® Remarks on Dr. Franklin's Letters, p. 348.
and
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and September, that they are affaulted by
hurricanes, the moft terrible calamity to
which they are fubjet from the climate.
This deftroys, at one ftroke, the labour of
many years, and frufirates the moft exalt-
ed hopes of the planter; and often juft at
the moment when he thinks himfelf out of
the reach of fortune. It is a fudden and
violent florm of wind, rain, thunder, and
lightning ; attended with a furious fwelling
of the fea, and fometimes with an earth-
quake; in fhort, with every circumftance
which the elements can aflemble that is ter-
rible and deftru&ive,

“ FirsT they fee, as a prelude to the en-
fuing havock, whole fields of fugar canes
whirled into the air, and {cattered over the
face of the country. The ftrongeft trees of
the foreft are torn up by the roots, and
driven about like ftubble. Their wind-
mills are {wept away in 2 moment. Their
works, their fixtures, the ponderous copper
boilers and flills, of {feveral hundred weight,
are wrenched from the ground, and batter-
ed to pieces. 'Their houfes are no protec-
tion : the roofs are torn off at one blaft,
whilft the rain, which in an hour rifes five
feet, ruthes in upon them with an irrefiftible
violence.

¢ Tuere are figns, which the Indians of
thefe iflands taught our planters, by which
they can prognofticate the approach of a
hurricane. It comes on either in the quar=-

ters, or at the full or change of the moc-n%
1
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If it will come on at the full moon, you be-
ing at the change, oblerve thefe figns.
That day you will fee the fky very turbu-
lent. You will obferve the {fun more red
than at other times. You will perceive a
dead calm, and the hills clear of all thofe
clouds and mifts which ufually hover about
them. In the clefts of the earth, and in
the wells, you will hear a hollow rumbling
{ound, like the ruthing of a great wind. At
night the ftars feem much larger than ufual,
and furrounded with a fort of burs. The
North-weft fky has a black and menacing
look, and the fea emits a {trong fmell; and
rifes irto vaft waves, often without any
wind. The wind itfelf now forfakes its
ufual fteady Eafterly ftream, and fhifts
about to the Welt; from whence it fome-
times blows, with intermiffions, violent=
ly and irregularly, for about two hours
at a time. You have the fame figns at the
full of the moon. The moon itfelf is fur-
rounded with a great bur, and fometimes
the fun has the fame appearance *.”

Tue firk perfon who advanced that earth-

quakes were probably caufed by ele@ricity,
was Dr. STUKELEY, upon occafion of the
earthquakes at London, on February the 8th,
and on March the 8th, 1749; and another
which affected variousother parts of England,
the center being about Daventry in Northamp-

PI

* Account of the European Scttlements in America, Vol. iis
g6, &c.  Phil. Tranf. abridged, Vol. ii. p. 106.

tonfhire,
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tonfhire, on the gcoth of September 1750.
The papers which the Docor delivered to the
Royal Society on thefe occafions, and which
were read, March the 22d, 174¢, and Decem-
ber the 6thy 1750, well deferve the attention
of all philofophers and electricians. 1 fhall
here give the fubflance of both ; only abridg-
ing, and differently arranging the materials
of them.

TuaT earthquakes are not owing to {fub-
terraneous winds, fires, vapours, or any thing
that occafions an explofion, and heaves up
the ground, he thought might eafily be con-
cluded from a variety of circumftances. Inthe
firft place, he thought there was no evidence
of any remarkable cavernous firucture of the
earth ; but that, on the contrary, there is
rather reafon to prefume, thatitis, in a great
meafure, folid; fo as to leave little room for
internal changes and fermentations within its
{ubftance; nor do coal-pits, helays, when on
fire, ever produce any thing refembling an
earthquake,.

In the fecond earthquake at London, there
was no fuch thing as fire, vapour, {fmoke,
fmell, or an eruption of any kind obferved,
though the fhock affefted a circuit of thirty
miles in diameter. This confideration alone,
of the extent of {urface thaken by an earth-
quake, he thought was {uflicient to overthrow
the fuppofition of its being owing to the ex-
panfion of any fubterraneous vapours. For it
could not poflibly be imagined, that {o im-

menfe a force,as could act upon that compafs
of
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of ground inftantaneoufly fhould never break
the furface of it, {o as te be difcoverable to the
fight or fmell ; when {mall fire balls, burfting
in the air, have inftantly propagated a ful-
phureous {mell all around them, to the dif-
tance of {everal miles.

Besines, the operation of this great fer-
mentation, and prodution of elaftic vapours,
&c. ought to be many days in continuance,
and not inftantaneous ; and the evaporation of
fuch a quantity of inflammable matter would
require a long fpace of time.

He thought that if vapours and fubterrane-
ous fermentations, explofions, and eruptions
were the caufe of earthquakes, they would
abfolutely ruin the whole fyftem of fprings
and fountains wherever they had once been:
which is quite contrary to fa&, even where
they have been frequently repeated. Men-
tioning the great earthquake which happened
A. D. 17, when no lefs than thirteen great
citics of Afia Minor were deftroyed in one
night, and which may be reckoned to have
thaken a mafs of earth 300 miles in diameter,
he atks, How can we poflibly conceive the ac-
tion of any {ubterraneous vapours to produce
fuch an effe& fo inftanteoufly? How came it
to pafs, that the whole country of Afia Minor
was not at the {fame time deftroyed, its moun-
tains reverfed, its fountains and {prings bro-
ken up, and ruined for ever, and the courfe
of its rivers quite changed? Whereas, nothing
{uffered but the cities. There was no kind of

altera-
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alteration in the furface of the country, which,
indeed, remains the fame to this day.

To make the hypothefis of {ubterraneous

vapours, &c. being the caufe of earthquakes

the more improbable, he obferves, that any
fubterraneous power, fuflicient to move a fur-
face of earth thirty miles in diameter, as in
the earthquakes which happened at London,
muft be lodged at leaft fifteen or twenty miles
below the furface of the earth, and therefore
muft move an inverted cone of folid earth,

~whole bafis is thirty miles in diameter, and .

axis fifteen or twenty miles; an effect which,
he fays, no natural power could produce.

Uron the {fame principle, the fubterraneous
caufe of the earthquake in Afia Minor muft
have moved a cone of earth of 300 miles 1n
bafe,rand 200 in the axis; Whmh he fays,
all the gun-powder which has ever been made
fince the invention of it would not have been
able to ftir, much lefs any vapours, which
could be fuppofed to be generated {o far below
the {urface.

I'T 1s not upon the principles of any fubter-
raneous explofion that we can, in the leafl,
account for the manner in which fhips, far
from any land, are affeted during an earth-
quake ; which feem as if they ftruck upon a
rock, or as if fomething thumped againft their
bottoms. Even the fithes are affected by an
earthquake. The ftroke, therefore, muft be
occafioned by fomething that could communi-

cate motion with unfpeakably greater velocity

than
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than any heaving of the earth under the {ea,
by the elafticity of generated vapours. This
could only produce a gradual {well, and could
never give fuch an impulle to the water, as
would make it feel like a ftone.

ComprarinNGg all thele circumftances, Dr.
Stukeley fays, he had always thought, that
an earthquake was an electrical fhock, of the
fame nature with thofe which are now become
familiar in ele&trical experiments. And this
hypothefis he thought was confirmed by the
phenomena preceding and attending earth—
quakes, particularly thofe which occafioned
this publication.

THue weather, for five or fix months before
the firft of thefe earthquakes, had been dry
and warm to an extraordinary degree, the
wind generally South and South-Welit, and
that without rain; fo that the earth muft have
been in a ftate of electricity ready for that par-
ticular vibration in which ele@rification con=-
fifts. On this account, he obferves, that the
Northern regions of the world are but little
{ubject to ecarthquakes in comparifon with the
Southern, where the warmth and drynefs of
the air, fo neceflary to ele&ricity, are com-
mon. All the flat country of Lincolnfhire
before the earthquake in” September, though,
underneath it is a watery bog, yet, through
the whole preceding fummer and autumn (as
they can have no natural {prings'in fuch a
level), the drought had been {o great on the
furface of the earth, that the inhabitants were
obliged to drive their cattle feveral miles to

water.
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water. ‘'This, he fays, thows how fit the dry
{urface was for an elerical vibration ; and al-
fo, which is of great importance, that earth-
quakes reach but very little below the furface
of the earth.

Berore the earthquake at London, all ve-
getables had been uncommnnl}r forward. At
the end of February, in that year, all forts of
garden ftuff, fruits, flowers, and trees were
obferved to be as forward as, in other years,
about the middle of April; and elericity 1s
well known to quicken vegetation,

THE aurora borealis had been very fre-
quent about the fame time, and had been
twice repeated juft before the earthquake, of
{fuch colours as had never been feen before. It
had alfo removed to the South, contrary to
what i1s common in England ; {fo that fome
Italians, and people from other places where
earthquakes are frequent, obferving thefe
lights, and the peculiar temperature of the
air, did actually foretell the earthquake. For
a fortnight before the earthquake in Septem-
ber, the weather was {erene, mild, and calm;
and, one evening, there was a deep red Au-
rora Borealis, covering the cope of heaven,
very terrible to behold.

TrE whole year had been exceedingly re-
markable for fire-balls, thunder, lightning,
and corufcations, almoft throughout all Eng-
land. Fire balls were more than once feen in
Ireland and Lincolnfhire, and particularly ob-
ferved. And all thele kinds of meteors, the
Do&or fays, are rightly judged to Pmc-l

cee
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ceed from the eledirical flate of the atmo-
iphere. -

In thefe previous clrcumﬁances of the flate
of the earth and air, nothing, he fays, is
wanting to produce the wonderful effe¢t of an
earthquake, but the touch of fome non-elec-
tric body, which muft neceflarily be had 24
extra, from the region of the  air, or atmo-
{phere. ‘Hence, he infers that, if a non-elec-
tric cloud difcharge its contents upon any
part of the'earth in that highly ele@rical ftate,
an earthquake muft neceflarily enfue. As the
difcharge from an excited tube produces a
commotion in the human body, fo the dif-
charge of eletric matter from the compafs of
many miles of folid earth muft needs be an
earthquake, and the fnap from the contact be
- the horrid uncouth noife attending it

Tue Do&tor had been informed, by thc-fe
who were up and abroad the night preceding
the earthquake, and early in the morning,
that corufcations in the air were extremely
frequent ; and that, a little before the earth-
quake, a large and black cloud fuddenly co-
vered the atmofphere, which probably occa-
fioned the fhock, by the difcharge of a thower.
Dr. Childrey, he fays, obferves, that earth-
quakes are always preceded by rain, and
{udden tempefts of rain in times of. great
drought.

A sounp was obferved to roll' from, the
river Thames towards Temple Bar, before
the houfes ceafed to nod; juft as the ele@rical
{nap precedes the thock, This noife, an ob-

Gg ferver
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ferver faid, was much- greater than any he had
ever heard. Others, who write upon earth-
quakes, eommonly obferve, that the noife
precedes the thock : whereas it muft have been
quite the contrary, if the coneuffion had de-

pended upon a fubterraneous eruption. This

noife attending earthquakes, the Do&or

thought, could not be accounted for, but

upon the principles of ele@ricity. Theearth-

quake in September was attended with a rufh-

ing noife, as if honfes were falling, and i

people, in fome places, were fo univerfally

frighted, as to run out of their houfes, ima- |

gining that their own, and thofe of their

neighbours were tumbling on their heads. In
fome villages, the people, being at divine fer-

vice, were much alarmed with the noife ; which
they faid, beyond all comparifon, exceeded all
the thunder they had ever heard.

TrEe flames and {ulphureous {mells, which
are fometimes obferved during earthquakes,
the Doctor thought were more eafily account-
ed for, from the fuppofition of their being
eleGrical phenomena, than from their being
occafioned by the eruption of any thing from
the bowels of the earth.

THe imprefhon made by an earthquake
apon land -and water, to the greateft diftances
18, as. was obferved before, inftantaneous,

which could only be effected by ele&ricity.
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In the earthquake in September, the concuf-
fion was felt through a fpace of 100 miles in
length, and forty in breadth;:and, as far as =
could be judged, at the fame inflant of time.

That &
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That this tra& of ground, which amounted
to 4000 {quare miles in furface, thould be
thrown into fuch agitation in a moment, 1s
{fuch a prodigy, the Do&or fays, as we could
never believe, or conceive, did we nct know
it to be fact from our fenfes. But if we feek
the folution of it, we cannot think any na-
tural power equal to it but that of eleCricity,
which acknowledges no fenfible tranfition of
time, no bounds.

The little damage generally done by earth-
quakes, the DoGor thought to be an argument
of their being occafioned by a fimple vibra-
tion, or tremulous motion of the furface of
the earth, by an ele@rical {nap. - This vibra-
tion, he fays, imprefled on the water, meet-
ing with the folid bottoms of fhips and light-
ers, occafions that thump which is faid to be
felt by them : yet, of the millions of ordinary
houfes, over which it pafled, not one fell. A
confideration which {ufficiently points out
what fort of a motion this was not; alfo what
{ort of a'motion it was, and whence derived ;
not a convullion in the bowels of the earth,
but an uniform vibration along its furface,
like that of a mufical {tring, or what we put
a drinking-glafs into, by rub! bing one’s finger
on the ‘Ed“‘ﬁ" which yet, being brought to a
certain pitch, breaks the glafs; unduubtﬁdiy,
he adds, an eleftrical repulfion of its parts.

TuaT earthquakes are ele&rical pheno-
mena, is farther evident, he fays, from their
chiefly affe@ing the fea-coaft, places along
rivers, and, I- may add, eminences. The

Gga earth-
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LasTLy, the Doftor adds, as a farther
argument in favour of his hypothefis, that
pains in the back, rheumatic, hyfteric, and
nervous cafes; head-aches, cholics, &c. were
felt by many people of weak conflitutions,
for a day or two after the earthquake; juft as
they would after ele&rification ; and, to i"omc,
thefe diforders proved fatal.

In what manner the earth and atmﬂfphcre
are put into that ele€irical and vibratory ftate,
which prepares them to .give or receive that
{nap and thock, -which we call-an earthquake,
and whence . it is that this ele@ric matter
comes, the Doctor does not pretend to fay, but
thinks jt as difficult to account for as magne-
tifm, gravitation, mufcular mation, and many
other {ecrets in nature *.

Tothefe obfervations of Dr. Stukeley, I (hall
add fome circumftances which were. obferved
by Dr, Hales, in the earthquake at Loadon,
on March the 38th, 1749, as tending to
ftrengthen the hypothehs of its being caufed
by ﬂle&rtmty, though the Doétor, who re-
lates them, thought that the elefric appear-
ances were only occafioned by the great agita-
tion which the ele@ric fluid was put into,
by the fhock of fo great a mafs of the
earth.

AT the time of the earthquake, about
twenty minutes before fix in the morning,
the Do&tor, being awake in bed, on a ground
floor, ata houfe near the church of St. Mar-

- * Phil. Tranf, abridged, Vol. x. p, 526. 535, .and p. 541.
551 : _ :
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tin’s in the Fields, very fenfibly felt his bcd, :

heave, and heard an obfcure rufhing noile in |
the houle, which ended in a loud: explofion |
up io the air, like that of a fmall cannon.,
The whole duration, from the beginning ta &
the end, .feeming to be about four feconds. 3

Teu1s great 11{31fL, the Do&or cc}n]c&ured 1
was owing to the rufhing, or fudden expan-
fion of the electric fluid at the top of St. Mar-
tin’s {pire, where all the eleétric effluvia,
which afcended along the large bc}d}f of the
tower, being ﬁm*whr cmndenﬁ:d and acce-
lerated at the point of the meathermtk as
they rufhed off, made fo much the louder ex-
panfive explofion.

- Tue Do&or farther fays, that the foldiers,
who were upon duty in St. James’s park, and
other perfons who were then up, faw a
blackifh cloud, and a confiderable lightning,
juft before the Earthguake bEgan of |
" Mgr. HARTMAN is of opinion that elec-
tricity is the caufe of earthquakes, and gives
a fuccin& enumeration of all the circumftances
which favour this hypothefis T.

My reader, who has feen to how great an
extent Signior Beccaria has already carried the:
principles of ele@ricity, will have no doubt
but that he fuppoles earthquakes to be derived
from that caufe. And indeed, without any
knowledge of what Dr. Stukeley had done, he
did fuppofe them to be Eleﬁncal phenomena ;
but, contrary to the Doctor, nnaﬂmed the

e it o
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ele@ric matter which occafioned them to be
lodged deep in the bowels of the earth, agree-
able to his hypothefis concerning the origin
of lightning.

IT is certain that if Signior Beccaria’s ac-
count of the origin of thunder clouds be ad-
mitted, there will be little difliculty in admit-
ting farther, that earthquakes are to be reckon-
ed among the effe(ts of eleGricity. For if the
equilibrium of the eleéric matter can, by any
means, be loft in the bowels of the earth; fo
that the beft method of reftoriag it {hall be by
the fluid burfting its way into the air, and
traverfing {everal miles of the atmofphere to
come to the place where it is wanted ; it may
eafily be imaginedy that violent concuffions
may be given to the earth, by the fudden paf-
fage of this powerful agent. And feveral cir-
cumftances attending earthquakes he thought
rendered this hypothefis by no means im-
probable.

Vorcanos are known to have a near con-
ne&ion with earthquakes; and flathes of
light, exacly refembling lightning, have fre-
quently been feen to rufth from the top of
Mount Vefuvius, at the time that athes and
other light matter have been carried out of it
into the air, and been difperfed uniformly
over a large tra@ of country. Of thefe he
produces a great number of inftances, from
the beft authority *,

* Lettere dell’ elettricifmo, p. 226. 362, &c.

Ggg A RUM~



456 Tue THEORY orF

A rRUMBLING noife, like thunder, is gene-
rally heard during an earthquake. At fuch

times, alfo, flathes of light have been feen rif-

'ing out of the ground, and darting up into
the air. Real lightning hath {fometimes occa-
fioned fmall fhakings of the earth, at leaft has
been attended by them. But the firongeft cir-
cumftance of refemblance which he obferved
is the fame that Dr. Stukeley lays fo much
firefs on, viz. the amazing {wiftnefs with
which the earth is fhaken in earthquakes.
An earthquake, fays he, is by no means a
gradual heaving, as we might have expeted
from other caufes, but an inftantaneous con-
cuflion, fo that the fluidity of the water is no
fecurity againft the blow® The very fhips,
many leagues off the coaft, feel as if they
ftruck againft a rock.

Turs admirable philofopher, having imi-
tated all the great phenomena of natural elec-
tricity in his own room, doth not let the
earthquake efcape him. He fays, that if two
pieces of glafs, inclofing a thin piece of me-
tal, be held in the hand, while a large fhock
1s fent through them, a ftrong vibration, or
concuflion will be felt; which fometimes, as
in Dr. Franklin’s expcrunents, breaks them to
PIECES

SigNI10R BEccARTA thinks, that there are
traces of eleCrical operations in the earth-
quake, that happened at Julian’s attempt to
rebuild the temple of Jerufalem *.

® Lettere dell’ elettricifmo, p. 363.
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TaaT the ele@ric fluid 1s fometimes col-
leGed in the bowels of the earth, he thought
was pmbab}e from the appearance of ignes
Jfatui in mines, which fometimes happfms,
and is very probably an ele@rical pheno-
menon *,

Waicu of thefe two philofophers have ad-
vanced the more probable opinion concerning
the feat of the ele@ric matter which occafions
earthquakes, I fhall fiot pretend to decide. 1
{hall only obferve that, perhaps, a more pro-
bable general hypothefis than either of them
may be formed out of them both. Suppofe
the eletric matter to be, fome way or other,
accumulated on one part of the furface of the
earth, and, on account of the drynefs of the
feafon, not eafily to diffufe itfelf; it may, as
Signior Beccaria {uppoles, force itfelf a way
into the higher regions of the air, forming
clouds in its paflage out of the vapours which
float in the-atmofphere, and occafion a fud-
den fhower, which may farther promote the
paflage of the fluid. The whole furface, thus
unloaded, will receive a concuflion, like any
other conducing {ubftance on parting with, or
receiving a quantity of the eleétric fluid. The
rufhing noife will, likewife, {weep over the
whole extent of the country. And, upon
this {uppofition, alfo, the fluid, in its dif-
charge from the country, will naturally fol-
low the courfe of the rivers, and alfo take the

* Dell’ elettricifmo artificiale ‘e naturale, p. 223.

advantage
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advantage of any eminences, to facilitate
its afcent into the higher regions of the
air.

I smaLrL clofe this account of the theory of
Lightning and other phenomena of the atmo-
{phere, with an enumeration of the principal
appearances of natural electricity obferved by
the ancients, and which were never under-
ftood before the difcovery of Dr. Franklin. I¢
will be very eafy for me to do this, as I find
them already colle¢ted to my hands by Dr,
Watfon *,

A LuMIiNous appearance, which muft have
" been of an eleérical nature, is mentioned by
Plutarch in his life of Lyfander. He con-
fidered it as a meteor.

Priny, in his fecond book Df Natural
Hiflory, calls thofe appearances fars, and
tells us, that they fettled not only upon the
maflts, and other parts of fhips, but alfo upon
men’s heads. Exfjffunt, fays that hiftorian,
Selle et in mari terrifque. Vidi nocturnis mi-
litum vigilis inheerere p:u'zs pro vallo fulgorem
gffige ea: et antennis navigantium aliffque na-
wium partibus, ceu vocali quodam fono infiftunt,
ut volucres, fedem ex fede mutantes ~———Ge-
mine autem falutares et profperi curfus pree-
nuncice 3 quarum adventu, fugari diram illam ac
minacem appellatamque Helenam ferunt. Et ob
3d Polluci et - C;g/z'aﬂ 1d numen ﬂﬁgmm, fcg@ue
in mari deos invocant.  Hominum quoque mpsn
wefpertinis horis, magna prafagio circumfulgent.

® Phil, Tranf. Vel. xlviii. pt. i. p. 219,

: | But,
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But, adds he, thefe things are 7zcerta mrmﬁe
et in nature majeflate abdita.

“ STARrRs make their appearance both at
¢ land and fea. I have feen a light in that
« form on the fpears of foldiers, keeping
¢ watch by night upon the ramparts. 'They
¢ are feen alfo on the fail-yards, and other
¢ parts of fhips, making an audible found,
¢ and frequently changing their places. Two
of thefe lights forebode good weather, and
a profperous voyage; and drive away one
that appears fingle, and wears a threatening
¢ afpect. This the failors call Helen, but
¢ the fwo they call Caftor and Pollux, and
¢ invoke them as Gods. Thefe lights do
¢ fometimes, about the evening, reft on
men’s heads, and are a great and good
¢¢ omen. But thefe are among the awful
= m}"ﬂ:EI‘lES of nature.’

SeNecA in his Natural Queftions, chap. i.
takes notice of the fame phenomenon. Gy/sp-

po, Syracufas petenti vifa eff flella fupra ipfam

lancem confiitiffe, In Romanorum caftris wifa
funt ardere pila, ignibus fcilicet in illis de-
lapfis.

“ A sTAR {ettled on the lance of Gylip-
¢ pus, as he was failing to Syracufe: and
¢ {pears have feemed to be on fire in the Ro-
¢ man camp.”

In Cefar, deBello Africano, cap. vi. edit.
Amftel. 1686, we find them attending a
violent florm. Per id tempus fere Ceafaris
exercitui res accidit incredibilis auditu ; nempe

Vire
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Vzrgz:’mrztm Jigno confeclo, circiter vigilia fo-
cunda noclis, nimbus cum faxea grandine Subito
¢ff coortus ingens. Eadem nofle legionis V. pi=
lorum cacumina fua fponte arferunt.

¢« About that time, there was a very extra-
¢ ordinary appearance in the army of Cefar.
< In the month of February, about the fecond
« watch of the night, there fuddenly arofe a
¢ thick cloud, followed by a thower of ftones ;
* and the {ame night, the points of the
‘“ {pears belonging to the fifth legion feemed
¢ to take fire.”

Livy, cap. xxxii. mentions two fimilar
falks. In Sicilia militibus aliguot fp:m!a, i
Sardinia muro circumeunt: vigilias equiti, [ci=
pionem, quem in manu tenuerat, arfiffe 5 et litora
crebris ignibus fulfiffe.

¢« THE {pears of fome -foldiers in Sicily,
¢ and a walking-ftick, which a horfeman in

¢ Sardinia was holding in his hand, feemed to .

¢ be on fire. The thores were alfo luminous
¢ with frequent fires.”

Tuaese appearances are called, both by the
French and Spaniards, inhabiting the coafls
of the Mediterranean, St. Helme’s, or St.
Telme’s fires ; by the Italians the fires of St.
Peter, and St. Nicholas ; and are fre-
quently taken notice of by the writers of
voyages.

Ir {ome late accounts from France, adds
the Doctor, are to be depended upen, this
phenomenon ‘has  been obferved at Plauzet
for time immemorial, and Mr. Binon, the
: Curé
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Curé of the place fays, that for twenty-feven
years, which he has refided there, in great
ftorms accompanied with black clouds, and
frequent lightning, the three pointed extre-
mities of the of the crofs of the fteeple of
that place appeared furrounded with a body
of flame; and that when this phenome-
non has been {een, the ftorm was no longer
to be dreaded, and calm weather returned
{oon after. | |

MoperN hiftory furnifhes a great num-
ber of examples of flames appearing at the
extremities of pointed metallic bodies pro-
je&ting into the air. Little notice was taken
of thefe, while the caufe of them was un-
known; but fince their near affinity with
lightning has been difcovered, they have been
more attended to, and collected.

SECTION
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OBSERVATIONS ON THE usE or METALLIC
CONDUCTORS To0 SECURE BUILDINGS,

&c. FROM THE EFFECTS OF LIGHTNING.

' HE former fe&ions of this period relate

chiefly to the theory of electricity. In
the two next I fhall confider what has been
done towards reducing this {cience into prac-
tice. And, in the firft place, I thall recite
the obfervations that have been made refpet-
ing the ufe of metallic conduftors, to fecure
. buildings from lightning, as having the neareft
connection with the fubjet of the {fetions im-
mediately preceding.

Dr.FrANKLIN’s propofal to preferve build-
ings from the dreadful effe&ts of lightmng
was by no means a matter of mere theory:
Several firiking fas, which occurred within
the period of which I am treating, demonfirate
its utility.

INNUMERABLE obfervations fhow how
readily metallic rods a&ually condué& light-
' ning, and how {mall a fubftance of metal is
fufficient to difcharge great quantities of it
Mr. Calendrini, who afterwards applied to

Dr. Watfon, to be informed of the beft me-

thods of {ecuring powder magazines, {ays that
he himfelf was an eye-witnefs of the effect of
a flath of lightning, where he obferved it had
ftruck the wire of a bell,"and had been com-

pletely

el
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pletely conducted by it, from one room of 3
houfe to another, through a very fmall hole in
the partition. This obfervation was prior to
the difcoveries of Dr. Frankhin, but was recol=
le@ed and recorded afterwards ™, |

Dz, Frankrin himfelf, in a letter to Mr.
- Dalibard, dated Philadelphia, June the 29th,
1755, relating what had been fhown him of
the effeéts of lightning on the church of
Newbury in New England, obferves, that a
wire not bigger than a common knitting
needle, did in fa&t condu& a flath of light-
ning, without injuring any part of the build-
ing as far as it went, though the force of it
was o great, that from the termination of the
wire down to the ground, the fleeple was ex-
ceedingly rent and damaged, fome of the
flones, even in the foundation, being torn
out, and thrown to the diftance of twenty or
thirty feet. No part of the wire, however,
could be found, except about two inches at
each extremity, the reft being exploded, and
its particles diflipated in finoke and air, asthe
Do&or fays, like gunpowder by a common
fire. It had only left a black imutty track
upon the plaifter of the wall along which it
ran, three or four inches broad, darkeft in
the middle, and fainter towards the edges.
From the circumftances of thisfal it was very
evident, that, had the wire been continued
to the foot of the building, the whole fhock
would have been conduéted without the leaft

* Phil. Tranf. Vol. liv. pt i. p. 205.
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on one fide than on the other, round th¢
upper end of what remained, and became in-
timately united with it. It is rernarkable,
that, n'::-twﬂhfl:andmg the iron ftake, in which
- the apparatus terminated, was driven three
or four feet into the ground, yet the earth did
not conduct the lightning fo faft, but that, in
thunder ftorms the lightning would be {feen
diffufed near the ftake two or three yards over
the pavement, though at that time very wet
with rain *,

Ix order to fecure thips from fuftaining da-
mage by lightning, Dr. Watfon, in a letter
to Lord Anfon, read at the Royal Society, De-
cember the 16th, 1762, advifes, that a rod of
copper, about the thicknefs of a goofe quill,
be connefted with the fpindles and iron work
of the maft; and, being continued down to
the deck, be from thence, in any convenient
dire@ion, fo difpofed, as always to touch the
fea water T.

Witu refpe& to powder magazines, Dr.
Watfon advifed Mr. Calandrini above men-
tioned, that the apparatus to conduct the
lightning from them be detached from the
bmldmgs themfelves, and conveyed to the
next water. -

Wauar lately happened to St. Bride’s
church in London is a fufficient proof of the
utility of metallic condutors for lightning.
Dr. Watfon, who publithed an account of this
fa&t in the Philofophical Tranfa&ions, ob-

. “hl Tranf. Vel. liii. pt. i. p. 96
+ Jbid. Vel, lii. pte i p. 633,

Hh {erves,
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{erves, that the lightning firft took a weather~
cock, which was fixed at the top of the
fteeple ; and was conducted without injuring
the metal, or any thing elfe, as low as where
the large iron bar or {pindle which {fupported

it (and which came down feveral feet into the |

top of the fteeple) terminated. There, the
metallic communication ceafing, part of the
lightning exploded, cracked, and fhattered
the obelifk, which terminated the {pire of the
fteeple, in its whole diameter, and threw off
at that place feveral large pieces of Portland
ftong, of which the fteeple was built. IHere
it likewife removed a ftone from its place, but
not far enough to be thrown down. From
thence the lightning {feemed to have rufhed
upon two horizontal iron bars, which were
placed within the building crofs each other, to
give additional ftrength to the obelifk, almoft
at the bafe of it; and not much above the upper
flory. At the end of one of thefe iron bars,
on the Eaft and North-Eaft fide, it exploded
again, and threw off a confiderable quantity

of ftone. Almoft all the damage done to the

X h:‘:
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fteeple, except near the top, was confined

to the Eaft and North~Eaft fide, and general-
ly, where the ends of the iron ‘bars had been
inferted into the ftone, or placed under it; and,

#.5.”';

in fome places, by its violence in the ftone,
its paflfage might be traced from one iron bar =

to another.

IT is very remarkable, that, to leflen the
quantity of ftone in this beautiful {teeple,
cramps of iron had been employed in feveral

P-‘:ll‘l’.i \
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parts of it; and upon thefe, flones of no
great thicknefs had been placed, both by way
of ornament, and to cover the cramped joint.
In {everal places thefe ftones had, on account
of their covering the iron, been quite blown
off, and thrown away. A great number of
ftones, fome of them large ones, were thrown
from the fleeple, three of which fell upon
the roof of the church, and did great damage
to it ; and one of them broke through the
large timbers which formed the roof, and
lodged in the gallery.

Uron the whole, the fteeple was found,
on a furvey, ‘to be fo much damaged in feve-
ral of its parts, that eighty-five feet were
taken down, in order to reftore it {ubftantial-
ly; and the manner in which this fteeple
was damaged completely indicated, as Dr.
Watfon obferves, the great danger of infulat-
ed mafles of metal from lightning ; and, on
the contrary, evinced the utility and impor-
tance of mafles of metal continued, and pro-
perly conduéted, in defending them from its
“direful effects. The iron and lead employed
in this fteeple, in order to ftrengthen and pre-
ferve it, did almoft occafion its deftruction ;
though, after it was ftruck by the lightning,
had 1t not been for thefe materials keeping the
remaining parts together, a great part of the
fteeple muft have fallen. _

Tuis building fuffered the more, on ac-
count of the thunder ftorm having been pre-
ceded by feveral very warm days. The
nights had fcarce furnithed any dew, the air

Hh2 wai
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was quite dry, and in a flate erfe&l urifit
to part with its highly accumulated eie&rzcrty,
without violent efforts. This great drynefs

had made the flones of St. Bride’s fteeple,

and all other buildings under the like circum-
ftances, far lefs fit, than if they had been in

a moift flate, to condu&t the Lightning, and

prevent the mifchief. For, though the thunder
ftorm ended in a heavy thower of rain, none,
except a few very large drops, fell till after

o e '-n-'ﬁ_"ﬁ

the church was ftruck. And Dr. Watfon had '

no doubt, but that the {ucceeding rain pre-
vented many accidents of a fimilar kind, by
bringing down, with every drop of it, part ot
the eletric matter, and thereby reftoring the
equilibrium between the earth and clouds.

IT is frequently obferved, he fays, that, in
attending to the apparatus for colleting thf:
Eleﬁrlmty of the clouds, though the fky 1
much darkened, and there have been fﬁ:veral
claps of thundm‘, at no ‘great diftance, yet
the apparatus will {carcely be affected by it;
but that, as {oon as the rain begins and falls
upon fo much of the apparatus as is placed in
the open air, the bells belonging to it will
ring, and the ele@rical fnaps fucceed each
other in a very extraordinary manner. This,
as he oblerves, demonftrates, that every drop
of rain brings down part of the elefric mat-

ter of a thunder cloud and diffipates it in the

carth and water, thereby preventing the mif-
chiefs of its violent and fudden explofion.
Hence when the heavens have a menacing ap-
pearance, a fhower of rain is much to be
wifthed for, |
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From all thefe confiderations, Dr. Wat{on
had no doubt, but that the milchief done to
St. Bride’s fteeple was owing to the efforts of
the lightning, after it had pofleffed the appa-
ratus of the weathercock, endeavouring to
force itfelf a paflage from thence to the iron
work employed in the fteeple.  As this muft
be done per faltum, as he exprefles it, there
bemg no regular metallic communication, it
was no wonder, when its force was vehe-
ment, that it rent every thing which was not
metallic that obftructed its eafy paflage; and
that, in this particular inflance, the ravages
increafed, as the lightning, to a certain dif-
tance, came down the fteeple.

TuE Do&or advifes that, in order to have
ocular demonfiration when thefe meétallic con-
du&ors do really difcharge the lightning, they
be difcontinued for an inch or two, in fome
place convenient for obfervation; in which
cale the fire will be {feen to jump from oune ex-
tremity of the wire to the other. If any dan-
ger be apprehended from this difcontinuance
of the metallic conductor, he fays that a loofe
chain may be ready to hang on, and com-
plete the communication *.

MR. DeEravar, who alfo gives an account
of the fame accident, obferved, that, in every
part of the building that was damaged, the
lightning had a&led as an elaftic fluid, en-
deavouring to expand itfelf where it was ac-
cumulated in the metal; and that the effeéls

* Phil. Tranf. Vol. liv. p. z01, &¢.
Hh3 were
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were cxadtly fimilar to thofe which would

have been produced by gunpowder pent up in -

the fame places, and exploded.

In the {fame paper Mr. Delaval gives it as
his opinion, that a wire, or very fmall rod of
metal, did not feem to have been a canal fuf-
ficiently large to condu&t fo great a quantity
of lightning as ftruck this fleeple; efpecially
if any part of it, or of the metal communi-
cating with it, was inclofed in the ftone work,

in which cafe, he thought, the application of

it would tend to increafe its bad effe&s, by
conducting it to parts of the building which it
might otherwife not have reached.

Uron the whole, he thought that adc.c-n-.

ducor of metal, lefs than fix or eight inthes
in breadth, and a quarter of an inch in thick-
nefs (or an equal quantity of metal in any
other form that might be found more con-
venient) cannot with fafety be depended on,
where buildings are expofed to the reception
of a great quantity of lightning *.

Mzr. WiLson, in a paper written upon the
{ame occalion, advifes, that pointed bars or
- rods of metal be avoided in all conduftors of
lightning.

As the lightning, he fays, muft vifit us
fome way or other, from neceflity, there can
be no reafon to invite it at all; but, on . the
contrary, when it happens ‘to attack our
buildings, we ought only fo to contrive our
apparatus, as to be able to carry the lightning

* Phil. Tranl. Vol. liv. p.-z_q.. ;
away

et e Wi

SR Y SRR ) T AR

= &
= et

P L g T T o S e

I.;.ll



METALLIC CONDUCTORS. 471

away again, by fuch fuitable condulors, as
will very little, if atall, promote any increafe
of its quantity.

To attain this defirable end, in fome de-
gree at leaft, he propofes, that the feveral
buildings remain as they are at the top; that
is, without having any metal above them,
either pointed or not, by way of conduor;
but that on the infide of the higheft part of
the building, within a foot or two of the top,
a rounded bar of metal be fixed, and continu-
ed down along the fide of the wall, to any kind
of moifture in the ground *.

S16N10R BEccarR1A whofe c}bfervatmns and
experience with refpe&t to lightning give a
weight to his opinion fuperior to that of any
-other man whatever, feems to think very dif-
ferently from Mr. Wilfon on this fubject.
He fays that no metallic apparatus can attra&
more lightning than it can condu&. And fo
far is he from thinking one conduétor, round-
ed at the top, and a foot or two under the
roof {ufficient ; that if the building be of any
extent, he advifes to have feveral of the ufual
form; thatis, pointed, and higher than the
building. One condu&or he thought fuffici-
ent for one tower, fteeple, or thip; but he
thought, two neceflary for the wing of a build-
ing 200 feet long, one at each extremity ;
three for two fuch wings, the third being fix-
ed in the middle; and four for a {quare
palace of the fame front, one at each corner 7.

* Phil. Tranf. Vol. liv. p. 249.
1 Lettere dell’ elettricifmo, p. 2-8.
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the harpficord, which he had before been dif~
abled from doing. He allo obferved, that a
man’s pulfe, which had beat eighty in a fe-
cond before he was eleCtrified, immediately
after beat eighty-eight, and was prefently in-
creafed to ninety-fix *.

THERE 1s, another celebrated ,inftance of
the cure of a palfy before this period; which
is that performed by Mr. Jallabert, profeflor
of philofophy and mathematics at Geneva, on
a lock-fmith of the age of fifty-twof, whofe
right arm had been paralytic fifteen years, oc-
cafioned by a blow of a hammer. He was
brought to Mr. Jallabert on the 26th of De-.
~cember 1747, and was almoft completely
cured by the 28th of February 1748. In this
interval he was frequently eleGrified, {parks
being taken from the arm, and fometimes the
eleétric thock {fent through itI. Mr. Jalla-
bert’s own account of this cure is very circum-
ftantial. But it appears from the Abb¢ Nol-
let’s account of his fecond journey to ltaly,
that this perfon relapfed to the condition in
which Mr, Jallabert found him. See the
French #ranflation of this book, wvol. ii.
p- 396

Tue report of this cure performed at Ge-

neva engaged Mr. Sauvages of the Academy
in Montpelier to attempt the cure of paraly=
tics, 1n which he had confiderable fuccefs:
In one cafe 1t occafioned a f{alivation, and in

* Dantzick Memoirs, Vol. i, p. 294.
+ Jallabert’s prt:ru.m"‘S, 143
I Hiftoire, pt. iii." p 36,

another
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another a profufe fweat. Many paralytics,
however, were cleCrified without any fuccefs.
indeed the prodigious concourfe of patients
of all kinds, which the report of thefe cures
brought together, was fo great, that few of
them could be ele@rified, except very imper-
fe@tly. Tor two or three months together,
twenty different patients were ele@rified every
day. It is not furprifing to find, that the
neighbouring populace confidered thefe cures:
as an affair of witchcraft, and that the opera-
tors were obliged to have recourfe to their
priefts to undeceive them *,  In the courfe of
thefe experiments it was found, by very ac—
curate obfervations made with a pendulum,
that ele@rification increafes the.circulation of
the blood about one fixth.

OnNE of the firft who attended to eletricity
in a2 medical way was Dr. Bohadtch a Bohe-
mian ; who, in a treatife upon medical elec-
tricity, communicated to the Royal Society,
gave it as his opinion, after the refult of much
experience, that of all diftempers the hemi-
plegia feemed to be the moft proper obje& of
eleGricity. He alfo thought it mig"ht be of
ufe in intermitting fevers .

“TuE palfy having happened to be the firft
diforder in which ele&ricity gave relief, there
was a confiderable namber of cafes publifhed
pretty ‘early, in which paralytics were faid to
have found benefit from this new method of
treatment. In. the year 1757, Mr. Patric

* Hiftoire, p. 97. - t Phil. Tranf. Vol. xlvii. p- 351.
s Brydone
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Brydone performed a complete cure of a hemi-
plegia, and, indeed, an almoft univerfal pa-
ralytic affeCtion, in about three days. The
patient was a woman, aged thirty-three, and
the palfy was of about two years continu-
~ance *. And John Godfrey Tefke, very near-

ly curr:d a young man, of the age of twenty,
of a paralytic arm, of which he had not had
the leaft ufe from the age of five years 7.

Tue Abbé Nollet’s experiments upon pa-
ralytics had no permanent good effe@ f. He
abferves, however, that, during fifteen or
{ixteen years that he had ele&rified all forts
of perfons, he had known no one bad effe&
to have arifen from it to any of them §.

Dr. HarT, in a letter to Dr. Watfon, dat-
ed Salop, March the 2oth, i756, mentions a
cure performed by elericity upon a woman
of twenty-three years of age, whofe hand and
wrift had for fome time been rendered ufelefs
by a violent contraltion of the mufcles. She
was not fenfible of the firft thock that was
given her; but, as the fhocks were repeated,
the fenfation increafed, till fhe was perfedly
well. She was alfo cured a {econd time, after
a relapfe occafioned by a cold ||.

BuT perhaps the moit remarkable cafe that
has yet occurred of the ufe of eleGricity in
curing a diforder of this kind, and indeed of
any that is incident to the human body was

* Phil. Tranf. Vol.1. pt 1. p. 3g2.
4+ 1bid. Vol li. pt. 1. p. 179.

t Recherches, p. 412. § Ibid. p. 416.
| Phil. Tranf, Vol. xlix. pt. ii. p 5:8.

of
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of that dreadful diforder, an univerfal fefanus,
It 1s related by Dr. Watfon in the Philofophi-
cal TranfaGtions; and the account was read at
the Royal Society the 10th of February 1763.
The patient was a girl belonging to the
Foundling hofpital, about feven years of age,
who was firft feized with a diforder ﬂccaﬁnned
by the worms, and at length by an univerfal ri-
gidity of her mufcles ; fo that her whole body
felt more like that of a dead animal than a
living one. She had continued in this difmal
condition above a month, and about the
middle of November 1762, after all the ufual
medicines had failed, Dr. Watfon began, to
cle&trify her; and continued to do it by in-
tervals, till the end of January following; when
every muicle of her body was perfeétly flexible,
and fubfervient to her will, fo that {he could
not only ftand upright, but could walk, and
even run like other children of her age *.

Dr. Epwarp SPrY relates a complete cure
which he made of a locked jaw and paralylis,
in the cafe of a girl of eighteen years of age.
Small thocks were given to the muicles par-
ticularly affeted 7. ,

Taaxr elecricity may hehurtful, and even
in {fome cafes in which analogy would lead us
to promife ourfelves it might be of ufe, is
evident from many cafes, and particularly
from one related by Dr. Hart of Shrew{bury,
m a letter to Dr. Watfon, which was read at
the Royal Society, November the 14th, 1754.

* Phil. Tranf. Vol. liii. p. 16. 4 1bid. Vol. lvii. p. 8.
A YOUNG
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A vouna girl about fixteen, whofe right arm
was paralytic, and greatly wafted in compa-
rifon of the other, on being ele@rified twice,
became univerfally paralytic, and remained fo
above a fortnight ; when the new palfy was
removed by proper medicines, though the
firft difeafed arm remained as before.

However Dr. Hart, notwithftanding this
bad accident, had a mind to try eleftricity
again. The girl {fubmitted to it, but after
having been eleétrified about three or four
days, fhe became a fecond time univerfally
paralytic, and even loft her voice, and the
ufe of her tongue, {o that it was with great
difficulty fhe could {wallow. She was re-
lieved of this additional palfy a fecond time
by a proper courfe of medicines, continued
about four months; but was difcharged out
of the hofpital as incurable of her firft palfy.
It 1s faid that the Doftor would have tried
eleGricity a third time; but the girly being
more nearly concerned in the experiment
than her phyfician, thought proper to decline
AR

Dr. FrRaANKLIN’s account of the effe@ts of
eledtricity, in the manner in which he applied
it, is by no means favourable to its ufe in
fuch cafes. He fays, in a letter to Sir John
Pringle, read at the Royal Society, January
the 12th, 1758, that fome years before, when
the news-papers made mention of great cures
performed in Italy and Germany by ele&ri~

* Phil. Traal. Vol. xlviii. pt. ii. p. ;85
€1y,
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city, a number of paralytics were brought to
him, from different parts of Penfilvania and
the neighbouring provinces, to be eleétrified,
and that he performed the operation at their
requeft. His method was, firft to place the
patient in a chair, or upon an eleftrical ftool,
and draw a number of large ftrong {p arks
from all parts of the affe&ted limb or ﬁde.
He then fully charged two fix-gallon glafs
jars, and. fent the united fhock of them
through the affeted limb or limbs, repeat=
ing the firoke commonly three times each
day.

Tae firft thing he obferved was an imme-
diate greater {enfible warmth in the affe&ed
limbs, which had received the ftroke, than in
the others; and the next morning the patients
ufually faid, that, in the night, they had felt
a prickling fenfation in the fleth of the para-~
lytic limbs; and would fometimes fhow a
number of {mall red {pots, which they fup-
poled were occafioned by thofe prickings.
The limbs too were found more capable of
voluntary motion, and f{eemed to receive
ftrength. A man, for inftance, who could
not, the firft day, lift his lame hand from off
his knee, would the next day raife it four or
five inches ; the third day higher; and on the
fifth was able, but with a feeble languid mo-
tion, to take off his hat. Thele appearances,
the Do&or fays, gave great {pirits to the pa-
tients, and made them hope for a perfe&k
cure ; but he did not remember that he ever
{aw any amendment after the fifth day; which

8 the
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the patients perceiving, and finding the fhocks
pretty fevere, became difcouraged, went
home, and in a fhort time relapfed; f{o that
he never knew any permanent advantage from
eleGricity in palfies.

Peruaps, fays he, fome permanent ad-
vantage might be obtained, if the elefric
fhocks had been accompanied with proper
medicine and regimen, under the diretion of
a {kilful phyfician. He thought too, that
~many {mall thocks might have been more
proper than the few great ones which he
gave; {ince, in an account from Scotland, a
cafe was mentioned in which 200 fhocks from
a phial were given daily, and a perfet cure
had been made *.

THAT there is an intimate connetion be-
tween the ftate of elefricity in the air and the
human body, is evident from {everal faés,
particularly a very remarkable one related by
the Abbé Mazeas, in a letter to Dr. Hales.
He was ele@rifying a perfon who was fubjet
to epileptic fits, by his apparatus to make ob-
fervations upon the ele&ricity of the common
atmofphere. At firft this perfon bore the
fparks very well, but in two or three minutes
the Abbé, perceiving his countenance to
change, begged he would retire, left any acci-
dent thould happen; and he was no {ooner re-
turned home, than his fenfes failed him, and
he was feized with a moft violent fit. His
convilfions were taken off with {pirits of

® Phil. Tranf. Vol. l. pt. fi. p. 481.

hartfhorn,
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hartthorn, but his reafon did not return in an
hopr and an half. He went up and down
the flairs like one who walks in his fleep,
without {pcaking to, or knowing any perfon,
fettling his papers, taking {nuff, and offering
chairs to all who came in. When he was
fpoken to, he pronounced inarticulate Wt}rds,-
which had no conneétion.

WaeN this poor man recovered his reafon,
he fell into another fit; and his friends told
the Abbé, he was more affe&ted with that
diftemper when it thundered than at any other
time; and if it ever happened, which it rare-
ly did, that he then efcaped, his eyes, his
countenance, and the confufion of his expref-
fions, iuﬂmently demonilrated the weaknefs
of his reafon. ,

TrE next day, the Abbé learned from the
perfon himfelf, that the fear of thunder was
not the caufe of his difeafe ; but that, how=-
ever, he found a fatal conne&ion between
that phenomenon and his diftemper. He
added, that when the fit feized him, he per-
<eived a vapour rifing in his breaft, with fo
much rapidity, that he lolt all his fenfes be-
fore he could call for help *.

‘M=z, Wirson cured a woman of a deafnefs
of feventeen years flanding. He alfo ob-
ferves, that the had a very great cold when
the began to be ele@rified ; but that the in-
flammation ceafed the firft time, and the cold
was quite gone when the operation had been

* Phil. Tranf. Vol. xlviii. pt. 1. p.-383.
performed
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- performed again the fecond day. PBut he ac-
knowledges, that he had tried the fame expe-
riment e fix other deaf perfons without
any fuccefs *

- THre fame perﬁ:-n obferves, that one gentle-
man, near {everty years old, could never be
made to receive a thock except in his wrifts.
He fays that he himfelf could once have borne
very great thocks without inconvenience, but
that he could not bear them at the time that
he wrote.

MepicAL eledtricity is very much obliged
to the labours and oblervations of Mr. Lovet,
lay-clerk of the cathedral church at Wor-
cefter, who has for many years been indefa-
tigable in the application of eleétricity to a
. great variety of difeafes. His fuccefs has been
very confiderable, and all the cafes he has
publifhed feem to be well authenticated.

AccorDING to Mr. Lovet, elericity is al-
" moft a fpecific in all cafes of violent pains,
of however long continuance, in every part
of the body; as in obftinate head-achs, the -
{ciatica, the cramp, and diforders refembling
the gout. He had no trials of the proper
gout, but only on thofe who were {lightly
attacked, and who received immediate re-
lief.

TuEe tooth-ach, he fays, is generally cured
inftantly, and he fcarce ever remembered any
one who complained of its raging a minute
after the operation . |

s Wilfon’s Effay, p. 207: + Lovet’s Effay, p. 112.
13 It
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It has feldom failed, he fays, to cure 3y
gidities, or a wafting of the mufcles, and
hyfterical diforders, particularly if they be at-
tended with coldnefs in the feet. According
to him, it cures inflammations, it has flopped
a mortification, cured a fiftula lachrymalis,
and difperfed extravafated blood *. He alfo
{ays it has been of excellent ufe in bringing
to a {fuppuration, or in difperfing without fup-
puration, obftinate {wellings of various kinds,
even thofe that were fcrophulous. In his
hands it cured the falling ficknefs, and feve-
ral kinds of fits, though the patients had been
fubjeck to them for many years ; and one cure
he mentions of a hemiplegiat. Laftly, he
relates a well attefted cafe, from Mr. Floyer,
furgeon at Dorchefter, of a complete cure of
what {eemed to be a guzta ferena. 'The fame
Mr. Floyer, he allo {ays, cured with it two
young women of obftructions, one of whom
had taken medicines a year to no purpofe I.

IN the rheumatiim, Mr. Lovet candidly

confefles, it has failed ; but he fays it was fel- |
dom in the cafe of young perfons, if they |

were taken 1n tume.

THae manner in which ele@ricity operated

in thefe cures, Mr. Lovet imagined to be, by
removing fecret obitru&ions, which are pro-

bably the caufe of thofe diforders. In all his |
pratice he never knew an inftance of harm |
being done by it, and thinks that, in all the

cafes in which it has done harm, the manner

* Lovet’s Effay, p. 6. t Ibids p. 101,
R "
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of adminiftering it has been injudicious, In
general, he thinks the thocks have been made
too great. This he imagined to have been the
cafe of the patient before mentioned of Dr.
Hart, who was made more paralytic by elec-
- tric fhocks. Mr. Lovet advifes to begin, in
general, with fimple ele@rification, efpecially
in hyflterical cafes ; then to proceed to taking
fparks, and laftly to giving moderate fhocks,
but hardly ever any that are violent, or
painful.

THE account of the application of eIe&n—-

city by Dr. Zetzel of Upfal, which may be
feen in Mr. Lovet’s treatife, agrees in the
main with the refult of his own praftice; and
where there 1s any difference between them,
Mr. Lovet thinks there are evident marks of
unfairnefs in the Swedifh account. And a
fubfequent account from Sweden mentions fe-
veral cures being made in thofe very cafes, in
which Dr. Zetzel fays that no relief was to be
had from eletricity.

Tue Rev. Mr. J. Wefley has followed Mr.
Lovet in the fame ufeful courfe of medical
eleCtricity, and recommends the ufe of it to
his numerous followers, and to all people.
Happy it is when an afcendency over the
minds of men is employed to purpofes favour-
able to the increafe of knowledge, and to the
beft interefts of mankind. Mr, Welley’s ac~
count of cures performed by eleGricity agrees
~ very well with that of Mr. Lovet, whom he
often quotes. He adds, that he has {carce
ever known an inftance in which fhocks all

I'i2 over
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over the body have failed to cure a quotidian
or tertian ague *. He mentions cafes of
blindnefs cured or relieved by it; and fays
that he has known hearing given by it to a
man that was born deaf. He mentions
- cures in cafes of bruifes, running fores, the
dropfy, gravel in the kidnies (caufing the pa-
tient to part with it) a pally in the tongue, and
laftiy in the genuine confumptmn But Mr.
Boifler fays it is of differvice jn phthifical
complaints I.

Mgz. WEesLEY candidly fays, he has not

known any inftance of the cure of an hemi-
plegia ; and though many paralytics have been
~ helped by ele@ricity, he fcarcely thinks that
any pally of a year’s ftanding has been
thoroughly cured by it. He aflerts, -how-
ever, that he has never yet known any per-
fon, man, woman, or child, fick or well, who
has found {what Mr. Willon fays, that fome
perfons complained of ) an unufual pain {fome
days after the fhock. Mr. Wefley had only
known that the rheumatic pains, which were
afterwards perfectly cured, had increafed on
the firft or fecond application §.

Mg. WesLEY directs the fame method of
adminiftration with Mr. Lovet. In deep
‘hyfterical cafes, he advifes that the patients
be fimply ele@rified, fitting on cakes of rofin,
at leaft half an hour morning and cvening ;

* Welley’s Defideratum, p. 3. + Ibid. p. 48

1 Carmichael Tentamen inaugurale medicum de Paralyfi,
P 34- ex A&. Upl

§ Welley’s Defideratum, p. 50,

vhen,
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when, after fome time, fmall fparks may be
taken from them, and afterwards thocks given
to them, more or lefs firong, as their diforder
requires ; which, he fays, has feldom failed
of the defired effect *.

~ Tuis account of the medical ufe of elec-
tricity by Mr Lovet and Mr. Welley is cer-
tainly liable to an objection, which will al-
ways lie againft the accounts of thofe perfons
who, not being of the faculty, cannot be fup-
pofed capable of diftinguithing with accuracy
either the nature of the diforders, or the con-
fequences of a feeming cure. But, on the
.ﬂther hand, this very circumftance of their
ignorance of the nature of diforders, and con-
fequently of the beft method of applying elec-
tricity to them, fupplies the ftrongeft argu-
ment in favour of its innocence at leaft. If in
{uch unfkilful hands it has produced fo much
good, and fo little harm ; how much more
good, and how much lefi harm ‘weould it
probabty have produced in more fkilful
hands.

But whatever weight there be in this ob-
jection againft the laft mentioned writers, it
certainly cannot be urged againft Antonius de
Haen, one of the moft eminent phylicians of
the prefent age; who, after fix years unin-
terrupted ufe of it, reckons it among the moft
valuable afliftances of the medical art; and
exprefsly fays, that though it has often been
applied in vain, it has often afforded relief

¢ Welley’s Defideratum, p. 56.
ki where
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where no other application would have been
effectual. But 1 fhall recite in a {fummary
manner, from his Ratio Medendi, the refult
of all his obfervations on this {ubjed&.

WiTH refpect to partial palfies, in particu-

lar, he{ays, it never did the leaft harm; that
one or two perfons who had received no be-
nefit from it in fix intire months, were yet
much relieved by perfevering in the ufe of it.
'That {ome perfons difcontinuing it, after hav-
ing received fome benefit, relapfed again; but
afterwards, by recurring to the ufe of elefiri-
city, recovered, though more {lowly than be-
fore. Some perfons, he fays, were relieved
who had been paralytic one, three, {ix, nine,
and twelve years, and fome longer; but that
in one or two of thefe cafes, the patients had
received lefs relief, and more flowly than was
ufual in'recent cafes. In fome cafes, he fays,
a moft unexpelted benefit had been found by
thofe who had been paralytic in their tongues,
eyes, fingers, and other particular limbs. A
paralylis and trembling of the limbs, from

whatever caule it arofe, he fays, never failed -

to be relieved by it; and he relates one in-
ftance of a perfe& cure being performed in a

remarkable cafe of this nature, after receiving
ten fhocks *,

De Harn's cuftom was to apply the opera-

tion for half an hour together at leaft. He
feems to have ufed gentle fhocks, and he
joined to elericity, the ufe of other remedies,

# Ratio Medendi, Vol. 1. p. 234, 199.
' which,




ELEGTRICITY. %

which, however, would not have been effectual
without it *,

St. ViTus’s dance, he fays, never failed
to be cured by elericity T. He always ob-
ferved it to promote a more copious difcharge
of the menfes, and to relieve in cafes of ob=-
ftru&tion; but, for this rcafon, he advifes
- that it be not adminiftered to women with
child. He found it of ufe in fome cafes of
deafnefs, butit entirely failed in its applica-
tion to a gutta {erena, and to a ftrumous
neck .

Lastiy, he relates a remarkable cafe,
communicated to him by Mr. Velfe at t.he
Hague, of the cure of a mucous apoplexy §.

To the cafes which have been mentioned
occafionally, in which harm may be appre-
hended from eleé&rification, may perhaps be
added the venereal difeafe in which Mr. Ve~
ratti advifes, that ele&rlﬁcatmn be by all
means avoided ||.

I smarLy conclude this account of medical
eleCtricity with obferving, that there are two
general effe€ts of electricity on the human
bc}d}r, of which, it thould {feem, that phyfi-
cians might greatly avail themfelves. Thelfe
are, that it promotes infenfible perfplratmn,
and glandular fecretion. The former is ef-
fected by fimple ele@rification, and the latter

* R:tm Medendi, Vol.i. p.2 + Ibid. p. 389.
1 Ibd. Vol. i1 p. 2zo0. B § Ibid,
j| Carmichael Tentamen, p. 34.
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by taking fparks from the glands, or the parts
contiguous to them; on which it acts like a
fimulus. Of the former, inftances have been
produced in the experiments of the Abbé Nol- -
let, and a few have been given occafionally of
the latter.

To thefe I thall now add, that Linnzus ob-
ferved, that when ele@ric fparks have been
drawn from the ear, it has inftantly promoted
a more copious fecretion of ear-wax; and that
it has alfo been obferved, that, when the eye,
or the parts about the eye, have been elettri-
fied, the tears have flowed copioufly. But
the moft femarkable cafe that I have met with,
is, of its promoting the fecretion of that mat-
_ter which forms the hair; whercby hair has
been actually reftored to a part that had long

. 'been bald =,

HiTuekTo ele@tricity has been generally
applied to the human body either in the
method of drawing f{parks, as it is called,
or of giving fhocks. But thefe operations
are both violent, and though the flrong con-
cufion may fuit fome cafes, it may be of
differvice in others, where a moderate {im=
ple eletrification might have been of fer-
vice.

Tur great objeGion to this method is
the tedioufnefs and expence of the applica-
tion. But an ele@rical machine might be
contrived to go by wind or water, and a

® Carmichael Tentamen, p. 33.

convenient



YT BEOTRICIT Y, 8

convenient room might be annexed to it;
in which a floor might be raifed upon elec~
trics, and a perfon might fit down, read,
{leep, or even walk about during the electri-
fication. It were to be wifthed, that fome
phyfician of underftanding and {pirit would
provide himfelf with fuch a machine and
room. No harm could poflibly be appre-
hended from ele@ricity, applied in this
gentle and infenfible manner, and good
effets are, at leaft, poflible, if not high-
ly probable. It would certainly be more
for the honour of the faculty, that the prac=-
tice thould be introduced in this manner, than
that it be left to {fome rich Valetudinarian,
who may take it into his head, that fuch an
operation may be of fervice to him.

SECTION
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MISCELLANEOUS EXPERIMENTS AND DIS
COVERIES MADE WITHIN THIS PERIOD,

AVING diftributed into diftin& fe&ions

all the fubjets, under which 1 had col-

leGted materials enow to form a {eparate ac-

count; I have referved for the laft place,

thofe fmaller articles, which could neither

with propriety be introduced under the former

- heads, nor were large enough to make a fec-
tion themfelves.

IT has been a great controverly among
eletricians, whether glafs be permeable to
the ele&ric fluid. Mr. Wilfon appeared in
favour of the permeability, and, in a paper
read at the Royal Society, Deccmber the 6th,
1759, produced the following experiments to
fupport his opinion; notwithftanding he, even
afterwards, acknowledged, in a paper read at
_the Royal Society, November the 1 3th, 1760;
that, in the Leyden experiment, Dr. Franklin
had proved that the fluid did not go through
the glafs *. |

He took a very large pane of glafs, a little
warmed ; and holding it upright by one edge,
while the oppofite edge refted upon wax,
he rubbed the middle part of the furface

' ¢ & Pl Tranf. Vol. li. pt. ii. p. 896.
with
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with his finger, and found both fides elec
trified plus *.

Uron this I cannot help obferving that it
ought to be fo on Dr. Franklin’s principles.
If one fide be rubbed by the finger, it ac-
quires from the finger fome of the eleGric
fluid. This, being {pread on the glafs as far
as the rubbing extended, repels an equal quan-
tity of that contained in the other {ide of the
glafs, and drives it out on that fide, where it
ftands as an atmofphere, {o that both fides are
found plus. If the unrubbed fide were in
contact with a conductor communicating with
the earth, the ele@ric fluid would be carried
away, and then that fide would be left appa-
rently in the natural ftate. If the eleGric luid
found on the unrubbed fide was really part of
that which had been communicated by and
from the finger, and fo had atually permeated
the glafs, i1t might, when conducted away,
be continually replaced by freth permeating
fluid communicated in the fame manner : But
if the effe&t 1s continually diminifthing, while
the {uppofed caufe, repeated, continues the
fame, there {eems reafon to doubt the fup-
pofed relation between that caufe and the
effet. For it appears difficult to conceive
how fome eleétric fluid, having pafled through
a permeable body, fhould make it more diffi~
cult for other particles of the fame eletric

fluid to follow, till, at length, none could pa$
at all.

* Phil, Tranl. Vol. li. pt. 1. p. 314.
7 MR,



492 Tue PERMEABILITY

Mr. Wirson alfo fays, that, holding the
fame pane of glafs within two feet of the
prime conductor, which was cle@rified plus,
that part of the glafs which was oppofite to
the condu@or became ele@rified minus on both
fides ; but, 1n a few minutes, the mmus elec-
tricity difappeared, and the p/us continuing,
diffufed itfelf into the place of the other,
fo that now the whole was eleGrified plus.

THE experiment fo far fucceeding, induced
him to make ufe of a lefs piece of glafs, that
the whole might be ele€rified minus. Thefe
advances, he fays, led him to obferve the
power of ele@rifying that {fmall piece of glafs
- at different diftances.

He expofed the fame fmall piece of glafs to
the prime condutor, at the diftance of two feet,
and obferved a mznus eleCricity at both furfaces.

As he 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 appearance was lefs and lefs
{enfible; till it came within the diftance of
about one inch, and then it was eletrified p/us
on both fides.

Tuis plus eleCricity in the glafs, he found,
might be changed to a mimus again, by re-
moving the glafs, and holding it for a time
at a greater diftance; which he thought to be
v proof of the repulfive power of that fluid *.

Having by him a pane of glafs, one fide
of which was rough and the other {mooth, he

% Phil, Tranf. Vol. li. pt.i. p. 328.
rubbed
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rubbed it {lightly on one fide; upon doing
which, both fides were ele@rified mznus. .

On this I muft alfo take the liberty to ob-
ferve that, as the ele@ric fluid contained in
glafs in its natural ftate, 1s kept equal in both
{ides by the common repulfion; if the quan~-
tity in one fide is diminifhed, the fluid in the
other fide, being lefs repelled, retires inward,
and leaves that furface alfo minus.

SL1GHT changes, plus or minus, may be
made in either {urface, that have not ftrength
to ac on the other {ide, by repulfion, or by
abating repuliion, through the glafs; and.fo
plus eleCricity may be given to one furface,
and minus to the other in {fome degree. Both
{ides may alfo be made p/us, and both minus,
by rubbing, or by communication, without
any neceflity of fuppofing the glafs permeable.

AND yet 1t 1s probable that fome glafs,
from having a greater mixture of non-ele&ric
matters in its compofition, may be permeable,
when cold, in fome {mall degree, as all glafsis
found to be when warmed.

Mgr. WiLson treated the other {fide of this
pane of glafs in the fame manner, after which
the minus ele€tricity was changed into a plus

on both fides.

*  TwaoucH Dr. Franklin was of opinion, that
glafs when cold is not permeable to electricity,
he had made no experiments upon it when
hot; but Mr. Kinneriley, a friend of his,
made one, which feemed to prove, that it was
very differently affected in this refpect, in the

dliferent ftates of hot and cold. He found,
that
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that a coated Florence flafk (made of very
thin glafs, and full of air bubbles) containing
boiling water, could not be ele@rified. 'The
ele@ricity, he fays, pafled as readily through
it as through metal. The charge of a three
pint bottle went freely through it, without in-
juring the flafk in the leaft. When it be-
came cold, he could charge it as before. This
effe&t he attributed to the dilatation of the
pores of glafs by heat *.

Arr Mr. Wilfon’s experiments to prove
the permeability of glafs were repeated by
Mr. Bergman of Upfal ; and, as he fays, with
{fuccefs T.

Mkr. fLrinus, however, was by no means
{atisfied with Mr. Wilfon’s experiments con-
cerning the permeability of glafs; and yet he
brings no other fat in anfwer to his argu-
ments, but a very common one, which thows
that a glafs tube both receives and lofes its
eleGtricity very flowly; fo that he only aflerts
a difficulty, and a flownefs in the eleQric fluid
pafling through eleCric fubftances, as was
mentioned before; and confequently Mr.
Wilfon feems to bave an advantage in the
controver{y : for, as he fays, pafling through,
though ever fo flowly, is a real pafling
through .

Mgr. £rinvus has thown, by a curious ex-
periment, that though a metallic condu&or

and a cork ball be both eledrified pofitively,

s Phil. Tranf. Vol. liii. pt. i. p. 85.
+ Ibid. Vol. lii. pt. ii. p. 485.
3 Ibid, Vol. liii. p. 443
fo
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- o as to repel one another; yet, that, if the .
ball be forcibly brought within two, three, or
four lines of the conduor, it will be attract-
ed by it ; and that it will be repelled again, if
it be forcibly puthed beyond that limit of at-
traction. If the ball be confined to .move
within the fame {mall diftance, a moderate
eleCrification of the conductor will repel the
ball to its utmoft limit; but a fironger elec-
trification of the conductor will caufe it to be
attrated. He, therefore, limits the general
maxim, that bodies poflefling the fame kind
of eleCricity repel one another; and afferts,
that this will be the cale, only when the quan-
tity of electric fluid belonging to' them both,
as one body is greater, or lefs than that which
is natural to them®*. 'This experiment de-
{erves particular attention.

StgNior Breccaria, who has contributed
{o largely to feveral former fections in this pe-
riod, furnifhes a few articles which well de-
ferve a place in this.

He thought it was evident, that the elec-
tric fluid tended to move in a right line, be-
caufe a longer {park may be taken in a dire&t
line, from the end of a long conduétor, than
can be taken from the fame place in any other
direCtion. But he thought it was ftill more
evident, from obferving, both in the air, and
in vacuo; that, prefenting the finger, or a
brafs ball, at a proper diftance, and in a cer-
‘tain angle with the condu&tor (which experi-

* AEpinit Tentamen, p. 146,
ence
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ence will foon find) the ecle@ric fpark will
make.an exat curve, to which the conductor
produced will be“a tangent: as if the elec-
tric matter was acted upon by two different
forces, one its own acquired velocity, urging
it forward in aright line; the other the attrac-
tion of the body prefented to it, which throws
it out of the right line *,

In his obfervations on pointed bodies, he
fays, that two pointed bodies, equally fharp,
in their approach to an eleétrified conduéor,
will appear luminous only at half the dif-
tance at which one of them would have
done T. _

TrEe {ame ingenious philofopher reports a
curious, but cruel experiment which he made
on a live cock. He detached the belly of one
of the mulicles from the thigh of the animal,
leaving the extremities in their proper infer-
tions, and then difcharging a fhock through
it. At the inftant of the ftroke, the leg was
violently diftended, and the mufcle greatly
inflated ; the motion beginning at the tendon,
and the extenfion of it refembling the open-
ing of a lady’s fan. No pricking with a pin
could make it act fo ftrongly f.

I musT not omit to mention, in this chap-
ter of mifcellaneous experiments, what the
Dutch writers have reported concerning the
gymnotus, a fith peculiar to Surinam, which
very much refembles what naturalifts relate
concerning the torpedo. Mr. Mulchenbroeck

* Elettricifmo artificiale, p. 56. + Ibid. p. 7.
3 Lettere dell’ elettriciimo, p. 12q.

o
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fays, the gymnotus is poflefled of a kind of
natural electricity, but different from the com-
mon eledricity, in that perfons who touch it
in water are fhocked, and ftunned by it, fo
as to be in danger of drowning. The fith
has been taken, and put into a veflel; when
experiments were made upon it at leifure;
and it was found, that it might be touched
with all fafety with a ftick of {ealing-wax ;
but if it was touched with the naked finger,
or with a piece of metal, and efpecially a gold
ring, held in the fingers, the arm was {hock-
ed as high as the elbow. If it was touch-
ed with the foot, the fenfation reached as high
as the knee, and the pain was as great as
if the part had been ftruck with fomething
hard. This kind of eleétricity is the fame by
night or by day, when the wind is in every
direction, when the fith was put in veflels
of any materials, and whether it was in wa-
ter or out of water, Every part of the body
of the fith is capable of giving this fhock,
but more efpecially the tail. The fenfation
is the ftrongeft when the fith is in motion,
and it is tran{mitted to a great diftance; fo
that if perfons in a fhip happen to dip their
fingers or feet in the fea, when the fith is
fwimming at the diftance of fifteen feet
from them they are affected by it. Other
fithes, put into the fame veflel with it, pre-
fently died; but it is itfelf killed by the
lobfter. The gymnotus is found in the upper
part of the river of Surinam, particularly the

| E k™ rocky
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rocky part of it. It feeds upon all kinds of
fith, and will even eat bread. This authof
propofes as a query whether the {enfation com-
municated by the torpedo does not depend
upon a fimilar ele@ricity; fihce Monfieut
Reaumur fays, that when it is totiched, the
hand, arm, and fhoulder are feized with a
fudden ftupor, which lafts for fometime; and
is unlike any other fenifation *.

Tuis gymnotus, I fuppofe, is a different
fith from the Anguille tremblante, the trembling
ee/, which is alfo a native of Surinam, and
lives in marfhy places, from whence it can-
not be drawn, except when 1t is intoxicat-
ed. It cannot be touched with the hand,

or with a fiick, without feeling a terrible
- ftun, which reaches as high as the fhoulder.
If it be trod upon with fhoes, the legs and
thighs are affected in a fimilar manner. Four-
teen perfons joining hands, and the firft of
them touching it with a ftick, they were all
thocked violently. It is conje€tured that this
power of giving a fhock refides in two mufcles,
which are particularly prominent and confpi-
cuous . |

IT is to be regretted, that none of the per-
fons who have made experiments on thefe
fithes fhould have endeavoured to afcertain
whether they were capable of exhibiting the
phenomena of attratlion and repulfion, or

* Mufchenbroeck’s Introd. ad philofoph. naturalem, No,
gaI—gog.

+ P. Fermin’s Nat. Hift. of Surinam, p. 59.
X the



EXPERIMENTS. 499

the appearance of eleric light, as experi-
ments of this kind are of principal confe-
quence, and muft have been very eafy to
make.

Mgr. HaAMILTON, proﬂ.ﬁbr of Phl[ﬂfﬂph}"
at the univerfity of Dublin, made a curious
experiment with a wire, five or fix inches long,
finely -pointed at each end, To the middle
of this wire he fitted a brafs cap, which reft-
ed on the point of a needle communicating
with the conductor. Half an inch at each
extremity of this wire he bent, in oppofite
directions, perpendicular to the reft of the
wire, and in the plane of the horizon, The
confequence of electrifying this apparatus
was, that the wire would turn round with
very great velocity ; moving, as he fays, al-
ways in a direction contrary to that in which
the electric fluid iffues from its point, with-
out having any conducting fubftance near it,
except the air. He alfo obferves, that if this
wire were made to turn the EDHtI‘ElI'}’ way, it
would ftop, and turn as before * .

Tue fame experiment was alfo made by
Mr. Kinnerfley of Bofton, with this addition,
that he electrified the wire negatively; and
obferved, to his great furprize, that it fiill
turned the fame way. This he endeavoured
to account for by fuppofing that, in the former
cafe, the points, having more electricity than

* Phil. Tranf. Vol. li. pt. ii. p. gos.
Kkz2 the
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the air, were attracted by it; in the latter cafe,
the air, having more than the points, was at-
tracted by them ¥,

IT may, by fome, be thought that this
pointed wire turning the fame way, whether
it be eleCtrified negatively or pofitively, is a
proof that the electric fluid iflues out at the
points in both cafes alike, and by the reattion
of the air is, together with the points, driven
backwards ; contrary to what ought to have
been the cafe if the electric fluid had really
ifflued out of the point in one cafe, and en-
tered it in the other. But it will be found
by experiment, that an eolipile, with its ftem
bent like the wire above mentioned, and {uf-
pended on its center of gravity by a fine
thread, will move in _the {fame diretion,
whether it be throwing fteam out at the ori-
fice; or, after it is exhaufted, and cooling, it
be drawing the air or water in.

Wirn refpett to the power of points, it has
been obferved by Mr. Villette of Liege, that
a needle, concealed in a glafs tube, which
projecled an inch beyond it, takes a ftronger
{park from a prime condu&or than a man’s
finger; alfo that when the points of needles
are covered with tallow, bees-wax, fulphur,
&ec. they take peculiarly ftrong {parks. He
adds, that, when fulphur is ufed, and the
{parks are taken obliquely, they are fometimes
of a beautiful citron colour 7.

* Phil Tranf. Vol. liii. pt. i. p. 86.
4 Wollet’s Letters, Vol. iii. p. z12.

Mr.
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MRr. Lurrin has made an additional ob-
fervation to Monfieur du Fay’s, concerning the
‘different manner in which conduéting and
non-conducting fubftances are affeéted, when
they are expofed to the dew. He fays, that
if a plate of glafs be extended upon filken
threads, and expofed to the open air all night,
and a plate of metal, lefs than the glafs, be
laid upon it, in the morning, the metal will be
dry, and likewife the glafs, on both fides,
exactly under the metal ; but that the edges
of the glafs, where the metal did not reach, will
be wet on both fides *.

T suarr clofe this fection of mifcellane-
ous articles, and the whole hiftory of eletri-
city, with a fuccinét account of fome of
the chief particulars in which the analogy be-
tween eleftricity and magnetifm confifts; very
nearly as it was drawn up, in an abridg-
ment of, Mr, KEpinus, and communicated to
me for this purpofe by Dr. Price.

1. As a rod of iron held near a magnet will
have feveral fucceflive poles; fo will a glafs
tube touched by an excited tube have a {uc-
ceflion of pofitive and negative parts.

2. Bopies pofitively and negatively ele@ri-
cal, when in contact, will unite to one an-
other ; as will magnets, when they are laid
with their oppolite poles to one another.

* Nollet’s Letters, Vol iii. p. 54.

3. GLAss
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3. GLass is a fubftance of a nature fimilar
to hardened fteel. The pofitive and negative
fides of the former anfwer to the attra&ting
and repelling ends of the latter, when magne-
tical. :

4. As it is difficult to move the eleétric fluid
in the pores of the former; f{o, likewife, it
1s difficult to move the magnetic fluid in the
pores of the latter. |

5. As there can be no condenfation of the
eleéric fluid in the former, without a rare-
faction 3 {o, in the latter, if there be a con-
denfation, or pofitive magnetiim in one end
of a bar, there muft be an evacuation, or ne-
gative magnetifm in the other end.

6. STEEL correfponds to eleftrics per fe,
and iron in fome meafure, to condu&ors of
eletricity.

7. STEEL is lefs fufceptible of the magnetic -
virtue, but when it has acquired it, it retains
it more ftrongly than iron; juft as eledirics
per fe will not fo eafily receive the eleétric fluid,
but, when it is forced into them, will retain it
more ftrongly than conductors.

8. Mr. Eprinus adds, and reckons it one
of his difcoveries, that an eleétrified body does
not act on other bodies, except they are them-
felves ele@rified; juft as a magnet will not a&k
on any other fubftances, except they are them=
felves poflefied of the magnetic virtue. So
that an elecirified body attracts and repels an=
~other body, only in confequence of rendering
it firft of all elettrical ; as a magnet attracts

iron,
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iron, only in confequence of, firft of all
making it a magnet.

g. Mr.CanTon has alfo found, that if the
tourmalin be cut into feveral pieces, each
piece will have a pofitive and negative fide,
juft as the pieces of a broken magnet would
have.

Trus far, {ays Dr. Price, there is an ana-
logy, and, in fome inftances, a ftriking one,
between magnetiim and eleélricity, upon the
fuppofition that the caufe of magnetifm is a
fluid. But there is no magnetic fubftance
which anfwers perfecly to the conductors of
electricity. There 1s no afflux or efflux of the
magnetical fluid ever vifible. The equilibrium
in a magnet cannot be inftantaneoully reftored,
by forming a communication between the op-
pofite ends with iron, as it may in charged
glafs, Nor are there any {ubftances pofitively
or negatively magnetical only, as there are

bodies which are pofitively or negatively elec-
trical only.

END OF THE FIRST VOLUME.
























