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myfelf that I thall give pleafure, as well to perfons who

have a tatte for Nataral Philofophy.in general, as to elec
tricians in particular 5 and I hope the work will be of fome ad~
vantage to the feience itelf. - Both thefeends would cettainly be
anfiwered in a confiderable degree, were the execution at all an~
fwerable to the defign.

e hiftory of elericity s a field full of pleafing objedts, ac
cording toall the genuine and univerfal principles of tafte, deduced
from a knowledge of human nature. Scenes like thefe, in which
ywe fee a gradual rife and progrefs in things, slways exhibit &
pleafing fpeftacle to the human mind. Nature, in all her de-
Tightful walks, abounds with fach views, and they are in @ more
efpecial manner conneéted with every thing that relates to human
Jife and happinefs things, in their own nature, the moft in=
terefting to us, Hence it is, that the power of affociation has
annexed crouds of pleafing fenfations to the contemplation of
every obje@, in which this property s apparent,

! . o il

IN swriting the biflory and prefent flate. of elediricity, 1 flatter

Tuis
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ii THE" PREFACE.

Tus pleafure, likewife, bears a confiderable refemblance to
that of the fublime, which is one of the moft exquifite of all
thofe that affect the human imagination. For an object in which
we fee a perpetual progrefs and improvement is, as it were, con-
tinually 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 futarity; which is
a profped really boundlefs, and fublime.

Te pleafures arifing from views exhibited in civi, natural,
and philofophital hiftory are, in certain refpects, different from
one another. ~ Each has its advantages, and cach its defedts : and
both their advantages and defets contribute to adapt them to dif-
ferent claffes of readers.

Crve hiftory prefents us with views of the ftrongeft pafiions
and fentiments of the human mind, into which cvery man can
eafily and pecfe@tly enter ; and with fuch incidents, refpecting
happinefs and mifery, as we cannot help fecling would alarm and
affect us in a very fenfible manner ; and thercfore, we are at
prefent alarmed and affected by them to a confiderable degree.
Hence the pleafure we receive from civil hiftory arifes, chicfly,
from the exercife it affords our pafiions. The imagination i
only entertained with feenes which occafionally fart up, like in-
terludes, or epifodes, in the great drama, to which we are prin-
cipally attentive. Weare prefented, indeed, with the profpet of
gradual improvement during the rife of great  empires 3 but, as
we read on,  we are obliged to contemplate the difagrecable re-
verfe. And the hiftory of moft flates prefents nothing but a
tedious uniformity, without any friking events, to divertify
and embellith the profpedt. Befides, if a man have any fentiment
of virtue and benevolence, he cannot help being fhocked with a
view of the vices and mifrics of mankind ; which, though they

be
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THE PREFACE. iii

be not all, are certainly the moft glaring and firiking objedts in
the hiftory of human affairs.  An attention, indecd, to the con-
duc of divine providence, which is ever bringing good out of
evil, and gradually conduling things to a more perfeét and
glorious ftate, tends to throw a more agreeable light on the more
gloomy parts of hiftory, but it requires great ftrength of
mind to comprehend thofe views ; and, after all, the feclings of
the heart too often over power the conclufions of the head.
Narurar hiftory exhibits a boundlefs varicty of fcenes, and
yet infinitely analogous to one another. A naturalift has, con-
fequently, all the pleafure which the contemplation of uniformi-
ty and variety can give the mind; and this is one of the moft
copious fources of our intelleétual pleafures. He is likewife en-
tertained with a profpec of gradual improvement, while he fees
every object in nature rifing by due degrees to its maturity and per-
fection.  And while new plants, new animals, and new fofils
are perpetually pouring in upon him,  the moft pleafing views of
the unbounded power, wifdom, and goodnefs of God are con-
ftantly prefent to his mind. But he has no direét view of human
fentiments and buman ations ; which, by means of their endlefs
aflociationgy greatly heighten and improve all the pleafares of
tafte. g
Tz hiftory of philofophy enjoys, in fome meafure, the ad-
vantages both of civil and natural hiftory, whereby it is relieved
from what is moft tedious and difgufting in both. Philofophy
exhibits the powers of nature, difcovered and diretted by human
art. It has, therefore, in fome meafiire, the boundlefs yariety
with the amazing uniformity of the one, and likewife every
thing that is pleafing and interefting in the other.  And the idea
of continual rife and improvement is confpicuous in the whole
az fudy,
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iv THE PREFACE.

ftudy, whether we be attentive to the part which nature, or
that which men are a@ing in the great fcene.

Ir is here that we fee the human underftanding to its greateft
advantage, grafping at the nobleft objedts, and increafing its
“own powers, by acquiring to itfelf the powers of nature, and
directing them to the accomplithment of its own views ; where-
by the fecurity, and happine§s of mankind are daily improved.
Human abilities are chiefly confpicuous in adapting means to
ends, and in deducing one thing from another by the method of
analogy 3 and where fhall we find inftances of greater fagacity,
than in philofophers diverfifying the fituations of things, in order
to give them an opportunity of fhowing their mutual relations,
affetions, and influences; deducing one truth and one difcovery
from another, and applying them all to the ufeful purpofes of
human life.

Ir the exertion of human abilities, which cannot but form
2 delightfal fpectacle for the human imagination, give us plea-
fure, we enjoy it here in a higher degree than while we arc
contemplating the fchemes of warriours, and the ftratagems of
their bloody art. Befides, the objeét of philofophical purfuits
throws a pleafing idea upon the fcenes they exhibit ; whereas a
reflection upon the real objects and views of moft ftatefmen and
conquerors cannot but take from the pleafure, which the idea
of their fagacity, forefight, and comprehenfion would otherwife
give to the virtuous and benevolent mind. Laftly, the invefti-
gation of the powers of nature, like the ftudy of Natural
Hiftory, is perpetually fuggefting to us views of the divine per-
fections and providence, which are both pleafing to the imagi-
nation, and improving to the heart.

Bur though other kinds of hiftory may, in fome refpecs,
vie with that of philofophy, nothing that comes under the de-

‘nomination
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‘“THE PREFACE. v

‘nomination of hiftory can exhibit inftances of fo fine a rife and
improvement in . things, as we fee in the progrefs of the human
mind, in philofophical inveftigations. To whatever height we
bave arrived in natural fcience, our beginnings were very low,
and our advances have been exceeding gradual. And to look
down from the eminence, and to fee, and compare all thofe
gradual advances in the afcent, cannot but give the greateft
pleaure 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 feience 5
that the mountain fill afcends beyond out fight, and that we
are, in fa@, not much above the foot of it, a view of the man-
ner in which the afcent has been made, cannot but animate us
in our attempts to advance fiill higher, and fuggeft methods
and expedients to afift us in our further progrefs.

GreaT conquerars, we read, have been both animated, and
allo, in a great meafure, formed by reading the exploits of
former conquerors.  Why may not the fame effeét be expected
from the hiftory of philofophy to philofophers? May not even
more be expected in this cafe ? The wars of many of thofe con-
querors, who received this advantage from hiftory, had no pro-
‘per connedion with former wars : They were only analogous to
them. Whereas the whole bufinefs of philofophy, diverfified
asit is, is but ones it being one and the fame great {cheme,
¢hat all philofophers, of all ages and nations have been conduét-
ing, from the beginning of the world; fo that the work being
the fame, the labours of one are not only analogous to thofe of
another, but in an immediate manner fabfervient to them ; and
one philofopher fucceeds another in the fame ficld ; s one Ro-
man proconfal fucceeded another, in carrying on the fume war,
and purfuing the fame conqueRs, in the fme country.  In this
§ cale,
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vi THE PREFACE.

cafe, an intimate knowledge of what has been done before us
cannot but greatly facilitate our future progrefs, if it be not ab-
folutely neceflary to it.

Tuzse hiftories are evidently much more neceffary in an
advanced ftate of feience, than in the infancy of it. At prefent
philofophical difcoveries are o many, and the accounts of them
are {0 difperfed,  that itis not in the power of any man to come
at the knowledge of all that has been done, as a foundation for
his own inquiricis. And this circumftance appears to me to have
very much retarded the progrefs of difcoverics.

Nor that I think philofophical difcoveries are now at a ftand.
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 fireets makes a great figure, is
much talked of, and known to every body ; whereas the addi.
tion of, perhaps, twice as much building, after it has been
felled to a confiderable fze, is not fo much as taken notice of,
and may be really unknown to many of the inhabitants. If the
additions which have been made to the buildings of the city of
London, in any fingle year of late, had been made two or three
centuries ago, it could not have efcaped the obfervation of hifto-
rians; whereas, now, they e fo feattered, and the proportion
they bear to the whole city is fo fmall, that they. are hardly
notieed.  For the fume reafon, the improvements that boys
make at {chool, o that young gendlemen make at an academy,
or the univerfity, are more taken notice of than all the knosy.
ledge they acquire afterwards, though they continue. their
ftudies with the fame affiduity and fuccefs.

Tus hiftory of experimental philofophy, in the manner in

which
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THE PREFACE. vii

which it ought o be written, to be of much ufe, would bean
immenfe work; but it were much to be withed, that perfons
who have leifure, and fafficient abilities, would undertake it in
feparate parts. I have executed it, in the beft manner I have
been able, for that branch which has been myown favourite
amufement ; and I fhall think myfelf happy, if the attempt
excite other perfons to do the like for theirs.

1 canwor help thinking myflf to have been peculiarly for-
tunate, in undertaking the hiftory of cle@ricity, at the moft
proper time for writing it, when the materials were neither too
few, nor too many to make  hiftory 5 and when they were fo
feattered, as to make the undertaking highly defirable, and the
work peculiarly ufeful to Englifhmen.

I Likewise think myfIf peculiarly happy in my fubject it-
If. Few branches of Natural Philofophy would, I think,
make fo good a fubjeét for a hiftory. Few can boaft fuch a
‘number of difcoveries, difpofed in fo fine a ferics, all comprifed.
in fo fhort a fpace of time, andall f recent, the principal ac-
tors in the fcene being fill living.

Wirs feveral of thefe principal aétors it has been my fingular
Tonour and happinefs to be acquainted 5 and it was their appro-
bation of my plan, and their generous encouragement that in-
duced me to undertake the work. With gratitude I acknowledge
my obligations to Dr. Watfon, Dr. Franklin, and Mr. Canton,
for the books, and other materials with which they have fup~
plicd me, and for the readinels with which they have given me
any information in their power to procure. In a more. efpecial
manner am I obliged to Mr. Canton, for thofe original commu-
nications of his, ‘which will be found in this work, and which
cannot fail o give a value (o it, in the efteem of all the lovers of
elefiricity. My grateful acknowledgments arealfo due to the

] Rev.

VVABHSC



viii THE PREFACE.

Rev. Mr. Price F. R. §. and to the Rev. Mr. Holt, our pro-
feffor of Natural Philofophy at Warrington, for the attention
they have given to the work, and for the many important fervices
they have renderedime with refpect to it.

To the gentlemen above-mentioned the public is, Tikewife,
indebted for whatever they may think of value in the original
experiments which I have related of my own. Tt was from con
verfing with them that I was firft led to entertain the thought
of attempting any thing new in this way, and it was their ex-
ample, and favourable attention to my experiments, that ani
mated me in the purfuit of them. In fhort, without them,
neither my experiments, nor this work would have had ‘any
exiftence.

Thae hiftorical part of this work, the reader, I hope, will
find to be full and circumftantial, and at the fame time fucciné.
Every new fa, or important circumftance, I'have noted as it
arofe ; but I have abridged all long details, and have carefully
aveided all digreflions and repetitions. - For this purpofe, T have
perufed every original author, to which I could have recourfe 5
and every quotation in the margin points to the authority that I
myfelf confulted, and from which the account in the text was
attually taken. Where Icould not procure the original authors,
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, I have gencrally given the reader
his own words, or_ the plaineft tranflation I could make of
them s and this Thave done, not only in dire@ quotations,
but where, by a change of perfon, I have made the language
my own.

Laaps it arule to myfelf, and I think I have conflandly
adhered to it to- take no notice of the miftakes, mifapprehen-

fions,
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THE PREFACE. ix

fions, and altercations of ele@ricians ; except fo far as, T appre-
hended, a knowledge of them might be ufeful. to theic fucceffors.
All the difputes which have no way contributed to the difcovery
of truth, I would gladly confign to eternal oblivion. Did it de=
pend upon me, it fhould never be known to pofterity, that there
had ever been any fuch thing as envy, jealoufy, or cavilling
among the admirers of my favourite ftudy. 1 have, as far as my
beft judgment could dire@ me, been juft to the merits of all
perfons concerned. If any have made unjuft clainis, by arrogating
to themfelves the difcoverics of others, T have filently " reftored
them to the right owner, and generally without fo much as giv-
ing a hint that any injuftice had ever been committed. If Lhave,
in any cafe, given a hint, I hope it will be thought, by the of-
fending parties themfelves, to be a very gentle onc; and that it
will be & memento, which will not be without its ufe.

I maixk Lhave kept clear of any mean pastiality towards my
own countrymen, and even my own acquaintance. If Englith
authors arc oftner quoted than foreign, it is becaufe. they were
more eafily procured : and I have found a difficulty T could not
have expedted, in procuring forcign publications upon this fub~
jedt,

I #1xp itimpofiible to write a preface to this work, without
difcovering a little of the enthufiafn which I have contracted
from an attention to it, by exprefling my withes, that more per-
{ons, of a ftudious and retired life, would admit this part of ex~
perimental philofophy into their fudies.  They would find it
agresably to diverfify a courfe of ftudy, by mixing fomething of
adion with fpeculation, and giving fome employment to the hands
and arms, as well as to the head.  Elecrical experiments are, of
all others, the cleancft, and the moft elegant, that the compas
nfphxlnfoyhy exhibits. They et performed with the leaft trou-

ble,

VVABHSC




x THE PREFACE:

ble, there is an amazing variety in them, they farnith the moft
pleafing and furprifing for the i of one’s
friends, and the expence of inftruments may. well” be. fupplicd,
by a proportionable deducion from the purchafe of books, which
are generally read and laid afide, without yiclding half the cn-
tertainment.

Tz inftraction we are able to get from books is, compara-
tively, foon exhaufted ; but philofophical infiruments are an.
endlefs fand of knowledge. By philofophical inftruments, how-.
ever, Ido not here mean the globes, the orrery, and others,
which arc only the means which ingenious men  have hit upon,
to explain their own conceptions of things to others ; and which,
therefore, like books, have no ufes more extenfive than the views
of human ingenuity ; but fuch as the aif pump, condenfing en-
gine, pyrometer, &c. (with which ele@rical machines are to be
ranked) and which exhibit the operations of nature, that is of
the God of nature himfelf, which ar 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 ation
are obferved, and the moft important difcoveries may be made 5
fuch as thofe who firft contrived the inftrument could have no
idea of.

In eledricity, in particalar, there is the greateft room to make
new difcoverics. It is a field but jufk opened, and requires no
great flock of particular preparatory knowledge: fo that any
perfon who is tolecably well verfed in experimental philofophy,
may prefently be upon a level with the moft experienced electri
cians. Nay, this hiftory fhows, that feveral raw adventurers
have made themfelves as confiderable, as fome who have been,
in other refpects, the greateft philofophers. T need not tell my

reader
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reader of how great weight this confideration is,  to induce him
€0 provide himfelf with an elecirical apparatus.  The pleafure
arifing from the moft trifing difcoveries of onc’s own, far exceeds
what we receive from underftanding the much more important
difcoveries of others; and & mere reader has no chance of finding
new truths, in comparifon of him who now and then amufes
‘himfelf with philofophical experiments.

‘Humax happinefs depends chiefly upon having fome object to
purfue, and upon the vigour with which our faculties arc cx-
erted in the purfuit.  And, certainly, we muft be much more
intereted in purfuits wholly our own, than when we are merely
following the track of others.  Befides, this pleafure has rein-
forcements from a variety of fotirces, which I fhall not here un-
dertake to trace; but which contribute to heighten the fenfation,
fur beyondany thing elfe o this kind that can be experienced by
a perfon of  fpeculative turn of mind.

Tz is a great recommendation of the fady of elegricity,  that
it now appears to be, by no means, a fmall object.  The clec-
tric fluid is no local, or occafional agent in the theatre of the
world,  Late difeoverics thow. that. its prefence and efiedts are
every where, and that it acts a principal part in the grandeft and
moft interefting fcencs of nature. . It is not, like. magnetifin,
confined to one kind of bodies, but every thing we know is o
conduéor or non-conductor of elegtricity. . Thefe are properties
as effential and important as any they, arc poflefied of, and can
hardlyfail to thow themfelyes wherever the bodies are concerned.

Hirnexro philofophy has been chiefly converfant about the
more fenfiblepropertics. of bodics; cledtricity, together. with
chymifley, and the dofirine of light and colours, feems to, be
giving us an inlet into_ their internal fructure, on which all
theit. fenible properties depend. By purfuing this new light,

bz there-
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xii THE PREFACE.

therefore, the bounds of natural feience may poffibly be extend-
ed, beyond what we can now form an idea of. New worlds
‘may open to out view, and the glory of the great Sir Ifaac New-
ton himfelf, andall his contemporaries, be eclipfed, by a new
fet of philofophers, in quite a new field of fpeculation.  Could
that great man revifit the carth, and view the experiments of
the prefent race of cle@ricians, he would be no lefs amazed
than Roger Bacon, or Sir Francis would have been at his.
The ele@ric fhock itfelf, if it be confidered attentively, will
appear almoft as furprifing, as any difcovery that he made;
and the man who could have made that difcovery, by any rea-
foning a priori, would have been reckoned a very great genius:
but eletrical 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 fim-
ple eledric fhock would have appeared fo extraordinary to Sir
Ttaac Newton, what would he have faid upon fecing the effets
of a modern ele@rical battery, and an apparatus for drawing
lightning from the clouds! What inexpreflible pleafure would
it give a modern cle@rician, were the thing poffible, to enter-
tain fuch a man as Sic Ifaac for a few hours with his principal

experiments |
To return from this excurfion to the bufinels of a preface :
Befides relating the hiftory of eleétrical difcoveries, in the order
in which they were made, I thought it neceffary, in order to
‘make the work more ufeful, efpecially to young clectricians, to
fubjoin a methodical treatife on the fubjedt, containing the fub-
flance of the hiftory in another form, with obfervations and
inftructions of my own. The particular ufes of thefe parts of
the work are exprefied at large in the introductions to them,
“And,
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And, in the laft place, T ave given an account of fuch original
experiments as T have been fo fortunate as to hit upon myfelf.

TiniTee the work the bifory and prefent. fate of cledlricity s
and whether there be any more editions of the whole work or
not, care will be taken to preferve the propricty of the title,
by occafionally printing ApBITIONS, in the fame fize, 15 new
difeoverics are made ;. which will always be. fold at a reafonable
price to the purchafers of the book ; or given gratis, if the bulk
be inconfiderable.

Conepsiriine what relpecable penfons hove, alceady honorr.
ed this work with their valuable communications, I hope it will
not be deemed arrogance in me, if I here adverti, that if any
perfon fhall make difcoveries in elediricity, which he would chufe
to fec recorded in this hiftory, he will oblige me by a commu-
nication of them 5 and if they be really original, a proper place
fhall certainly be affigned to them in the next cdition, or paper
of additions. . And I hope that, if eletricians in general would
fall into this method, and. make cither a periodical, or occafi-
onal, but joint communication of their difcoverics o the pub-
Tic, the greateft advantage would thence accrue to the feience.

Tup bufinefs of philofophy is fo multiplied, ~that all. the
books of general philofophical tranfactions cannot be purchafed
by many perfons, or read by any perfon. It is high time to
Jubdivide the bufinefs,  that every man may have an opportunity,
of {ecing every thing that relates to his own favourite purfuit :
and all the various branches of philofophy would find their ac-

_ count in this amicable feparation. Thus the numerous bran-

ches of a large overgrown family, in the patriarchal ages, found
it neceffary to feparate ; and the convenience of the whole, and
the ftrength, and increafe of cach branch were promoted by
the feparation. Let the youngeft daughter of the fciences fet

the
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xiv THE PREFACE.

the example to the reft, and how that fhe thinks herfelf con-
fiderable enough to make her appearance in the world without
the company of her filters.

Bur before this general feparation, let each collec together
every thing that belongs to her, and march off with her whole
fock.  To drop the allufion : let hiftories be written of all that
has been done in every particular branch of feience, and let the
whole be feen at one view. And when once the entire progrefs,
and prefent ftate of every fcience fhall be fully and fairly exhibit=
ed, T doubt not but ‘we (hall fee a new and capital @ra com-
mence in the hiftory of all the fciences. Such an eafy, full,
and comprehenfive view of what has been done hitherto could
ot fuil to give new life to philofophical inquiries. *T¢ would
fuggeft an infinity of new experiments, and would undoubtedly
greatly aceclerate the progrfs of knowledge ;- which is at pre-
fent retarded, as it were, by 'its ‘own weight, ‘and! the mutual
entanglement of is feveral parts.

1 wiLt juft throw out a farther hint, of what, I think,
might be favourable to the increafe of philofophical knowledge.
At prefent there are, in different countries in Europe, large in-
corporated focietics, with funds for promoting philofophical
Kknowledge in general.  Let philofophers now  begin: to fubdi-
vide themfelves, and enter into fmaller combinations. Let the
feveral companics make fmall funds, and appoint a diretor of
experiments.  Let every member have a right to appoint the
trial of experiments in fome proportion to the fam e fubfribes,
and let a periodical account be publifhed of the refult of them
all, fuccefsful or unfuccefsful. ~ In this manner, the powers of
2ll the members would be united, and increafed. Nothing
would be left untried, which could be compaffed at 2 moderate
expence, and it being one. perfon's bufingfi to attend to thefe ex-

periments,
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periments,  they would be made, and reported without lofs of
time. . Moreover, as all incorporations in thefe fmaller focicties
fhould be avoided, they would be encouraged only in proportion
as they were found to be ufefal ; and fucces in finallec things
would excite them to attempt greater.

I 5y no means difspprove of large, general and incorporated
focieties.  They have their peculiar ufes t00 5 but we fee by ex=
perience, that they arc aptto grow 100 Jarge, and their forms arc
100 flow for the difpatch of the minutie of bufinefs, in the pre-
fent multifarious ftate of philofophy. Let recourfe be had to
rich incorporated focictics, to defray the expence of experiments,.
to which the funds of fmaller focicties fhall be unequal. Let
their tranfactions contain a fummary of the more important dif-
coveries, colle@ied from the fmaller periodical publications, Let
them, by rewards, and other methods, encourage thofe who
diftinguith themfelves in the inferior focietics 5 and thus give
ageneral attention to the whole bufinefs of philofophy.

T wis all the incorporated philofophical focieties in Europe
wouldjoin their fands (and L with they were fuffcient for the pur-
pofe) to fit out thips for the complete difcovery.of the face of the.
eath, and for many capital experiments which can only be made
in fuch extenfive voyages.

Pruxces will never do this great bufinefs to any purpofe. The
fpirit of adventure feems to be totally extindt in the prefent race
of merchants. This difcovery is a grand defideratum in fcience 5
and where may this pure and noble enthufiafm for fuch difcove-
ries be expeced but among philofophers, men uninfluenced by
amotives either of policy or gain? Let us think ourfclyes happy
3 princes give no obftraction to fuch defigns. Let them fight
for the countries when they are difcovered, and let merchants
feramble for the advantage that may be made of them., It will

be
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be an acquifition to philofophers if the feat of war' be removed
fo far from the feat of feience 5 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 trafiickis unhinged, and when
new and more extenfive plans of commerce take place. T con-
gratulate the prefent race of philofophers on what is doing by the
Englith court in this way ; for with whatever view expedients
into the South feas are made, they cannot but be favourable to
philofophy.

Naruiar Philofophy is a feience which more efpecially re-
quires the aid of wealth, Many others require nothing but what
2 man’s own reflection may farnith him with. . They who culti-
vate them find within themfelves every thing they want. But
experimental philofophy is'not fo. independent.  Nature will
not be put out of hér way, and faffer her materials to be thrown.

into all that variety of fituations, which philofophy. requires, in

order to difcover her wonderful powers, without trouble and
expence.  Hence the patronage of the great is efiential to the
fourithing ftate of this feience.  Others may project great im-
provements, but they only have the power of carrying them into
execution.

Besipes, they are the higher claffes of men which are moft
interefted in the extenfion of all kinds of natural knowledges as
they are moft able to avail themfelves of any difcoverics, which
lead to the felicity and embellithment of human life. - Almoft all
the elegancies of life are the produce of thofe polite arts, which
could have had no exiftence without natural fcience, and which
reccive daily improvements. from the fame fource. From the
great and the opulent, therefore, thefe {ciences have a natural
claim for protetion; ‘and itis evidently their intereft, ‘not to
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fuffer promifing inquiries to be fafpended, for want of the
‘means of profecuting them.

Bur other motives, befides this elfith one, may reafonably be
fuppofed to attach perfons in the higher ranks of life to the fei-
ences ; motives more exalted, and flowing from the moft exten~
five beneyolence. From Natural Philofophy have flowed all
thofe great inventions, by means of which mankind in general
arc able to fubfift with more eafe, and in greater numbers upon
the face of the earth.  Hencearife the capital advantages of men
above brutes, and of civilization above barbarity. And by thefe
feiences alfo it is, that the views of the human mind itfelf arc
enlarged, and our common nature improved and enobled. - It is
for the honour of the fpecies, - therefore, that thefe fciences
fhould be cultivated with the utmoft attention.

Axp of whom may thefec enlarged views, comprehenfive
of fich great objedls, be expeded, but of thofe whom divine
providence has raifed above the reft of mankind. . Being free
from moft of the cares. peculiar to individuals, they may em-
brace the interefts of the whole fpecies, fecl for the wants of
mankind, and be concerned to fupport the dignity of human
nature.

Grapwy would I indulge the hope, that we fhall foon fee
thefe motives operating in a more extenfive manner than they
have hitherto done;; that by the illuftrious example of a few,
a tafte for natural fcience will be excited in many, in whom
it will operate the moft effectually to the advantage of feicnce
and of the world ; and that all kinds of philofophical inquirics
will, henceforward, be conduéted with more fpirit, and with
more fuccefs than ever. /

Wi 1 to purfue this fubjet, it would carry me far beyond
the reafonable bounds of a preface. I fhall therefore conclude

c wit
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with mentioning that fentiment, which ought to be uppermoft
in the mind of every philofopher, whatever be the immediate
objec of his purfuit; that (peculation is only of ufe as it leads to
pratfice, that the immediate ufe of natural feience is the power
it gives us over nature, by means of the knowledge we acquire
of its laws ; whereby humanlife is, in its prefent flate, made
more comfortable and happy ; but that the greateft, and nobleft
ufe of philofophical fpeculation is the difcipline of the heart, and
the opportunity it affords of inculcating bencvolent and pious
fentiments upon the mind.

A prrosornER ought to be fomething greater, and better
than another man.  The contemplation of the works of God
fhould give a fublimity to his virtue, fhould expand his bene-
volence, extinguifh every thing mean, bafe, and felfifh in his
natare, give a dignity to all his fentiments, and teach him to
afpire to the moral perfedtions of the great author of all things.
What great and exalted beings would philofophers be, would
they but let the obje@s about which they are converfant haye
their proper moral effeét upon their minds! A life fpent in the
contemplation of the productions of divine power, wifdom, and
goodnefs, would be a life of devotion. The more we fee of
the wonderful firucture of the world, nd of the laws of nature,
the more clearly do we comprehend their admirable ufes, to
make all the percipient creation happy : a fentiment, which
cannot but fil the heart with unbounded love, gratitude, and
joy-

Even every thing painful and difsgreeable in the world ap-
pears to a philofopher, upona more attentive examination, to
be excellently provided, as a remedy of fome greater inconye-
mience, 07 a necelfary means of a much greater happinefs ; fo
that, from this clevated point of view, he fees all temporary

evils
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evils and inconveniences to vanifh, in the glorious profpect of
the greater good to which they are fubfervient. ~ Hence he is
able to venerate and rejoice in God, not only in the bright fin
fhine, but alfo in the darkeft fhades of nature, whereas vulgar
‘minds are apt to be difconcerted with the appearance of evil.

Now is the cultivation of picty ufeful to us only as e, it is
even ufeful to us as philyfiphers: and as true philofophy tends to
promote piety, {0 a generous and manly piety is, reciprocally,
fabfervient to the purpofes of philofophy ; and this both in &
diredt, and indireé manner. While we keep in view the great
final caufe of all the parts and the Jaws of nature, we have fome
clue, by which to trace the cfficient canfe. This is moft of all
obvious in that part of philofophy which refpeéts the animal
creation.  As the great and excellent Dr. Hartley obferves.
« Since this world is a {yftem of benevolence, and confequently
«its author the objeét of unbounded love and adoration, bene~
< yolence and picty are our only true guides in our inquiries
«into it; the only keys which will unlock the myfterics of
« nature, and clues which lead through her labyrinths. OF
< this all branches of natural hiftory, and natural philofophy
< afford abundant inflances. In all thefe inquirics, let the in~
« quirer take it for granted previoufly, that every thing is right,
« and the beft that can be ceeris manentibus; that is, let him,
« with a pious confidence, feck for benevolent purpofes, and
« hewill be always dire@ted to the right road ; and aftera due
< continuance in it, attain to fome new and valuable truth :
« whereas every other principle and motive of examination,
« being foreign to the great plan on which the univerfe is con-
“ firuted, muft lead into endlefs mazes, errors, and per-
< plexities. *

* Harley's Oblervations on Mas, Vol. 2. p. 245,
c2 Witk
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Wit refpect to the indire ufe of piety, it muft be obferv-
ed, that the tranquility, and chearfulnefs of mind, which re-
fults from devotion forms an excellent temper for conducting
philofophical inquiries; tending to make them both more plea-
fant, and more fuccefsful. The fentiments of religion and piety
tend to cure the mind of envy, jealoufy, conceit, and every
other mean paffion, which both difgrace the lovers of feience,
and retard the progrels of if, by laying an undue bias upon
the mind, and diverting it from the calm purfuit of truth.

LasTry, let it be remembered, that a tafte for fcience, pleaf-
ing, and even honourable as it is, is not one of the higheft
paffions of our nature, that the pleafures it furnifhes are even
but one degree, above thofe of fenfe, and therefore that tem.
perance is requifite in all fcientifical purfuits. ~ Befides the duties
of every man’s proper flation in life, which ought ever to be held
facred and inviolate, the calls of piety, common friendhip,
and many other avocations ought generally to be heard before
that of fludy. It is, therefore, only a fmall fhare of their
leifure, that moft men can be jultified in giving to the purfuit
of feience 5 though ¢his fhare is more or lefs, in proportion to
a man’s fituation in life, his natural abilities, and the opportu-
nity he bas for conducting his inquiries.

Tsuacz conclude with another paffage from Dr. Hartley to-
this purpofe. < Though the purfui of truth be an entertain-
“ ment and employment fuitable to our rational natures, and a
“ duty to him who is the fountain of all knowledge and truth,
“ yet we muft make frequent intervals and interruptions ; elfe
« the ftudy of (cience, without a view to God and our daty, and
« from & vain defire of applaufe, will get poffefion of our
« hearts, engrofs them wholly, and by taking decper root than
« the purfuit of vain amufements, become, in the end, a much

“ more
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« more dangerous, and obftinate evil then that. Nothing can
« cafly exceed the vain-glory, felf-conceit, arfogance, cmula-
« tion, and envy, that are found in the eminent profeffors of the
« feiences, Mathematics, Natural Philofophy, and even Divi-
« nity itflf. Temperance in thefe fudics is, therefore, cvi-
« dently required, both in order to check the rifc of fuch ill
« paffons, and to give room for the cultivation of other cffen
e il parts of our natares. Tt is with, thefe plealures a5 with
« the fenfible ones our appetites muft not be made the med-
« fure of our indulgence, but we ought to_ refe all to a bigher
« rule.

“ Bur when the purfuit of troth is directed by this higher
« rule, and enteced upon with a view to the glory of God, and
¢ the good of mankind, therc is no employment more worthy
« of oue naturcs, o more conducive to_ their purification and
« perfedtion. *

* Hartley’s Obfervations on Man, Val. 2. p. 255, &

‘WARRINGTON,
| Marew 67
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Concerning the fecond Edition ; and fome
Additions to it.

HE method I took to diftinguith the books I had feen from
T thofe I had not feen, in the catalogue of cle@ric authors,
fubjoined to the firft edition of this work, has been attended with
the advantage I promifed myfelf from it; feveral perfons, who
were in poffefiion of the books I had ot feen, having communi~
cated them to me ; and I have carefully perufed them, and di-
gefted their contents into this fecond edition. Far the greater
part of thefe new authors, the reader will perceive by the cata-
logue, were German, and wrote in high Dutch, a language with
which, T believe, the literati of this country are but little ac.
quainted, which might be the reafon why neither myfelf nor my
friends had ever heard of them before. Though the new mate.
rials they have fupplied canniot be faid to be of the firft jm-
portance, many of the artiles 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.

Iz is certainly. much to be regretted that philofophers haye
not one common language; but ncither the theory of langusge
in general, nor the nature and analogies of things to be expreffed
by it are yet fufficiently underftood, to enable us to contrive g
new and philofophical one, which might be eafily learnt, and
would be completely adequate o all the purpofes of feience ; and
Latin is a language which perfons of a philofophical tarn of

mind
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mind have feldom leifure to make themfelves fo much mafters
of, as to write in it with that elegance which the tafte of the
age requires.  Befides books written in Latin are but litle read,
at leaft, in England; and therefore could have no fale with us.
Thefe circumftances make it the more neceffary, that there
fhould be, in every. country, perfons poffeficd 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. Befides the improve-
ments in the hiftory, and other parts of this work, the reader
will find, in this edition, an addition of three intire fe&ions of
original experiments. . All that are of the leat confequence are
printed, and fold feparately, for the beneft of thofe who puc-
chafed the firft edition.

As T did not receive the new edition of Dr. Franklin's Letters,
1ill near one half of this work was printed off, I am obliged to
add, in this place, a few things, which I could have withed to
have inferted in the period which relates to his difcoverics.

Tite power of points to throw off the clediric fire was com=
municated to Dr, Franklin by his friend Mr. Thomas Hopkis
fon, who elerified an iron. ball of three or four inches diameter
with a needle faftened to it, cxpe@ing to draw a {tronger fpark.
from the point, as from a kind of focus, but was furprifed to
find little or none, p. 5.

Tre manner in which Dr. Franklin firft conceived the prac-
ticability of drawing lightning from the clouds may be feen from
an extra@ which he has given us from his memorandums. No~
vember 7th. 1749 After enumerating all the known points of
refemblance between lightning and ele@ricity, he concludes
with faying, the cle@iric floid is attra@ted by points. We do

not
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not know whether this property is in lightning, but fince they
agree in all the particulars wherein we can alrcady compare
them,  is it not probable that they agree likewife in this? Let
the experiment be made, p. 323.

Prorzssor WinTazop obférved his apparatus to be ftrongly
eledtrified for feveral hours, while the fow, which fell the day
before (and which had not elerified his apparatus while it was
falling) was driven about by a high wind. . This he had obferved
twice before, p. 434

Dxz. Franxui advifes perfons who are apprehenfive of dan-
ger from lightning to fit in the middle of a room (provided it be
Dot under a metal luftre fufpended by a chain) fitting on one
chair, and laying their feet upon another. It is ftill fafer, he
fays, to bring two or three matrefles, or beds, into the middle
of the room, and, folding them up 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 s but the fafeft
place of allis ina hammock hung in filken cords, at an equal dif-
tance from all the fides of the room, p. 484. I would add, that
the place of moft abfolute fafety muft be the cellar, and efpeci-
ally the middle of it ; for when a perfon is lower than the furface
of the earth, the lightning muft firike it before it can pofibly
reach him. :

Tz Dodlor thinks that, pofiibly, the mutual repulfion of the
oppofite fides of the cletrified cup (fee p..709) may prevent the
accumulation of an cle@ric atmofphere upon them, and occafion
it to fand, chiefly, on the outfide. But he recommends it to the
farther examination of the cutious, p. 3264

EDS,
JaNuARY 1769,
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AND PRESENT STATE OF
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PART L
Tue HisTory oF ELECTRICITY.
PERIOD I
Axp In zL ¥ rRIOR TO
THosE of Mr. HAwkEsBEE.

HE 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 philofophy, who flourifhed
about fix hundred years before Chrift, was fo much ftruck with
this property of amber, that e imagined it was animated. But
the firlt writer, who expreflly mentions this fubftance, is Theo-
phratus, who fourifhed about the year 300 before Chrift, He
fays, in his book concerning precious flons, fect. 53, that
 amber (which he fuppofes to be a native foffil) has the fame
property of attracting light bodies with the lyncurium; which,

B he

UVVABHSC



2 THE DISCOVERIES Part I

he obferves, attracts not only ftraws, and fmall pieces of flicks,
but even thin pieces of copper and iron. What he fays farther
of the Iyncurium will be related under thearticle of the fourmalin,
which Dr. Watfon has, in a manner, proved to be the fame
fubftance.

Frou warme, the Greek name. for amber, is derived the term
Bueczaieiry, which is now extended to fignify not only the
power of attrating light bodies inherent in amber, but other
powers connected with it, in whatever bodies they are fuppofed
to'refide, or to whatever bodies they may be communicated.

Tz attradtive nature of amber is occafionally mentioned by
Pliny, and other later naturalifis; particularly by Gaffendus,
Kenelm Digby, and Sir Thomas Brown's but excepting the clec..
wricity of the fubftance called jet;* the difcovery of which was
very late (though I have not been able to find its author) no ad-
vances were made in elericity till the fabje@ was undertaken
by William Gilbert, a native of Colchefter, and a phyfician at
London; who, in his excellent Latin treatife de magnete, pub-
lithed in the year 1600, relates a great variety of elecirical expe-
siments. Confidering the time in which this suthor wrote, and
how little was known of the fubjeét before him, his difcoveries
may be juflly deemed confiderable, though they appear trifing
when compared with thofe which have been made fince his time,

To him we owe a great augmentation of the lift of eledric
bodies, as alfo of the bodies on which ele@rics can aét; and he
has carcfully noted feveral capital circamftances relating to the
manner of heir action, though his theory of eledtricity was very
imperfe®t, as might be cxpected.

“Mr. Bofeis faid to have fhown, that the agate was very early known to have ele@iric
powers. - Gefehichte, Vol 1. p. 379.
Amzer’
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" Perios I OF GILBERT. 2
Awsex and jet were, as Tobferved before, the only fubftances
which, before his time, were known to have the property of
\attrating ‘light bodies when rubbed; but he found the fame
property in the diamand, fupphire, carbuncle, iris, amethyft, opal,
' wincentina, Briflol flone, beryl, and chryfial.  Healfo obferves that
' glafi, efpecially that which is clear and tranfparent, has the fame.
property s likewife all fusfitious gems, made of glafs or chryftal 3
glafi of antimony, mott fparry fubflances, and Belemnites.  Lafly,
he concludes his catalogue of electric fubftances with, fulpbur,
maflic, faling wax made of gum lac tinged with various colours,
lbard rofins fil gem, talck, and roche alum. Roffin, he faid, pof-
fefled this property but in a fmall degrec, and the three laft

. mentioned fubftances, only when the air was clear and free from

~ moiftare.

. Avw thefe fubftances, he obferves, attradted not only ftraws,
but all metals, all kinds of wood, ftones, earth, water, oil; i
fhort, whatever is folid, and the objec of our fenfes. But he
imagined that air, flame, bodies ignited, and all matter which
was extremely rare was not fubjec to this attration, Grofs
fimoke, he found, was' attra@ted very fenfibly, but that which
was attenuated very little.

. Fricrion, he fays; is, ‘in general, neceffary to excite the

| virtue of thefe fubftances; though he had one large and fmooth
piece of amber which would a& without friction. But with ref~
pe& to this he probably deceived himfelf. The moft effectual
friction, he obferved to be that which was light and quick; and.
he found that eleétrical appearances were ftrongeft when the air
was dry, and the wind north or eaft, at which time cletric fub~
ftances would ad ten minutes after excitation, But he fays,
that'a moift air, or afoutherly wind almo(t annihilates the clec=

Aid it B2 tric
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4 THE DISCOVERIES Parr 1.

tric virtue.  The fame effec he alfo obferved from the interpofi-
tion of moifture of any kind, as from the breath, and many
other {ubftances, but not always from the interpofition of farfnet.
He fays that light and pure oil, fprinkled upon elecrics, after
excitation, did not obftru& their virtue; but that brandy, or
fpirit of wine did.  He alfo fays, that chryftal, talck, glafs, and
all other ele@rics loft their virtue after being burned or roafted,
Bat this was, in fome meafure, amiftake. The heat of the fun,
collegted by a burning glafs, he fays, is fo- far from ‘cxciting
amber, and other electrics, that it impairs the virtue of them
all; though, when ele@irics have been excited, they will retain
their virtue longer in the fun-(hine than in the fhade.

Mos of the experiments of this author were made with long
thin picces of metal, and other fubftances, fufpended frecly on
their centers, to the extremities of which he prefented the clec..
trics he had excited. . His experiments on water were made by
prefenting a round drop of it upon a dry fubftance to the excited
ele@ric; and itis remarkable, that he obferved the fime conical
figare of the elerified drops which M. Grey afterwards difeo-
vered, and which will be related moreat large in its proper place,
Gilbert concluded, that air was not affeted by ele@rical attrao.
tion, becaufe the flame of a candle was not : for the flame, he
Gays, would be difturbed if the air had the leaft motion given to
it.

GirpprT imagined that elecirical attraction was performed in
the fame manner as the attraction. of cohefion.  Two drops of
water, he obferved, rufh together when they are. broughe. into
contact; and eleirics, he fuys, are virtually brought into.con..
@ with the bodies they act upon, by means of their efluvia,
excited by friction. it o SRy

Asoxne
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Periop I OF M=r. BOYLE. } <

Antone other differences between cle@ric and magnetic attrac-
tion, fome of which are very juft, and others whimfical enough,
B fays, that magnetic bodies rufl together mutually; whereas

i elerical attration it is only the eledtric that exerts any pow-
er. e obferves alfo particularly, that.in magnatif there is
' both attra&ion and repulfion, but in cleétricity only the former,
and never the latter.®

Suc were the difcoveries of our countryman Gilbert, who
may juftly be called the father of modern ele€ricity, though it be
true that he left his child in its very infancy.

Sir Francs Bacox, in his Phyfiological Remains, gives a
catalogue of bodies attractive and not attractive; but it differsin
| mothing. worth mentioning from that of Gilbert, and he does

' not feem to have made any obfervations of his own relating to
the fubjedt.

Asour 30 years after Gilbert, NicoLavs Caszus, a Jefuit
at Ferrara, repeated his experiments; and found that white wax,
almoft all the gums, and crude gypfum were to be fanked among:
ele@iric bodies. A

Tupss remarkable. phenomena relating to amber, and other
ele@iric fubftances did not efcape the attention of the inguifitive
and fagacious Mr. Boyle, who floarifhed about the year 1670.1
He made fome addition to. the catalogue of clectric fubflances,
and attended to fome circumftances relating to elecrical attrac-
tion, which had efcaped the obferyation of philofophers who liv-
ed before him.

“ Gitbert de magnete, Lib. 2 Cap. . § Gelhichts, Vol. 3
B i Bl Ot ks ks i n,,mm.m, andwas
by s exaniple. , and their,

clims to amm, domot aterfore i one nctir, there i 10 occfon 1 Aol the
paragraphs in this work eltiog to them.
He
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6 THE DISCOVERIES Parr L

He found that the hard cake which remains after evaporating
good turpentine was electrical, as alfo the. hard mats which re-
mains after diftilling petroleum and. fpirit of nitre, glafs of lead,
the caput mortuum of amber, and the cornelian 5 but he could
not find that property in the emerald, and he thought that glafs
pofiefled it but in a very low degree.

Hg found, that the clectricity of all bodies capable of having
it excited in them was increafed by wiping, and warming them,
previous to theirbeing rubbed. By thismeans he made an elec~
tric body, no bigger thana pea, movea fteel needle, which was
freely poifed, three minutes after he hadleft off rubbingit.. He
alfo found, that it was ufeful to have the furfaces of eleétric bo-
dies made very fmooth, except in the cafe of one diamond, on
which he tried fome experiments;* which, though it was rough,
was, he fays, poficfied of a ftronger ele@ric virtue than any: po=
lifhed one he had met with.

Hez obferved that excited elecrics would attra all kinds  of
bodies promifcuoufly, whether eleGricor not ;. that excited am-
ber, for inftance, would attra@ both powder of amber, and
fmall pieces of it; differing, as he takes notice, from the pro-
perty of the-load-ftone, which  acs only o one kind of matter.
He found;' that his electrics would attra& fmokevery cafily, and
takes fome ‘pains to account for their not fenfibly attracting
flame, which Gilbert excepted from the bodics. attacied by
eleridity.

THese attrations, he found, did not d:pend upon ‘the-air :
for he obferved that they took place in vacuo. He, fufpended a
picce of excited amber over a light body in @ glafs receiver, and
faw, that when a vacuum was made, and du amber let down
near the light bodys it was attrated, a nd bun in the

*open
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Prrrop L. OF Mr. BOYLE. U4

épen air* ‘But S, Beccaria afferts, that there s 1lo-elerical
attraGtion in a perfect vacuum.

| Mr. Bovie madean experiment to try whether an excited
elediric was acted pon by other bodies, as frongly a5 it acted
‘upon them, and it faceeeded: for, fufpending his excited clec
tric, he faw that it was fenfibly moved by the approach of any
other body. - We fhould now be furprifed, that any perfon fliould
not have concluded a priori, that if an cle@iric body attrated
other bodies, it muft, in return, be attratted by them, a&tion
and reaction being univerfally equal to one another. Bat it muft
be confidered, that. this axiom was not fo well underftood in
Mr. Boyle's time, nor until it was afterwards explained in its
fall latitude by Sit Ifaac Newton.f-

M. BovLE got a glimple, as we may fay, of the eledric light:
for he found, that a curious diamond, which Mr. Clayton
brought from Italy, gave light in the dark, when it ywas rubbed
againtt any kind of fuff; and he found that, by the fame treat-
ment, it became cleérical. He alfo obferved the fame property
in feveral other diamonds. §

Tasse few cxperiments of Mr. Boyle's, we fee, relate only
to a few circumftances attending the fimple property of elecrical
attraction. The neareftapproach that be made to the difcovery
of elegtrical repulfion was his obferving, that light bodies, as
feathers, &c. would cling to his fingers, and other fubflances,
after they had been attraéted by his ele@rics. He had feen but
little of the ele@iric light, and little imagined what aftonithing
effedts would be afterwards produced by the fame wonderful

* Hifloire de Felefricité, p. 6. + Boyle’s Mechanical production of elefiricity.

3 Secondars hiflry ofclericity, p. 141+
power,
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8 THE DISCOVERIES ~ParRT L.

power, and how large a field he was opening for philofophical
fpeculation in future time.

M. BoyLe's theory of eleérical attraction was, that the elec
tric emitted a glutinous effluvium, which laid hold of finall bo-
dies in its way, and, in its return to the body which emitted it,
carried them back withit. One James Hartman, whofe account
of amber is publithed in the Philofophical Tranfactions,® pretends
to prove by experiment, that electrical attration was really
owing to the emiffion of glutinous particles.  He took two elec
tric fubflances, viz. pieces of colophonia, and from one of them
made a diftillation of a black balfam, and thercby deprived it of
its attrative power. He fays, that the ele@ric, which was not
diftilled, retined its fatty fubftance, whereas the other was,
by diftillation, reduced to a mere caput mortuum, and retained no
degree of its bitumi fat.  In q of this hypothefis,
he gives it as his opinion, that amber attras light bodics more
powerfully than other fubftances, becaufé it cmits oily and te-
nacious efflavia more copioufly than they do. ;

ConTeMPorARY with Mr. Boyle was Otto Guericke, Burgo-
mafter of Magdebourgh, and the celebrated inventor of the air-
pump, who is likewifs intided to a diftinguifhed place among
the firlt improvers of eledricity. %

Tats philofopher made his experiments with a globe of ful-
phur, made by melting that fubftance n a hollow globe of glafs,
and afterwards breaking the glafs from offit.  He little imagined
that the glafs globe itfelf, with or without the fulphur, would
have anfiered his purpofe as well. ‘This globe of fulphur he
mounted upon an axis, and whirled itin a wooden frame, rubbing

© Abridgment, Vol. 2. p. 473,

it
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Banes.  OF ONTIO! CUBRICKE. 9

5t at the fame time with his hand; and by this means he per-
formed all the elecrical experiments which were known before
“his time.
© His wie the difcovery, that a body onceattragted by an
excited cle@ric was repelied by it, and not attracted again €ill it
had bees touched by fome othier body. Tn this manner he kept
& feather a long time fufpended in the ait above his falphur globes
Dut he obferved; that if he drove it near alinen thread, of the
Hsme of a candle, it inflantly retreated to the globe, withot
having been in contac with any fenfible body.
Nixesen the found, nor the light produced by the excitation
of s globe efeaped the notice of this accirate philofopher,
. chiough hé feems ot to Have abferved them in a very great degrees
' forhe was obliged o Hold his ear near the globe to pereeive the
hiffing found of the elodiric fire; and he compares the light
Awhich'it gave in the fae’circumftances to that which is feét
whet fugar i¢ pounded in the dark. -
Bur the kabl iments of this philofophet were
o, which ‘dépend upon a  property: of the clectric fluid that
Jhas Aot been illuftrated till within thefe late years; viz. thatbo-
died fnumerged in ele@iic atmofpheres ‘arc themfelves clectrified,
and” with ‘an ele@ricity” oppofite ‘to that of the atmofphierc.
Threads fafpended within a finall diftance of his excited globe,
he obferved to be often repelled by his finger brought near them,
and ¢hiat a feather repelled by the globe always turned the fame
fice towards it, like the mooh with refpet to” thie earth.” This
1aE experiment feems to have been wholly overlooked by Tater
ele@ricians, though it is a very curiods one, and may be made
with fo much eafe.*

* Experiments Magdeburgics, Lib. 4. Cap. 15.
c Tug
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10 EXPERIMENTS Part I.

Ttz members of the Academy at Flotence, about the time of
Otto Guericke, made fome clotrical. experiments with amber
and gems.  They obforved that fame was not affected by elec=
tricity; but that it attra&ed all fuid bodies, and among the reft
quickflver ; and that ele@ric bodies fhowed no power when they
were rabbed by fimooth bodies; as glafs, chryftal, or ivory®

A mycu finer appearance of electric. light. than, that which
Otto Guericke's fulphur globe exhibited was obferved by Dr.
Wall.  The account of it is publifhed in the philofophical
tranfations.

MaxING: experiments. upon artificial phofphorus, which: he
200k to be an animal oil coagulated with a mineral acid, he was
led to conjecure that amber, which he. fuppofed to be & mi-
neral oil coagulated with a mineral volatile: acid, might be @
matural phofphorus; and with. this view he began to make expe-
siments upon it,. the. refult of which, _being, very. curious and
farprifing, it will be moft agreeable to my readers to fec in the
very words of the obferver himfelf.

« Trounp,” fays he, « by gently rubbing a well  polithed
« picce of amber with my hand, in the dark, that it produced
< alight: whereupon I gota pretty large picce of amber, which
« Leaufed to be made long and taper, and drawing it gently
« through my hand, being very dry, it afforded a. confiderable
« light.

« 1 THEN vfed many kinds, of foft animal fubftances, and
« found that none did fo well as ool And now new pheno-
+ mena offered themfelves: for, upon drawing the picce of
& amber fwiftly through the wollen cloth, and fqueczing it

* Gefchichte, Vol. 1. p. 182, + Phil, Tranf. abridged, Vol. 4. p. 275
« pretty
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| Periop 1. OF Dr. WALL. 11

« pretty hard with my hand, a prodigions number of little
« racklings were heard, ‘and every one of thefe produced a little
<« flafh of Tight; but when the amber was drawn ' gently and
'« flightly through the cloth, it produced only a Tight but no
< crackling; but by holding ones finger at a little diftance from
< the amber, a large crackling is produced, with a great flath
« of light fucceeding it. ' And, what to me s very fuprifing,
« upon its cruption, it frikes the finger very fenfibly, wherefo-
« cver applied, ‘witha pufh or a puff, like wind.  The crackling
< s full as loud as charcoal on fire, and five o fix| cracklings,
<! or'more, according to the quicknefs of placing the finger,
< have! been produced from one fingle friction, light always
facceeding cach of them.
< Now I make no queftion, but upon ufing a longer and
< larger piece of amber, both the cracklings and light would
<6 bemuch greater, becaufe I never yet found any crackling
< from the head of my cane, though it is a pretty large onc.
« This light and crackling feems in fome acgm. to reprefent
<. thunder and lightning.”

Avrer reciting this experiment, 'hegives it as s his. opinion,
that all, or moft bodies, which have electricity, give light, and
that it s, the light which s the caufe of their being cle@irical.
He found that light could alfo be produced by rubbing jet, red
fealing wax, made with gum lac and cinnabar, and the diamond.

| He even imagined he could diftinguifh true from fulfe diamonds
by this teft!

NorwirustAnpiNG Dr. Wall made this beautiful difcovery,
as heimagined (for he feems not tohave feen what Otto Guericke
bad written) of light proceeding from amber and other ele@iric
bodies, we fee that he laboured under a great deal of confufion

cla and
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12 EXPERIMENTS OF Pare I

and mifapprehenfion with refpe@ to it. ~ He fays, that one thing
appeared ftrange to him in the courfe of thef experiments, which.
was, that though, upon frition with wool 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 darkeft room. He fays that the beft time' for
making thefe experiments is when the funi'is 18¢ below the
horizon, and that when the fan 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 it a nociluca.

It is remarkable that Dr. Wall compares’ the light and' the
crackling of his amber to thunder and lightning : fo-carly was @
fimilarity between the cffets of elericity and lightning obferved.
But little was it imagined that the refemblance between, them
extended any farther than to appearances and cffé@s. ‘That the
caufe was the fame in both, ‘was a difcovery referved: for Dr.
Franklin, in a much later period.

T great Sir Ifasc Newton, though he by nomeans males
2 principal figure in the hiftory of elericity, yet made fome
ele@rical obfervations which engaged: the attention of his philo-
fophical friends; and which, independent of their being made
by him, dowell deferve to be tranfmitted to pofterity. They
feem to fhew, that he was the firft who obferved; that excited:
glafs attracted light bodies on the fide oppofite to: that on which
it was rubbed.

Havixe laid upon the table a round piece of glafsj about
two inches broad, in a brafs ring, fo 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 beattracted, and move nimbly toand fro.  After

= he
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Perion I SIR ISAAC NEWTON. i3

He had done rubbing the glafs, the paperswould continteacon~
fiderable time:in: various motions; fometimes leaping wp t0 the
glaf, and refting there a while, then leaping down and. rlting
‘thece, and then leaping up and down agein; and this fometivics
in lines feemingly: perpendicular 1o the table, fometies in
ablique oics; - {ometimes 21fo leaping pin one azchy. and leaping
down:in arothes, - divers tines together;  without fenfibly reffing
between; fometimes fkipping in a bow from one partof the glafs
1o amothery. without touching the tabley and fometimes hanging
By comer, | and tarming often very nimblys 28 if they had bectt
catricd about i the mid{t'of a° whirlwind;: and being otherwile
yariouly moveds every’ paper ‘with!a difcrent motion. . Upon
‘his liding his: finger’ on- the upper fide: of che glafs; thoughy
cither the glafs, nor the inclofed air below, were moved, yct
he obferved, that the papers, as they hung under the glas,
‘would receive fome new motion, inclining this way or that,
‘according as he moved his finger.

Sosz. of the motions,. as. that of hanging by & comer and
twitling about, and that of leaping from one part of the glafs to
another without tauching the_table happened but feldom s but,
he fays, it mads him take the more notice of them.*

An account of this experiment Sir Ifsac fent to the members
of the R. Socicty in the year 1675, defiring it might be tried by
them, and after fome incficGual attempts, and receiving further
inftro@tions, how to makeit, they at length fucceeded, and the
thanks of the fociety were formally returned o him:+

Uson repeating the experiment with fome variety of citcum-
fances, Sir Ifaac obferves, that rubbing varioufly, or with

» Bisch's Hifl, of the R. Society, Vol 3. . 260, & 4 Iboazne
varions
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14 THE DISCOVERIES PaTr L

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 it with fométhing clfe,  the mo-
tion foon began.  After the glafs had been' much rubbed, he
thought the motions were not fo lafting, -and the day following
he found the motions fainter, and more difficult fo be excited
than at firft.*

Six Isaac alfo mentions ele@ricity in two queries. annexed.to
his treatife on Optics, from which we learn, that he imagined
electric bodies when excited emitted an elaftic fluid,  which freely.
penctrated glafs, and that the emiffion was. performed by, the
vibratory motions of the parts of the excited bodics.

# Birch's Hift. of the R. Society, Vol. 3. p. 270,
+ Newton's Optics, 08tavo, p. 314, and 327.

PERIOD
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-t PERTOD: IL

b
“THE EXPERIMENTS AND DISCOVERIES OF Mr. HAWKEsBEE.

FTER lebcn, M. Boyle, and Otto Guericke, Mr. Haw-
kefbee, who wrote i the year 1709, diftinguifhed himfelf
Iby expériments and ‘difeoveries in eledtricity. - He firft obferved
“the great ele@ric power’ of glafs; “the light procecding from it,
“and the noife ovcafioned by it, “together withia variety of pheno-
\mena relating to eletrical ‘attration and repulfion.  He was in-
(defatigable in making éxperiments, and there are few perfons to
‘whom we are'more indebted for a real advancement of this branch
“of knowledge. This'will appear by the following fuccint ac-
‘count of his experiments, reldted notexadtly in the order in which
“he has publiflied-them, - but dccording to their conneétion.  This
‘method I have chofen as beft adapted to give: the: moft diftinét
“view: of the whole.
< 'T'smary firft relate the'experiments he'made concerning elec-
“trical attration and repulfion, in many of which we fhall fee rea-
fon to admire hisingenious contrivances, and fhall fee that little
vas added to'his obforvations, ‘till the capital difcovery of a plus
. and minus ele@ricity by Dr.. Watfon and Dr. Franklin, and the
arther illuftration of that doétrine by Mr. ‘Canton.
" Tuemoft curious of his experiments concerning eleétricalat-
tration and repulfion are thofe which thew the direction in which
‘thofe powers are excrted.
Havixe
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16 THE DISCOVERIES Parr L.

Havixe tied threads round a wire hoop, and brought it near
t0 an excited globe or cylinder, he obferved, that the threads
kept a conftant direétion towards/the center of the globe, or to-
wards fome point in the axis of the cylinder, inevery pofition of
the hoop; that this effect would continue for about four minutes
after the whirling of the globe ceafed, and that the effed wasithe
fame whether the wire was held above, or under the glafs; or
whether the glafs was placed with its axis parallel, or perpendi-
cular to the horizon.

Hilobférved, that the threads pointing towards the center of
the globe were attracted and repelled by a finger prefented to
thems: that-if the finger, or any other body, -wasbrought very
near the threads, they would be attraGed; but that if it were
biought to the diftance of aboutan inch, they would be repelled,
#the reafon of which difference he did not feem to underftand ¥

H ticd threads to the axis of a globeiand cylinder, and found
that they diverged cvery: way ‘i ftraight.Jines fromthe placc
where they were tied, | when the globe was whirled and: rubbed.
In both cafes, he fays, -the. threads: would, be repelled, by the
finger heldon the oppofite ide of the glafs, sven without souch-
ing the glafs 3 though they would fometimes fuddeny jump to-
wards it.4- He obferved further, -that :by blowing with  his
‘mouth towards the glafs, at three or four feet diftance, the
threads would have a very confiderable motion to them.

He found that threads,- hanging freely-inan unexcited:globe,
at feft, would be méved by:the approachiof any excited cleétric
at a confiderable diftance; except fin moilt weather ;. -which
failure h for, by he maifture on the furface

To.p. 78.
iFelew

‘* Phyfico-Mechanical Experiments,

of
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of the glafs prevented the free paffage of the ele@ric efuvia
through it.*
| Tug varictics he obferved on the appearances and properties
of the clecric light, are even more curious and furprifing than
zfs difcoveries concerning eleiric attraction and repulfion. It
s fomething remarkable that Mr. Hawkefbee's tranfition to
electric light was like that of Dr. Wall, viz. from the light of
‘phofphorus.
| Mr. Hawkessee firft produced a confiderable quantity of
light by thaking quick-filver in a glafs veffel, out of which. the
air was exhaofled. . Sometimes what he calls ftrange flathes of
pale light were feen darting in a variety of dirc@ions, when the
mercury was put in motion within an exbaufted receiver. 4 But
the difcovery was probably accidental, and he did not feem, at
that time, 0 know the reafon of the appearance.  He ‘called
this light the mercurial phofphorus, and did not confider the glafs
as any way concerned in producing it.
. He alfo found, that this appearance of ele@tric light (which
Be ftill calls the mercurial phofphorus) did not require a very
perfeét vacuum, nor even a near approach to it.f Nay he
fometimes produced that appearance of light by thaking mercury
in a veffel, in which the air was of the. fame denfity with the
external atmofphere, but fill he had no idea of the glafs contri-
buting to the phenomenon. |
H obferved a ftrong light in vacuo, and a fmall one in the o=
pen air, from rubbing amber upon woollen, but feems to have
confidered it as any hard body rubbing againft a foft one. § He
* Phyfico-Mechanical Experiments, p. 160, +1Ib.12, 1Ibrg
N pas. §Tb.z6,
D
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alfo obferved d vivid purple, and afterwdrds a pale light produced
by rubbing glafs upon woollen in vacuo.* He fays that every frefls
glafs firft gave a purple, and then a 'pale light, and that woollen
tinctured with falts or fpirits produced a new, ftrong, and falgu-
rating light. -

Ix the following experiments we find iis ideas of eleétric light
much more difinét, and the appéirances the fume that arc wfially
exhibited by our prefent clecrical machines, the ftru@ure 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 ap-
peared on the infide, and, upon letting in the air, he obferved
the light on the outfide alfo; but with fome very confiderable dif-
ferences in its appearances, fticking upon his fingers, and other
hodies held near the globe. He alfo obferved, upon this occafi-
on, that one fourth of an atmofphere in the globe did very little
diminifh the light within. It is pleafing to obferve, that the fi-
milar appearance in this experiment, and that with metcury in
vacuo before-mentioned, made him fufpect, though only fufpee,
that the light produced in the former cafe proceeded not from the
mercury, but from the glafs.

‘THE next experiment is of a very delieate and curious$ nature,
It is not to be wondered at, that Mr. Hawkefbeé did not under-
ftand the circumftances which contributed to it, as the explicati-
on of it depends upon principles which were not difcovered till a
much later period by Mr. Canton.

* Phyfico-Mechanical Experiiaents, p. 32, F1Ib. 34
Horpive
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+1‘Horpingan exhaufted globe within the' cffluvia of an excited
ane, he obferved d light in the exhaufted globey which pre(ents
ly died away, if it was kept at refts- butwhich was revived, and
continned very ftrong, if the exhaufted globe was kept in-moti=
12:. Prefenting an exhaufted tube to the effluvia of an excited
globe, it produced what e calls an interrupted flathing light.
Flo imagined that the exhanfted globe was excited by the attrac+
tion (of the effluvia from the other globe, ' fo little did he under-
ftand the true caufe of this curious experiment.* - When he fays
that light is producible by the effuvia of one glafs falling upoi
another; he adds; that eleéric, (by which he'means at-
tra@tive) master, (is niot to be brought forth by any fuch feeble
firokes, - He had before obferved that, upon rubbing an exhaufled
tube, it difcovered no attradlive power, nor gave any light oute
- wwards; ‘but only inwards.
1) Hg found that when the friction was performed in vacuo, 1ig
elegiricity (thatlisattration) could be produced s but that though
 the artraftive (quality required the prefence both of the external
and internal air, in order to its fhewing itfelf, yet the fight
requifes the ‘prefence of only one of them in order to its ap~
pearanices for. ‘thit either a glafs globe fall of air rubbed iz vacus,
or with its'air‘exhaufted and rubbed iz plens, would produce a
very confiderable light.f
-~ He faysalio, that thofe lights are lefs fenfibly affected by the
seturn' of air,. which ‘ate produced by the attrition of exhaufted
glafs in pleno, * thanthofe which are produced by the attrition
of glafs full of ir in vacuo, for that;  in the former cafe, no great

* Phyfico-Mechanical Experiments; pi8zis | 4 Ib. 24z 116 248,
Da alteration
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alteration was found in the light or colour, until a.certain quan-
tity of air/was let into the infide of the exhaufted glafs;  but that,
in the latter cafe, both light and colour were fenfibly changed,
upon every admifiion of air to the outfide of the full glafs.*

Tar greatelt clectric light Mr. Hawkefbee produced, was
when he enclofed one exhaufted eylinder within another not ex-
haufted, and cxcited the outcrmoft of them, putting them both
in motion. Whether their motions confpired or not, he obferv~
ed, made no difference.  When  the outer cylinder only was in
motion, he fays, the light was very confiderable, and fpread
itfelf over the furfice of the inner glafs. What furprifed him
moft was, that after both glaffes had been in motion fome time,
during which the hand had been applied to the farface of the outer
glafs, the motion of both ceafing, and no light at all appearing;
if he did but bring his hand again near the furface of the outer
glafs, there would be flafhes of light, like lightning,  produced
in the inner glafs as if, he fays, the efiluvia from the outer
glafs had been pufhed with more force upon it by means of the
approaching hand 4+ This cxperiment was fimilar to/thofe which
he made with the excited and exhaufted globe,  and with the ex-
haufted tube; and his reafoning upon it thews, that he was ftll far
from being fully apprized of all the circumftances attending this
fact.

T next experiments which T fhall relate of Mr. Hawkef-
bee’s, are thofe which fhew the great copioufnefs, and extreme
fubtilty of eletric light. They are really amazing, and have
not yet been purfued in the manner they deferye, Ry

* Phiyfico-Mechanical Experiments, p.248. 4 1b. 87. A
®
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‘He lined more than half of the infide of a glafs globe with
fealing wax,  and having exhaufted  the globe, he put it in mo-
\tions when, applying his hand to excite it, he faw the fhape
fand figure of all the parts of his hand diftin@ly and perfecly,
\on the concave fuperficies of the wax within. It was as if therc
‘had only been pure glafs, and no wax interpofed between his
leye and his hand. ~The lining of wax, where it was fpread the
thinnet, would but juft allow the fight of a candle through it in
the dark 5 but in fome places the wax was, at leaft, one cighth
Jof an inch thick yet ‘even in  thofe places, the light and the
‘figare of his hand were as diftinguifhable through it, as any
\where elfe. Nay 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.*
| Tusse experiments fucceeded equally with pitch inftead of
fealing wax. ~And he obferved, that when the air was let into
the glafs, cvery part of it, the lined partand the unlined, feem=
led to attraét with equal vigour 4 Melted flowers of fulphur had
'no fuch effe@, but common fulphur anfiwered as well as fealing
wax, o pitch. In both thefe laft experiments the falphur was
found to have been feparated from the glafs.f

Ustxo a large quantity of common fulphur in the fame man-
ner, the light in theinfide was four times s great, but the figure
of his fingers was not fo diftinguihable as in the former cafes.
‘He likewife obferved, that on-the part near the axis, where the
fubftance of the fulphur was the greateft, no light was produced;
which he attributed, chicfly, to the flownefs of the motion in
that place.§

* D168 tD.a6y.  tlhoaze Sz

Uron
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Uron the admiffion of a fmall guantity of air into the globe,
thus partially lined with fealing wax,  the light wholly difap-
peared 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-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 attrac bodies placed near the out-fide of
the glafs; that even in this cafe, the threads preferved their cen-
tral direction, though not fo vigoroufly as when the air was let
in; but that they would not be attracted atall, when there was
no wax on the infide of the exhaufted globe.

MR. HawkesBEE was not unattentive to the fund made by
the emiffion of the clecric effluvia, or to the manner in which
it effeCted the fenfe of fecling, He obferved, that when
an excited tube of glafs attracted various bodies, and threw light
upon them, as they where held near it, a noife, which he calls
8 fiapping, was likewife heard. He alfo fays, that the rubbed
tube, held near the face, gave a feeling, asif fine hairs had
been drawn over it; and when he repeated the experiment of
whirling and rubbing the glafs globe, 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. Hawkefbee's attention confined to the ele@ric
power of glafi. He made experiments with a globe of faiing
wax,. in the center of which was a globe of wood ; from which
he concluded, - that the eleiricity 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

* Phyfico-Meshanical Experimeats, p. 65.
the
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the excited fealing wax, any more than when it was prefented
10 an cxhaufted and excited globe of glafs.

" He provided himfelf, in like manner, witha globe of fulphur,
and another of rofin with a mixture of brick daft, but the ful-
phur could hardly be excited ‘at all ; whereas the rofin acted
‘more powerfully than the fealing wax had done.  This he aferib-
ed to its being ufed while it was warm: for, in the fime warm
flate, it attrated leaf brafs without any attrition at all:%

| He fays, that the cxcited rofin gave nolight in the dark, and
the fulphur but little.

 Wrrn refpect to the power of elericity in general, he obferv~
ed, that a flight friction was fufficient to excite it, and that a

. greater preflure, or @ more violent motion did not confiderably
increafeit. § He fags, that all the phenomena of ele@ricity were
improved by warmth ; and diminithed by moiture; which he
attributed o the refitance that the aqueous particles gave to the
effluvia; andlike Mr. Boyle, and others before him, he was con~
firmed in this hypothefis, by finding, that the interpofition of

Jinen cloth prevented any effects from being obferved beyond it.
| Hg alfo obferved, that when the tube was.filled with other
matter than air, as with dry writing fand (which he actaally tried)
the attradive power of the effluvia was confiderably abated, but he
did not know what kind of bodies would produce that effect. He
Bimfelf obferves, that he found the eletric virtue of a folid cy~
Tinder of glas to be, not indeed quite fo firong, as that of @
Bollow tube, but more permanent. ||

Tuar Mr. Hawkefbee, after all, had no clear idea of the
diftinétion of bodies into cle@rics and pon-cleétrics, appears

*Dbisp  tIbish  tlbsa | b6y,
frony
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from fome of his laft experiments, in which he attempted to
produce eleric appearances from metals, and from  the reafons
he gives for his want of fuccefs in thofe attempts. ¢ From thefe
“ experiments, ” he fays, ““ I may fafely conclude, that if therc
« be any fuch quality as light to be excited from a brafs body,
< under the forementioned circumftances, ” viz. of whirling and
rubbing, ¢ all the attrition of the feveral bodies I have ufed for
« that purpofe, have been too weak to force it from it. And
« indeed, confidering the clofenefs of the parts of metals, and
< with what firmnefs they adhere, entangle, and attractone ano-
< ther, a fmall degree of attrition is not fufficient to put their
< parts into fuch a motion as to produce an elecrical quality,
« which quality, under the forementioned circumftances, I take
« to be the appearance of light in fuch @ medium.

ConsipERING what great fuccefs Mr. Hawkefbee had with
his globe of glafs, and his machine to give motion to:it, it is
furprifing that the ufe of it fhould be fo long difcontinued after
his death. To this circumftance we may perhaps, in a great
meafure, afcribe the flow progrefs that was afterwards made in
elecrical difcoveries. Mr. Hawkefbee's fucceffors confined them-
felves to the ufe of tubes. I fuppofe becaufe they were lighter,
more portable, and more cafily 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 elec-
tricity.

5 o  FERIOD

VVA.BHSC



Preriop 11 OF Mr. GREY. 25

PERIOD IL
if
The EXPERIMENTS AND DIscoveries oF MRr. STEPHEN
- GREY, WHICH WERE MADE PRIOR TO THOSE oF MoN=
s1evR pU FAYE, AND WHICH BRING THE HISTORY OF
| ELECTRICITY To THE YEAR 1733

OTWITHSTANDING the important difcoveries of Mr.

Hawkefbee, and the promifing appearance they made, s
an opening to further difcoveries, we find, after him, a great
chafim in the hiftory of clectricity, an interruption of difcoveries,
and, as far as we can learn, of experiments too, for the fpace
of near twenty years; and ata time when philofophical know-
Tedge of every other kind was making the moft rapid progrefs,
under the aufpices of the great Sir Ifaac Newton. But the atten-
tion of this great man happened to be engaged by other fubjedts,
and this very circumitance might be the reafon why the attention
of other philofophers was alfo diverted from ele€ricity.

Arer this long interval, commences a new @ra in the hiftory
of cleftricity ; in which we fhall have the works of another
Tabourer in this new field of philofophy to contemplate, viz.
M. Stephen Grey, a penfioner at the Charter Houfe. No per-
fon who ever applied to this ftudy was more affiduous in making
experiments, or had his heart more entirely in the work.  This
will appear by the prodigious number of experiments he made,

B an
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and fome confiderable difcoveries with which his perfeverance
was crowned; as well as by the felf deceptions, which his
. paffionate fondnefs for new difcoveries expofed him to.

Berors theyear'1728, Mr. Stephen Grey had often obferved,
in clerical experiments made with a glafs tube, and a down fea-
ther tied to the'end of afmall ftick, that, after its fibres had been
drawn toward the tube, they would, upon the tube’s being with-
drawn, cling to the ftick, as if it had been an ele@ric body, or
as if there had been fome ele@ricity communicated to the ftick,
of to the feather. This put him upon thinking, whether, if the
feather were drawn through his fingers, it might not pro-
duce the fame effe®, by acquiring fome degree of elecricity.
This experiment fucceeded accordingly, upon his fift trial; the
finall downy fibres of the feather being attratted by his finger,
when held near it; and fometimes the upper part of the feather
with its ftems would be attra&ted alfo.

It will be obvious to every clerician, 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
elecrics hair, filk, linen, woollen, paper, leather, wood, parch-
ment, and ox gut in which leaf gold had been beaten. He made
all thefc fubftances very warm, and fome of them quite hot be-
fore he rubbed them. He found light emitted in the dark by
the fille and the linen, but more efpecially by a picce of white
prefling 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 lightiffucd from them alfo attended with a crackling noife,

like
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Tike that produced by a glafs tube, though not at o great a dif-
tance from the fingers. *

" Tx preceding experiments bring us to the eve of a very con<
fiderable difcovery in clediricity, viz. the communication of that
*power from native eleirics, to bodies, in which itis not capable
oF being excited s and alfo to a more accurate diftintion of clec-
trics from non-ele@rics. I (hall relate’ the manner in which
thefe important difcoveries were made pretty fully, but, at the
fame time, as fuccindlly as poffible.

" In the month of February 1729, Mr. Grey, ‘after fome fruit-
Jefs attempts to make metals attra@ive, by heating, rubbing,
and hammering, recolledted 4 fufpicion which he had fome
years entertained; that, as & tube communicated its light to
Various bodies when it was rubbed in the dark, it might poffibly,
at the fame time, communicate an eledricity to them, by which
Bad hitherto been underftood only the power of attratting light
bodies. For this purpofe he provided himfelf with a tube three
feet five inches long, and near one inch and two tenths in diame-
ter; and toeach cnd was fitted a cork, to keep the duft out
when the tube was not in ufe.

T firft experiments he made upon this occafion were intend-
ed to try, if he could find any difference in its attration when
the tube was ftopped at both ends by the corks, and when left
entirely open; but he could perceive no fenfible difference, It
was, however, in the courfe of this experiment that, holding 2
down feather over againft the upper end of the tube, he found
that it would fly to the cork, being attrated and repelled by i,
as well as by the tube itfelf. He then held the feather over

* Plilofophical Trsafsfions abridged, Vol. 5. p. 9.
Ez againft
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againft the flat end of the cork, and obferved, that it was attrat-
ed and repelled many times together ; at which, he fays, he
was much furprifed, and concluded, that there was certainly
an attra@ive virtue communicated to the cork by the excited
tube.

He then fixed an ivory ball upona ftick of fir, about four
inches long; when, thrufting the other end into the cork, he
found, that the ball attradted and repelled the feather, even with
‘more vigour than the cork had done, repeating its attractions and
repulfions many times fucceflively. He afterwards fixed the ball
upon long fticks, and upon pieces of brafs and iron wire, with
the fame fuccefs; but he obferved, that the feather was never fo
ftrongly attratted by the wire, though it were held very near the
tube, as by the ball at the end of it.

WHEN a wire of any confiderable length was ufed, its vibra-
tions, caufed by the action of rubbing the tube, made it trou-
blefome to manage.  This put Mr. Grey upon thinking whether,
if the ball were hung to a packthread, and fufpended by a loop
on the tube, the eledricity would not be carried down the line
to the ball; and he found it to fucceed according to his expec-
tation. In this manner he fufpended various bodies to his tube,
and found allof them to be capable of receiving ele@ricity in the
fame manner.

Arrer trying thefe experiments with the longeft light canes
and reeds that he could conveniently ufe, heafcended a balcony
twenty fix feet high; and, faftening a firing to his tube, he
found, that the ball at the end of it would attrac light bodies
in the court below. 4

He then afcended to greater heights, and by putting his long
cancs in the end of his tube, and faftening a long ftring to the

end
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end'of the canes, he contrived to convey the ele@ricity to much
greater diftances than he had done before; till, being able to
carty it no further perpendicularly, he next attempted to carry
'zb Horizontally; and from thefe attempts arofe a difcovery, of
which he was not in the leaft aware when he began them.

 In his firfk trial he made a loop at each end of a packthread,
by means of which he fufpended it, -atione end, ‘on a nail driven
into a beam,  the other end hanging downwards. - Through the
Toop which hung down, he put 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 eletricity was to
be conveyed, viz. that 'to which the ball was fatened, hung
perpendicular, -the reft of the line lay horizontal. After this
preparation, he put the leaf brafs under the ivory ball, and rub-
bed the tube, but not the leatt fign of attraction was perceived.
Upon this he concluded, that when the eleétric virtue cime to
the loop of the packthread, which was fufpended on the beam,
it went up the fame to the beam;; fo that none, or very litdle,
of it went down to the ball; and he could not, at that time,
think of any method to prevent it.

On June the goth 1729, Mr. Grey paid a vifit to Mr. Whecler,
to give bim a fpecimen of his experiments ; when, after having
made them from the greateft heights which the houfe would
admit, Mr. Wheeler was defitous of trying whether they could
not catry the ele@ric virtue to a’ greater diftance horizontally.
Mr. Grey then told him of the fruitlefs attempt he had made to
convey it in that direétion : upon which Mr. Wheeler propofed
to fufpend the line to be electrified by ‘another of filk, inftead of
packthread; and Mr. Grey told him, it might do better, on
account of its fmallnefs ; as lefs of the virtue would probably

pals
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pafs off by it than: Kad done by the thick hempen line, which
he had ufed before. . With this expedient, they fucceeded far
beyond their expectations.

Tug firlk experiment they made after this expedient oceur-
red to them, was in‘a matted gallery'at' Mr. Wheeler's houfe
July 2d. 1729, about ten o'clock in the: morning, as Mr. Grey,
after his ufeful manner, has minutely 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@ric virtue was to be conveyed to it from
the tube, and which was eighty feet and a half in length, acrofs
this filk 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 attracted, and kept fafpended for
fome time.

Tz gallery not permitting them to go any greater lengths
with a fingle line of communication, 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, fufpecting that the attration would be ftrong-
er without doubling or returning the line, they made ufe of 2
line one hundred and twenty four feet long, running in onc
direction in the barn; and, as they expeéted, they found the
attrattion ftronger than when the line had been returned in the
gallery.

Jury the 3d. procecding to make more returns of the line,
the filk which fupported it happened to break, not being able

to
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10 bear the weight of it; when fhaken with' the miotion that was
n torit by rabbing the tube. Upon this they endeavoured
fapport it by a fimall ifon wire, inftead of the fill firing 5 but
-alfo breaking, they madeufe of a brafs wire a little thicker.

But this brafs wire, though it fupported the line of communica
tion vety well, did not anfwer the purpofe of thefe yoting clec-
‘tricians : - for, upon rubbing the tube, no electricity was perceiv~
ediat the end of the line. It had all gone off by the brafs wire

which fupported it. They had recourfe to brafs wires, as

ing ftronger than their filk lines,’ and no thicker; for the fame
séafon that they Had before ufed filk lines in preference to hem-=
pen firings; becaufe they could have them fironger, and at the
fame time fmaller.  But the refult of this experiment convinced
them, that the fuccefs of it depended upon their fupporting lines
being /ilt, and not, as they. had imagined, upon their being
Jimall. - For the eleric virtue went off as effectually by the fiall
brafs wire, 2s it had done by the thick hempen cord.

" Brxo obliged, therefore, toreturn totheir filk lines, they con-
trived them to fipport very great lengths of the hempen linc of
communication 5 and actually conveyed the elecric virtue feven
Bundred and fixty five feet, nor did they perceive that the cffect
wwas fenfibly diminifhed by, the diftance. *

' In the fame manner in which,/% was found to be a non-con-
dudtor, it is probable that, about the fame time, bair; rfiny glafs,
and perhaps fome other electric fubftances were found to have the
fame property, though- the: difcovery be no where particularly
mentioned : for we fhall prefently fid Mr. Grey making ufe of
them, to infulae the bodies that he electrificd.

# Phil, Tran, abridged, Yol.7. p. 15.
ArTER
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AFTER this, they amufed themfelves with trying how large
furfaces might be impregnated with the elecric efluvia; eleétri-
fying a large map, table cloth, &e. They alfo carried the elec-
tric virtue feveral ways at the fame time, and to a confiderable dif-
tance each way.

" Tur magnetic cfiluvia, they found did not in the leaft inter-
fere with the ele@ric; for when they had elerified the load
fione, with a key hanging to it, they both attracted leaf brafs like
other fubftances.

Some time after this, Mr. Wheeler, in the abfence of Mr.
Grey, ele@rified a red hot poker, and found the attraction to be
the fame as when it was cold. Healfo fufpended a live chicken
upon the tabe by the legs, and found the breaft of it firongly
elecrical. ¥

In Augaft 1729, Mr. Grey advanced one ftep further in his
clectrical operations.  He found that he could convey the elec-
tric virtue from the tube to the line of communication without
touching it, and that holding the excited tube near it was fuffici-
ent. Repeating his former experiments with this variation, in
conjun@ion with Mr. Wheeler, and among others, carrying the
eleéiric virtue feveral ways at the fame time without touching the
line, they always obferved, that the attraction was ftrongeft at
the place which was moft remote from the tube; a fa& which
they might have obferved, if they had attended to it, in their for-
mer experiments.

Some time in the fame month, Mr, Wheeler and Mr. Grey
in conjunéion made fome experiments, in order to try whether
the ele@ric attra@ion was in proportion to the quantity of matter

® Phil. Tranf, abridged, Vol.7.p.16. 4 Ib.p.17.
in
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n bodies ; and with this view they electrified a folid cube of oak,
‘and another of the fame dimenfions which washollow ; but they
puld  not * perceivie any " difference ‘in- their attradive 'power ;
though it was Mr. Grey’s opinion, that the ele@tic effluvia pafl-
‘ed through all the parts of the folid cube. ®
0/ 0n the'13th. of Auguft in the fame year, Mr. Grey made
‘aiother improvement in his electrical apparatus; by finding that
He could cle@ify a 7ad, as well asa thread, without inferting any
part of it into his excited tube. - He took a large pole twenty (e~
en fect long, two inches and one half diameter at one end, and
Jone inch and one half/at the other. | Ltwasa fort of wood which
is/called horfé beach, and hadits rind on. This pole he fufpend-
ed Horizontally by hair lines, and at the fmall end of the pole
e hung a cork, by means of a packthreadabout one foot long,
‘and put @ finall leaden ball upon the cork, to keep the pack-
thread extended.  Then the leaf brafs being put under the cork,
the tube rabbed, and held near the larger end of the pole, the
cork ball at the oppofite end attrated the leaf brafs firongly, to
the height of an inch or more. M. Grey alfo obferved, that
though the leaf brafs was attrated by any, pact of the. pole, it
was not near fo firongly as by the cork. -

Asour the beginning of September, Mr. Grey made experi-
ments, to fhew that the eleftric effuvia might be carried in a cir-
ele, as well as along lines, and be communicated from one circle
t0 another ; and alfo that it might be done whether the circles
were vertical, or horizontal.
| Asour the latter end of autamn, or the beginning of winter
13729, Mr. Grey refumed his inquiries after other eleétrical bo-

* Phil, Taand, abridged, Vol. 7.p. 17, 4 Ib. pu1s.
B dies,
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dies, and found many mor¢ to have the fame property, but he
mentions only the dry leaves  of feveral trees; from Whence he
concluded, that the leaves of all vegetables had that attra@ive
virtue. *

‘W are now advanced to a new feene of Mr. Grey’s electrical
experiments, viz. upon fiuids; and upon animal bodies, * Haying
1o other method of trying whether any fubftances could have the
ele@ric virtue communicated to them, but by making them raife
light bodies placed upon @ ftand under them ; it may eafily be
imagined, that they could not well contrive to- put a fluid body
into that fituation. 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 in a ftate’ of fufpenfion,  Accordingly on
March 23d. and 25th: 1730, he diffolved foap in Thames water,
and fufpending a tobacco pipe, he blew a bubble at the head of
it; and, bringing the excited tube near the {mall end, he found
the bubble to attract leaf brafs to the height of two, and of four
inches. 4 4

Arrur the 8th. 1730, Mr. Grey fufpended a boy on hair lines
in a horizontal pofition, juft as all ele@ricians had, before, been
ufed to fufpend their hempen lines of ‘communication, 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 vi-
gour, o as to rife to the height of eight, and fometimes of ten
inches. When the leaf brals was put under his feet, and the
tube brought near his head, the attration was fmall ; and when
the leaf brafs was brought under his head, and the, tube held
over it, there was noattradtionatall. Mr. Grey does not attempt

* Phil. Tranf. abridged, Vol. 7. p. 19. +1b,
o
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16/affign any résfon for the(eappedrances; /[t was not till miny
5 after this ey thiat the infliienceiof peints inreceiving and
emitting the elecric cffuvia was obferved.. While the’ boy was
fifpended, Mr. Grey, amufed ‘him(elf with making the) elegri-
ity operatetin feveral parts of his body, at the famie time and
4t thie-ends 65 lotig rods; which he:made him hold: in hishands,
and it diverlifyin peri & oth #ilco
“Ttis curiond 6 obferve th inferénce which: Mr. Grey. ‘makes
fron ‘thefs expeeiments. By them, fays he, wa foe; that animals
receive w greater quantity of clecric fluid thin other bodics ; and
thavit may beconveyed from them feverl ways at the fame tin,
o eonfiderablediftarices: | He hiad no idéa that:the bodies of anix
mals reeeive dlectricity only by means of the moifture that is in
them, and that this hempen line of communication, and his
whodeh fods-could not! have been eletrificd:ac ally if they had
been perfe@ly dry.
11y all thefs experimehts Mr. Grey oblerved, that the leaf brafs
4t attraced to'a much greater height. from the top:of a narrow
fand than from the table ; and, atloaft, three times highier than
when it was laid on the floor of the room.
““Aiou'r this time Mr. Grey eommunicated to the Royal Soci-
ety His fufpicion, thec bodics attracted iore or Lefs according to
heir colour, though the fabfténce was the fame, and the weight
and fize equal. He fays, he found red; orange, and yellow at-
@ed at leaff thice or four times fironger than green, blue, or
puple’ bt he forbore communicating a more particular account
of them, till lie had tried a moreaccurate method which, he fays
e had thought of; to make the experiments.  The commanicas

* Phil, Tranf abridged; V. 7. p. 20.
Eii2 tion,
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tion, however; was never made. | The, thing itflf was only a de-
ception; as will be fhewn in fome fubfequent -experiments made
by Monfieur Du Faye, ®
Mg. Grey, having found that he could communicate elecri-
city to a bubble of foap and water, was encouraged to attempt
communicating it to water itfelf. . In order to this, he electrificd
a wooden difh full of water, placed-on a cake of rofin, or a pane
of glafs, and obferved; ' that if a fmall piece of thread, a narrow
flip of thin paper; or a piece of fheet glafs was held over the wa-
ter, inan horizontal pofition, at the diftance of an inch or fome-
thing more, they would be attralted to the furface of the water
and then repelled; but he imagined that. thefe attraions and
repuilfions were not repeated fo often as they. would have been,
if the body had been folid.
Bur he afterwards contrived to. fhew the effeét of eledricity
- upon water in_ another and more effectual manner. |+ As)this ex-
periment wis very curious and exhibited . an appearance which
was quite new to the electricians of thofe times, I fhall relate the
particulas ‘of it very fully, and generally in Mr. Greys own
words.+ g
He filled a fmall cup with water higher than the brim, and when
he had held an excited tube over it, at the diftance of about an
inch ormore, he fays, that if it were a large tube; there would
fieft arife a little mountain of water from the top of it, of a coni-
eal formy; from the vertex of which there proceeded alight, very
vifible when the experiment was performed in a dark room, and
2 faapping noife, almoft like that which was made when the fin-
ger was held near the tube, but not quite {0 loud, and ofa morc

* Phil. T, abridged, Vol.7.p. 32, #1b. pu 25,
£ flat

VYA.BHSC



Prriop 11 OF M. GREY. 3

flat found.  Upon this, fays he, immediately the mountai
may fo call it, falls into the reft of the water, and puts it into'a
tremulous and waving motion.
| Wiz he repeated this experiment in the fun fhine, he perceiv-
 ed that very fmall particles of water were thrown from the top
of the mountain ; and that, fometimes, there would arife a fine
ftream of water from the vertex of the cone, in the manner of a
fountain, from which there iffied a fine ftream or vapour, whofe
pasticles were fo fimall as not to be feen ;. yet, he fays, he was cer=
tain it muft be fo; fince the under fide of the tube was wet, as
Te found when he came to rub it afterwards.  He adds, that he
had fince found, that though there does not always arife that cy-
Tinder of water, yet that there is always a ftreait of invifible par-
ticles thrown on the tube, and fometimes to that degreeas to be
vifible on it.

Wisen fome of the larger cups were nfed (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 3
the middle part of the furface, which was flat, would be deprefl-
ed, upon theapproach 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 iffucd out from it horizontally ; and, after the. crackling
noife, returned to the reft of the water; and that fometimes
fmall particles would be thrown off from it, as from the fmall
portions of it above mentioned.
_ Tazs laft cxperiment he repeated with hot water, and found
that it was attratted much more ftrongly, and ata much greater
diftance than before  The fteam arifing from the vertex was in
this cafe vifible, and the tube was fprinkled with large drops of
water.

He
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H tried thefe experiments, in the fame manner, with quick
filver, which waslikewife raifed up, but; by reafon of its gravity,
not to fo great a height as the water: but, he’fays, that the
fiapping noife was louder, and lafted much longer than it did
with the water®

T is ot ealy to know what to make of the next et of experi-
ments which engaged the attention of Mr. Grey, or how far he
deceived bimflf in the refults of them. ~ He fancied that he had
difcovered a perpetual attracive power in all ele@ric bodies which
did ot require heating, rubbing, o any kind of attrition to be
excited. The following experiments, he imagined proved the
difcovery. X

He took nineteen different fubftances, which were cither rofin,
gum lac, fhell lac, bees wax, falphur, pitch, of two or threc
of thefe differently compounded. Thefe he melted in a fpheri-
cal iron Tadle ; except the fulphur, which was beft done ina glals
veffel.  When thefe were taken out of the ladle, and their fphe-
rical furfaces hardened, he fays, they would not attract until the
Teat was abated, or until they came toa certain degree of warmth;
that then there was a fmall attraétion, which encreafed until the
fubftance was cold, when it was very confiderable. -

Tae manner in which he preferved thefe fabftances in ' flate
of attraction, was by wrapping them in any thing which would
keep them from the external air. At firft, for the finaller bo-
dies, he ufed white paper, and for thelarger ones, white flannel;
but he afterwards found that black worfted ftockings would do
aswell. Being thus cloathed, he put them into a large firm
box; where they remained, till he had occaofin to make ufe of
them.

* Phil. Tranf. sbridged, Vol. 7.p. 24 415, Vol. 7. p. 24,
H:
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. Hi obferved thefe bodies for thirty days, and found that they

continued to adt as vigoroully as on the firlk or fecond day s and
that they setsined their power until the time of his writing,
Svhen fome of them had been propared above four montbs.
 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 bos.
In fair weather, the glafs would attra alfo, but not {0 ftrongly
as the fulphur, which never failed to attract, let the wind or the
weather be ever fo variable;; as would all the other bodies, only
in wet weather, the attration was not f0 great, as in fair wea-
ther.
" He alfo mentions a cake of melted fulphur, which he kept
without any cover, in the fame place with the body above-
mentioned, and where the fun did not fhine upon them; and
fays, that it continued to attract till the time of his writing s
but that its attraction was not one tenth part of that of the cone
of fulphur which was covered.

“Tagse attrations 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 attraction at as great
a diftance as he could hold them.

" Ar the time of his writing, he was upon the fubjeét of per-
mancnt elegiricity in glafs, but had not then compleated his
experiments.

Great light will be thrown upon thefe experiments of

- Mr. Grey by fome that will be hereafter related of Mr. Wilcke.

* Bhil. Tran; sbridged, Vol. 6. p. 27+
It
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1t is probable that the glafs veffel in thefe experiments was pof-
feffed of one cle@ricity, and the fulphur, &c. of the other. But
the two elericities were not difcovered till :

W are now come to 2 different fet of clecrical experiments,
made by Mr. Grey and Mr. Wheeler in conjundion, fimilgr to
fome of Mr. Hawkefbee's.

Inthe firft place, Mr. Grey made fome experiments, which,
probably unknown to him, had been made before by M. Boyle,
on excited glafs, and feveral other bodies in vacuo, and found
that they would attract at very near the fame diftance as in
pleno. - To determine this, he fufpended  the excited fubftance
in a receiver of an air pump, and when it was exhaufted, he
Tet the electric down to a proper diftance from fome light bodies,
placed on 2 ftand below. The event was, as near as. could be
judged, the fame in vacuo as in the open air, if the cxperiment
was made in the fame receiver, and if the electric was: brought
to the light bodies 2t the fame diftance of time from the a& of
excitation. ¥

Asour the latter end of Auguft 1732, Mr. Grey and Mr.
‘Wheeler fufpended, from the top of a receiver, a white thread,
which hung down to the middle of it. Then exhaufting the
receiver, and rubbing it, the thread was attrated vigoroufly.
When it was at reft, and hung perpendicularly, the excitcd
tube attrated it; and when the tube. was taken away flowly,
the thread returned to its perpendicular fituation ; but the tube
being removed haftily, the thread jumped to the oppofite fide of
the recciver. This laft effect followed, if the hand was haftily
removed from the recciver; and at firft it appeared, in both

* Phil, Traaf, abridged, Vol. 6. p. 7.
cafes
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cafes; ‘unaccountable to them ; but upon further confideration,
they concluded, that it proceeded from  the motion of the air,
made by the tube, or the hand, which took off the attraction on
‘that fide, and noton the other. * - They alfo found, that an ex-
cited tube: would attract the  thread through another receiver,
 which was putover that in which it was fufpended. And, fome-
time after, Mr. Wheeler found that the thread was attracted:
through five reccivers put one over another, and all exhanfted =
He even thought that, in this cafe, the attraction was rather.
fironger than when a fingle receiver was ufed. N. B. The
more effectually to keep any thing of moifture out of the recei-
yers, which would have been of bad confequence in. this experi~
ment, inftead of wet leather, he made ufe of a cement made of
wax and turpentine, which M. Boyle ufed in his experiments. 4
. Tuess two gentlemen, about the fame time, made a curious
experiment which, they fay, | fhewed  that attraction is commus.
nicated through opaque, as well as  tranfparent bodies, not in
vacuo. But a little knowledge of metal, as a conduéor of
eledricity, - would have faved. them the trouble. they gave
themfelyes. - 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
?m fome leaf brafs. The excited tube was then brought ncar
everal parts of the bell ; and, upon taking it up, feveral picces
of leaf brafs were found flicking to the cork, and others were
removed from the places in which they had been left, having,
probably, been attracted by the bell.

® Phil. Tranf, abridged, Vol 7.p. 56 +Ibp.oz.  11b.g6
G
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‘W fee by how finall fteps advances were made in this fcience
by fome experiments made by Mr. Grey, 16th June 1731,
and which he has thought worth recording 5 though they con-
tain hardly any thing which we fhould think new, notwith-
fanding the difcoveries appeared pretty confiderable to him.

He cle@rified a boy ftanding on cakes of rofin, as frongly
as he had before eletrified him when fufpended on hair lines.
He afterwards cledrified a boy fufpended on hair lines, by
means of a line of communication from another boy who was
ele@rified, at fome feet diftance from him. He varied this ex-
periment with rods and boys feveral ways ; ‘and concluded from
it, that the ele@ric virtue might not only be carried from the
tube, by arod, or line, to diftant bodies; but that the fame
rod, or line, would communicate that virtue to another rod, or
line, at a diftance fromit; and that, by this other rod, or line,
the attra@tive force might be carried to ftill more diftant bodies.
“This experiment fhews that Mr. Grey had not properly confider-
ed the line of communication, and the body ele@ified by it, as
one and the fame thing, in an elecrical view, differing only in
form, as they were both alike conductors of eleéricity.

v December following, Mr. Grey carried this experiment
fomething further, by conveying eleéricity to bodies which
did not touch the line of communication, making it pals
through the center of hoops ftanding on glafi. One of his
hoops was twenty, another forty inches in diameter. *

* Phil. Tranf, abridged, Vol. 7.p. 1co:
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I

Tur EXPERIMENTS AND DISCOVERIES or Mr. Du FAYE.

HITHERTO the fpirit of cle@ricity feems to have 'been
confined to England ; but, about this time, we find that
it had paffed the feas, and that ingenious forcigners were ambi-
tious of diftinguifhing themfelves, and acquiring reputation in
this new field of glory. ' Mr. Du Faye, intendant of the French.
King's gardens, and member of the academy of {ciences at Paris,
affiduoufly repeated the experiments above-mentioned of Mr.
Grey, and likewife added to the common ftock many new ones
of his own. To him we are alfo indebted for the obfervation of
feveral general propertics of electricity, or rules concerning the
method of its ation, which had not been taken notice of before,
and which reduced to fewer propofitions what had been difcover=
ed concerning it. Thefe experiments of his were' comprifed
in cight long memoirs, inferted in the hiftory of the academy of
foiences for the years 1733, 1734and 1737. An account of fome
of them alfo makes an article in the Philofophical Tranfactions,
dated December 27th 1733. The firlt of his memoirs contain
a hiftory of eledricity, brought down to the year 1732. %

He found that all bodies, except metallic, foft, and fluid
ones, might be made cletric, by firlt heating them, more or
lefs, and then rubbing them on any fort of cloth, Heallo

¢ Gefchichte, Vol. 1.p. 195+
Gz excepts
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excepts thofe fubftances which grow foft by heat, as gum s or
which diffolve in water, as glue. He alfo remarked, that the
hardeft ftone and marble required more chafing and heating than
other bodies, and that the fame rule obtains with regard to
woods; fo that box, lignum vite, and other kinds of very hard
‘wood muft be chafed almoft to a degree of burnings whereas
fir, lime tree, and cork require but a moderate heat. *
H: found that not only damp air, but alfo great heat was
ial to ele@ricity, and that his experi often failed in
thie warmeft hours of 2 moderately hot day.

He fays, that, purfuing Mr. Grey's experiments, 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 flightly warmed, or only dried, and
the excited tube was brought near them. He particularly men-
tions his having made the experiments with ice, lighted wood
coal, ‘and every thing that happened to be at hand at the time;
and conftantly remarked, that fuch bodies as were of themfelyes
the leatt ele@ric, had the greateft degree of ele@ricity commu-
nicated to them by the approach of the excited tube.

He refates Mr. Grey's affertion concerning the different clec-
tricity of differently coloured bodies, and thews that it proceed-

_ed not from the colour as a colour, but from the fubftance
“ which was employed in dying it.

Ix order to determine (as he imagined) whether fome bodics
did not. contain more ele@ric matter than others, he hung upon
an iron bar, fufpended on filken ftrings, threads of filk; wool,
cotton, and linen; and obferved, that when the excited tube

* Dhil, Tranf abridged, Vol.8.p. 393, +Gefchichte, Vol 1. p. 211,
was

UVVA.BHSC



Perrop IV OF Mz. Dv FAYE. 4

was brought near  the bar, the linen threads feparated to the
greateft diftance; and fo were moft affected; the cotton next,
then the filk, and the wool, leaft of all, the threads hanging
 ‘almoft clofe  together. ~ From this he concluded, " that, of all
thefe fubftances linen contained the moft electricity in it. *
. Havixe communicated the electricity of the tube, by means
‘ofa packthread, after Mr. Grey's manner, he obferved, that
the experiment facceeded better for wetting the line; and though
he made the exporiment at the diftance of one thoufand two
hundred and fifty fix feet, when the wind was high, the linc
making eight returns; and paffing through two different walks
of a garden, that the eledric virtuo was ftill communicated. -

“Tup ele@ric fpark from a living body, which makes a prin-
eipal part of the diverfion of gentlemen and ladies, who. come
o fec experiments in elediricity, was firfk obferved by Mr. du
Faye, accompanied at that time, as in moft of his experiments,
by the Abbe Nollet, who, afterwards, we.fhall find, did him-
I obtain a diftinguithed name among elecEricians.

M. Dy Fave, having got himfelf fufpended on ik lines,
25 Mr. Grey had done the child mentioned above, obferved,
¢hat, as foon as he was cletrificd, if another perfon approached
him, and brought his baad within an inch, or thereabouts, of
‘his face, legs, hands, or cloaths, there immediately iffucd 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 himfelf, a little pain,
refembling that of the fudden prick of a pin, or the burning from
a fpark of fire; and that it was felt as enfibly through his cloaths,

* Gefchichte, Vol 1. p. 231, + Bhil. Teanfhabridged, Vol. . p. 395
as
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as onhis bare face, or hands. He alfo obferves, that, in the
dark, thofe fappings were fo many fparks of fire. *

Tue Abbe Nollet fays he fhall never forget the furprife,
which the firlt ele@rical fpark which was ever drawn from the
human body excited, both in Mr. Du Faye, and in himfelf. 4

He fays, that thofe fnappings and fparks were not excited, if a
bit of wood, of cloth, or of any other fubftance than a living hu-
man body, was brought near him ; except metal, which produced
very nearly the fame effect as the human body. He was not
aware, that it was owing to points, or partial drynefs, in the
fubftances which he mentions, that they did not take a full and
ftrong fpark. He feems alfo to have been under fome deception,
when he imagined, that the flefh of dead animals gave only an
uniform light, without any fhapping, or fparks.f

Frow this circumftance, however, he, at that time, conclud-
«d, that the bodies of living animals, (and alfo metals) were
farrounded with an‘atmofphere of vapour, which was actually fe:
on fire by cledtric light. ||

‘He obferved, that a cat emitted an eleric fpark, which evi-
dently gave her pain, when the finger was brought to any part
of her body, after fhe had been ftroked, while fhe was fitting on
a filk cufhion. This muft have appeared very extraordinary, be-
fore it was known, that the ele@ric matter paffed from the hand
to the cat, in the ac of rubbing. §

Wit the electric fpark, he imagined he could have fired in-
flammable fubftances; and he made feveral attempts with tinder
and gunpowder, but without fuccefs: He found no appearance

* Phil. Tranf. abridged, Vol. 8. p. 305+ Legons de Phyfique, Vol. 6. p. 408.

1 Phil. Traaf. abridged, Vol. 8. p- 395 N Geliipie Wolfaspiiigioso.

§Tb. p. 216,
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of real fife. - This'was a capital difcovery referved for the
Germans. *

 Tux two riext capitel obfervations of Mr. Du Faye I fhall re-
peat in his own words, becaufe they arcimportant and, curious ;
and et the former of them is little more than what Otto Guericke
had obferved before him. ¢ I difcovered,” he fags, © a very fim-
< ple principle; which accounts for a great part of the irregula-
< titics, and, if I may ufe the term, of the caprices, that feem
< 10 accompany moft of the experiments in ele@iricity. This
¢ principle is; that cle@iric bodies attract all thofe which are
«ot fo, and repel them as foon as they are become clectric,
< by the vicinity or conta@ of the eleétric body. Thus leaf
< gold is firft attradted by the tube; acquires eledricity by ap-
« proaching it, and, confequently, is immediately repelled by
“it; noris re-attracted, while it retains its cle@iric quality.
«Butif, while it is thus fufteined in the air, it chance tolight
< on fome other body, it Rraightway lofes its ele@ricity, and
« confequently is re-nttracted by the tube ; which, after having
“ given it a new clectricity, repels it a fecond time; and this
< fepulfion continues as long as the tube keeps its power. Upon
< applying this principle to various experiments of elecricity,
<€ one will be furprifed at the number of obfeure and puzzling
¢ fa@s which it clears up. ” By the help of this principle, he,
particularly, endeavours to explain feveral of Mr. Hawkefbee's
experiments. +

*  Cinance, he fays, has thiown in my way another principle
< more univerfil and remarkable than the preceding one; and
« which cafts a new light upon the fubjet of cleciricity. The

* Gefchichte, Vol p.'22: 4 Phil. Tranf, abridged, Vo, 8. p. 366.
! principle
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« principle is, that there are two diftinét kinds of elégtricity,
< very different from one another; one of which I call witreous,
<the other ryfinous clericity. The firft is that of glafs, rock-
« chryflal, precious ftones, hait of animals, wool, and many
<t other bodies. - The fecond is that of amber, copal, gum lac,
« filk, thread, paper, and a vaft number of other fabftances.
«¢ The charaeriftics of thefe two cle@ricities is, that they repel
¢ themfelves, and attract each other. Thus a body of the vitre-
< ous eledricity repelsall other bodies poffefied of the vitreous,
<< and on the contrary, attractsall thofeof the refinous electrici-
< ty. Therefinous, alfo, repels the refinous, and attradts the
« yitreous. From this principle, one may eafily deduce the ex-
<« planation of a great number; of other phenomena; and it is
< probable, that this truth will lead us to the difcovery of many
« other things.”

In order to know, immediately, towhich of the two- claffes
of eledricity any body belonged, he made a filk thread electri-
cal, and brought it to the body, when it was excited. If itre-
pelled the thread, he concluded it was of the fame ele@ricity with
it, viz. refinous; if it attrafed it, he concluded it was vitre-
ous. *

He alfo obferved, that communicated ele@ricity had the fame
property as the excited. For having: clerified; by the glafs

“ tubes, balls of wood or ivory ; he found them to repel the bodics
which the tube repelled, and to attra& thofe which the tube at-
tracted. If they had the refinous ele@ricity communicated to
them, they obferved the fame rule, by astracting thofe bodics
which had the vitreous elericity communicated to them, and

*Phil, Tranf, abridged, Vol. 8. p. 397
repelling
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repelling thofe which had reccived the refinous. But, he obferves,
the experiment would not fucceed, if the bodies were not made
equally elecirical ; for, if one of them was weakly electrical, it
would be attraéted by that which was much more ftrongly elec-
trical, of whatever quality it was.

" Turs difcovery of the two elediricities was certainly a capital
one, but was, notwithftanding, left very imperfe@ by Mr.
Do Faye.  We fhall fee that Dr. Franklin found, that, inall
probability, the vitreous ele@icity was pofitive, or a redundancy
of eleéiric matter ; and the refinous, negative, ora want of its
and that Mr. Canton has difcovered, that it depends upon the
furface of the elecric bodies, 'and of the rubber, whether the
eletricity be pofitive or negative.

" Tus docrine of two different cle@ricities, produced by ex~
citing different fubftances, confiderable as the difcovery of it was,
feems to have been dropped after Mr. Du Fage, and thofe effects
aferibed to other caufes ; which is an inftance that fcience fome-
times goes backwards.

‘Mz. Du Favs himfelf feems, at laft, to have adopted the
opinion, which generally prevailed to the time of Dr. Franklin 5
that the two eleétricities differed only in degree, and that the
fironger attracted the wealer: not confidering that, upon. this
principle, bodics poffeffed of the two cleEricities ought to attrac:
onte another lefs forcibly, than ifone of them had not been elec~
trified at all, which is contrary to fact.

It will be feen that, many years after, Mr. Kinnerfley of
Philadelphia, a friend of Dr. Franklin's, being at Bofton in New.
Bugland, made fome experiments which again hewed that dif-

H ference
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ference of the two ele@ricities. He communicated thofe expe-
riments to Dr. Franklin, who repeated and explained them, *

Tt muft be added to the experiments of Mr. Du Faye,  that
he communicated electricity from one body to another, through
the interval of ten or twelve inches, in the middle of which there
‘wasa lighted candle. 4 - He alfo found, thatred hot iron might
be cletrified very well. 3

Mg. Du Fave was the firft perfon who endeavoured to excite
a tube in which air was condenfed, and found the attempt
ineffectual.  Sufpedting this might be owing to moifture, which
he might force into the tube, in ufing his condenfing inftrument,
he cemented a large copper eolipile to his tube, and comprefied
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 fill found the excitation to be impofiible. The Abbe
Nollet, who ' affifted at moft of this gentleman’s experiments,
declares himfelf not fatisfied even with this precaution ; thinking
that the non-excitation of the tube might @ill be owing to the
moifture, which always exifts in the air, and the particles of
Wwhich muft be drawn nearer together by condenfation. || In an-
fwer to this objection, Mr. Boulanger fays, that a fmall glafs full
of water poured into a tube, andimmediately thrown out again,
will not deftroy the excitability of the glafs near fo much as the
condenfed air. §

Mgr. Du Fave was the firt who obferved that eletric fub-
ftances attract the dew more than conductors, He obferved
®Seehis Letwrs,  § Nollees Recherches, p. 203, $1b.p. 21z [ Ib.p. 258

§ Boulanger, p. 132

that
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that a glafs vefiel, placed oma metal cup; and (¢t in' the open
air all day, will often be wet when the metal is dry.  S. Beccaria
aceounts for this fack, by fuppofing that alterations in the cléc-
tricity of the ait e:ﬁly produce correfpondent alterations in the
electricity of metals, in which the eletric fluid moves with the
utmoft eafe, but notin glafs. Whenever, thercfore, the ftate of
the cledric fluid in the air is altered, the glafs is ele@rified
plus ox minus, and. therefore attra@s the vapours in the air, %
 Ir muft:be obferved, ' that: Mr.. Granville Wheeler, in the
autumn of the year 1732, made feveral curious experiments,
relating to the repulfive force of ele@iricity. Thefe he repeated
M. Grey in the fammer following, and defigned to commiu=
nicate: them, - through his hands,  to the Royal Society s but,
deferring the exccution'of it from time to time, he was'informed,
that Mr. Du Faye had taken' notice of the fame folution of the
repulfive force. Upon this he laid afide all thoughts of commu~
nicating his difcovery to the public:: but, finding that his expe-
siments were different from thofe of Mr. Du Faye, he was
perfuaded to publifh them in the Philofophical Tranfaions for
the year 1739.

T 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 excited tube,
The refult of them all he comprifed in the three following pro~
pofitions. 1ft. That bodies made ele@rical, by communication
with an excited ele@iric, are in a flate of repulfion with refpect
ta fuch excited bodies. 2dly. That two, or more bodies, made
eledrical by communicating with an excited clectric, are in 2

* Beccaria dell’ elestricifio naturale et artificiale, p. 179,
Hz flate
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ftate of repulfion with refpet to one another.  dly. Excited
cledrics do themfelves repel one another. *

Ox of his experiments, 'to prove the fecond of thefe propofi-
tions, * deferves to be mentioned for its curiofity. ' He tied 2
number of filk threads together, by ‘a knot at each extremity ;
when,  upon ele@rifying them, the theeads repelled one another,
and the whole bundle was fivelled out into a beautiful fpherical
figure; fo that he could with pleafure, he fays, obferve the knot
at the bottom rifing upwards, -as the eleétricity and mutual re-
pulfion of the threads increafed; and he could not help imagin-
ing his bundle of filks to refemble a bundle of mufcular fibres.

By way of corollary to the fame propofition, he obferves, that
it fuggefts, more plainly than any othet known' experiment, . a
reafon for the diffolution of bodies in menftrua; viz. that the
particles of the folvend, having imbibed particles of the menftrua,
{0 as to be faturated with, them, the faturated particles become:
repulfive of onc another, feparate, and fly to picces. -

# Phil. Tranf. abridged, Vol 8.p. 411, 4 Ib. p. g1
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P'‘ERTOD V.

THE CONTINUATION, AND 'CONCLUSION oF ‘MR. GREY’s
EXPERIMENTS. i

MR. GREY, upon refuming his experiments, exprefles great
{atisfaction, that his former obfervations hiad been confirm-=
by fo judicious 2 philofophier as Mr. Du Faye; who, he
eklewiedges, had made [veral new ones of his own, particu-
Tarly that fmportant luciferous one, a8 he calls it; which, put
Bitn upon making the experiments which follow, ‘and which were
‘made in' the months of July and Auguft 1734. % 4
SCA'Mr. Du Faye had faid, that the fnappings and the fparks,
fie had mentioned, were ftrongly excited by a piece of metal,
preféated to the perfon fufpended on filk lincss Mr. Grey con-
Cluded, that if the perfon and the metal (hould change places, the
effet would be the fame. He, ‘accordingly; fufpended feveral

eces of metal on filk lines, Beginning with the common uten=
fils, which were at hand, as the iron poker,’ ongs, fire fhovel,
&c. and found, that, when they were' ele@rified, they gave
fparks, in the fame manner as the human body had done'in like
Gircum(tances. This was the ofigint of metallic conduéfors,’ which
are in ufe to this day.

 Phil, Trant. abridged, Vol 8 i 397+ 10 p- 393+
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Mgz. Grey did not, at that time, think of making his expe-
siments in the dark, in order to fee the light proceeding from the
iron; not imagining, that eletrigity icated to metals,
would have produced fuch furprifing phenomena, as, he fays, he
afterwards found it to do.

CoxTinumye his experiments at Mr. Wheeler's, they found,
that the flefh of dead animals exhibited, very nearly, the fame
appearances as that of living animals, contrary to the affertion of
Mr. Du Faye.

By what moft furprifed Mr. Grey, and the gentlemen. then
prefent, in the experiments he made upon that occafion, was the
phenomenon above referred to, and whathe now calls a core, ot
pencil of eleétric light;, fuch as is commonly feen to iffue from an
ele@rificd point. | As this was the firft time that this phenome-
non, which is now fo common, was diftinétly feen, T fhall re-
late the experiment, of which it was the refult, at large.

Mz Grey, and his friends, provided themiclyes with an iron
cod four feet long, andhalfaninch in diameter, pointed at cach
end, but not tharp. Sufpending this iron rod upon flk lines in
the nights and, applying the excited tube tooncend of it, they
perceived, not only 2 light upon that e’qd,{ but another iffuing
from the oppofite;end, at the fame time, Thi§ light extended
itfelf, "in the form of a cone, whofe yertex was at the end of the
rod: and,Mr. Grey fays, that he and his company could plainly
fee, that it confifted of feparate threads, or rays of light, diverg-
ing from the point, of the, rod, the exterior rays being. incur-
vated. This light appeared at cvery firoke they gave the tube,

Tuey likewie obferved, that this light was always attended
with a fmall hiffing noife, which,  they imagined; began at the
end next the tube, increafing in loudnefs till it came to the op-

pofite

£
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pofite end:  He fays, however, that this noife could not be
heard, but by pérfons who ftood near the rod, and attended to
it *
 MR.Gre; repeating thefe experiments in the September

following, after his return to London, obferved an appearance,
which he fays; farprifed hirn very much. After the tibe had
been applied to the ifon rod, as before, when the light, which
Thad been feen dt bothi ends, had difappearcd ; it was vifible again
‘wpon bringing his hand near the end of the rod ; and, upon re=
‘peating this miotion of his hand, the fame phenomenon appeared
for five or fix times fucceflively ; only the rays were, at each
time, fhorter 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 hiffing noife.
B ice, that the light which appearcd on the end next
the tube, when it was held oblique to the axis of the rod, had
s rays tending towards it ; and that, all the fime he was rub-
bing the tube, thofe flafhes of light appeared upon every motion:
of his hand up or down the tube, but that the largeft flafhes
were produced by the motion of his hand downwards. -+

Wazsn he ufed two or three rods, leying them, either in 2
right line, or fo as to make any angle with cach other, and ap-
plied the tube to any one of their ends; he obferved, that the
fartheft end of the fartheft rod exhibited the fame phenomena as
one fingle rod.

Using a rod pointed only at one end, he obferved, that the
other end gave but one fingle fap, but that it was much louder
than the greateft of thofe which were given by the point of the

© Phil, Traof abridged, Vol 8 pi 498 To.p. 309 11b.p.goo.
. rod,
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rod; alfo that the pain, refembling pricking or burning, was
more ftrongly felt, and that the light was brighter ‘and more
contracted.

CoNNECTING 2 pewter plate with the iron rod, and filling
the plate with water, he obferved the fame light, the fame pufh-
ing of the finger, as he calls it, and the fame fnapping, as when
the experiment was made with the empty plate.. ‘And when the
experiment ‘was made with water, in the day light, it appeared
to rife in a little hill, under the finger which was prefented to
it; and, after the fapping noife, fell down again, putting the
water into a waving motion near the place where it had rifen.

‘Tuese effeits were the fame which he had before obferved to
proceed from the immediate action of the tube, but by thefe ex~
periments, he fays, that he found (what, no doubt, appeared a
real advance in the {cience to him) that an a¢tual flame of fire,
together with an explofion, and ebullition of cold water, might
be produced by communicative ele@ricity.  What he adds is fo
remarkable, that I fhall repeat his own words. ¢ And although
« thefe cffects arc at prefent but in minimis, it is probable, in
« time, there may be found out a way to colleét a greater quan-
< tity of the clectric fire, and confequently to increafé the force
« of that power ; which, by feveral of thefe, cxperiments, /i licet
< magnis componere parva ;. {eems to be of the fame nature with
< that of thunder and lightning. ” *

How exagly has this prophecy been fulfilled in the difeoveries
of the Leyden electricians, and Dr. Franklin; 5 the former hav-
ing difcoyered the amazing accumulation of the ele@ric power,
ia what is called the Leyden phial; and the latter having proved

® Phil. Tranf. abridged, Vol, 8. p. 4o1,
the
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the matter of lightning to'be the very fame with that of clec=
wricity ;- though Mr, Grey might pofiibly mention thunder and
lightning only by way of common comparifon. #

On February the 18th. 1735, Mr. Grey, repeating the expe-
riments of the iron rods with wooden ones, found all the effects
to be fimilar,  but much weaker ; as it is now well known muft
Tave been the cafe s wood being fo-imperfect a condu@or, and:
only in proportion to the moifture it contains.

At the fame time, he relates, that repeating the eleGrification:
of water, he found, that the phenomena before mentioned were
produced, notonly by holding the tube near the water, but when
it was removed, and the finger afterwards brought near it. ®

May the 6th. of the fame year, he again fufpended a boy on
filk, and found that this boy was able to communicate the elec-
tric fire, firfk to one, and then to feveral perfons ftanding: upon
ele@ric bodies. J i

Mg Grey feems flill to have imagined, that electricity de-
pended, in fome meafure, upon colour. The boy fafpended on
Blue lines, he fays, retained his power of attraction ffty mi-
nutes; on fearlet lines, twenty five minutes ; and on orange co-
Toured lines, twenty one minutes. By thefe experiments, be
fays, we fee the efficacy of cledtricity on bodies fafpended upon
lines of the fame fubftance, but of different colour. 4

_Bux the greateft deception which this ingenious gentleman

 feems to have lain under, was occafioned by the experiments
which he made with balls of iron, to obferve the revolution
of light bodies about them. The paragraph relating to, thefo
experiments, being the laft which Mr. Grey wrote, I thallgive
it at length as a curlofity.

* Phil, Tranf. abridged, Vol. 8. p. 402. 4 Ib. p. 403-
1 «Tuave
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<1 aave lately made, ” Gays he, « feveral new experiments
< upon the projectile and pendulous motion of fmall bodies by
« ele@ricity ; by which fmall bodics may be made to move a-
« bout larger ones, cither in circles, or in ellipfes; and thofe
« cither concentric, or cccentricto the center of the larger body,
« about which they move, fo as to make many revolutions a-
< bout them. And this motion will conftantly be the fame way
< that the plancts move about the fun, viz. from the right hand
« to the left, or from wet to caft.  But thefe litle planets, if
< T may fo call them, move much fafter in their apogeon, than
<t in the perigeon parts of their orbits; which is dire@ly contrary
< to the motion of the plancts about the fn. *

“Tuzss experiments Mr. Grey had thought of but a very lit-
1le while before his laft ilinefs, and had not time to compleat
them ; but the progrefs he had made in them he revealed, on
the day before his death, to Dr. Mortimer, then fecretary to
the Royal Society. He faid they ftruck him with new furprifc
every time he repeated them, and hoped that, if God. would

* fpare his life  Jittle longer, he fhould, from what thefe pheno-
mena pointed out, bring his cle@rical experiments to. the great-
eft perfection.  He did not doubt but, in a thort time, he fhould
be able to aftonith the world with & new fort of planetarium,
never before thought of ; and. that, from. thefe experiments,
‘might be eftablifhed a certain theory, to account for the motions
of the grand planctarium of the univerfe. Thefe experiments,
Sallacious as they are, deferve to be briefly recited, together with
thofe which were made in confequence of them after Mr. Grey's
death. 1 fhall refate them in Mr. Grey’s own words, a5 they
were delivered to Dr. Mortimer, on his death bed.

 Phil. Tranf, abridged, Vol. 8. p. 404
Prace
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Prace a fmall iron globe, faid he, of an inch, or an inch
and a half in diameter, on the middle of a circular cake of rofin,
feven or cight inches in- diameter, gently excited s 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 @ circle round the iron globe, and conftantly
. from wefkto eaft. Ifthe globe be placed atany diftance from the
center of the circular cake, it will deferibe an ellipfe, which will
have the fame eccentricity, 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 defcribe
an elliptical orbit, of the fame eccentricity with the form of the
cake. 1
Ir the iron globe be placed in, or near, one of the foci of the
elliptical cake, the light body will move much fwifter in the
apogee, than in the perigee of s 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 round it the light body will move as in the
circumftances mentioned above, and with the fame varictics.

He faid, moreover, that the light body would make the fame
revolutions, only fmaller, round the iron globe placed on the
bare table, without any ele@rical body to fupport its but he
acknowledged he had not found the experiment fucceed, if
the thread was fupported by any thing but a human hand;; though,
he fancied, it would have fucceeded, if it had been fapported
by any animal fubftance, living or dead. *

Mz. GREY went on to recite to Dr. Mortimer other experi~

* Phil. Tranf. abridged, Vol. 8. p. 404 405
Iz ments
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‘ments Atill more fallacious; which, out of regard tohis memory,
1 fhall forbear to quote.  Let the chimeras of this great elcctri-
cian teach his followers, in the fame, and ftill but newly opened:
field of philofophy, 2 proper ‘degree of caution in their reafon-
ings from induction. ~ Let not the example, however,  difcou-
rage any perfon from trying what may appear improbable; but
Iet it induce a man to delay the publication of his difcoverics,
1ill they have been perfely afcertained, and performed in the
prefence of others. * In experiments of  great delicacy, a ftrong:
imagination will have great influence even upon the external
fenfes; of which we (hall have frequent inftances in the courfe
of this hiftory.

Dr. MorT1mer himfelf feems to have been deceived by thefe

_experiments of Mr. Grey. He fays, that, in trying them after
his death, he found, that the light body would make revoluti-
ons round bodies of various. fhapes and fubftances, as well as
round the iron globe ; and that he had actually tried the experi-
mént, with 2 globe of black marble, a filver fandith, a {mall
chip box, and a large cork. *

TaEse 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 himfelf
taok a great deal of pains to verify them, with various fuccefs ;
and at laft he give it as his opinion, that a defire to produce the
motion from weft to eaft was the fecret caufe, that determined
the pendulous body to move in that direétion, by means of fome
impreffion from Mr. Grey's hand, as well as his own; though

# Phil. Tranf, abridged, Vol. 8. p. 405 5
3

VVABHSC



“Prriop V. OF Mr.' GREY. 61
he was, at the fame time, perfuaded, that he was not fenfible
of giving any motion to his hand himflf. * i

Mr. Du Fave, in the memoirs of the academy of fciences
for theyear 1737, ackrowledges that thefe experiments of Mr.
Grey and Mr. Mortimer did not fucceed with him. But fays,
they were theonly ones of Mr. Grey that had not s and, with 2
temperbecoming ¥ philofopher, adds, that he doth fet, there-
fore, fay, that they never had fucceeded ; but feems rather wil-
ling to attribute the failure with himfelf, to his omitting fome
cireumftance, not mentioned by thofe gentlemen, though,
Known to thewn, it might be of principal confequence to the ex-

h : * 1 Sty

iment. il YorBioit

P, Trank, ibrdged, Vol. 8.p. 418, Gehichte, Voli 1 p. 226,
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PERIOD VI
THE BXPERIMENTS of Dg. DESAGULIERS.

E are now come to the labours of that indefatigable expe-

rimental philofopher, Dr. DESAGULIERS, in this new
field of fcience. 'The reafon which he gives why he had avoided
entertaining the Royal Society upon this fubject before, and why
he had not purfucd it fo far as he might have done; confidering,
25 he fays, that he could excite as ftrong an ele@ricity in glafs,
by rubbing with his hand, asany body could, is worth mention-
ing for its curiofity, and for the light that it throws upon the
temper and manner of Mr. Grey. He fays, that he was uawil-
ling to interfere with the late Mr. Stphen Grey, who had
wholly turned his thoughts to elecEricity ; but was of a temper
1o give it entirely over, if he imagined that any thing was done
in oppofition to him. *

Dr. Drsacurisrs begins with obferving very fenfibly (and
the obfervation is ftill true) that the phenomena of eletricity
are fo odd, that, though wehave a great many experiments upon
that fubje@, we have not yet been able, from their comparifon,
£o fettle fuch a theory as will lead us to the caufe of that proper-
tyin bodies, or even to judge of all its effeéts, or find out what
afeful influence cle@ricity has in nature; though certainly, from

© P, Tranf, abridged, Vol. . p. 419. .
wha
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\what we have feen of it, we may conjectuse that it muft be of
 great ufe, becaufe it is fo extenfive. g
His fielt experiments,” of which an account is given in the
Philofophical Tranfactions, dated July, 1739, Were made with
a hempen firing, cxtended upon cat-gut. Tothe end of the
hempen firing, he fufpended various fubflances ; and fays, that
4l thofe which he tried, amongft which. were feveral eleifrics per
' Ji, as fulphur, glafs, &c. without exception, reccived eledri-
city. *
H changed one of the cat-gut frings, on which his bempen:
line, of communication was. extended, and, put. various other
' fubftances in its place, to try what bodies would tranfmit clec-
tricity to the fufpended body, and what would not ;. and from
 the refult of his experiments, partly. coneluded, that, bodics in
which cle@ricity-could not be excited intorcepted. th
' efflavia 5, and that thofe in, which: eleGiricity could be excited,.
| Gid not intercept it, but permitted it to go on o the extremity
' of the hempen fkring..  But ftill he had nojuft idea,, that, except
metals, it yeas the moifture in.the: bodies he tried which inter-
cepted: the ele@ricefiluvia . and his ideas of th -in which
they were intercepted were very imperfedt.
To Dr. Defaguliers.we are indebted for fome technical terms-
which have been extremely ufeful to all.elericians to this day,
and which will probably remain in ufe as long as. the fubject is
fudied. He firft, applied the term: condudfor to that body to
ywhich the excited tube conveys its clectricity ;: which term. has
fince been extended to all:bodics. that.are capable-of receiving:
shat virtue, And he calls thofe bodies in which. cle@ricity may.
be excited by heating or rubbing eedtrics per /-

#Phil, Traof, sbridgad, Vol 8. p 420:
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Iy the writings of this author we find many  axioms relating
to ele@rical experiments, fome of which are exprefied in'a more
cléar’ and diftiné manner than they had been-before’; but the
real improvements which he made, were very few and immate-
rial.

Ox 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 eleétric per fe will not receive cle@ricity from another
<< eledtric per fe, in which it has been excited, fo as to run along
““its whole length : but will only receive it a little way, being,
“asit were, faturated with it.

“ A elettric per fe will not lofe all its elericity at once, but
« only the clegricity of thofe parts near which a’ nontele@ric
« has been brought. ' It, confequently, Tofes its elediricity the
“ fooner, ‘the ‘more of thofe bodies are nearit.  Thus, in moift
« weather, the excited tube holds its virtue but a little while,
“ becaufe it adts upon” the 'moift vapours which float in the air.
“¢ And if the excited tube be applied to' leaf i gold laid tpdi @
«ftand, it will a&t upon 'it much longer, and more firongly,
< than if the fame quantity of leaf gold be' laid upon a table,
« which has more non-¢letric furface than the ftaid. "4 This,
however, ' feems'not to be the whole'reafon’s’ for if the leaf gold
were'laid upon 4 broad futface of glafs, it would not be aded tip-
on fo powerfully ;' as if it were placed upon a narrow ftand of
any kind of matter. 2

“¢ A NoN-ELECTRIC, ‘When it has reccived electricity; Tofes it
* Phil. Tranf abiidged, VoL 8. g dor” 44 Db, p. 4a7.
“qll
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« all at onice, upon the approach of another 'non-cle@ric.
' This however could only be the cafe when the approaching
 ele@ric was not infulated, but had a communication with the
earth. It muft alfo be brought into contact with the clectrified
body.

« Animar fubflarices are non-eledrics by reafon of the fluids
< they contain. *

« Bxcrrep eledicity exerts itelf in-a fphere round he clecs
« tric perfe, of rather in @ cylinder, if the body be cylindris
el

Few of the many experiments which were made by Dr. De-
faguliers (accounts of which were publifhed in the Philofophical
“Tranfaions) had, as [ obferved before, any thing new in them.
‘Thofe which were the moft fo are the following.

ENDEAVOURING to communicate elecricity to a burning tal-
low candle, he obferved, that the candle attracted the thread of
trial, but not within two or three inchesof the flame; but that,
as foon as the candle was blown out, the thread was attraéted by
every part of if, and even by the wick, when the fire was quite
extinguithed.  He ele@rified a wax candle in the fame manner,
and the experiment fuceeeded as well, only the elediricity came
not o near the flame in the wax, as in the tallow candle,

H {ays, that only warming a glafs receiver, without any rub=
bing, would caufc the threads of a down feather, tied to an up-
rjglﬂ fkewer to extend themfelves, as foon as it was put oyer the
feather; and that fometimes rofin and wax would exert their
eledricity by being only expofed to the open air.

He obferved that if a hollow glafs tube, fupporting the ling of
communication, were moitened by blowing throughit, it would
intercept the elecricity.

® Phil, Traof, abridged, Vol 8. p. 4290 4 Ibip. 431
K 5
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He fays, that when an excited tube has repelled a feather, it
will dttrat it again, after being fuddenly dipped into water, -but
in' fair weather it will not attrat it unlefs it hath been dipt pret-
ty decp into the water, a foot of its length at leaft; whereas, in,
moift weather, an inch or two will fuffice. *

He thewed the attration of water. by an excited tube, in 4 bet-
ter manner than it had been thewn before, viz. by bringing the
tabe to'a fiream iffuing .from a_condenfing fountain; which,
thereupon, was evidently bent towards it.

Dr. DesacuLizas feems to have been the firft who expreflly
Gid, that pure. air might be ranked amongt cle@rics per fz,
and that cold air in frofty weather, when vapours rife leaft of
all, is preferable, for clectrical purpofés, ta warm air in fammer,
when the heat raifes the vapours. + He alfo fuppofed: that the
elericity of the air was of the vitreous kind ; and he accounted
for the ele@ricity appearing on the infide only of an exhaufted
glafs veffel, by its going where it met with the leaft refiftance
from £ cle@rical a body as the air.

He endeavoured to account for the fixing of air by the freams
of falphur, according to the experiment of Dr. Hales; by fup-
pofing that the particles of fulphur, and thofe of air, being pof-
fefied of different. kinds of cledtricity, attratted one another,
whereby their repulfive power was deftroyed. He alfo propofed
the following conjecture concerning the rife of vapour. The sir
at the furface of water being clectrical, particles of water, he
thought, jumped to it, then, becoming themfelves elorical,
they repeiled both the air and one another, and confequently
afcended into the higher regions of the atmofphere. | 4

T laft paper of Dr, Defaguliers in the Philofophical Tran-

® Phil, Tranf, abridged, Vol.8:p. 429, +1b. p. 437+ £1b. po438. [ Tb.p. 437
fadions,
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fa@ions, upon the fubject of electricity is dated, June 24th.
1742, in which year he publifhed a differtation on ele@trici
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 requeft of Monfieur Harpez de la Force, for the beft effay on.
ele@ricity, and thews how much this fubject engaged the atten=
tion of philofophers at that time. * = The differtation is excel-
ently drawn up, and comprifes all that was known of the fabs
 jeét till that time.

\I
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PE'R'T ©'D “VH:

BxreriMiNTsior Tite GERMANS, ‘Axp oF DR, WATSON,
~/'BEFORE 'THE DISCOVERY OF THE 'LEYDEN PHIAL IN Trr
YEAR 1746:

BOUT the time that Dr. Defaguliers had concluded his

experiments in England, viz. 1742, feveral ingenious
Germans began to apply themfelves to the fame fhidies with
great affiduity, and their labours were crowned with confiderable
fuccefs.

To the Germans we are indebted for many capital improve-
ments in our elecrical apparatus within this period,  without
which, the bufinefs would have gone on very flowly and heaily
but, by the help of their contrivances, we fhall fee aftonifhing
effects were foon produced.,

M. Boze, o profeflr of philofopiy at Wittemburgh, fub-
fituted the globe for the tube, which had been ufed ever fince
the time of Hawkefbee. * He likewife added a prime conductor,
which confifted of a tube of iron or tin, at firft fupported by
man ftanding upon cakes of rofin, and. afterwards fufpended on
ik horizontally before the globe, 4-

* According to other acounts, Chiifian Augoftos Haufen, profeffoe of mathematic 2
Leipfic, was the firt whorevived the ufe of Hawkelbe's glats globe, and Mr. Bore,
who wat exci ; 1 the example of Mr. Haafen, borrw-
ed this capial improvement from him. ' Gefchihte, Vol. 1. . 275, 279,

“+ Hiltore de Pele@ricié, p. 27.

To
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. To preverit the tube from doing any harm to.the'globe, he
‘a bundleof thread intothe end which was next to it, and
hich'was left open for that purpofe. ' This expedient, befides
occafioning various pleafint phenomena, was ‘obferved to make
¢ force of the-condutor much ftronger. * &
Tueufe of the globe was immediately adopted in the univer-
fity of Leipfic,’ where Mr. Winckler, the profeffor of langnages,
fubftituted a cy/bion inftead of the hand, which had before been
 employed to excite the globe. But the beft rubber for the globe,
a5 well as the tube, ‘was, long after this, ftill thought, by all
eledricians, to be the human hand, dry, and frec from moif~
ture. 4 i

* M. P. Gorpow, a Scotch Benedi@tine monk ; and profeffor
of Philofophy at Erford, was the firft who ufed a cylinder inftead
of a globe. 'Hlis cylinders were ¢ight inches long, and four
inches in diameter.  They were made'to turn with 2 bow, and
the ‘whole inftrament was portable. Tnftead of a cake of rofin,
he infulated by means of a frame, furnithed with net work of
filk.

"Tre apparatus, likewife, of many of the German cleétricians
was very various, and expenfive. Mr. Winckler, in a paper
readat the Royal Socicty, March 2rft 1745, || deferibes a ma-
chine for Tubbing tubes, and another for rubbing globes, and
compates the effccts of them bothi He obferves, that the fparks
which are ‘produced From glafs vellels drawn to and fro were
larger, and more vehemently pungent, provided that thofe
veffels were of the fame magnitude ‘with the globes; but that
the flux of efftuvia was not fo conftant a5 from the globes. Mr.
Winekler alfo invéiited a machine, which he deferibes at large

*\*DHil. Tranf, abridged, Vol. 10, p. 271 1. pazzi 1 Hifloire, p. 31,
L Rl Traad,sbeidged, V. 1o, p 273
4 in
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in his works, by means of which he could  give his globe fix
hundred and eighty turns in a minute, * ~This gentleman like-
wife contrived to rub glafs, and china vefiels, 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. 4+

Tue German eledricians generally ufed more globes than one
at a time, and imagined they found the effe@s proportionable,
though this fa&t was. called in queftion by Dr. Watfon, and
others; and Mr. Nollet preferred globes made blue with zaffre,
which were carefully tried, and rejeéted by Dr. Watfon after-
wards. §

Sucn a prodigious power of electricity could they excite from
thefe globes, whirled by a large wheel,and rubbed with wool-
Ien cloth, or adry hand (for we find both thefe methods were in
ufe among them about this time) that, if we may credit theic
own accounts, the blood could be drawn from the finger by an
elecuic fpark ; 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 arterics of the ele@rified
perfon would be very fenfibly increafed ; and that, ifa vein werc
opened under the operation, the blood, iffuing from it, would
appear like lucid phofphorus, and run out fater than when the
man was not elerified.  Anal to this laft i
Mr. Gordon obferved, that water, running from an artificial
fountain, eletrified, was fcattered in_luminous drops,. that a
larger quantity of water was thrown out in a given time than
when the fountain was not cle@trified. | And. that ele@rified
water evaporated fafter than water not elecirified, when expofed
in fimilar glafs veffels. § Part of this account we know might

* Hilloite, p. 32. 4 Gefehichte,Vol. 1. p. 400. 1 Phil, Tranf; bridged, Vol. 10.p.277-
I Phil. Tranf abridged, Vol. 10. p.277. . § Gefehiche, Vol 2. p. 357
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true; but fome part muft have been exaggerated. It is cer~
n that Mr. Gordon increafed the electric fparks to fuch a de~
grec, that they were felt from a man’s head to’his foot, fo that
perfon could hardly take them without falling down with gid-
dinefs;* and fmall birds were killed by them. 4 This he effect-
4 by conveying cleétricity, with iron wites, to the diftance of
o clls from the place of excitation. He alfo found that the
(parks were ftconger when the wire was thick than when it was
finall.
M. 1w.mz made bis glas tubes aét ronger by rubbing them.
ith a waxed clothand a little oil. He alfo found, that glafs
ade with very little pot afh, aéted much better than that in
the compofition of which much of it was ufed; but it required
Tonger time, and more heat to vitrify it. He got fome Kh& made
on purpofé to afcertain the fac. ||
" By various experiments of attration and repulfion;. which Mot
aitz 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 elerical. This
had been fuppofed, but was not accurately afcertained before. §
It was this gentleman who gained the prize of 5o ducats, pro-
pofed, in the year 1744, by the academy of fciences at Berlin,
1 the befk differtation on the fubject of electricity. It was pub~
ithed along with three others, which were offered at the fame
time, and thought worthy of that honour. *
. T thing that firikes us moftin their experiments, perform=
erl by thefe machines, is their fetting fire to inflammable fubftan~
This they were, probably, led to attempt, from obferving.

* Gefebichte, Vol. 2. p. 355- + Nollet's Recherches, p. 172
3 Gefchichte, Vo, 2 359, o p.385.  §1b.p.sés.  *Jo.p gtor
the:
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the vivid appearance of electric light, the burning pain that was
felt by a fmart ftroke from the condu@or, and the many analo-
gies the electric fluid evidently bore to phofphorus and common
fire.

T firlt perfon who fucceeded in this attempt was Dr. Ludolf
of Berlin, towards the beginning of the year 1744 ; who kindled,
with fparks excited by the friction of a glafs tube, the etherial
{pirits of Frobenius. ~This he did at the opening of the Royal
Academy, and in the prefence of fome hundreds of perfons. He
performed the experiment by ele@iric fparks proceeding from an
iron conductor. John Henry Winckler, Greek and Latin profef-
for at Leipfick, did the fame in the May following, by a fpark
from his own finger; and kindled, not only the highly re@i-
fied fpirit above-mentiond, but French brandy, cotn fpirits, and
other fpirits ftill weaker, by previoufly heating them. He alfo
fags, that oil, pitch, and fealing wax might be lighted by clec-
tric fparks, ‘provided thofe fubftances were firft heated to-a de-
gree next to kindling. ®*  To thefe it muft be added, that Mr.
Gralath fired the finoke of a candle juft blown out, and lighted
it again; +  and that Mr. Boze fired gunpowder melting itin 2 |
fpoon, and firft the vapour that rofe from it.

Tre German cle@ricians, likewife, conftructed'a machinc,
by which they could give friction to a glafs cylinder in vacuo.
By thefe means they contrived to ele@rifya wire which termina-
ted in the open air, and there fhewed a confiderable eleétric pow-
er. They alfo ele@rified that end which was in the open air, and
made the other end which was in vacuo exert its ele@ricity. T

Tue fame Germans alfo mention an experiment, which, if
purfued, would hayeled them to difcover, that the friction of the

* Phil. Tranf, abridged, Vol.16.p. 276, Gefchichte, Vol. 2. p. 435
1 Phil. Traaf, abridged, Vol. 10, p. 275.
glat
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glafs globe did ot prodace,  but only collect the eleftric matter.
But that ‘was a difcovery referved, as we fhall find, for Dr.
Watfon. It feems that both M. Boze and Mr. Allamand had
fafpended the machine, and the man who worked it, upon filk;
and obferved, that, not only the conductor, but alfo the man,.
and the machine gave figns of ele@ricity ; though they did not
attend accurately to all the circumftances of that curious fact,
which did notat all anfiver their expectations.  For, imagining
that part of the ele@iric power was continually going off to the
ground by the machine, they fuppofed that the effect of infulating
ity would have Been'a ftronger elericity. *

I thié period it was that Mr. Ludolf the younger demon-
firated; that the lumiinous barometer is made perfe@ly clettrical by
the motion of the quickfilver ; firlt attracting, and then repelling
bits of paper, &c. fifpended by the fide of the tube, when it
swis ‘enclofed in ‘another out of which  the air was extracted.
Before this experiment,  thofe ffe@s had been afcribed to the
ai. Profeffor Hamberger and Mr. Waitz had difcovered that
the motion of quickfilver in a glas veflel, out of which the air
swas extracted;  had the power of moving light bodics s and Mr:
Allamand likewie found; - that it made no difference whether the
veffel hadiaif in it or not. |

2 Aoy the famé time alfo, Mr. Boze took a great deal of pains
1o determine, whether the weight of bodies would be affected
by cle@ricity, but he culd not find: that it was.

- T cledtrical flars made by turning. fwiftly round an clec-
trificd picce of tin, lcut with points cquidiftant from the center;
and alfo the elecirical bells, which will be deferibed: hereafter

« Willon's Effay, prfice, p. 1. Watlon's Sequel, p. 34+ Gefchichte, Vol. 3. p. 495.
4 Hidire, p.8g: . || Gefehichte, Vol. 2.p. 426,
L among
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among the furprifing and diverting experiments performed by the
help of elericity, were of German invention. * The ftar was
contrived by Mr. Gordon ; and 'by ‘turning the points a little
obliquely, he was furprifed to find it began to move of itfelf. -
Lattly, to thefe it may be added, that Mr. Winckler contrived
a wheel to move by eledtricity; that Mr. Boze conveyed elotri~
city from one man to another by a jet of water, when they were
both placed upon  cakes  of rofin, at -the diftance of fix paces;
and that Mr. Gordon even fired fpirits by.a jet of water, §

Mg. Gottfried Heinrick Grammert, of Biala in Poland, made
2 curious experiment upon cleétric light, which as we fhall fec,
‘was afterwards made and purfued to greatadvantage by Dr: Wat-
fon and Mr. Canton. In order to obferve whether an exhaufted
tube would give light when it was ele@rified, as well as when
it was excited he prefented one, eight inches long, and a third
of an inch wide, to the ele@rified conductor, and was furprifed to
find the light dart very vividly the whole length of the tube. He
alfo obferved, that, fometime after the tube had been prefented
tothe condutor, ‘and expofed to nothing but the air, it gave
Tight' again, without being brought to any electrified body.
"This light in 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 feveral. methods of
increafing this light. ||

IsuaLn his account of the di ies of the G
Philofophers in this period with ‘a very curious one of profeflor
Kruger,  concerning the change made. in. the- colour. of bodies
by the cle@ric effluvia. | In order to.try, whether there was any

# Nollee's Recheréhes, p. 187. .+ Gefchichte, Vol. 2: p: 317, 358."
1 Phil. Trgnf. abridged, Vol 10.p. 276,  {lIb. p. 417.

thing
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thing of fulphur in thefe' efluvia, he expofed the ted leaves of
wild poppies to the elediric fpark, and found that they were pre=
fently changed to white. He was not able to produce any change
in yellow colours, nor in blue immediately’s 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, ¥

Sucn'a general attention was excited to elecricity by thefe cu
fious difcoveries, that, in the year 1745, eleétrical experiments
were exhibited, ' in Germany and Holland,  for money, as*a
fhows and public advertifements appeared in the news papers for
that purpofe. f

Tus firing of the efluvia of bodies, which was firft done in
Germany, was foon after repeated in England, and among others
by Dr. Miles; who, as appears by a paper of his, readat the
Rogal Society, March the 7th. 1745, kindled phofphorus by
the application of the excited tube itfelf to it, without the in=
¢ervention of any condudtor.

Tirs gentleman's tube happening to be in excellent order upon
this occafion, 'he obferved, and was perhaps the firft who ob-
ferved, pencils of 7ays, which be calls corufeations, darting from
the tube, without the aid of any condu@or approaching it. Of
thefe corufcations he gave a drawing, which anfwers pretty
exadtly to the appearance of fuch pencils as are now very com-
mon, particularly fince Mr. Canton has taught us the ufe of the
amalgama, by which a tabe may be excited much more ftrongly
than it could have been before. ||

Burr the moft diftinguifhed name in this period of the hiftory
of ele@ricity, is that of Dr. WaTson, Hewas one of the firlt

* Gefchichte, Vol. 3. p. 403 +1biVal. 2. p. 599-
1 Phil, Traof, sbridged, Vol.10. p. 272, I 1b.p. 272
Lz among.
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among the Englith who took up,, and improved upon; the. dif-
coveries made by the Germans ;1and torhis ingenuity, -and i
tenfe,application, we owe many curfous improvements and dif:
coveries in eledlricity. . His ficft letters to the Royal. Society on
this fubject are dated between March 28th. and: Oober. 24th.
1745:

Dx. WATsoN's attention to the fubjec of eledtricity feems firt,
or principally; to have been engaged by the.accounts of the
Germans having fired fpirit of wine by it, In this experimens
he fucceeded s and, moreover, found that he: was able to fire,
not -only the phlogifton: of Frobenius, .and rectified fpirit of
wine, but even common proof fpirit.  He alfo. fired air. made
inflammable by a chymical procefs. * - He eventfired:both fpiric
of wine, and inflammable air,. by a dropof cold water, thick-
ened with a mucilage made with. the feed of flea wort, and-even
with ice. 4, He alfo fired thefe fabtances witlya hot poke clec-
wrified, when it would not fire them in any other flate,} He fircd
gunpowder and difcharged a mufket by the power  of elecricity,
when the gunpowder had been ground with a litcle camphor,
ora few drops. of fome inflammable chymical oil. | - Lafily, it
was a difcoyery of Dr. Watfon's, that thefe fubftances were capa-
ble of being fied by what he calls tbe repuffue powver of clectricty
which was pesformed by the clecirified perfon holding the fpoon
which containeth the fubtance to be fired, and another perfon,
not eledkrified, , bringing his finger toit. § . Before this time,, the
fubftance to be fired had always been held by a perfon not clec-
trified.

In his attempts to fire clectrics per f2, as turpentine,  and bal-
fam of capivi,. by this repulfive power, he thought he confuted

* Phil. Tranf abridged, Vol 1o.p.236. . 4 Tb: p. 290, . £16,p. 388, || I p. 285,
§lb.piasr. -
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aopiioni,which; had. prevailed: amongft, many: pecfons, that
elagirigityonlyfloated on the, furfaces of  bodis, for, he found
. fume o, thafe. fubflances, could nog be, fired by afpark
fotched from. the (poon. which: contained . them. , This {park
muft therefore pafs through.the cleciric, from the furface of the
Spoonjbelow, which.wasincontad with the cleckrified condutor.
m;:ﬂgﬁmm,mq,,; number of picces ‘of fine {pun glafs, . and
other picces of wire, of the;fame length .and, thicknefs,. e was
agrecably, amufedby obferving, that the threads of glafs jumped
to the elegrificd body,. and adhered to it without any, fepping ;
me@ BESANRIER BR A down Y faft, g)vmg 2 fnap,
ot ¢, eyery time.
Iy 5,,,,“ - read at the Royal Society, February ah i

obferyeds, »;h clecric, {parks appeared different in, colonr and
form,  according,to the fubltances.rom which they, proceeded ;

mmﬁm wg:n;d much reddar from: rough bodies, -as rufty
an, from polifhed bodies,. though they were ever, o
m,m ﬁrom polifhed fifars, &ce..- He judged that the different
appearance was owing, rather to the different reflection of the
dledic light from the furface of the bodics from which it was
e than o aby difference in the fee itelf.
tediricity, fuffered no reffation in per-
d, by exa@ obfervations, that its di-
s !.lways in right lines, even through glaffes of differ-
cluded one within another, and lurge fpaces left
. cach glafs; £ thit if book or othier non-clediris were
i .,,,.,.;xgx.t and interpofed between the excited cledtric and
 bodis,the dircétion of the virtue was fill in right
‘,nmmly 0 yafs throvgh both the books and dhe

Jras
° B Tant sbridge, Vol 10.p. 356, 110 p 00 410 pag
e ks e

gl
Jwitly
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glafs. 1In thefe experiments e conftantly obferved; that the
eledtric attraction through glats was thuch more powerful; when
the glafs was made warm,  than when it was cold. */He fome.
times found ele@ricity o pervade, thought in fmall quantities,
electrics of above four inches thick. -+

He Gays, that in cle@rifying fiibftances of great extent, the
attrative power was firlt obferved, ‘at that part of it which was
moft remote froin the excited cle@ttic.

He made fome experiments which fhowed, that the fire of
electricity was affected, neither by the prefence, nor the abfence
of other fire.. One of his experiinents was made with a chymical
mixture, thirty degrees below the freczinig point of Fahrenheit's
thermonicter ; from which, when eletificd, the fithes were
as powerful, and the ftrokes as fart, as from red hot iron. +

In a fequel to the above cxperiments, read the soth of
October 1746, D! Witfon mentions' his havitig' fined a glafs
globe o a ‘confiderable ' thicknefs with a ‘mivture of wax and
rofin; “biit ‘he'found no difference between that and the other
globes. |

H alfo made various experiments with « number of globes,
whirled at the fame time, and having one common condutto,
and concluded from them, that the power of eledtricity was in-
creafed by the number and fize of the globes, to a certain degree,
but by no means in’proportion to their number and fize, Yot
the Dodor allows a vety great increafe, in an inference he makes
from thefe very experiments.  As bodies to be eleétrified, he
fays, will only, contain a' certain quantity of clefiricity; when
that quantity is acquired, which is foangft done by @ number of globes,
the forcharge is diffipated as faft as it is cxcited.  So that, it iy

© Phil. Toant, abrdged, Vol 10, p.ag2. 4 Ib. p. 295, 1Tb.p.2g3. | Ib. p. 2g5.
plain,
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plain, more fire was collected by the number of globes, though
the form of the conducor he made ufe of was fuch as coald not
retain it. | The great power of his four globes united is manifeft
from his own account of them.  Fr, he fays, 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
fathes of pure and bright flame were fo large, and fucceeded
cach other o faft, that, when' the room was datkéned, he could
dn’hn&‘ly fee the facks of thirteen perfons who ftood round the
room. *

Lastiy, the Dodtor found, that the fioak of original elec-
trics was a condudtor of cle@ricity, and alfo that flame would
conduc® the whole of it undiminithed ; by obferving that two
perfons, ftanding upon eledirics; could communicate the virtue
toeach other, with nothing interpofed but the finoke in the one
cafe, and flame in the other. 4

Ir was in this period that Mr. Du Tour (s e
would deftroy cle@ticitys as he informed the Abbé Nollet, in a
letter dated 211t Auguft 1745,  The fame was alfo difcovered by
Mr. Waitz.

 # Phil. Tranf. abridged, Vol. 10, p. 395, +1b.p. 26,

P ATH
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PERIOD VIL

THE HISTORY 'OF ELECTRICITY, FROM THE DISCOVERY or
THE LEYDEN PIAL IN THE YEARS, 1745 AND 1746y TiLL
Dx. FRANKLIN’s DISCOVERIES.

SECT FON- L

B3sly b 6T M 35 1 14
Tue u1sTorRY of 7ur LEYDEN PHIAL 1TspLr; (TiLL
+Dr.. FRANKLIN’s. DISCOVERIES RELATING TO.IT, |

HE end of the year 1745, and the beginning of 1746

were famous for the moft furprifing difcovery that has

yet been made in the whole bufinefs of eledricity, which was
the wonderful accumulation of its power in glafs, called at firft
the LEYDEN PHIAL; becaufe made by Mr. Cuneus a native of
Leyden, as he was repeating fome experiments which he had
feen with Meffts. Mufchenbroeck, and Allamand, profeflors in
the univerfity of that city. * But the perfon who firft made this

# Dalibard's Hifoie abrigée. p. 53,
great
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great, difcovery, was Mr. Von Kleift, dean of the cathedral in
Camin ;. who, on the 4th. of November 1745, fent an account
of it to/Dr. Licbetkahn at Berlin.  This account, as taken by
Mr. Gralath out of the fegifter of an academy at Berlin; to which
it had been communicated, is as follows. When a nail, or a
« piece of thick brafs wire, &e. is put into a finall apothecary’s
<< phial and ele@rified, remarkable effects follow : but the phial
«mult be very dry, or warm. - T commonly rub it over before-
< hand with a finger, on which I put fome pounded chalk. If
«a little mercury or & few drops of fpirits of wine, be put into
it the experiment fucaceds. the better.  As foon as this phial
< and nail ar removed from the electrifying glafs, or the prime
«condudtor, to which it hath been expofed, is taken away, it
“throws out a pencil of flame (o long, that, with. this burning
< machine in my hand, I have taken above fixty fteps, in walk-
““ing about,my room. . When it is clectrified firongly, I can
< takeitinto another room, and there firc fpirits of wine with it
<L while it is elecirifying, I put my finger, or a piece of gold,
““which I hold in.my hand, to the nail, T receive a fhock
“which ftuns my arms and houlders.
“A 113 tube, or a man, placed upon eledirics, s clectrified
 much ftronger by this means than in the common way. When
I prefent this phial and nail toa tin tube, which I have fiftcen
< feet long, nothing but experience can make a perfon_believe
oW frongly it is clectrified. I am perfiaded, he adds, that,
% il,\,%mner, M:. Boze would not have taken a fecond clec~
“trical kifs. Two thin glaffes have been broken by the fhock
‘ofit. It appears to me cxtraordinary, that when this phial
e in contat with cither condudting or non-conduét-
« ing matter the firong fhock docs not follow. I have cement.
“edit to wood, metal, glafs, fealing wax &c. when' I have
; .M . < cle@rified
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#¢ cle@rified without any greatiefeét. Tl hutan body, there=
§¢ fore, muft contribute fomething tosit: >This opinion: is con-
«s/firmed by my obferving, that, 'uslefs I'hold ‘the phial irt'my
#¢hand;) T-cannot fire fpirits of wine with it; ¥

Norwrrust ANpiNG Mr. Kleift immediately communicated
an account of this famous experiment (which-indeed it'is evident
he has but imperfectly deferibed) to Mr. Winekder at Leipfick,
M. Swiettiki of Dantzick, Mr. Krugar of Hall, and to"the
profeffors of the academy of Lighité,  as well as'to D! Licber-
kuhn of Berlin above-mentioned, they all ‘returned him word,
that the experiment did not ficceed ‘with them. Mr: Gralath
of Dantzick, was the firft with whom it anfwered’s but this ¥vas
not till after feveral fruitlefs trials, 'and receiving farther infirac-
tions from the inventor. -~

Tie Abbé Nollet had information of this diftovery, and, in
confequence of it, fays, in a letter to Mr. Samuel Wolfe,. of the
fociety of Dantzick, dated March, gth. 1746, that'the cxperi-
ment at Leyden was upon principles fimilar to this made with a
phial half full of water, and a nail dipped in'it; and that this
difcovery would have been called the Dantzick experiment, if ic
had not happencd to have got the name of that of Leyden. }

Tuz views which led to this dif¢overy in Holland were, as [
have been informed, as follows. = Profeffor Mufchenbtoeck and
his friends, obferving that eleérified bodies, expofed to the
common atmofphere, which is always replete with conducting
particles of vatious kinds, foon Toft their- eledricity, "and were
capable of retdining but a finall quantity of it, imagined, thar,
were the elefrified bodies terminated on all fides by original clec-
trics, they might be capable of receiving a ftronger power, and

* Gefehichte, Vol. 1. p. 407+ 41b.p. 411, t.0b.p. 409.. |,

retaining
.
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retsihing it a7longer time. . Glafs being the, moft. convenient
ele@iric for this purpofe, /and: water  the moft |convenient. non-
eleiric, they 6irft made thefe experiments with water, in glafs
bottles: ¢ but no- confiderable. difcovery was made, till Mr.
Cuneds, | bappening fo- hold. his glafs veffel in one hand;. con-
wining water, which had & communication with.the prime con
dufor, by:means of a wires, and, with the other hand, difen-
gigiog i, fom the condudior (when he imagined the water had
d a5 mach cle@iricity, as the machine. could give it) was
M;mhﬂ a fadden fhock inhis arms and breaft, which be had

‘ot inithe leafk expecied from the experiment,
- Mt Ak ania and M. Molhenboeck veere the il who

"

blifhed t of this experiment in Holland,
the Abbé Nollet and Monfieur Monnicr in France,. and Meilrs,
Gralath and Riugger in Germany. *

I, s exsremely, curious o, obferve, the, i
shilofophers, who firtk £ the electrical fhock, give.of it; efpe-
cilly, a8 e are fuze. we can- give ourfelves the fame fenfation,
and compare their deferiptions with the reality, Terror
and fgprife cestainly contributed not,a lttle o the exaggerated
accounts they gave of it; and, “could we not_have repeated the
expeciment, e, (hould, have formed a very different idea of it
m@g i eally s, even when gives in greater flrength than

thock were able to.give it., 1t
e them an examplc ot two.
who tried the wit
. Reaumur, which
e felt himfelf fEru
he Toft his breath

A £ Gelehiche, Vol. 2. . 433
et 1 TR A
S g e M2
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was two 'days before he recovered fromthe effets of the blow
and the terror.  He adds,  that he would ot takea fecond fhock
for the kingdom of France. *

Tu firft time Mr: Allamand made  this experiment (which
was only with'a common beer glafs) e fays, that he 1ot the ufe
of his breath for fome moments ; and then felt fo intenfe:a'pain
all a long his right arm, ‘that he at fiFft’ apprehended il confe-
quences from it, though it foon after went off without any in-

ience. 4 But the moft account s that of Mr.
Winckler of Leipfic. * He fays, that the firft time he tried the
Leyden experiment, " he found ‘great convalfions by it in’ his
body; and that it put his blood into great agitation 5 6 that he
was affaid of an ardent fever, and was obliged to ufe refrigera-
ting medicines. He alfo felt an heavinefs in- his head; 4s if o
ftone lay upon it.  Twice, he fays it gave him a bleeding at his
nofé, to which he was notinclinied ; and that his wife (whofe
curiofity, it feems, was fironger than her fears) reccived the
fhock only twice, and found'herfelf fo ‘weak, that' fhe could
bardly walk ; and that, ‘4 week after, upon’recovering cotirage
to receive another fhiock, fhe bled it the nofe after taking it only
once. ¥ (asia

W are not, however, to infer from thefe inffances; "that all
the cletricians were ftruck with this ‘panic. Few, [ 'believe,
would have joined with the cowardly profeffor, who faid that e
would not take a fécond for the kingdom of France.  Fardiffer-
entfrom thefe were the fentiments of tlie magnaniniotis Mr. Boze,
who with a truly philofapliic héréifin), worthy of the renowhed
Empedocles, fiid he withed he/might dic by the eleéttic thock,
that the account of his death might furnifh an'article for the .

* Hiflire, de Vele@iicit, p. 30. '+ Bhil. Trank, abridged; Vol. 1o, p. 321.
b 377,
moirs
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moirs of the Frenchi acadeimy of feiences. *  But it is not given'
toevery ele@rician to dic'in fo glorious a manner as the juftly
envied Richman.
. Ir was this aftonifhing experiment that gave eclat to eletkri-
ity. . From this time it became the fubject of general conver-
fation. Every body was eager to fec, and, notwithftanding the
terrible account that was reported of i, to fre/ the experiment 5
and in the fame year in which it was difcovered, numbers of per-
fons, in almoft every country in Burope, gotalivelihood by go-
ing about and fhowing it.
- Wi the vulgar of every age, fex, and rank were viewing
this prodigy of nature and philofophy with wonder and amaze-
ment; we are not furprized to find ll the electricians of Europe
immediately employed in repeating. this great experiment, and
attending to the circumftances of it. - Mr. Allamand remarked,
that, when he firtt tried it, e ftood fimply 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
had perfeét fuccefs with none but thofe of Bohemia, ‘and that he
had tried Englifh glaffes without any effect at all. 4 Profeffor
Mfchenbroeck at that time only obferved, that the glafs muft
not be all wet on the outfide.
-~ Inisno wonder that fo few of the properties of glafs charged
with elegirical fire were known at firft, notwithlanding ' the
sttention that was immediately given to the fabject by all the
elefiricians in Earope. 'The experiment is, to this day, jofly
. i by the moft profound elegtricians: for,
h i of it bave Been excellently
by Dr, Franklin, and others, much remains to be

+ Phil. Trant abridged, Vol 10, p. 321,
done 5;
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dones and, in many refpeéts, the circamftances attending it
are fill inexplicable, = What will refult from more attention
being given to it, time only can thow.

"To begin the further illuftration of this difcovery with fuch of
the phenomena as were obferved in Germany, where it was made.
Mr: Gralath made the fhock much fironger 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 firft found, that
the fame fhock could be communicated to a number of perfons,
who took hold of one another’s hands;  if the perfon at one ex-
tremity 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, hegave a
fhock to twenty perfons; and he fays, he did not doubt, bt it
might be given o a thoufand. + When thefe perfons were con=
neced by picces of metal, and did not hold one another’s hands,
they found the fame thock, but not when they held wood, and
other imperfet condudors, § . This gentleman, alfo, gave a
{hock, by means of long wires, to & perfon ftanding in a garden,
while he himfelf, who direéted the experiment, had the machine
in a part of the houfe at a confiderable. diftance; || and he was
the firft who, made what we now callan e/edtrical. ‘battery 5, for
bg increafed the hock by charging feveral phials at the fame
iijqe, § Laftly he obferved that if the phial had the leaft crack in
ity it could never give a fhock ; and alfo that when a phial was
difcharged it acquired a fmall charge by fanding, without re-
ceiving any. thing from the machine, fo 35 to give a fmall
* Gefchichte Vol. 2. p. 411, +1b.p.439.  1Tb.p.geo. Db, §Ib p,;,kz.

ock.
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fhock.®" This is what we now call the rofdaun of a charge, and
is'properly 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
thatitis, afterwards, gradually diffufed to the coating.

Mz, Winckrer found out the method of making the dif-
chasge of the phial ‘without feeling the fhock himfelf, by not
bringing his own body into the direét circuit. + He alfo gave
the fhock when feveral ells of running water, in his garden, made
part of the circuit. This he did on the 28th of July 1746,
about the fame time that Monficur Monnier performed the fame
experiment in France. £ And, laftly, he found, that the more
globes were ufed, and the larger they were, the ftronger was
the fhock. || This muft be ‘the confequence of increafing the
power of excitation.

Waex Mr. Jallabert made the Legden experiment with hot
water, the phial broke by a fpontancous difcharge, and 4 circu-
Tar picee, two lines and a Half in diameter, was thrown from
the place of the rupture, againfta wall, which was at the diftance
of five feet, The velfel, he fays, had nocrack, or other injury. §

Dr. WaTsoN, wh account of this
in the Philofophical Tranfattions, obferves, that it fuccecded
beft when the phial, which contained the water was of the
thinneft glaft, and the water warmer than the ambient air. He
fapbinﬂlm cffe@ of increafing the quantity of water in

lfs veffels of different fizes, as far s four gallons, without in the
binereafing the froke. Healfo obferved, that thic force of the
did not increafe in proportion to the fize of the globe, o
¢ of globes employed upon the occafion s for that he-
s foreibly ftruck with a phial charged by means of 2

* Dantsick Memoiss, Vol. ©. p. 574 516, 4 Gefchichte, Vol. 2. p. 459.
SR Vol giposop  flb.psab § Jallbercs Experences, p. 133,

globe:
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globe of feven inches in diameter, as from one of fixteen, or
from three of ten; and that, at Hamburgh, a fphere had been
employed of a Flemifh ell in diameter, without the expedted in-
creafe of power. But, in both thefe obfervations, there muft
have been fome miftake. He found, that if mercury was ufed,
inftead of water, the firoke was by no means increafed in pro.
portion to its fpecific gravity. He al{o firft obferved, that feyeral
men, touching each other, and ftanding upon ele@rics, were all
thocked, though only one touched the gun barrel; but that no
more fire was vifible from them all, than if one only had dif-
charged it.

SEVERAL of thefe obfervations how how imperfedly this great
experiment was underftood, for fome time after it was firft made.
Dr. Watfon, however, obferved a circumftance 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 eledtrified, and you ap-
< ply your hand thereto, you fee the fire flath from the outfide
“ of the glafs, wherever you touch it, and it crackles in your
“ hand ”. *

H alfo obferved,  that when s fingle. wire only was faftencd
cound a phial, properly filled with warm water, and charged;
upon the inftant of its explofion, the eleétrical corrufcations were
feen to dart from the wire, and to illuminate the water contain-
ed in the phial.

SevERAL other very important circumflances, relating to the
difcharge of the phial, were obferved by Dr. Watfon, He found
that the firoke was, ceteris paribus, as the points of contact of
the non-clerics on the outfide of the glafs. And upon thowing

© Phil. Teaud,abridged, Vol. 1o, p. 298,
Dr.
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Dr. Bevis the experiments which proved this affertion, the Doc-
tor fuggefted a more clear and fatisfaGory method of proving it,
and which has been the means of accumulating and increafing
the force of charged glafs, far beyond what was expected 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.
Whena bottle was prepared in this manner, and nearly filled
with water, they obferved, that a perfon who only held in his
hand a fmall wire commaunicating with that coating, feltas firong.
a fhock as he would have felt, if his hand had been in actual
contaét with every part of the phial touched by the coating. *
Dx. Warso alfo difcovered, that the eledtrical power, in
thedieharge of the phial, darts redfifimo curfi, as he fyles it,
between the gun barrcl and the phial; and, though it is not
fritly true, ' that the fhock goes the nearelt way, yet it does fo
cateris paribus, which alone was a confiderable difcovery for that
time. He obferved, that, in a company joining hands, a perfon
touching two other perfons i the circle, who did themfelves
touch one another, felt nothing of the thock, his body making
1o neceffary part of the circle and alfo, if a man, holding a wire,
which communicated with the outfide of the phial, as it bung
upon the conductor, fhould touch the conductor withit ; the ex-
plofion was made, but the man felt nothing. -
ln ‘a paper read at the Royal Socicty, January 21, 1748. Dr.
ions another difcovery relating to the Leyden phial,
vis uggefted, and he compleated.  Having been
hv}*oﬁ e P phial ywas not. in
a to the quantity of matter contained in the glafs, but
ed by it, and likewife by the number of points of

a4 * Phil, Tranf: abridged, Vol. 10.p. 299, + Ihup. 301
6. N non-~
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non-cle@iric conta on the outfide of ‘the glafs; he procured
three jars, into which e put round leaden fhot, 4nd, joining
thei wires and coating, difcharged them all as one jar. Upon
this he obferved, that the eleétrical 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 much louder than that from
two, and the explofion from two much louder than that from one.*

Turs experiment had induced him to imagine, that the cx-
plofion from thofe jars was owing to the great quantity of non-
elecric matter contained in them. 'And whilft he was confider-
ing of fome certain method of afluring himfelf whether the fa&
was fo, Dr. Bevis informed him, that he had found the ele@ri-
al 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
improvement of Mr. Smeaton’s) as it could have been from an
half pint phial of water. ~ Upon this Dr. Watfon coated large jars
with leaf filver, both infide and outfide, within an inch of the
top, and from the great explofion he produced, when fo little
non-cletric matter was contained in them, he was of opinion,
that the effect of the Leyden bottle was greatly increafed by, if it
was not principally owing to, not fo much the quantity of non-
elediric matter contained in the glafs, s the number of points
of non-eleric contaét within the glafs, and the denfity of the
matter of which thofe points confifted ; provided the matter was,
in its own nature, a ready condudtor of elericity. Healfo ob-
ferved, that the explofion was greater from hot water inclofed in
glaffes, than from cold; and from his coated jars warmed, than
when cold. 4

Tue Dottor obferved, that when the circle for the difcharge

* Phil Trauf. sbridged, Vol. 1o, p. 374+ Ib.p. 577
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wis not throngh perfeét conductors, the explofion was made
flowly, andinot.all at once.  This law, he fays, was invariable,
but he was not able toiaccount for it: - Bat to prove that the
cledisicity pafied with its whole force through the circle of non-
cledtrics, he made a circuit confifting of iron bars, and fpoons
filed with fpirits between cach bar, (but at fome fmall diftance
from thiem) and,  upon. the explofion, all the fpoons were on fire
at once. This was the firft time, as he obferves, that fpirits
\wereever fired without cither the pirits, or the non-ele@ric on
which they were placed, | being infalated, orput upon original
ele@iricssy  And yet, he fays, though, we know, from its cffedts,
that the elc@ricity gocs through the whole circuit of non-clec-
crics, with all its vigour 5. its progrefs is fo quick, as not to af-
fosk, by attrating or otherwile, any light bodies difpofed very
nean the non-cle@rics, through which it muft neceffarily pafs. *
Iz is eurious to obferve in what manner Dr. Wat(on explained
the flock of the Leyden phial, about the time that he firlt made
theexperiment with it.He bad then been led (by a courfe of
experiments which will be mentioned hereafter) to the notion. -
‘both,of the affux, and.¢ffux of cle@ric matter in all clericil
diments. ., 10, apply,this principle to_the cafe in hand, he
fuppofed, that the man who felc the ock parted with as much
s his body, as was accumulated in the water and
5 and that he felt the effe@ in both arms, from
was in, his body, rufhing through one arm to the
, and through, the other to the phial.  He imagined
ch fire as the man parted with was inflantly re-
the floor of the room, and that with a violence
manneg in which he lof it It lfo appears, from

P Tt ,h;}a;;a Val. 10. p. 378

Dr.
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Dr. Watfon's remarks on fome fubfequent experiments of Mr.
Monnier, that he then imagined, that though a confiderable
quantity of the eletric matter pervaded the glafs (as he thought
was feen upon prefenting a non-elecric body to it, when it ftood
pon the glafs ftand, and without which it could not be charg-
ed atall) yet, that the lofs of the elegtric matter this way was
not equal to what came in by the wire ; the thinnefs of the glafs
permitting it not wholly, but partially to fop the cle@ricity. +

ArTERWARDS, 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 electic matter, with
a generofity and franknefs becoming every inquirer after truth,
he retracted this hypothefis; and, in refutation 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-eleétric ‘body being near,
from which fuch a quantity could be fupplied. ' He had alfo ob..
ferved, that if a man ftood upon glafs, and difcharged the phial,
he felt the fame fhock as if he had ftood upon the floor. T fhall
fubjoin a remarkable paragraph of the Doctor himfelf upon this
occafion, as T think it very applicable even to us, in this morc
advanced ftate of the feience.

“ I Taxe notice of thefe,” fays the Dodlor, « i as much as,
< notwithftanding the very great progrefs which has been made
«“in our improvements in this part of natural philofophy, with-
“in thefe few years; pofterity will regard us as only in our
< noviciate; and thercfore it behoves us, as far as we can be
« juftified therein by experiment, to correct any conclufions we
« may have drawn, if others yet more probable prefent them-

3. * Phil. Tranf. abridged, Vol. 1o. p. 348.
s “ felyes.
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« felves.®” " The Doctor has lived to fee, not only that poferis
1y would confider him and his afiitants at that time, 35 in their
soviciate; but he bimfelf; already in' the courfe of a few years,
looks upon both himfclf and them in the fame light. And,
confidering -the quick advances ftill making in this feience, it
is to be hoped he may fill live to fee, even  the cleétricians of
the prefent year, to have been only in their noviciate.

Havin feen what was done by Dr. Watfon towards explain-
ing the ele@ric thock, before it was undertaken by Dr. Franklin;
et us fee what obligation we are under to other Englifh clectri-
cians, and particularly Mr. Wilfon.

. WiLsox fays that, as early as the year 1746, he difcov-
ered a method of giving the fhock to any particular part of the
Dody without affecting the reft. + He increafed the firength of
the fhock by plunging the phial in water, thereby giving it a
coating of water on the outfide, as high as it was filled on the
infide. §
In a letter to Mr. Smeaton, dated Dublin Otober 6th. 1746,
‘e mentions his having made fome experiments, in order to
cover the law of accumulation of the eleétric matter in the Ley-
den bottle; and found, that it was always in proportion to the
thinnes of the glafs, the furface of the glafs, and- that of the
non-eledtrics in contat with the infide and outfide thereof. | The
mg he fays, were made with water a little warmed,
 which was poured into the bottle, while the outfide was im-
merged in a veflel filled with water, but a little colder; leaving
\l;gggm, or thereabouts, uncovered, which was preferved
I from duft. An account of this experiment he wrote
k . Folkes, and it was read before the Royal Society, Otto-

* Pil. Tranf, abridged, Yol, 1o, p. 373 + WilkwsEffy, p. 88 $Ib.p.71.
i i ber
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ber 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 in-
fluence of a fubtle medium furrounding all bodies, and refifting
the entrance or exit of the ele@ric fluid. To determine this,
he made the Leyden experiment with a chain, and confidered
cach link of it as having two furfuces, at leaft; {0 that lengthen.
ing or fhortening the chain, in each experiment, would oceafion
different refiftances ; and the event, he fays, proved accordingly.
When he made the difcharge with one wire only, he found the
sefiftance to be lefs than when a chain was wfed.  But to leave
1o room for doubt, he caufed the chain to be ftretched with 5
weight, thatythe links might be brought nearer into contagt,
and the event was the fame as when a fingle wire had bees
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 Wee
frctched, it would take  the chain. ‘No perfon, he fiys, ‘who
has not made the experiment, would imagine, with how much
force the chain muft be. firetched before the experiment will
anfiver, and the eleciric fluid pafs through it without produ-
cing a fpark at any of the links; thatis, before the links can
be brought ifito abfolute conta& with one another, their own
welght being by no means fufficient. +

Mx. Wissox obferved, that if one part of the Leyden phial
was ground very thin, and covered with fealing wax till it was
charged, and then had the fealing wax taken off, and a conduc-

# ¢ Leworto Hoadley, 4 Wilfon and Hoadley, p.
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for communicating with the earth 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 eleric circuit,
swould be ‘affe@ied with the fhock, if they were only in contact
with any part of it, or very near it. To hew this to the moft
advantage, e fet a charged phial upon a glafs ftand, and placed
feveral pieces of brafs upon the ftand, one of them in contact
with the chain that formed the circuit, and others a twenticth
of an inch from it, or from one anothers and, upon making
the difcharge, there was a fpark vifible between cach of them.-

Axarocous, in fome refpes, to this, was Mr. Wilfon’s
obfervation, that if the circuit was not made of metals, or other
very good condutors, the perfon who laid hold ofthem, in or-
der to perform the experiment, felt a confiderable (hock in that
aem which was in contact with the circuir.
 Hz 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 dif-
fipated almoft at once; avhereas, when water was ufed, the
fabfequent explofions were more in number, and more confider-
able; and that when the phial was charged with nothing but
wireinferted in it, the firft, explofion and the fubequent ones
were ftill more nearly cqual.

Mg, Warsox once happening to. break a fmall wire by the
‘convulfive fhock given to his arms by the Leyden phial, he fat-
ened to his hands, well guarded: with leather, a larger wire,

icknefs of a flender knitting necdle, and placed himfclf
. manner, that it would neceffarily be firetched, if his

U S Wi Gy, p7e f Toopigo
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#m (hould be convulfed again. He accordingly difcharged the
phial, and this wire was broken, like the former. *

Mz. Grorce GraHAM fhewed how feveral 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 outfide of the phial; and all together, likewife, lay hold
of a brafs rod with which the difcharge was made; when they
were all fhocked at the fame time, and in the fame degree. -

Lasrry Mr. Canton found, thatifa charged phial was placed
upon eleirics, the wire and the coating would give a fpark or
two alternately; and that, by continuing this operation, the
phial would be difcharged. § This difcovery, which is the firft
that I find recerded of this excellent philofopher, to whom the
feience of ele@ricity owes fo much, has a near affinity to the
great difcovery of Dr. Franklin; but he did not then obferve,
that thofe alternate fparks proceeded from the two contrary elec-
tricities.  This hiftory will furnith many more inftances of per-
fons being on the eve of great difcoveries, without atually
making them. Both Mr. Gralath and Mr. Richman obferved,
in feveral cafes, a ftronger fpark between two bodies, when both
of them were elerified, than when only one of them was in that
fate;; but neither of them fufpecied, that the elericities were
of a different kind. ||

W have feen what obfervations the Englith philofophers hed
made upon the Leyden experiment before the time of Dr. Frank-
lin; let us now take a view of what was done by elecricians in
other parts of the world, within the fume period.

* WillowsEfy, p.8s.  f1b.p.1sS.  {lo.pGp
1 Wilcke’s Preface o the German Verfion of Franklin's Letters,
| As
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- As Mr. Mufchenbroeck's letter to Mr. Reaumur, concernings
the experiment of the phial, came at a time when many learned
men were employed about cledtricity, the Abbé Nollet, and
Mr. De Monnier, gentlemen of the academy, zealous to fearch
into fo an extraordinary a phenomenon, divefting themfelves of
thefear with which the! profeffors Ietter might juftly have in-
fpired them, made  the: experiment upon themfelves, and, in
1k fuid they found the ion very terrible.  The
seport of it inftantly fpread through the court and the city,
from whenee all ranks of men crouded to fec this new kind of
thunder, and to experience the cffect of it. *

T Abbé Nollet was the firft 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 T
fhall not recite them here. They may all be feen at one’view
i his Legons de phyfigue, p. 481. The circumflances which the
Englifh philofophers had not attended o, are the following.

Tis Abbé received a thock from a bottle out of which the
air had been exhaufted, and into which the end of his conductor
bad been inferted. This was an accidental difcovery 5 for he
seceived thefhock as he was holding one hand to the glafs veifel,
in‘otder to obferve the beautiful irradiations of the electric light
itin vacuo, and putting his other hand to the conductor,
inorder to adjuft fomething about it. The blow he received
s greater, he fays, than he ever felt from the Leyden experix
ment in any other form. -

- Iy the fame place he obferves, that he never confidered the

e phial as of any ufe, but to convey the eleétric mat-

terinto the infide of the glafs; and that he afcribed the force of
* Nollets Legons de Phyfique, p. 452. + Recherchies, p. 426.

] o the
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the glafs in giving a fhock, to that property of it, whereby it re-
tained it more ftrongly than conduéors do, and was not fo eafily
divefted of it as they arc.

Mg. MonnIER is faid, by Mr. Buffon, to have been the firft
who difcovered that the Leyden phial would retain its clecricity
a confiderable time after it was charged, and to have found it
to do fo for thirty fix hours, in time of froft. He frequently
electrified his phial at home, and brought it in his hand, through
many ftreets, from the college of Harcourt to his apartments in
the King’s garden, without any confiderable diminution of its
efficacy. *

In France as well as in Germany experiments were made to
try how many perfons might feel the fhock of the fame phial.
The Abbé Nollet, whofe name is famous in ele@ricity, gave it
20 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 excecded the
line of one hundredand eighty of the guards) and the whole com-
pany, upon the difcharge of the phial, gave a fudden fpring,
at the fame inflant of time, and all felt the fhock cqually. -

Mg. NozreT alfo tried the effect of the ele@ric thock upon
two birds, one of which was a fparrow, and the other a chaffinch,
which, as far as I can find, where the firft brate animals of any
kind that ever received it. The confequence was, that upon
the firft fhock, they were both inftantancoutly ftruck motionlefs,
and, as it were, lifelefs, though for a time onlys for they rc-
covered fome few minutes after. Upon the fecond fhock, the
fparrow was ftruck dead, and, upon examination, was found

# Phil, Tranf. bridged. Vol 10. . 3330~ 4 Ib. p. 335,
Tivid
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Jivid without, as if it had been killed with a flafh of lightning ;
moft of the blood veflels in the body being burft by the fock.
The chaffinch revived as before. *  Fithes were alfo killed with
the eleric fhock, by the Abbé, and others.

Tue circumftance of the blood veflels of the fparrow being.
burft is, I imagine, a miftake. T have feen no fuch effect, when
{maller animals have been killed by a fhock fifty times as great
2, it is probable, the Abbé ufed upon this occafion.

Tue Abbé Nollet as well as Mr. Jallabert mentions the burft~
ing of glafs vefiels by the elecric explofion. They were pierced,
he fays, with round holes, three or four lines'in diameter.

Ir feems that the French philofophers, as well as the Englith,
had obferved, that, if the phial fiood upon glafs, it could not
be charged, except a perfon’s hand, or fome other non-eleric
fibftance were brought ear toit. Upon this they imagined the
fire ftreamed out of the hand, and paffed through the fubftance
of the phial into the water. This fa& furprifed them very
much, as it well might. They alfo obferved, that a light bo-
dy would be attracted by a charged phial, as it ftood upon the
table, if any perfon tonched the wire; but they fay that, if the
‘phial iteIf were touched, the light body would be repelled with
a foree equal to its attration in the former cafe. | They like-
wife found, that when the charged phial flood upon glafs, it
nvqh: be handled with all fafety. § Thefe experiments feem
hm been made with proper circumfpection: for by an
tion to thefe very circumftances, Dr. Franklin was after~
the great difcovery of the different quality of the
on. different fides of the glafs.

SRSt shridged, Wel, 10, p. 336, | |4 Nalles Letwes, Vil x2 i s
APl Teanf, abridged, Vol. 10.p. 3340 110 p. 3350 § 1o - 337
Oz PERIOD
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SECTION 1.

“THE METHODS USED BY THE FRENEH AND ENGLISH PHILOSO-
PHERS, TO MEASURE THE DISTANCE TO WHICH THE ELEC-
TRIC SHOCK CAN BE CARRIED, AND THE VELOCITY WITH
WHICH IT PASSES.

E are now come to an ampler field of eledrical experi-

ments, in which we fhall be fpecators, not of what
might be exhibited ina private room, and by a few operators ;
but where we fhall find an amazing apparatus neceffary, and a
great number of affiftants in the management of it ; as well as the
greateft judgment, and the moft unwearied patience in the con-
dué of it.

Tue French philofophers were the firft to appear in this field,
but they did little more than excite the Englifh to go far beyond
them in thefe great undertakings. ‘Tt has been faid already, that
a circuit was made of nine hundred toifes, confifting of men
holding iron wires betwixt each two, through which the elec-
tric fhock was fenfibly felt. At another time, they made the
fhock pafs through a wire two thoufand toifes in Tength, that is
near a Paris league, orabout two Englith miles and  half; though
part of the wires dragged upon wet grafs, went over charmil

hedges,
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hedges, - orpalifades; and over ground newly ploughed up.  Into
another chain they took the water of the bafon i the Thuillerics,
the furface of which- was about an acre, and the phial was dif-
charged through it.* .Mr. Monnier, who made this experi-
ment, mentioning the quantity of furface in the bafon of water,
as ifit was of confequence to the experiment, and expreflly fiy-
ing it \was eleéirified; M. Gralath made feveral experiments,
which prove, - that -bodies which form the ciccuit of the fhock
are not properly cleétrified. +

M. MoxxiEr the younger, alfo endeavoured to determine
the velocity of the - eletric matser 5 and for this purpofe, made
the fhock pafs through an iron wire of nine hundred and fifty
toifes in length, but he could not obferve; thatit fpent a quarter
of a fecond in pafing it. He alfo found, that when a wire of
one thoufand three hundred and nineteen feet, with its extremi-
ties brought near together, was clectrified; that the ele@ricity
cafed st one endy the momens it was taken offat the orher.

pinion of thofe who maintained, that it was
the force of the electrical /hock, which threw the electric matter
with fo great velocity.

Bur all thefe attempts of the French would fearce deferve to
‘have been mentioned, but that they preceded the greater, the
‘mote accurate, and the more numerous experiments of the Eng-
Jith. The names of the Englih gentlemen, animated with 2

{pirit, and who were indefatigable in this bu-
M deferve to be tranfinitced to poferity in every work of this

3 ‘m'pdmpd agentin this great fcené was Dr. Watfon.  He
; direéted all the operations, and never failed to be

Riliadid,

1<% im:nm;ea, Vol. 10, p. 336. + Gefchichte, Vol. 3. p. 552

ind Ui
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prefent at every experiment.  His chief affifants were Martin
Folkes Efg. prefident of the Royal Society, Lord Charles Caven-
difh, Dr. Bevis, Mr. Graham, Dr. Birch, Mr. Peter Daval,
Mr. Trembley, Mr. Ellicott, Mr. Robins, and Mr. Short.
Many other perfons, and fome of diftinction, gave their attend-
ance occafionally.

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 eleéric fhock
is not, firi&tly (peaking, condudted in the fhorteft manner poffible,
unlefs the bodies through which is paffes condu@t equally well ;
for that, if they conduct unequally,  the circuit is alwags formed
through the beft condutors, though the length of it be ever o
great.

Tue firft attempt thefe gentlemen made, was to convey the
elecric fhock acrofs the river Thames, making ufe of the water
of the river for one part of the chain of communication. = This
they accomplifhed on the 14th. and 18th. of July 1747, by faft-
ening a wire all along Weltminfter bridge, at 2 confiderable
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, ftood
a gentleman, who, likewife, dipped an iron rod in the river,
‘with one hand; and in-the other, held a wire, the extremity
of which might be brought dnto. contaét with the wire of the

hial. f
F ron making the difcharge, the fhock swas felt by the obferv-
‘ers on both fides the river, but more fenfibly by thofe who were
ftationed on the fame fide with the machine ; part of the eleétric
fire having gone from the wire down the moift ftones of the
: bridge,
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bridge thereby making feveral thortet circiits to the phial ; but
fill all pafiing, through  the gentlemen: who  were: ftationed on
the ame:fideiwith the .machine.  This was, in a manner,’ de-
monficated by fome perfons fecling a enfible fhock i their arms
and feet, who only happened to touch: the! wire, at the time
of one of the difcharges, when they were ftanding upon wet fteps
which led to the river.  In one of the dilcharges made upon this:
oceafion, fpirits were kindled by the fire-which had gone through
the river. % 5
Uron this, and the fubfequent occafions, the gentlemen made
ule of wires, ia preforence to chains,. for, this, among other
reafons,. that the ele@ricity which was conduéted by chaing was
not fo ftrong, as that which was condudted by wirgs. This, as
they well obferved, was occafioned by the jun@ures of the links
not being fufficiently. clofe; ‘as appeared by the faapping and
fafhing at every junéture, - where there was the' leaft fopara-
tion. . Thefe leficr fnappings, being numerous in' the whole
lengthiof a chain, very fenfibly leiened the great difcharge at
the gun barrel.
+ Tustx next attempt was toforce the cle@rical fhock to make
acircuit of two miles, at the new river at Stoke Newington.
This they pecformed on the 24th..of July 1747, at two places ;
atone of which the diftance by land was eight hundred feet, and
by water two thoufand : in the other, the diftance by land was
oo thoufand cight hundred.fest,. and. by water eight thoufund,
difpofition of the apparatus was fmilar to what they before
m bridge, and the effe(t anfwered their utmoft
€ ations, - But, as in both cafes, the obfervers at both ex..
temitics of the- chain,  which terminated in. the water, felt

sl - Phil Tral. sbridged, Val. 10: . 349, k6.
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the'fhock, as'well when they ftood with their rods fixed into
the carth twenty feet from the water; ‘as when  they ‘were' put
into the river ;. it occafioned a doubt, whether the ele@fic circuit
was formed through the windings of the river, or a much fhorter
way, by the ground of the meadow :  for the experiment plainly
thewed,  that the meadow ground, with the grafs on if, conduc-
ed the clecticity very well

By i they were fully convinced, that
the cledricity had iot, 1n thiscaft, ‘bezn conveyed byithoswater
of the river,  which was two miles in length, but by land, where
the/diftance was only one mile; in which' fpace,’ however, the
ele@ric matter muft neceflarily have pafled over  the new river
twice, have gone through feveral gravel pits, and a large ftub-
ble field. *

JuLy 28th. they repeated the experiment; at the fame place,
with the followifg. variation of circumftances. - The iron wire
was, in its whole length, fupported by dry fticks, andithe ob-
fervers ftood upon original eletrics 3 the effect of which/was,
that they felt the fhock much more fenfibly, than when the con-
duting wire had Lain upon the ground,  and when the obfervers
had likewife ftood upon the ground, as in 'the ‘former ‘experi-
ment. iieg
AFTERWARDS, every thing elfe remaining a5 Before, 'the ob-
fervers were direcied, inftead of dipping ‘their rods into the wa-
ter, to put them into- the ground, each one hundréd and ' fifty
feet from the water.  They were both fmartly ftruck, though
they were diftant from each other above five hundred feet. -

Tut fame gentlemen, pleafed with the fuccefs of their former
experiments, undertook another, the objec of which was, to

* Phil. Tranf. abtidged, Vol 10.p. 360 +1b.p. 357.
determine,
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determine, whether the eleciric virtie could be conveyed through
dry ground 5 and, at the fame time, to carry it through water to
a greater diftance than they had done before.  For this purpote,
they pitched upon Highbury barn beyénd Hlington, where they
carried it intoexecutionon the sth. of Auguft 1747, They
chofea flation for their machine, almoft equally diftant from
+woother flations for abfervers upon the new river s which were
fomewhat more. than a mile afunder by land, and two miles by
weater. | They had found the fireets of London, when dry, to
conduét very firongly, for about forty yards ; and the dry road
at Newington about the fame diftanice,  The event of this trial
anfivered their expectations. The eleétric fire tade the circuit
of the water, when both the wires and the obfervers were fup-
ported upon original elerics, and the rods dipped into the river,
They alfo both felt the fhock, when one of the obforvers was
placed in a dry gravelly pit, about three hundred yards nearer
the machine than the former ftation, and one hundeed yards dif.
tant from the tiver: from which the gentlemen were fatisfed,
that the dry gravelly ground had conducted the cledtricity as
ftrongly as water.

~ Frow the fhocks which the obfervers reccived in their bodics,
when the eletric power was conducted upon dry fticks, they
wete of opinion; thar, from the difference of diftance fimply
con *the force of the fhock, as far as they had yet expe-
ienced, was very Titdle, if at all impaied. ' When the obfecs.
od upon eledtrics, and touched the water, or the ground,
with the ifon rods, the fhock was always felt in their arone o
wiifls; when they ffood upon the ground with their iron rods,
they felt. the fhock in their clbows, wrifts, and ancles; and
when they. flood upon the ground without rods, the thock was
et P always
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always felt in the elbow and wrift of that hand which held the
condugting 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 conduct
ofit, was to try whether the elecric fhock was perceptible at
twice the diftance to which they had before catried it, in ground
perfeély dry, and where no water was near ; and allo to diftin-
guifh, if poffible; the refpective velocity of eleGricity and found.

Fox this purpofe, they fixed upon Shooter’s hill, and made
their firft experiment on the 14th. of Aoguft 1747, a time,
when, as it happened, but one fhower of rain had fallen duting
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 flicks; as was alfo the wire which communicated
with the coating of the phial, which was theee thoufand eight
hundred and fixty eight feet long,  and the obfervers were diftant
from each other two miles. . The refult of the explofion demon-
ftrated, to the fatisfaction of the gentlemen prefent, that the cir-
cuit performed by the clectric matter was four miles, viz. two
miles of wire, and two of dry ground, the {pace betsween the
extremities of the wires. A diftance which, without trial, 25
they juftly obferved, was too great to be credited. A gun was
difcharged at the inftant of the explofion, and the obfervers had
flop watches in their hands, to note the moment when they felt
the fhock : but, as far as they could diftinguifh, the time in
‘which the ele@ric matter performed that vaft circuit might have
been inflantancous. - i

I all the explofions where the cir

wwas made of any confi-

*PHiL, Trenf abridged, Voll o, p. 360, +1b.p. 365
B * derable
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derdble Jength, it wab obferved; 'that' though the phial was very
well ¢harged, yet that the fap at the gun bareel, made by the
exyinﬂnn, ‘was not near fo 1oud as” when the cirédit was formed
inaroom; fo that aby-fander, fays Dr. Watfon, though veri
ed in thofe operations, would not imagine, from feeing the flath,
and hearing the report, that the froke, at the extrcmity of the
condidting wire, 'could have been confidersblé’s ehie contrary
mﬁawhm the wires were properlyminagrd he [ays' alwﬁy;
happeried.

Sritnihe gtnrlemen, sneatieiin viete plirfuits) were defi
sous, if poffible;  to afvértain'the abfolute: veldcity of eledtricity
ata certain diftahce ;- beeaufe thodghy i the Iaft experiment,
the'time of it's progrels was cettainly very finall] if any they
were/defirous of khowmg, fmall a5 that tinie might be, whcther
it was sheaflirable)! and Dit Watfon Had! contrivéd an excelleht
method for that purpofe.

“IAceORPIRGLY; ! on 'the sthy of Agult 1748] ‘e seatlemen
niet oné more, and the Taft tiie; at Shooter's hills when it was
agréed t6 make an clectric cireuit of two'miles, by feveral turn-
ings of the wire, in the fame field! “Fhe imiddle of tiis ciresit,
they contrived to be in the fame room With the machitie, Where s

vt leachy hand one bf ‘the' fities of the wires,
cach of which was a milé in length. ' Tn this éxcelleirt difpofition

f the Jin which  the time between the explofion and

ot ight have'been obférved to the greateft exatnefs, the

feveral tites § bt the obferver alivays felt
¢ “the ‘very inftant of mikifig" the’ explofion.
Mﬂﬂeagmiem where' fully fatisfied, that, ‘through
igth of this wire, which was 12276 feet in lerigth,
‘of the'eletric matter wa
stlom on 13
 * Plil. Tr g Vol s, 5. 8.
P2
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Tiese experiments excited the admiration of all foreign elec-
tricians. Profeffor Mufchenbroeck, who was greatly fatisfied with
the extent and fuccefs of them,  faid, in a letter to Dr, Watfon,
upon the occafion, Magnificentiffimis tuis experimentis fuperafli co-
natus ommium.

Ir is faid by fome,  that the laft of thefe experiments go upon
a wrong fuppofition, ‘and therefore can'be of noufe ; it being
fuppofed that the very fame particles of the electric fluid, which
were thrown on one fide of the charged glafs, actually made the
whole circuit of the intervening conductors, and arrived at the
oppofite fide : - whereas Dr. Franklin's theory only requires that
the deficiency on one fide of the glafs be fupplied from the neigh-
bouring condutors ; which may, in return, receive as much as
they parted with, from. the fide of the glafs that was overcharg-
ed. So that, to be alittle more particular, the ‘redundancy of
electric matter on the charged fide of a pane of glafs, only paffes
into the bodies which form that part of the circuit which is con-
tiguous to it, driving forward that part of the fluid which was
natural to them; till, atlength, the fluid which refided in thofe
conducors which formed the laft part of the circuit, pafles into
the exhaufted fide of the glafs. :

Bu fhould this be the cafe (though in great difcharges it fuppofes
the natural quantity of elericity in bodies to be very confider-
able) and fhould Dr. Watfon, and other philofophers at that time,
have conceived otherwife; it does ‘not. follow, that the experi~
ments could poffibly determine nathing : for there il remains
fomething to be meafured, viz. the time required for the fuc-
ceffive diflodging the ele@ric. fluid in the whole length of the
circuit. i1l

‘WEeRE the whole mafs of the ele@ric matter contained in all
the intervening conduéors abfolutely folid, no motion could be

made
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nmade at one extremity, without producing an inftantaneous mo-
tion at the other ; juft as if one end of a rod be ftruck, the mo-
tion is inftantly communicated to the other end.  But this can-
not be the cafe in an clattic medium, the parts of which yield
to one another. In this cafe, the motion is communicated in 2
real fucceffion, Tike a vibration, running the whole length of the
circuit ; which muft therefore take up time, and be meafurable.
The motion of found may. be meafured, though no particle of
 the vibrating air be finally difplaced. Thefe great experiments

of Dr Watfon, therefore, had a real obje@, only it appearcd to.

to be afcertained by them.

SECTION
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SECTION 111,

MisCELLANEOUS D1sCOVERIES OF DR WATSON; ANDOTHERS;,
TILL THE TiME oF Dr. FRANKLIN:

HE firft of thefe difcoveries in order of time, and in im-

portance fecond to none (except that of the fhock itfelf,
and Dr. Franklin's difcovery of the different eleétricity of the
oppoite fides of the charged glafs)was that of Dr. Watfon, proving,
that the glafs tubes and globes did not contain the eleéiric power
in themfelves, but only ferved as firft movers, and determiners,
as he calls it, of that power.

Hz was fit led to this difcovery by obferving, that, upon
rubbing the glafs tube, while he was flanding upon cakes of
wax (in order, as he expeted, to prevent any of the ele@ric
power from difcharging itfelf through his body upon the floor)
the power was, contrary to his expetation, fo much lefiened,
that no fapping could be obferved upon another perfon’s touch-
ing any part of his body; but thatif a perfon not eledtrif
ed held his hand near the tube, while it was rubbed, the fnap-
ping was very fenfible. % i

Tue event was the fame when the globe was whirled in fimi-
lar circumftances.  For if the man who turned the wheel, and
who, together with the machine was fafpended upon filk, touch-
ed the floor with one foot, the cleiric fire appeared upon the
ol # Phil, Tranfs abridged, Vol, 10, p. 303+

conduétor;
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conduéor s but if he képt Kimfelf free from any communication
with the floor, no fire was produced.

Di. Warson by this, and the following experiments in con-
Junction, difcovered, what he calls,  the complete circulation of
the ele@ric matter.  He obferved, that only a fpark or two
would iffiie from his hand to the infillated machine, unlefs he,
at the fame time, formed a communication between the conduc-
tor and the floor ; but that then there was a conftant and copi-
ous flux of the eleGric matter to the machine.

OsserviNG, that while his hand ‘was in conta® with the
conduéor, the man who turned this infulated machine gave
fparks, which would fire inflammable fub(tances, and perform
other eleétrical experiments which were ufually performed at the
conduéor; he naturally imagined, that the fire iffucd from the
‘man, for the very fame reafon that all ele@ricians had before
imagined that it came from the conduGior; and feeing that the
man gave no fire unlefs there was a communication between the
floor and the conduétor, he concluded that, in this cafe, the fire
was fupplied by that communication, fo that  the courfe of the
ele@ricity was inverted, as he expreffes it. *
ot then fufpected, that the eye could not diftinguifh
in what direction an eledric fpark proceeded. Eleiricians natu-
rally imagined that all cleéiric powers, and confequently the
eleiric fluid, which they fuppofed tobe the caufe of thefe pow-
s, exiftediin the excited cleéiric, whatever it was; and that
‘whatever powers were exerted by eledrified bodies proceeded
rom a real communication of cledtric matter to them.  Accord-
ingly, ‘when Dr. Watfon found that," by cutting off the commu-
‘nication of the ele@ric with the floor, all cledrical operations

Bl Tranf. sbridged, Vol 10. p- 305
203 were,

ey
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were ftopped, he concluded, that the ele@ric fluid was colleGed
from the floor to the rubber, and thence conveyed to the globe.
For the fame reafon, {ecing the rubber, or the man who had
a communication with it, give no fparks but when the conduc-
tor was connected with the floor, he would as naturally conclude
that the globe was fupplied from the conduor, as he had before
concluded that it was fupplied from the rubber.

ComparinG both thefe experiments together Dr. Watfon was
led to infer, that, in all elecrical operations, there was both an
aftus of electric matter to the globe, and the conducor, and
likewife an ¢ffux of the fame cleric matter from them. *

Fixping that a piece of leaf filver was fufpended b:tw:en 8
plate clectrified by the condu@or, and another
with the floor, he reafons from it in the following manner.
« No body can be fufpended in equilibrio but by the joint action
« of two different directions of power : fo here, the blaft of
< electric ether from the excited plate blows the filver towards
« the plate unexcited, and this laft, in its turn, by the blaft of
¢ elecric ether from the floor fetting through it, drives the filyer
¢ towards the plate elerified. 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
< barel, or the equilibrium by which  the filver is fafpended
« could not be maintained.”-

Dr. WaTson obfetves, thatthe Abb: Nollet, two years be-
fore he made this communication, had given it as his opinion
(though without any experiment which proved it) that the elec-
tric matter did not only proceed from the electrified bodies, but
from all others about them, to a certain diftance.

# Phil. Tranf. abridged, Vol. 10 pogrn © +1b.p.310,  $Ib.p.315.
SoMETIME
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Someriv after this, Dr. Watfon obferves, in a paper read
at the Royal Society, January 21ft. 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,
further than he had done. For he had obferved, above a year
before, that placing one man upon ele@rics, to rub the tube or
globe, and another alfo upon elerics to touch them, as the con-
duéor; both the man who rubbed, and the man who touched
the excited glafs would give a fpark s and further, that if they
touched one another, the fhapping was much greater than if ci-
ther of them touched a perfon tanding upon the floor.  Upon
this the Do@or feems to have correted his former opinion of the
afflux and efflux of cletric matter: for he accounts for this fact
by fuppofing, that as much cledricity as was taken from the per-
£on rubbing was given to him who touched the condudor, be-
ing conveyed by the globe. By this means the eledricity of the
former of thefe perfons, he obfetves, was more rare than it na-
turally was, and that of the latter more denfe ; fo that the den-
fity of ele@ricity between thefe two. perfons differed more than
that between either of them, and another perfon flanding upon
the floor. In zhls manner did Dr. Watfon difcover, what Dr.
Franklin ubferv:d, about the fame time, in America, and called
the plus and minas in eleiricity. *

Dx, ‘WaTson obferved that the flame at the end of an elec-

 wire was fenfible to the hand, asa cool blaft of wind, and

that when light fubflances were attradted and repelled betwveen

and one ing with the floor, the

fuceeffion of thefe alternate attractions and repulfions was_extre-

mely quick, fo-that fometimes the eye could hardly keep pace
# Phil, Trang. abridged, Vol. 10.p. 369.

sl QU with
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with its and that when a glafs globe, of about an inch in dia-
meter, very light and finely blown, was put into a plate of
metal, and another plate hung on the conduor over it, the
firokes from the alternate attractions 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
they were attradted and repelled. He fays, that if they were
Iet fall from the height of fix feet or more upon a wooden floor,
or even a plate of metal, they were rarely brokens but that by
the attraction 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 Door alfo proved, that the electric matter paffed through
the fubftances of the metal of communication, and not over the
furface of it, by covering a wire with a mixture of wax and
rofin, and difcharging a phial through it.

Mkr. Moumn the younger difcovered, that elericity is not

bodies in p ion to their maffes
or quantity of matter, but rather in proportion to their furfaces ;
and yet that all equal furfaces do not receive equal quantities of
elericity, but that thofe receive the moft which are moft ex-
tended in length 5 that a fquarc fheet of lead, for inftance, receiv-
eda much lefs quantity of elericity thana fmall frip of the
fame metal with a furface equal to that of a fquare fheet. |-

Mz. WiLsoN, whofe curious obfervations on the Leyden
phial have been mentioned in a former fe&tion, claims no fmall
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,
that the eletric fluid did not come from the globe, but from

* Phil Tranf abridged. Val. 10, p. 309, +I5.p. 538
the
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the earth itfelf, and from all other non-electric bodies about the
appardtus,  He foggefied a method of proving this in a letter
to M. Ellicott from Chefters and mentions his having complet-
ed the experiment himfelf foon after, ina letter to Mr. Smeaton,
from Dublin.

Havixe conceived that the difference between ele@ric and
non-eléric bodies was owing to the different refitance which
fubtle medium, as he calls it, on the furfaces of all bodies gave
to the pafage of the electric fluid 5 and conceiving that heat
would rarify this medium, and thereby convert eletrics into
non-elefirics, he made fome experiments which confirmed him
in that fappofition. He found that one perfon might commu-
nicate eleéiricity to another, notwithftanding the intervention of
4 confiderable quantity of red hot glafs. He alfo made other
experiments of a fimilar nature, as difcharging phials by means
of hot glafs, hot amber, and various other heated - eleétrics.
Thefe, however, as Mr. Canton afterwards obferved, might be
owing €0 the hot air upon the furfaces of thofe bodies, which he
found to tranfmit elericity very well. - But another experiment,
which Mr. Wilfon made upon melted rofin, does not feem lizble
to that objection. He poured the melted rofin into a phial, and
ﬁqnum@m could give fhocks with it; but he obferved, that
fhed as the rofin grew cold, and that when it
e cold, they entirely ceafed. * *

. Wikso mentions a curious experiment (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 mag-
net. Thefe, he fays, if they were brought near the point of
any body proceeding from the prime condutor, would turn

S Wilfor's By, p. 143
Q2 round
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round very fwiftly, but would niot turn at all in vacuo, This
blaft he thought was occafioned by the iffuing of the clecric
matter out of the point, which caufed a current in the air; but
he did ot try what would be the confequence of prefenting the
vanes toa point which received the electric fluid. *

Lastry, Mr. Wilfon obferved; that if a needle were prefent-
€d 0 a picce of down hanging to the conductor, it would cling
clofe toit; but that, upon prefenting any thing that was blunt,
it would be repelled again; and fays that Mr. Canton made fc-
veral curious experiments of the fame kind.

Mg. SmeaTon, within this period, obferved, that if a man
who was infulated preffed againt 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 clerified at all; but that, if he only laid his fingers
lightly on the globe, he would be clerified very firongly.
The fame ingenious perfon alfo obferved, that upon heating the
middle of a large bar of iron to a glowing heat, and electrifying
it, the ele@ric power of the part that was heated was as ftrong
as that of the cold part. ||

Fon feveral curious difcoverics. relating fo elediricity, made
within this period, we are indebted to the ingenious Dr. Miles.
Ina paperread at the Royal Socicty January 25th. 1746, he
fays that having excited a ftick of black fealing wax with white
and brown paper, or clean dried flannel, he was able to kindle
common lamp fpirits with it. Comparing the ftick of wax with
the glafs tube, he obferved a remarkable difference between the
appearance of fire from both, though he did not underftand the
reafon of it.  He fays he found the luminous effluvia to. proceed

© WillowsEBy, psat. - 4Do.pass. $lhpiag [ Dbep i
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inva much greater quantity from the top of his finger to the ftick
of sax, than they did to the/glafs.. He feveral times obferved a
fimall globular fpot of fire to appear firfton is finger, from which
ifiied regular fireams towards the wax, in the form of a comet’s
il This is now well known to be the conflant appearance of
the eledric fire between an uncle@irified body and'an ele@iric ex-
cited negatively. *

Dx. Mizes found a ftick of ulphur to perform very well; but
not at all, when he had put an iron rammer in the center of it,
to firengthenit. It is remarkable, that after fetting this ftick
upright in a cupboerd; it lott all its eleiricvirtue, and could ne-
ver afterwards be excited in the leaft degree.  This effect the
Dottor attributed tots being put up without any cover.

Dr. Mives alfo mentions his having got a tube of green glafs,
which he could never excite but with great difficulty, and then
but to a fmall degree. 4

Ttk fame ingenious gentleman, fome time after, made an ex-
periment upon picces of leaf brafs in'a bottle hermetically fealed.
To thefe e found he could give motion by the approach of the
excited tube, i the fume manner a5 if they had been in the open
4ir; bt one appearance ftruck him of which he by no means
gives a futisfactory account  He obferved that when he removed
the tube from the exhaufted glafs flowly, no commotion was feen
in the leaf brafs, but a very brifk one upon removing it fuddenly.
s faék could not have been underftood but by comparing
fats depending upon the fame principle, and which
vered till fome years after.

. to which, as an Englifhman, T would give
0 1”.. matters of abfolute indifference, 1 pafs

1 Phil, Tranf, abridged, Vol. 10, p. 320 1 Tb: p. 326
over
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over to France, ‘where, ‘next to.thofe’ made in England, the
moft important difcoveries, and the greateft number of them
were made in the period of which I am  treating. . And, with-
out all difpute, the greateft name in France, in this or any other
period, except that of Mr. Du Faye, his friend and affociate, is
that of the Abbé Nollet.

Tae favourite obfervation of Mr. Nollet, on which he built
his darling theory of affluences and - effluences was, that bodics
not infulated, plunged in cle@ric atmofpheres, fhewed figns of
elecricity. He obferved a fenfible blaft from the hand of a per-
fon not elerified, in the abovementioned circumftances, alfo
the attraction and repulfion of light bodics by them, the appear-
ance of flume, the diminution of their weight by increafed eva-
poration and perfpiration, and almoft every other appearance and
effect of eletricity. - Morcover obferving that this globe contrat-
ed a foulnefs while it was whirling, even when rubbed with 2
clean hand, he had the curiofity to colle a quantity of the
matter which formed that foulnefs ; and. finding that, when it
was put into the fire, it had the fmell of burnt hair, he conclud-
ed that it was an animal fubftance ; and that it had been carried
by the affluent cle@ricity from his own body to the glohe; *

Tue only miftake of this ingenious philofopher in thefe ex-
periments, and. which  was the: fource of many others, which,
in the end,. greatly bewildered and perplexed him was, that the
electricity. of the body, which: was plunged in- the! atmofphere
of an electrified body, was-of the fime nature with: that of the
elecrified body. Had he but preferved the diftin@ion, which
Mr. Du Faye had difcovered; between the two ele@ricities, and
imagined that the body eletrified,  andithat which. was plunged
in its atmofphere were poffeffed of thefe two diff rent and oppo-

* Nollet's Recherches, p. 142.
fite

UVYVA.BHSC



Pera VAL Sec. 1L OF! THE FRENCH. .r1g

ics, he mi been led ito the great difc
made hyM.m Canton;; De; Eranklin, .and Mr. Wilcke; which,:
we fhallufindsisarofe, from that fingle obfervation s, and he would
have avoided:a great deal of debate and contention, which has
not ended to his advantage.
 Tass. pactial difcovery, of Mr. Nollet is by no means the only
one of his; that the hiftory of cle@icity.prefents in this period.
He made feveral experiments on  pointed bodies, and obferved,
that thofe which had the finalleft points fooneft threw out bruthes
of eleéiric light, - but did not fhow other figns’ of electricity fo
frongas bodics that were not pointed, *
_ He.took aigreat deal of pains in making experiments, in order
to determine; the degree in which different fubftances condutted
the cledric fluid ; and. found that the fmoak of gum lac,  turpen-
tine, karabé, and fulphur.did not carry away the. cleiricity of
an excited tube fo foon as the fmoak of linen, wood, and more:
efpecially the fteam of water, and the effluvia of burning tallow,
and ofothe fatty fubflances. . In fhort, he found, that vapours
watery did very little, -or no injury o eletricals
experiments, provided the tube was not expofed to - them near-
the fire:which caufed them. A finoky 'room did not prevent
ning experiments,’ at leaft in any great degree s nor
effluvia at all prejudical to-them. 4
L curious obfervations were made by the Abbé upon
ted bodies. - He found, that a picce of iron glow-
to throw off ignited particles, did not leave the
of eloricity in an excited tube, to which ithad
ithin five or fix inches, ‘and only held there two:
ds 3 but it ceafed to affeét the tube at the fame

® Recherches, .+ Ib.p.1g4y &co.
k iy gt diftance
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diftance before it ceafed to be red, and had no influence at all long
before it was cold. The electricity of the tube, in this inflance,
was probably conveyed through the air heated by the iron; as it
can hardly be fuppoled, _that the iron emitted any eflavia caps-
ble of producing that cffeét. *

Hz found tha the excited tube Toft nothing of its eletricity
in the focus of a burning mirror. That ' the flame of a candle,
or the near approach of it, would deftroy electricity had been
known before : heobferved, that the flame was fenfibly difturb-
d by the approach of the excited tube, and he mentions M
Da Tour, and the Abbé Necdham’s having found, that the
terpofition of the thinneft piece of glafs, orof any other fub-
ftance, between the candle and the tube preventedthe diffipati-
on of the elegtricity. From this fact it was inferred, -that the
diffipation was owing to fome effluvia  proceeding  from the
candle. -

Continumn his obfervations on what increafed or impeded
eledirical experiments; he found, that a light body, placed on a
#on-clediric ftand, moved more brifkly upon the approach of
an cledtrified body, than when it was placed upon an cleétric
ftand. §  Several clectrical experiments, he obferved, fucceed-
ed beft when there was a number of (pectators prefent, -and when
they drew near, and ftood clofe together to fee his experiments;
provided they did not occafion fo great a perfpiration as made his
glafles moitt. || This. obfervation we fhall find accounted for
hereafter by Mr. Wilcke.

Tae AbbE moiftened, with water or fpirit of wine, a flender
and pointed bar of iron, and thought that the blaft from the point
of it was more fenfible than when it was not moiftencd ; which

* Recherches, p. 216, 41Ib.p. 219, {1b.p. 1z b p. 123,
he
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he attributed to the ele@ric fluid carrying away with it fome of
the particles of the water, and of the fpirit of wine.*

Somz few obfervations the Abbé made on' the difierence be-
tween excited and communicated electricity, and between the
ele@ricity of glafs and that of fulphur. ' He obferved, that the
ele@ricity of an excited globe or tube, caufed an odd fenfation
wpon the face, asifa fpider’s web were drawn over it 3 whereas
that effect was feldom. produced by communicated eledtricity.
Excited cledricity, heallo oy, might be perccived by the fiell,
at more than a foot diftance, when communicated cle@isicity
could not. -

He melted fulphur in a glaGs globé, by turring it over a cha-
fing difh of burning cols ; when he obferved, that fmall pieces
of fulphur, before they were melted, were attracted and repelled
by the glafs within, at the fame time that the afhes of the coals
were attrated without. §  Holding a piece of excited fulphue
in one hand, with a picce of down fticking to it, and ready to
fly off, thedown, he fays, would cling faft to the fulphur, upon
prefenting to it an excitéd glafs tube, which he held i his other
hand. [ 0 s

Tsuars, in the laft place, recite the Abbé Nollet’s xperi-
ments made in vacuo. He found that glafs, and other cloctrics,
might be excited in vacuo, but not fo firongly as in the open
air.§  He obferved that there was a remarkable differece be.
tween the appearance of the clediric light in vacuo, and'in the
open air; being much more diffufe, and unbroken in vacuo, *
Inferting the extremity of his conductor into an exhaufted glafs
veflel, he obferved the veffel to be full of light, whenever he
‘brought his hand to it; that the light was confiderably increafed

* Recherches, p. 140. GAIbpash  1DopiBe (b p.rzs.  §lbipiase
8 Db p. 243,
R

sl when
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when he fpread his hand over it; and that ‘when a'fpark’ was
taken from the condudtor, the whole veffel feemed to be full of
light.  He alfo obferved, that fmall pieces of metal, “inclofed in
the vefiel, adhered clofe to the glafs; but detached themfelves
from it,. on the approach of the finger, ‘or of any conductoron
the outfide.

‘THERE are a few other names of elecricians in France, whofe
experiments and-obfervations, made within this period, deferve
to be mentioned. - Of thefe is Mr. Boulanger. ' He took great
pains ' to determine the degree in which different  fubftan-
ces are capable of being cxcited. 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
great accuracy, it may not be' difagreeable to fee the refult of
them ; which he has comprifed -in the following table, begin-
ning with thofe that are leaft excitable in every eolomn.

FIRST COUMN. Cork.
Dry wood of all kinds.
Ebony. All dry plants.
Guiacum.
Box wood. SECOND COLUMN.
Sandal wood. it
Oak. Shells of all. kinds.
Elm. Whalebone.
Afh. Bones,
Linden tree. 4 . Tvory.
 Rofe.. . Homn.
~ Willow. Scales.
~Ogiers 1 Parchment.

Hair
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‘Sugar Candy.
 The Phofphorus of Berne.
~ Yellow and white wax.
 Japan varnifh.

‘Sandarac, -

Amber.
beiférgniflib
balpREB bz
© Gum copal.
adGamR e o0

3 Bean. o4t i

THE FRENCH.

byt ¢ ¥ 2y

o

23

Marble of all colours,
Slate.

Free ftone.

Granite.

Porphyry.

Jafper.

Varnifhed earth..
Cornelians.

‘Agates.

All opaque precious ftones.
Porcelaine:

FIFTH COLUMN.

0l Rock chryftal.

Venice and Mufcovy talk.

‘Coloured diamands,  efpeci-

ally yellow.

White' diamonds, ‘efpecially
the brilliant,

Al
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All seanfpacent precious flones.  withoutexcepting thofe
Glafs, and all vitrifications, of metals. lo

Tue inference which this author draws from this catalogue is,
that the moft brittle, and: the moft- tranfparent fubftances, arc
always the moft cle@ric; and he has recourfe to an awkward
hypothefis to account: for the marcafites nat being excitable at
all, notwithftanding they are both brittle and tranfparent. He
fays it is owing to condenfed air contained in, thofe fubftances,
which is known to prevent excitation. *

Tt fame author fays, that mineral waters are much more fen-
fibly affected with ele@ricity than common water ;. thag.black
ribbons are much fooner attracted than thofe of other colours ;
and, next to them, the/brown, and deep red. -

Mz. Le CAT, a phyfician at Rouen, who has diftinguifhed
himfelf by feveral performances in the learned world, fufpended
feveral picces of leaf gold at his condutor, and obferved that
they hung at different diftances, according to their fizes, the
fmaller picces placing themflves nearer the condu@or, and the
larger receding farther from it. This he compares to the diftances
at which the planets make their revolutions round the fun, and he
fappofed the caufe to-be.the fame,in both. Thefame author very
particularly compares.the ele@ric fhock, which had, juft been
difcavered, to thunder. . stliled (A

- Geraanyaffords:but few articles for the ele@rical hiftory of
this period ; one of them, however; is curious, » and well deferves
10 e tranfmitted to, pofteriry. Mr. Gordon of Erford excited

lisd ards

* Boulanger, p. 74. tIbi p. 124 Hifloire, p.

Ha s
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the elegricity of a cat fo ftrongly, that, when it was commu-
aicated by iron chains, it fired fpirits of wine. %

T has been mentioned before, that feveral gentlemen in Ger-
many, as well as in England, had found, that if the man who
rubbed thie globe ftood ‘upon’ elecrics, fparks were perceived
upon touching him; but Meflis. KlingRierna and Stroems,
two German profeffors, were the firft who' properly. ele@rified
by the rabbers' and their experiments were publithed in the acts
of the Royal Academy of fciences at Stockholm for the year
a7t

Mg. JAtLABERT, profeffor of philofophy at Geneva, found
that a coating of pitch did not prevent the conducor from be-
ing cle@rified, which proved that the electric fluid enters the
fubflance of metals.  He alfo proved,  that ice was a conducior
of ele@iricity, by making the Leyden experiment with a boitle
in which water was frozen. §

" Tue amazing and extenfive cffe@s of electricity now began
to/make philofophers look for it where it had not been fafpected
before. The firfk account that is given of wollen garments be-
ing obferved to exhibit figns of electricity, when they were put
off, after the flathes of light they gave were known to be owing
ity, was fent to the Royal Society by Mr. Coke of the
He of Wight, who fays, that a Tady of his acquaintance obferv-
edit; ‘and that it was alfo at laft found, that it was only new

Aanihel, and ‘after fome time: wearing, ‘which gave that appear-
ancé, and that this property was loft when it was wathed. |
: ne appearance, he obfervés, “upon another occafion,
ous in frofty weather; in which feafon he takes
Wﬁmp generally, not only a greater purity of the.
ﬂWIMy 8. Wilke, p.xis Hillir, prog, 96-

APhil. Traal; -hnd(:d Vol. 10, p. 343-
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air, and abfence of moitture, but that all hairy -and. horny fab-
ftances (for hairs, as he fays, are only. fmall horns) are more
dlaftic, and. confequently fufecptible of, and. more capable: of
exciting firong vibrations. He fays, thatthe fannel being ren-
dered damp with fea water, and afterwards dry, would-heighten
the cleric appearances: ¥
Bur though this was the firft appearance of the kind that was
obferved, after it was known to arife from eletricity ; fimilar
appearances had been feveral times noted before, Bartholin,
who flourithed in 1650, wrote a book De /uce animalium, in which
he fuppofes, that unctuous cfluvia had a great. thare in thofe
appearances. The fume writer fays, that Theodore Beza. might
be feen by a light proceeding from his eye brows and that fparks
would fiath from the body of Charles Gonzaga, Duke of Mantus,
upon being gently rubbed.  But he does not fay whether he
had any particular haity, or fealy fuperfcies to his fkin, 4
Dr. Stpson, who publithed a- philofophical difsourfe on
fermentation, dedicated to the Royal Saciety in 1675, al(o takes
notice of the light proceeding from aimals on frication, or pec-
tation as he calls it, and inftances in the combing of a woman'’s
head, the currying of a horfe, and the firoaking of a cat’s back.
Mg. CravTon allo, in a letter to Mr. Boyle, dated June
23d. 1684, at James town in Vieginia, gives him an account of
a flrange accident, as he calls it, which happened to one Mrs.
Sewwall, whofe wearing apparel emitted a flahing of facks, which
wece feen by feveral perfons. - The like happened to Lndy Bal-
timore her mother in law. || il
Isuans coniclude this fe@tion with what I can find, in this
¢ Pl oot sbidged, Vol 10.p. 3440 10 344, 11b.p 279, Bop. 37
i ‘ ©d oy petiod,
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pesiod; ‘about increafing the power of elericity; and meafuring
its effeds. |

Mg.. MoNNIER the younger, whofe name has been frequently
mentioned in the courfe. of this hiftory, ufed glafs fpheroids
inftead of globes, and endeavoured to increafe his ele@rical pow-
e by ufing feveral of thefe fpheroids at a. time; but he found,
upon trial, that they did not anfiwer his expectations 5 and was
thence difpofed to conclude, that there might be a e plus ultra
ia the intenfity of ele@ricity, as well as in the heat communica-
ted to boiling water. * i

Tus power of glafs in cledrifying being found to be fo great,
itis no wonder that philofophers fhould endeavour to find what
kind of glafs was capable of being excited to the greateft degree.
Among other propofals we find a very memorable one communi-
cated to the Royal Socicty, - April 6th. 1749, by Mr. George
Mathias Bofe, - of -Wittemburgh.  He fays, that a glafs ball
which has often been:employed in violent diftillations, and other
chymical operations. fends forth eletricity incomparably more
frong, than any glafs which had never been expofed to fo violent
afie.. This articleis the more curious, as it thews us how
much philofophers at this time piqued themfelves upon difco-
veriesin elediicity.  He.aflers his being the firft perfon who

this hotable: cis as he calls it, and
inﬁbgﬂ.aﬂufom to whom he communicated it, to let him
inthe Philofophical Trans

fadkions o Sl
< Ir was within ﬂw pquod dm Dr. Watfon contrived £0 im~

ing the rabber of his
~ globe, though he was not aware of all the. reafons-for. it. . Fe

S AT Tt g, Vol to. . 330n 10, 339
obferved
T
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‘abferved thiat the mian who ftood on the floor, toexcité the globe
by his hand, did it more (trongly than a cufhion. This, he fays,
he could not- conceive to be owing to any other difference, tha,
10 his hand being mare moift, and confequently more readily
condudting the cledricity from the floor; wherefore he ordercd
‘his machine, and even his cufhion, to be made damp ; and then
found that the electricity was as ftrong as when the globe was
cubbed by the hand. *

A cenTieMan at Chartres in France, greatly increafed the
effetts of electricity by means of moifture, for aferting which he
is very much  ridiculed by the author of Hjflire de I Bleciricite,

M. Wissow fays, that if the cuthion (which he made of lea.
cher) was gilt with filver, brafs, or copper, it would do very
well and that the flk line on which the condutor hung thould
be redor yellow. - The tablé, he fags, ‘fhould ftand ‘o moit
ground, or a wire pafs from the machine to the moift ground.

Dr. Watson alfo found, that though no ele@ricity could be
produced by cubbing the globe with original eledtrics perfealy
dry, yot that they anfiwered very well when they had been made
moift; the water imbibed by thofe fubftances ferving a5 a canal
of communication to the electricity between the hand,  of the
cuthion, and the globe; in the fame’ manner as the air, replete
with vapours in damp weather, prevents the accumalation of the
cletiric matter in any confiderable degree; by conducting it as
faft as excited to the neareft non-cle@irics. He obferved on the
‘contrary, that moft vegetable fubftances, though made as dry 2
poflible, furnifhed electricity, though in fmall quantities. = He
excited eledkricity notonly from linen, cotton, &c! but even

from fheet lead and a deal board. || 3 5
* Phil. Traof, abtidged, Vol. t0.p. 312+ Willon's Effy, pi g 6. 1 1b. P8
1l Ib. p. 380,
e Tue
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Tite Abbé Nollet fays, that he found ofl of turpentine upon a
piece of woollen eloth excited glafs very powerfully, but that the
leaft water mixed with it prevented the excitation. *

Mg, BouLANGER fays, that if two  cylinders be made of the
Gume kind of glafs, and of the fame fathion, one of them tranf-
parent, and the other tinged with any  colour, the tranfparent
eylinder will be excited more eafily than the coloured one. He

however, th imes the moft tranfparent, and
themoft brittle glafs is capable of acquiring but little electrici-
ty.4 Inanother place he fays, thata cylinder of three or four
lines in thicknefs will acquire a fironger, and a more lafting elec-
tricity than a cylinder of one line thick. || He alfo fays, that one

pecfon’s two hands, or one cufhion is better than more. §
‘Asoum the fame time that Dr. Watfon: made his fiek experi-
ments upon the Leyden phial, Mr. Canton difcovered a method
by which the quantity of cle@ricity accumulated in the phial
might be meafured t0a good degree of exactnefs. He took the
charged phial in his hand, and made it give a fpark o an infula-
ted conduéor, which fpark 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 certain and exact method of knowing how high
a phial fas been charged : but what electricians chiefly want is a
‘method of afcertaining how high a phial ir charged, or the exaét

force of the charge while it is contained in the glafs.
g “TRING of this kind was done by Mr. Ellicott, in the
year 1746.  He propofed to eftimate the ftrength of com-
n,

, by its power to raife a weight in one feale of

abalance, while the other fhould be held over the clectrified bo-
*Reghushen p. 396 Boulsnger, . G4 116364, I Thupe 135, §1b.p. 35»
= S d
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dy, and pulled to it by its attra@ive power. * ' Mr. Gralath alfo
conftruéted an ele@rometer upon the fame principle. 4+

Tie Abbé Nollet applied the threads that Mr. Grey and Du
Faye had ufed in clectrical experiments, to fhow the degree of
ele@ricity. He hung two of them  together, and obferved the
angle of their divergence, by ‘means of ‘the rays of the fun, or
the light of a candle, and their fhadow upén a board placed behind
them. Mr. Waitz alfo thought of the fame kind of eleGtrometer;
with this improvement, that he loaded the ends of the threads
with fmall weights. .

# Boulinger, p- 324, Dantzick Memoirs, Vel. x:pi 525, 1 Hiflore, . $6.
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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.

JITHERTO the effect of electricity upon human bodies
had not been attended to, farther than the mere fhock of
the Leyden phial. - But we fhall now fee a curious fet of experis
‘ments on this fubject exhibited by the Abbé Nollet. | The Eng-
1ih philofophers, who led the way in almoft every othér appli-
cation of electricity, were among the laft to try its effe@s upon
animals, and other organized bodies. The only article that I
can find upon this fubjed, before the difcoveries of the Abbé
Nollet, is one of Mr. Trembley's ; who fays that feveral lperfons
had obferved, that while they were elerified,  their pulfe beat
alittle fafter than before.  He fays, that he himfelf, after hav-
cen electrified a long time together, had felt an odd fenfa
tion all over his body, and that fome perfons had felt very tharp
pins after being clectrificd. *
iz inge Nollet begins his i with the

of luids by elecricity. They were made with the

PR
A% h“}' i - ® Phil, Tranf. abridged, Vol. 1o. p. 321.
i S2 greateft
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greateft attention, and the following obfervations were the refult
of them.

« 1, ELecTrIcITY augments the natural evaporation of fluids;
«fince, excepting mercury, which is too heavy; and the oil of
< olives, which is too vifcous, all the others which were tried
«¢ fuffered a diminution which could not be aferibed to any other
« caufe than elericity.

<« 2. ELECTRICITY augments the evaporation of thofe fluids
¢ the moft, which are moft fubject to evaporate of themfelves.
« For the volatile fpirit of fal ammoniac fuffered a greater lofs
« than fpirit of wine, or turpentine; thefe two more than com-
« mon waters and water more than vinegar, or the folution
< of nitre.

« 3. Evperricrry has a greater efet upon fluids when the
« veffels which contain them are non-electrics ; the effeéts always
« feeming to bea little greater when the veffels were of metal,
« than when they were of glafs.

< 4. Txis increafed evaporation was more confiderable when
« the vefiel which contained the liquor was more open, but the
« effe@s did not increafe in_ proportio to thei apertures. ~ For
¢ when thefe liquors were electrified in veffels, whofe aperture
« was four inchesin diameter, though they prefented to the air
«a furface fixteen times larger than when they were contained
< in veflels whofe aperture was one inch in diameter, they were,
« neverthelefs, far from fuffering a diminution: proportioned to
< that difference.

« 5. BrrcrriricaTion does not make any liquors evaporate
« through. the pores, either of metal, or of glafs; fince, after
¢ experiments which were continued ten hours, there was found

“ no
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« o diminution of their weight,  when the vefiels in which they
< were contained were well ftopped.” *

AT having made cxperiments on fuids, he began another
courfe on folids of vatious kinds, the refult of which was, that
they loft weight only in proportion, to the moifture they contain-
ed, and the opennefs of their pores. 4

Tue Abbé alfo extended his experiments to other fenfible
qualities of bodies, as their fmell, their tafte, and chymical
properties ; but found no change in any of them, after a firong
and continued elecrification of a varicty of fubftances. Electri-
Scation did not affe the power of the magnet, and neither re-
tarded nior accelerated the heating or cooling of bodics.

He then proceeded to the cle@rification of capillary tubes,
full of water'; it having been obferved by Mr. Boze, who com-
municated the obfervation to Mr. Nollet, | that the water would
iffue in a conftant ftream when they were eletrified ; whereas
it would only drop very flowly without that operation. Every
body, at firft fight, would judge that the fiream was accelerated,
and that the ele@rified veflel would foon be empty: but this
accurate philofopher was unwilling to rely on firlt appearances,
and therefore refolved. to afcertain 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 uni-
form, during the whole time of the runningout, he made ufe
of vefiels of different eapacitics, terminating . pipes of different
boreg,m three lines in diameter, to the fmalleft capilla-

5 WMM find it fo cafy a matter to draw a fafe

N, ps  AThpisss | 3Thp s e

badingi conclufion
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conclufion in this cafe as might at firft be imagined, He gives us
in grofs the following refult of above an hundred experiments, *

“ 1. Tae eledrified fiream, though it divides, and catrics
“ the liquid farther, is neither fenfibly accelerated nor retarded,
«when the pipe through which it iffues is notlefs than a line in
« diameter.

<. Uxper this diameter, if the tube is wide enotgh to let
“¢ the liquid run in a continued fream, electricity accelerates it
“alitde;s but lefs than a perfon would imagine, if he judged
“ by the number of jets which are formed, and by the diftance
“ to which they go.

“ 3. Ir the tube be a capillary one, from which the water
< only drops naturally, the ele@rified jet not only becomes o
« continued ftream, and even divided into feveral ftreams, but
“¢is alfo confiderably accelerated ; and the fmaller the capillary
“< tube is; the greater, in proportion, is this acceleration.

¢ 4. So great, is the effe of the eleric virtue, that it drives
« the water in a conftant ftream out of a very fmall capillary tube,
“¢ out of which it had not before been able even to drop.”

Tite moft unaccountable of thefe experimerits, as the ingeni-
ous Abbé acknowledges, are thofe which fappofe a retardation
of the eledrified current, and he long doubted the fat; buts
great number of experiments, carcfully noted in his journal,
obliged him to admit it, though ftill with hefitation, jand to
account for it in the beft manner he could ; which, indeed, was
not very fatisfactory. -+

Tue beautiful appearance of thefe ftreams of ele@rified water,
when the experiment wis exhibited in the dark, is particularly

* Recherches, p. 327, Phil. Tranf. abridged, Vol. 10.p.382. + Recherches, p. 351
defcribed
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deferibed by this anthor, after Meflrs. Boze and Gordon, who
firft obferved it. ¥

Typse laft experiments ferved as a bafis to the Abb¢'s futare
enquirics. . He confidered all organized bodics as affemblages of
capillary tubes, filled with a fluid that tends to run through them,
and often 0 iffue out of them. ~ In confequence of this idea, he
imagined, -that the cletric virtue might poffibly communicate
fome motion to-the fap of vegetables, and alfo augment the in-
fenfible perfpiration of animals. He began with the following
experiments, the refult of which confirmed his fuppofition. -

Hi electrified for four or five hours together, fruits, groen
plants; and fpunges, dipped in water which he had carcfully
weighed ;- and found that, after the experiment, all thofe bodies
were temarkably lighter than others of the fame kind, weighed
with them, ‘both before and after the experiment, and kept in
the fame place and temper.

Tuis electrification of growing. vegetables was firft begun in
Britain. Mr: Maimbray at Edinburgh ele@rified two myrtle
trees, during the whole month of OGober 1746 ; when they
put forth fmall branches and bloffoms fooner than other fhrubs
of the fame kind, which had not been cleéirified.  Mr. Nollet,
‘hearing of this experiment, was encouraged to try it himfelf. ||

- He took two garden pots, filled with the fame carth, and
fowed with the fame fecds. He kept them conftantly in the
fame place, and took the fame care of them ; except that one of
the two was ele@rified fifteen days together, for two or three,
and fometimes four hours a day. The confequence was, that
the elecrified pot always fhewed the fprouts of its feeds two or
#1b.p. 355. 1 Phil. Trant abridged, Vol 10. p. 385.
© W Recberches, p. 356.

three
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three days fooner than the other. It alfo threw out a greater
number of fhoots, and thofe longer in a given times which
made him believe, that the ele@ric virtue helped to-open and
difplay the germs, and thereby to facilitate the growth of plants,
This, however, our cautious philofopher only calls a-conjec-
ture, which required further confirmation.  The feafon, he fiys,
was then t00 far advanced to allow him to make as many expe.
riments as he could have withed, but he fays the next courfe of
experiments had greater certainty, and they are not lefs interef:-
ing. *

Tue fame experiments were carrying on about the fame time
by Mr. Jallabert, Mr. Boze, and the Abbé Menon, principal of
the college of Bueil at Angers, who all drew the fame conclufi-
ons from them. 4

Tre Abbé chofe feveral pairs of animals of different kinds,
cats, pigeons, chaffinches, fparrows, &e.  All thefe he put into
feparate wooden cages, and weighed them.  One of each pair
he cledtrified for five, or fix hours together, and then weighed
them again.  The refult was, that the cle@rificd eat was com-
monly fixty five or feventy grains lighter than the other, sthe pi-
geon from thirty five to thirty eight grains, the chaffinchor fpar-
row fix or feven grains. In order to have nothing to- charge
upon the difference that might arife from the temperament of
the individuals he bappened to pitch upon, he repeated the fime
experiments, by clockrifying that animal of each pair which had
not been eledirified before ; and, notwithftanding fome fmall va-
sieties which happened, the elerified animal was conftantly
Jlighter than the other in proportion §

* Recherches, p. 358, &c. Phil. Tranf, abridged, Vol. 1o. p. 383
serches, p. 357. 1Tb. p. 366, &c.
ArTrz

VVA.BHSC




Per. VIIL Sge. IV.  THE 'ABBE NOLLET. 137

ArTer thefe experiments, he had no doubt but that ele&rici-
ty increafed: the infenfible perfpiration of animals, but it was
not certain whether this increafe was in the ratio of their bulks,
or in that of their furfaces. The Abbé's opinion was, that it
ywas neither in the one, nor the other, ftrictly fpeaking, but in
a ratio much more nearly approaching . the latter than ‘the for-
mer; fo that he imagined, ‘there was no room to apprehend,
that a human perfon electrified would lofe near a fiftieth part of
his weight, as it appeared to him that it had happened to one
fort of bird 5 nor 140th. part, as to the pigeon, &c. All that
he had then obferved upon that head was, that a young man or
woman, between the ages of twenty and thirty, from being
electrified five hours together, had loft feveral ounces of their
weight, more than they were wont to lofe when they. were not
cle@rified. *

Tue Abbé obferves, that no inconvenience whatever was felt
by the perfons who fubmitted to be eclectrified in this manner.
They only found themfelves a little exhaufted, and had gota
better appetite.  He adds, that none of them found themfelves
fenfibly warmer, and that he could not perceive that their pulfe
was increafed. +
| Tupse laft experiments on human bodies, he juttly obferves,
are difficult to purfuc with exa@tnels, becaufe the cloathing,
which cannot ftrictly be compared to the hairs or feathers of ani-
mals, a confiderable fhare of the perfpired matter, and
prevents our forming a good judgment of the whole effect of
the eletric virtue.

- T forcgoing experiments, he fays, convinced him of the
zeality efluent matter, carrying away with it the perfpira=

!I-ﬂaa‘mx-m.ua. Vol, 10. p. 384.  Recherches, p. 382. Ib. p. 389.
i ble
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ble parts of bodies, and what' could be evaporated from their
furfaces. ' And he was convinced of the afluent matter, by ob-
ferving - all thofe effecs: produced, if, - inftead of ele@rifying
bodics themfelves, they were only brought near a large body
which was cle@rified. He moiftened a thick fpunge in water,
and cut it into two picces, and then weighed the parts feparately,
and placing the whole near a large ele@rified body ;s he found
that, after an ele@rification of five or fix hours, that part of the
fpunge which was nearer to the elerified body had loft more
weight than the other. - From this fa& he concluded, that if
any part of an animal body was prefented to a large electrified
fubftance, it would perfpire more than the ‘other, and that per-
haps obftructions might by this means be removed from the
pores of it. ®

Tue experiments above recited of, Mr. Nollet by no means
fatisfied the Englith philofophers, and particularly Mr. Ellicott,
who made experiments to refute the  theory which the author
had deduced from them. He obferved that the fyphon, though
electrified, would only deliver the water by drops, if the bafon
in which the water was contained was eletrified too. But this
does not invalidate Mr. Nollet’s curious experiments upon the
fubje@ of cvaporation and perfpiration. For when an animal
body is electrified, there is always non-ele@ric matter enough
in the atmofphere, to anfwer the purpofe of the unele@rified
bafon, in the experiment of the capillary tube s thereby to caufe
a continual exhalation of the perfpirable mattter 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 debates upon fubjets in natural philofo-

* Pil. ‘Tranf, abridged, Vol. 10. p. 385,
pby,

VVA.BHSC




Per. VIIL Sec. IV. THE ABBE NOLLET. 139

phy, faéts ought only to be oppofed o facts:  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 many miftakes with
refpect to thie fadks that nearly affect it.

“To account for the appearanice of light, which feems, in fome
afes,  toiffuc from/a non-electric body prefented to an excited
elearie; and which Mr. Nollet thought to be the affluent matter,
M. Ellicott fuppofes that ‘it was the light which had come
from the ele@ric.  In accounting for the fufpenfion of leaf gold
between an cle@irified and an unele@rified plate, Mr. Ellicott's
theory made it neceflary to fuppofe (what Dr. Franklin dfter<
wards found not to be fact) that' the leaf gold will always be
fufpended nearer the unele@rified than the electrified plate.

I his anfwer to Mr. Nollet, Mr. Ellicott alfo endeavours to
accotint for the eleétric matter iffaing from a point at the extre-
mity of the conductor, more fenfibly than if it had terminated
soundor flat.  He fays that the effluvia, in rufhing from the
glube along the condudor, as they approached the point, were
brought nearer together, and therefore were denfer there than
in ahy part of the rod.  Confequently, 'he fays, ‘if the light be
owing to the'denfity and velocity of the efftuvia, it will be vifi-
ble at the point, and no where elfe. This, as far as I can find,
was the firft attempt to account for this phenomenon s but it by
no means accounts for the whole virtue of the conductor being

ted from fuch points. Indeed, it is no wonder that the
 of points, which are but imperfeclly underftood even
‘:W dhis day, furnifhed too difficult a problem fo many years

it
B

| ® Pl Tranf.sbridged, Vol. 10. p. 395.
Ta
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Iz will; now, be univerfally acknowledged, that there was
Very great merit in thefe experiments of the Abbé Nollet, made
upon animal: and other organized bodies. | He opened a new
and noble field of ele@rical difcoveries, and he purfued them
with great attention, perfeverance and-expence.  This laft cir-
cumftance, I fuppofe, miay have been the reafon why. his expe-
siments have not, as far as Iean find, been refumed and: purfi-
ed by any eledtrician fince his time, -though there feems o be
great room to improve upon what he began.. The only method
in which they can be conduted to any. purpofe, would be by
the help of a machine for perpetual clerification, to go by
wind or water; which would, likewife, ferve for many other
capital cxperiments in ele@ricity.  This application of cle@rici-
ty, in particular, may perhaps be of more ufe in medicine, than
any other mode in which it has hitherto been adminiftered.

Mz. Jarzasert of Geneva carried the experiments on plants
further than the Abbé Nollet had done; and, by ele@rifying
bottles in which the plants were growing in water, and placing
in the fame expofure other bottles, containing plants of the fame
kind; proved, in the cleareft manner, that the ele@rified plants
always grew fafter, and had finer ftems, leaves, and flowers
than thofe which were not ele@rified, and confamed more of
their water. *

#Becearia dell’ clettricifimo naturale etartificiale, p. 125
r
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SE CITTON V.

THE HISTORY OF THE MEDICATED TUBES, AND OTHER COM-
MUNICATIONS OF MEDICINAL VIRTUES BY ELECTRICITY,
WITH THEIR VARIOUS REFUTATIONS. 5

N the courfe of this hiftory we have feen frequent inftances of
©If deception, for want of perfons attending o all the effen=
tial Gircumftances of fadts ; but nothing we have yet feen cquals
what was exhibited in the years 1747 and 1748. Mr. Grey's
deceptions were chicfly 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 exter-
il s of philofophers muft have been impofed upon. It was
affeted by Signior Pivati at Venice (who bas all the merit of
thefe extraordinary difcoveries) and, after him, by Mr. Verati
a; M. Bianchi at Turin, and Mr. Winckler at Leipfick,

if odorous fubftances were confined in glafs veflels, and the
z , the odours and other medicinal virtues would
seanfpire through the glafs, infec® the atmofphere of the conduc-
to, and communicate the virtue toall perfons in contaét with
it; alfo that thofe fobftances, held in the hands of perfons, clec-
iy trificd
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trified, would commaunicate their virtaes to them ; fo that me.
dicines might be made to operate without being taken into the
fomach. They even pretended to have wrought many cures by
the help of clectricity applied this way.  Some of the more cu-
rious of thefe pretended experiments deferve to be recorded, for
the entertainment and inftruction of pofterity.

Tz forementioned Sigaior Johannes Francifco Pivati, a per-
fon of eminence at Venice, fays, in n Italian epiftle, printed
2¢ Venice with all the ufual licences, in the year 174, that 2
manifet example of the virtue of eletricity was fhown in the
balfam of Peru, which was fo concealed in a glafs éylinder, thar,
before the excitation of it, not the leaft fmell could by any means
be difcovered. - A man who, having a pain in his fide, had ap-
plied hyfiop to it by the advice ofa phyfician, approached the
©plinder thus prepared, and was eledtrified by it.. The confe-
fequence was, that when he went home, and fell afleep, he
fiveated, and the power of the balfam was fo difperied, that even
his cloaths, the bed, and chamber, all fmelled of it. When
he had refrefhied himfeIF by this flecp, he combed his head, and
found the balfam to have penctrated his hair ; fo that the very
comb was perfumed. *

T next day, Signior Pivati fays, he ele@rificd 2 man in
health in the fame manner, who kaew nothing of what had been
done before.  On his going into company half an hour after.
vards, he found a gradual warmeh diffufing el through his
Whole body, and he grew more lively and chearful than afisl,
His companion was furprifed_at an odour, and could ot ims.
gine whence it proceeded, but he himflf perceived that the
fume arofe from his own body, at which he alfo was much fure

*Phil. Tranf, abridged, Vol. 10, P 400
prized,
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prizeds not having the leaft fufpicion that it  was owing to the
operation, which bad been performed upon him by Signior
Pivatis ® ¢ &

Mr. Winexrex of Leipfick, being firuck with fo extraordi-
nary. a relation, fays, that he was defirous of trying the power
of cle@ricity on certain fubftances in the fame manner, and that
he found the event to confirm what had been related. 4

He put fome beatén fulphur into a glafs fphere, o well cover-
ed and ftopped, that, on turning it over the fire, there was not
the leaft finell of fulphur perceived. When the (phere was cold
he ele@rified it; when, immediately, a fulphureous vapour
iffued from it, and, on continuing the cletricity, filled the air,
fos to be fmelled at the diftance of more than ten fect. He
called in @ friend well verfed in_ cle&ricity, profeffor Haubold,
and feveral others, as witnefies and judges of this fact; but they
were prefently driven away by the fiench of the fulphur. He
fhaid a little longer himfelf in this fulphureous atmofphere, and
was fo impregnated thereby, that his body, cloaths, and breath
retained the odour, cven the next day.  On repeating this cxpe-
siment in the prefence of a perfon who was converfant with the
effe@s of fulphur, the figns of an inflamed blood were vifible in
his mouth on the third day.

TR this he tricd the effe of a more agreezble fimell, and.
lled the fphere with cinnamon. When he had heated this as
befor fmell of cinnamon was foon perceived by the com-
nd the whole room was ina thort time fo perfumed by it,
that it immediately affeéed the nofes of all who came in, and the
od ained the next day. I
. H tried the balfam of Peru. with the like fuccefs, when his

# Phil. Tranf. sbridged, Vol 10.p. 41 +1b. 1o,

above
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above-mentioned friend (whofe teftimony, he fays; he did not
ear to be without) after he had reccived the power of the balfim,
finelled {o frong of it, that, going abroad to fapper, he was
often afked by the company what perfume he had about him.
The next day, . when Mr. Winckler was drinking tea, he fays,
he found an unufual fieet tafte, owing to the fumes of the bal.
fam that fill remained in his mouth, *

In @ few days, when the fphere had Toft all the feent of the
balfam, they let a chain out of the chamber window, and extend.
ed it through the open air, into another room detached from the
former. Here they fufpended the chain on filken lines, and gave
itinto the hand of a man, who alfo ftood on extended filken
lines, and knew nothing of their purpofe. - When the eledticity
had been excited for fome time, the man was afked whether hy
fimelled any thing ; and, on faufling up his nofe, he faid he dil,
Being afked again what fmell it was, he faid he did not kno.
When the ele€irification had been continued for about a quarter
ofian hour, the room finelled fo firong of it, that the man, why
knew nothing of the balfam, fuid his nofe was filled with 5 fwees
fmell, like that of fome fort of balfum. - After fleeping in & houfs,
& confiderable diftance from the room where the experiment wa,
tried, he rofe very chearful in_the morning, and found 3 mane
pleafant tafle than ordinary in his tea, 4-

L suavz only give an account of two inflances of the efect of
medicine applied in this manner. ‘The afiftance of Sigaor Piva-
tiy the celebrated.inventor of this improvement in eledtriciy,
was implored by  young gentleman, who was milfersbly afic.
ed by a quantity of corrupted matter colle@ted in his foot, thar
cluded all the attempts of the phyficians.  Signior Pivai flled s

* Phil. Tranf, abridged, Vol, 1o, P 401, +1Ib.
glafe
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glas cylinder with proper materials ; and, having ele@rified it,
drew fparks from the part affe@ted, 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
‘moring, he found a fmall red tubercle on his foot, which only
itched, a5 if a cold humour had flowed through the inner part of
bis foot.  He fweated cvery night for. cight days together, and
at the end of that time was perfely well.
(ArTER this, Signior Donadoni, bifhop of Sebenico, came to
Signior Pivati, attended by his phyfician and fome friends.. His
lordfhip. was at that time feventy five years old, and had been
afflicted with pains in bis hands and feet for feveral years. = The
gout had fo affected his fingers, that he was not able to move
them 5 and his legs, o that he.could not bend his knees, ' In
s deplorable ituation, ‘the poor old bifhop intreated Signior
ivati to try the cffecs of elericity on him. < The electrician
dertook it, and proceeded after the following manner. He
filled 8 glafs cylinder with difeutient medicines, and managed it
fo, that the clectric virtue might enter into the patient, who
yﬁ;&m felt fome unufual commotions in. his fingers; and the
Bﬁjﬂg“ f clotricity had-been continued bu two minutes, when
£ opened and fhut both his hands, gave a hearty
one of his attendants, got up, walked, fmote his
her, helped himflf to a chair, and fat down, won-
is own ftrength, and hardly knowing whether it was
tlength he walked out of the chamber down
any affiflance, and with all the alucrity ofa young

¢ of fats of this nature being publifhed, and feem-

® Phil. Trant. abridged, Vol. 10, P 403
@ g
U ingly
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ingly well attefted, engaged all the ele@ricians of Europe to re-
peat' thefe experiments ; but none of them could fucceed but
thofe mentioned above.  An excellent remark. of Mr. Baker’s,
who advifed trying all thefe experiments, notwithftanding their
feeming very improbable, deférves to be  quoted here.. ¢ Ro-
« mantic as thefe things 'may feem, they thould not be abfolute-
« ly condemned without a fair trial, fince we all, T believe re-
<« member the time, when thofe phenomena in ele@ricity, which
<« are now the moft common and familiar to us, would have
« been thought deferving as little credit as the cafes under con-
« fideration may feem to do, had accounts of them been fent to
« us from Rome, Venice, or Bologna, and had we never expe-
< rienced them ourfelves. *

To fee thefc wonders, and to be affured of their truth or
fallacy, Mr. Nollet, who was deeply interefted in every thing
that related to his favourite ftudy, and who fet no bounds to his
Tabour or expences, in the purfuit of truth, even paffed the Alps,
and travelled into Italy, where he vifited all the gentlemen who
had publifhed any account of thefe cxperiments. But though
he engaged them to repeat their experiments in his prefence, and
apon himfelf; and though he made it his bufinefs to get all the
beft information he could concerning them, he returned, con-
vinced that the accounts of cures had been much exaggerated ;.
thatin no one inftance had odours been found to tranfpire through
the pores of excited glafs 5 and that no drugs had ever comma-
nicated their virtues to perfons who only held them in their hands
while cle@rified.

He had no doubt, however, but that, by continued electri-
fication, without drugs, feveral perfons had found confiderable

* Phil. Tranf. abridged, Vol. 1o. p: 406,
relicf
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relief in various diforders; particularly, that a paralytic perfon
_bad been euredsat. Geneva; and. that a perfon, deaf of one ear, 2
footman who had a violent pain in his head, and a woman who
_bad adiforder iin'her eyes were cured at Bologna. %

“Tue Englifh philofophers fhowed no lefs. attention. to xlm
fubje than the Abbé Nollet. - The Royal Society had received
tan account from Mr. Winckler of his experimentsy.to prove
the tranfudation of odoriferous matter through the pores,of ¢x-

ited glafs; and none of th g here, - the fecretary was
\defired to write,to Mr. Winckler, in the name. of the focicty,
defiring him to. tranfmit to them, not only a circumiftantial ac-
(count of his manner of making the cxperiments, but lak:vn(c
fome globes and.tubes, , fitted up by himfelf, for that, purpofe:,
. Tugss veflcls, and directions how to ufc them, Mr. Winck~
der actuglly, fent, and the experiments were made. with, every
\poffible precantion, at the houfe of Dr. Watfon (the moft inte-
refted and ative perfon in the kingdom in every thing selating to
_elegtricity) on the. x2th of June, 1751 There were prefent
Mastin Folkes prefident of the Royal Socicty, Nicholas Mann
Efg. vice prefident, Pr.-Mortimer, and Peter Daval Efg. {ecre-
ies, Mr, Canton a fellow, and M. Shroder, a gentleman.of
“z:ﬂknuwn 0, and carrefponding with Mr. Winck-
b, notwithftanding el the pains thele gentlemen took,
~with the utmoft _exactnefs, the dire&ions of Mr.
, and alfo ufing methads of their own, which they
better adapted to force the cfluvia through the glafs,
nfuccelifyl, . They, were not able, to verify M.

experiments even i one fingle inflance.+
haps_the moft fatisfactory sefutation, both of this

R

Ml pretended
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pretended ¢ranfudation of ‘odoturé; dind " the  mic
eleétitity above-micntiohed, Was friadé at Venicd,-the very placc
Where this miedical ¢ledtricity’ tookiits fife. * The experiments
were made By-Dr. Biahéhini; " profeffor6f medidine; in the pre-
fencé’of @ great numberof witheffes, mangi of themy prejudiced
in favout of the pretended difcoveries s but they were all forced
“t6be convinced oftheir fuility; by the evidence of factey and
by shade: With thie greatelt edre and o

Artier the!'publidation of thefe accounts properly-attefted,
«évery- unprejudiced perfon was' fatisfied, " that ‘the pretended
difdoverics from ltaly and Leipfick, which had rafed the expec-
“tation of 4l the  eleGricians ‘in' Bdrope,” had!'tio" foundation in
faft; 4 that o methiod liad  yet been difcovéréd whereby the
‘powet of medicine could by eletricity be made tb infindte itfelf
into-the human body! 4 Dr.' Franklin alfo {howed by fveral
experiments the impofiibility of miing the effuvia ot virtue of
medicines with the cleciric fuid!

 In fome refpeds fimilar 16 the experiments'witk Bohinafica
d tubes (as thofe mentioned above were ufially called) was that
of profefior Boze ‘of Wittembiirgh, Which he terined the dea-
"tification{ and which, for a long time, employed other elect
cians to repeat after him, but to no* purpofe.  His+defeription
of this 'famous experi was, that if, in ifying, large
globes were employed, and the cledrified perfon were placed
upon large cakes of pitch, a lambent flame would by degrees arif:
‘from the pitch, and fpread itfelf round ‘his feet ; and that from
thence it would be propagated ‘to his Kiiees ‘and body, till, at
Laft, it afcended to his héad 5 that then, “B}Vtonunmng’the elec-
trification, the perfon’s head would be furrounded by a glory,

[ abridged, Vol. 48. p. ,95 ﬂb - 406. * { Franklin's Letters, p. 82.
fach
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fischi '@ one, in ‘fome meafure, as is reprefented’ by painters in
their 6m:\n:mmg the heads of fuinté. *
iment,  as well as that of the medicated tubes, fet
e ele&ricians in Europe to work, and put them to'a great
deal of expence 3 but none of them could fucceed, f0 s to pro-
duce an/appearance any thing like that defcribed by Mr. Boze.
Noperfon-took morc pains i this bufinefs than Dr. Watfor.
¢ himfIf underwent the operation feveral times, fapported: by
folid cle@rics thrée feet high. | Upon|being electrified  very
‘firongly, he found, as he fays, feveral other perfons alfo did;
a tingling upon the fkin of his head, and in many ' parts of his
Bodyy of fuch a fenfation as would be It from a vaft number of
infeéts crawling over him at the fame time ; “and he conftantly
obferved the fenfation to be the greateft i thofe parts of his
‘body’ which were nearel f0 any non-cleiic, bat (ill no lighe
upon his head, though the experiment was feveral times
‘made i thedark, 'and with fome continuance
“ Ar length the Dotor, wearied with thefe fruitlefs attempts,
swiote to the profeffor, and his anfiver howed ‘that the whole
‘had been a mere trick. He candidly acknowledged, that he had
mpde ufe of a fuit of armotr, which was decked with many bul-
‘of fleel, fome pointed like nails, fome like wedges, and
amidal ; and that when the ele@rization was very vigo-
edges of the helmet would dart forth rays, fomething
jhich are painted on the heads of faints. And this
d beatification. 1
M: Boze, who f:ems o have had a fingular affcc-

ﬁ%e'ﬁ;

in his
Royal Society at London, fuid that he had been:

&Ml""‘"""’"“" Vol 1o.p.gir.  +Ib.  1lb.p.4i3
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able, by elericity only, to invert the poles of & natural magnet,
to deftroy their virtue, and reftore it again, but he did not de.
feribe his method. * Confidering that no. perfon in England
could fucceed in this attempt, and that we are now able to do it
but imperfectly, it is hardly probable that he did it at all.

Turre feems to have been fome deception in an experiment
which the worthy and excellent Dr. Hales communicated to the
Royal Society this year, when he fays, that he obferved the clec-
tric fpark from warm iron to be of a bright light colour; from
warm copper, green ; and from a warm cgg, of a yellowith flame
colour.  Thefe experiments, he faid, feemed to argue, that
fome particles of thoft different bodies were carried off in the
elecric flathes, whence thofe different colours were exhibited. T

I suacz conclude this fection, which might juftly be intitled
the marvellsus, with mentioning the furprizing cficc of an clec-
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 faét. The experiment was repeated, and it anfiver-
<d.again as well as at the firft time, when it was merely acci-
dental. The paper containing this account was read at the
Rogal Socicty on the 29th of May 1748.

* Willon's Efly, p. 219. 4 Phil. Tren. abridged, Vol. 10. p. 406 ' {1b.
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PERIOD IX.

‘THE EXPERIMENTS AND DISCOVERIES OF DR. FRANKLIN.

# SECTION 'L

Dr. FRANKLIN's DISCOVERIES CONCERNING THE LEYDEN:
PHIAL, AND OTHERS CONNECTED WITH THEM.

E have hitherto feen what had been done in eledricity
by the Englifh philofophers, and thofc on the continent
of Europe, ill about the year 17505 but our attention is now
ﬂrongl; “called to what was doing on the continent of America ;
Franklin and his fiends were ss afiduous in tying

nin Ellmpe. For this purpofe, we muft look back
. As Dr. Franklin's difcoverics were made intirely
of any in Europe, I was unwilling to interrupt the
unt, by introducing them in their proper year.
realon, L imagine it will be generally more agree-
able;.
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able, to fee, at one view, what was donc in America for fome
confiderable fpace of time, without interrupting this account
with what was doing, in the mean time, in Europe. I fhall,
therefore, digeft, in the beft manner I can, the three fift pub-
lications of Dr. Franklin, entitled New Experiments and Obferva-
tions on Eleclricity, made at Philadelpbia in America, communi-
cated in feveral letters to Peter Collinfon BAq. of London, felloy
of the Royal Society ; the firft of which is dated July 28th.
1747, and the laft April 18th. 1754,

NoTaiNG was ever written upon the fabject of eleciricity
which was more generally read; and admired in all parts of Eu-
rope than thef letters. There is hardly any European languzge
into which they have not been tranflated ; and, as if this were
not fufficient to make them properly known, a tranflation of
them has lately been made into Latin. It is not eafy to iy,
whether we are moft pleafed with the Gimplicity and perfpicuity
with which thefe letters are written, the modefty with which
the author propofes every hypothefis of his own, or the noble
franknefs with which he relates his miftakes, when they wers
corrected by fubfequent experiments.

Troucx the Englifh have not been backward in acknowledg-
ing the great merit of this philofopher, he has had the fingulsc
good fortune to be, perhaps, even more celebrated abroad thin
at home; fo that to form a juft idea of the great and deferved
reputation of Dr. Franklin, we muft read the foreign publicatic
ons on the fubject of eletricity ; in many of which the terms
Eranklinifn, Franklinif, and the Franklinian fyflem oceur in il-
moft every page. In confequence of this, Dr. Franklin's prin-
ciples bid fair to be handed down to pofterity, as equally exprel-
five of the true principles of electricity, as the Newtonian pbi-
Jofophy is of the true fyftem of nature in general.

Tus
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Tue zeal of Dr. Franklin’s Friends, and his reputation, were
confiderably increafed by the oppofition which the Abbé Nollet
made to his theory. The Abbé, however, never had any con-
fiderable feconds in the controverfy, and thofe he had, I am in-
formed, ave all deferted him.

Tag rife of Dr. Franklin’s fame in France was firft occafioned
by a bad tranflation of his letters falling into the hands of Mr.
Baffon, intendant of the French King's gardens, and author of
the Natural Hiftory for which he is famous. This gentleman,
having foccefsfully repeated Dr. Franklin's cxperiments, en-
gaged a friend of his, Mr. Dalibard, 1o revife the tranflation ;
which was afterwards publithed, with a fhort hiftory of elecri-
city prefixed to it, and met with a very favourable reception
from all ranks of people. - What contributed not a little to the
fuccefs of this publication, and to bring Dr. Franklin's princi-
ples into vogue in France, was a friend of Mr. Dallibard’s exhi-
biting Dr. Franklin’s experiments for money. Al the world,
in amanner, flocked to fec thefe new experiments, and all re-

turned full of admiration for the inventor of them. *
. Dri FrankLin had difcovered, as well as Dr. Watfon, that
qh@m;mauzr was not created, but colle&ted by friction,
from the neighbouring non-clectric bodies. - He had obferved,
that it was impoffible for @ man to clectify himfelf, chough he
glas or wax 5 for that the tube could communicate
‘E!hqnﬁ more. cle@ricity than it had received from  him
of excitation. He had obferved, thatif two per-
upon wax, one of which rubbed the tube, and the
¢ the fire from it, they would both appeat to be cleri-
it if they touched one another after that operation, a

. *Nollews Letiers, Vol 1.p. 4.
& X fronger
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Stronger fpark would be perceived between them, than when any
other perfon touched either of them; and that fuch a fpark
would take away the ele@ricity of both. ¥
Taese experiments led the Doctor to think, that the elecric
fluid was conveyed from the perfon who rubbed the tube to him
who touched it'; which introduced fome terms in elecricity that
had not been ufed before, but have continued in ufe ever fince,
The peifon who touched the tube was fid, by Dr. Franklin, to
be eledirified poftively, or plus; being fuppofed to receive an ad-
ditional quantity of eledtric fire : whereas the perfon who rubbed
the tube was faid to be clectrified negatively, or minus; being
fuppofed to have loft a part of his natural quantity of the clec.
tric fluid. 4
Tats obfervation was neceffiry to explain the capital difco-
very which Dr. Franklin made with refpeét to the manner of
charging the Leyden phial; which is, that when one fide of the
glals was eleétrified pofitively or plus, the other fide was cleri-
fied negatively or minus  fo that whatever quantity of fire s thrown
upon one fide of the glafs, the fame is thrown out of the other ;
and that there is really no_more ele@ric fire in the phial after
it is charged than before; all that can be done by charging, be-
ing to take from one fide, and convey to the other. Dr. Frank-
lin alfo obferved, that glafs was impervious to cledtricity, and
that, therefore, fince the equilibrium could not be reftored to
the charged phial by any internal communication, it muft be
done by conductors externally, joining the infide and the out-
fide. T
Tase capital difcoveries he made by obferving, that when o
phial was charged, a cork ball fufpended on filk would b at-
© Franklin's Letters, p. 14, +Tb.pots.  plbip.s.
3 by traded

VVA.BHSC



Per. IX. Sec. I LEYDEN PHIAL. 155

traéted 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 attracted by the infide.* But the
truth of this maxim appeared more evident when he brought the
knob of the wire communicating with the outfide coating with-
in a few inches of the wire communicating with the infide coat-
ing, and fafpended a cork ball between them ; for, in that cafe,
the ball was attracted by them alternately, till the phial was
difcharged.

Tue European ele@ricians had obferved, that a phial could
not be charged unlefs fome condu@or was in contact 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 electric fire, he fays, can be
thrown into the infide of a phial when all is driven from the
outide’; fo, in a phial not yet charged, none can be thrown
into the infide when none can be got from the outfide. He al-
fo howed, by a beautiful experiment, that, when the phial was
charged, one fide loft exactly as much as the other gained, in
reltoring the equilibrium. Hanging a finall fincn thread neat
the coating of an eledtrificd phial, he obferved, that every time
hnmgmhu finger near the wire, the thread was attracted by

the coating.  For as the fire was taken from the infide by touch-
ing the wire, - dxe outfide drew in an equal quantity by the

e}
- He proved \rhat, in difcharging the phial, the giving from
ide was exadlly equal to the receiving by the other, by pla-
b upon clectrics, and making him diftharge the phi-
is body 5 when he obferved, that no clc@ricity re-

aklia’s Letss, p 4+ Doipose 1Tb.
X2 mained
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mainedin him after the difcharge. * He alfo hung cork balls
upon an infulated condu@or at the time of the difcharge of «
phial hanging to it; and obferved, that if they did not repel be-
fore the explofion, they did not repel at the time, nor after. |
But the experiment which moft compleatly proved, that the cos
ing on one fide received juft as much as was emitted from the dif-
charge of the other, was the following.

Hs inflated his rubber, then, hanging a phial to his conduc-
tor, he found it could not be charged, even though his hand
was' held conftantly toit ; becaufe, though the cle@ric fire might
leave the outfide of the phial, there was none colleed by the
subber to be conveyed into the infide. He then took away his
hand from the phial, and forming a communication, by a wirc
from the outfide coating to the infulated rubber, he found that
it was charged with cafe. 1In 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 conduttor, and the wire of
the phial, into the infide. §

Dr. FRANKLIN'S new theory of charging the Leyden phidl
led him to obferve a greater variety of facts, relating both to
charging and difcharging it, than other philofophers had attend-
edto. He found that the phial would be electrified as ftrongly
ifit were held by the hook, and the coatingapplied to the globe
o tube, as if it were held by the coating, and the hook appli-
ed; and, confequently, that there would be the fame explofion,
and fhock, if the ele@rified phial were heid 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 phi-

® Franklin's Letters, p.8.  +1b.p.84. ~ tlb.
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al'by thie Hoolé with fafety, and not diminih  its. force, he ob=
ferves,  that it muft firft be fet down upon eleétrics per fe. *

Dx. Frankriy obfetved, that if a man held in his band two
phials, the one fally cle@rificd, and the other not at all, and
brooghit: their hooks together, he would have but half a fhock :
for the phials' would bothi remain only half electrificd, the oric
being half charged; and the other half difcharged.

I two phials were charged both through their haoks, a corle
ball fafpended on filk, and hanging between them, would firft

be attracted, and then repelled by both s but if they were elec-
trifieds the one- through the wire, and the other through the
coating, the ball would play vigoroufly between them both, il
they were nearly difcharged. £ The Doctor 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 elec-
trified minus) the ball would be repelled by them both, as when
they. were ele@rified plus.  And when he, afterwards, obferved
ﬂnt w0 bodies eleétrified minus repelled one another, he eems

been fucprifed at the app and that
he unld not fatisfactorily account for it. ||

Ir was known to every cletrician, 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 gencral maxim. e fays, that when a tube
lined with any non-clectric is rubbed, what is collected from the
‘hand by the downward ftroke enters the pores of the glafs, dri~
ﬁwwqmmy out of the: inner furface, into the non-
5 and that the hand, in pafling up to take a fecond
wmgm what had been thrown into the outward

tlopan gl Dopse
furface,
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furface, the inner furface at the fame time receiving back again
what ithad given to the non-cledric lining; fo that the particles
of the electric fluid went in and out of their pores, upon every
ftroke given to the tabe. *

Ir, in thefe circumftances, a wire was put into the tube, he
obferved, that, if one perfon touched the wire, while another
was rubbing the tube, and took care to withdraw his finger a5
foon as he had taken the fpark, which had been made to fly
from theinfide, it would be charged.

Ir the tube was exhaufted of air, he obferves, that a non-elec-
tric lining in contact with the wire was not neceffary ; for that,
in vacuo, the ele@ric fice would fly freely from the inner furface,
without a non-eleétric conduéor. A

Urox the fame principle he accounts for the effe@s of an ex-
cited ele@ric being perceived through the glafs in the vacuum be-
yondit. The tubs and its excited atmofphere, being brought
near a glafs veflel, repels the ele@ric fluid from the inner furface,
of the glafs; and this fluid, iffuing from the inner furface
ats upon light bodies in the vacuum, both in its pafage from
the glafs, and likewife in itsreturn to it, when the excited elcc-
tric on the outfide is withdrawn, ||

‘Turs maxim, that whatever the phial takes in at one furfice
it lofes at the other, led Dr. Franklin to think of charging feve-
ral phials together with the fame trouble, by conne@ing the
outfide of one with the infide of another ; whereby the fluid that
was driven out by the firft would be received by the fecond, 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 bottlcs
might be charged with the fame labour as one only; and that
they might be charged cqually high, were it not that every bot-

* Feanklins Letters, p.76. 1o poz7 £l [Ib.pu g6,
tle
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tle receives the new fire, and lofes its old with fome reluftance,
or rather gives fome fmall refiftance to the charging.  This cir-
cumftance, he fas, ina number of bottles, becomes more equal
to-the charging power, and {o repels: the fire back again on
the glnhe fooner than a fingle bottle would do. *

inciple Dr. Franklin an clesfrical bat-
my, AeafiltingiboF eleveipates o lasge fathglafy coated an.cacki
Gide, and fo conneéted, that charging one of them would charge
themall. - Then having a contrivance to bring the giving fides in
contaét with one wire, and all the receiving fides with another,
he united the force of all the plates, and difcharged them all at
oncet

' Witen Dr. Franklin firft began his experiments upon the
Leyden phial, he imagined that the lectric fire was all crowded
into'the fubftance of the non-clectric in contact with the glafs 5
buthe afterwards found, that its power of giving a thock lay in the
glafi itfelfy ‘and not in the coating, by the following ingenious
analyfis of the bot le.

I order to find where the ftrength of the charged bottle lay,
he placed it upon glafs ; then firft took out the cork and the
wire, 'and finding the virtue was not in them s he touchéd the
outlide coating with one hand, and put the finger of the other
into the mouth of the bottle ; when the fhock was felt quite as
flrong as if the cork and wire had been in it. - Hethen charged
the phial again, and pouring out the water into an empty bottle

cxpeted that if the force refided in the water it would
give the thock, but he found it gave none. He then judged
that the ele@ric fire muft cither have been loft in decanting, or
u&mh the bottle ; and the Jatter he found to be true ;

© Brkiin's Levers, pots. 4 Ib.p. 2
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for, filling the charged bottle with frefh water, he found the
thock, and was fatisfied that the power of giving it refided in the
glals itfelf, *

Tie Doctor made the fame experiment with panes of glaf;,
laying the coating on lightly, and changing it, as he had beforc
changed the water in the bottle, and the refult was the fame in
both. 4 This experiment is more fatisfactory than the former ;
becauife, when the water is poured out of the phial,  there il
remains a thin coating of the fluid, which might be thought to
contain the power of giving a (hock.

Tuat the cledtric firc refided in the glafs, was alfo further
evident from this confideration, that when glafs was gilt, the
difecharging of it would make a round hole, tearing offa.part of
the gilding, which, the Doctor thought, could only have been
done by the fire coming out of the glafs through  the gilding.
He alfo fays;  that ‘when the gilding was varnithed even. with
tarpentine, this varnith, though dry and hard, would be burnt
by the fpark driven through it, yielding a- ftrong finell, 1and 1
vifible fmoak. - Alfo, that when a fpark was driven through pa-
per, it would be blackened by the fmoke, which fometimes pe-
netrated feveral of the leaves, and that par of the gilding which
had been torn off was found forcibly driven into the hole made
in the paper by the ftroke. - 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. §

Lasty, Dr. Franklin difcovered,  that feveral fubftanccs
which would conduc ele@ricity  in general, ‘would not conduct
the fhock of a charged phial. - A wet packthread, for'inftance,

By * Franklin's Letters, p. 24§ Ib, p. 25. 11b. p. 32.
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ough it tranfimitted :le&ncnfvery well, Aostses filed 0
nduct s s alfo did a cake of ice.  Dry carth too ram-

 glafs tube mnrely failed to conducta fhock, and in-
ey el
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SECTION. IL

Dr. FRANKLIN’S DISCOVERIES CONCERNING THE SIMILARI-
TY OF LIGHTNING AND ELECTRICITY.

HE greateft difcovery which Dr. Franklin made concern-

ing cleciricity, and which has been of the greateft prac-
tical ufe to mankind, was that of the perfeét fimilarity between
eledicity and lightning. The analogy between thefe two powers
had not been whally unobferved by philofophers, and efpecially
by cledricians, before the publication of Dr. Franklin's difco-
very. Tt was fo obvious, that it had ftruck feveral perfons. [
thall give one inflance, in the fagacious Abbé Nollet.

Tux ABbé fays, * < If any one fhould take upon him to
« prove, from a well connected comparifon of phenomena, that
« thunder is, in the hands of nature, what eledricity is in ours,
« that the wonders which we now exhibit at our pleafire arc
« little imitations of thofe great effects which frighten us, and
« that the whole depends upon the fame mechanifin ; if it is to
« be demonfirated, that a cloud, prepared by the action of the
« winds, by heat, by a mixture of exhalations, &c. is oppofitc

* Legons de Phyfique, Vol. 4, p. 34.
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<10 terreftrial object; that this is the ele@rized body, and, at
«q certdin proximity from that which is not; T avow that this
widea; if it was well fupported, would give me a great deal
« of pleafiure; and in fupport of it, how many fpecious reafons
« prefent themfelves to aman who is well acquainted with clec-
« tricity.  The univerfility of the eleciric matter, the readinefs
«of its action, its inflammability, and its adlivity in giving fire
«to other bodies, its property of firiking bodies externally and.
«internally, even to their {mallelt parts, the remarkable exam-
< ple we have of this effect in the exper £ Leyden, the idea
o b e might truly adopt in fuppofing a greater degree of
« ele@sic power, &c. all thefe points of analogy, which I have
« been fome time meditating, begin to make me belicve, that
« one might, by taking elecricity for the model, form to ones
<{elf, in relation to thunder and lightning, more perfetand
« more probable ideas than: what have been offered hitherto,
e

Mg, Winckrer alfo enumerated many particulars, in which
elediricity and lightning refemble one another. *

+ ‘Bux though the Abbé, and others, had been fruck with the
obyious analogy between lightning and eletricity, they went no
fmbgmh-cdwfs arguments @ priori. It was Dr. Franklin who
firlk propofed a method of verifying this hypothefis, entertaining
the bold. thought, as the Abbé Nollet exprefies it, of bringing
lightning from the heavens, of thisking 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  sarth,
uld remain as it were abforbed.

niog ot sl e Gechichte, V.
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Morzeover, though Dr.: Franklin's directions were firft begun
to'berpit injexcution in France; he himelf compleated ithe de-
monttration of his own ' problem;  before he. heard ‘6f what had
been done elfewhere : ‘and he extended his experiments fo far a5
atually to imitate/all ithe known effeéts of lightning by elecri:
city, and 1o perform every electrical experiment by lightning.

Bur before I relate-any rof DriFranklin's experiments con-
cerning lightning, I muft take notice of what. he obiferved con-
cerning the power of pointed bodies, by means of which he was
enabled tocarry his great defigns into execution. - He was pro-
perly the firftwho obferved 'the intire and wonderful effect of
pointed bodies, ‘both in drawing, and Ithrowing. off the clettric
fire.

It was a fmall ftep towards difcovering the effect of pointed
bodies,  that Carolus Auguftusvan Bergen, ‘profefforof medicine
at Fraiikfort on'the Oder,  obferved that fparks taken from a po-
lithed body were ftronger than thofe from a rough one. He
could fire fpirit eafily with a polifhed conductor, but with dif-
ficulty by means of one not polithed. *

M. Jarrapert was perhaps the firft who' obferved that 2
body, pointed at one end, and round ‘at‘another, produced dif-
ferent appearances upon the fame body, according as the ‘point-
ed, or round end ‘was prefented toit. - But as Mr. Nollet, in
whofé prefence he made the experiment, fays, the ‘effec was not
conftant, and nothing was inferred from it.s}' And therAbbé
acknowledges, that ‘Dr. Franklin ‘was the firft who fhowed the
property of pointed bodies, in drawing off elericity more cffcc-
‘tually, ‘and at greater diftances than other bodies could do it.

He ele@rified an iron fhot,” three or-four’inches -in/diameter,
and obferved, that it,we;(ld not attradt a thread, when the point

" Gefehichte, Vol. 2. p. 578, + Lettres; Vol 1. p. 130, 1 Recherches, p. L
o
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of 4 heddléiwas prefented: to it s but that this was not the cafe,
unlefs the pointed! body had.a communication with the casth;
o, ‘prefenting the fame pointed body, ftuck on'a piece of feal-
ing wax, it had not that cffect ; though the moment the point-
e body was touched with his finger, the eledtricity of the ball
{o which it was fufpended was difcharged. The converfe of this
heproved, by findingit Ampomble tolelectrify the iron fhot when
a fharp needle lay upon it.

| By obfetving points of different degrees of acutencfs, Dr.
Franklin' correfted the. obfervation of M. Ellicott, and other
Englith eleéricians, that a pointed body, as a piece of leaf gold,
would alsways be fufpended nearer to the plate which was unclec-
trified than that which was clecrified, if it were put between
them. For the Doctor obferved, that it always removed farthet
from thiat plate to which its fharpeft point was prefented, whe-
ther it was electrificd or not; and if one of the points was very
blunt, and the other very fharp, it would be fafpended in the air
by its blunt end, near the clectrified body, without any unclectri-
fied plate being held below it at all. +

DR, FRANKLIN endeavoured to account for this effett of point-
dm by fuppofing that the bafc on which the eleétric fluid
at the point of an cletrified body refted, being {mall, the attrac-
tion by'whuh ‘the fluid was held to the body was flight ; and that,
for the fame reafon, the refiftance to the entrance of the fluid
was | uﬁ@n&b}y ‘weaker in'that place than where the furface
‘But he himfelf candidly owns, that he was not quite
this hypothefis. Whatever we think of Dr. Frank-
\ug@mywme influence of pointed conduétors in drawing

W*Mm psGgel  4p6.  thpsh
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and throwing off the eletric fluid, the/world is greatly indebted
2o him for the practical ufe he made of this'do@rine. *

Dx. FRaNkLIN begins his account of the fimilarity of the
elecric fluid and lightning by cautioning his readers not to be
faggered at the great difference of the effecs in point of degree;
fince that was no argument of any difparity in their pature. It
is no wonder, fays he, if the effets of the one fhould be fo much
greater than thofe of the other.  For if two gun barrels cle@ri.
fied will ftrike at two inches diftance, and make a loud report,
athow great a diftance will 10,000 acres of elerified cloud
ftrike, and give its fire, and how loud muft be that crack I

I suarc digeft all Dr. Franklin’s obfervations conces
lightning under the feveral points of refemblance which he ob.
ferved between it and eleiricity, mentioning thefe points of fimi.
Jarity in the order in which he himfelf remarked them; only
bringing Into one place the obfervations which may happen
lic in different parts of his letters, when they relate to the fame
fubjeét.

1. Frasuss of lightning, he begins with obferving, are ge-
nerally feen crooked, and waving in the air. = The fame, fays he,
is the ele@ric fpark always, when it is drawn from an eregulsr
body at fome diftance. 1 He might have added, when it is
drawn by an irregular body, or through a fpace in which the beft
conduttors are difpofed.in an irregular manncr, which is always
the cafe in the heterogenious atmofphere of our globe.

2. LioutainG ftrikes the higheft and moft pointed objects in
its way preferably to. others, | s high hills, and trees, towers,
fpires, mafts of thips, points of fpears, &c. In like manner, all

* Frklin's Lettes, p62. +10. 44 $1b.pig6
pointed
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pointed condudtors receive or throw off the electric fluid more
readily than thofe which are terminated by fat furfaces. *

3. LIGHTNING is obferved to take the readieft and beft con-
duétor.  So does eledkricity in the difcharge of the Leyden phial.
For this reafon, the Doctor fuppofes that it would be fafer, du-
ring a thunder ftorm, to have ones cloaths wet than dry, as the
lightning might then, in a great meafure, be tranfimitted to the
ground by the water, on the outfide of the body. It is found,
fays e, that a wet rat cannot be killed by the explofion of the
=l:&ncal bottle, but that a dry rat may. +

4 LicuTsiNG burns. So does eleftricity. . Dr. Franklin
fays, that he could kindle with it hard dry rofin, fpirits un-
warmed, and even wood. He fays, that he fired gunpowder, by
only ramming it hard'in a cartridge, into each end of which point-
ed wires were introduced, and brought within halfan inch of one
another, and difcharging a fhock through them.

5. LIGHTNING fometimes diffolves metals.  So does clectri-
city, though the Dotor 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 ele@ricity melt metals was by put-
ting thin pieces of them between two panes of glafs bound faft
together, and fending an elecric fhock through them.  Some-
times the piece of glafs, by which they were confined, would
be fhatered to picces 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 picce of metal
would be miffing in feveral places where it had lain between

dum. Ing’( gﬂcad ofit, a metallic flain would be feen on both
AR
© CEmoldin Leters, oz fT 3Ibp s, gr.

the.
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the glaffes, the ftains on the under and upper ghafs being cxacily
fimilar in the minuteft ftroke. *

A pizce of leaf gold ufed in this manner appeared not only to
have been melted, but, as the Docor thought, even vitrified,
ot otherwife fo driven into the pores of the glafs, s o be pro-
teéted by it from theaction of the firongeft aquaregis. 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 reddifh, and filver a
greenifh flain. 4

Mz. Witso fuppofes that, in this -experiment, - the gold
was not driven into the pores of the glafs, but only into fo near
a conta® with the furface of the glafs, as to be held there by an
exceeding great force ; fuch an one, he fays, as is exerted at the
furface of all bodies whatever. §

6. Licurnine rends fome bodies. The fame docs electricity. |
“The Doctor obferves, ‘that the eletric fpark would ftrike a hole
through a quire of paper. When wood, bricks, flone, &c
are rent by lightning, he takes notice, that the fplinters will
off on that fide where there is theleaft refiftance.  In like man-
ner, 'he fays, when a hole is ftruck through a picce of pafteboard
by an elecrified jar, if the furfaces of the paftcboard arc not con-
fined and comprefied, there will be a bur raifed all round the
hole on both fides of the pafteboard ; but that if one fide be con-
fined, fo that the bur cannot be raifed on that fide, it will all
be raifed on the other fide, which way foever the fluid was di-
re@ted. For the bur round the outfide of the hole is the cfiect

* Franklin’s Letters, p. 48, 65 +1b.p. 68. 1 Hoadley and Wilfon, p. 6%
. | Franklin’s Letters, p. 49.
of
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of the explofion; which is made every way from the center of the
cle@ric: fiream, ‘and not'an effe of its direction: *

7. LicuraiN has often/been known to ftrike people blind.
And 4 pigeon, after a violent fhock of cle@ricity, by which the
Dodor intended to have killed it, was obferved to have been
fruck blind likewife. -

8. In a thunder ftorm at Stretham, deferibed by Dr. Miles,
the lightning ftripped off fome paint which had covered a gilded
molding of a pannel of wainfeot, without hurting the reft of the
puint. - Dr. Franklin imitated this, by pafting a fip of paper
over the filleting of gold on the cover of a book, and fending
an ele@iric flafh through it. The paper was torn off from end
toend, with foch force, that it was broken in feveral places ;
and in others there was brought away part of the grain of the
Tutkey leather in which the book was bound. ~This convinced
the Dodtor, that if it had been paint, it would have been frip-
pedoff in the fame manner with that on the wainfcot at Strc-

tham,

LisuNiNG deftroys animal Tfe. Animals have likewife

been killed by the. fhock of eledtricity.  The largeft enimals

\Dr. Franklin and his friends had been able to kill where

ahen, and'a turkey which weighed about ten pounds.§

10, Maoss have been obferved to lofe their virtue, or to
their poles reverfed by lightning. The fame did Dr. Frank-

lin ity. * By ele@ricity he frequently gave polarity to
&;ﬂ and reverfed them at pleafure. A thock from four large
jars, fent through a fine fewing needle, he fays, gaveit polarity,
would traverfe when laid on water. What is moft re-

BIBaE R Ibip 6s T3Pkl Triat. Vol. 45 p. 387
AT, Vol 45 p.64.  § Feanklin's Leters, p. 86, 153
L z markable
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markable in thefe electrical experiments upon: magnets is,  that
if the needle, when it was ftruck, lay. Eaft land Weft, ! the end
which was entered by the elécric 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
2t that end o thé contrary; though he imagined, that a fironger
ftroke would have reverfed the 'poles even:in that fituation, an
effe which had been known to have been produced by light-
ning. He alfo obferved, that the polarity was ftrongeft when
the needle was firuck lying North and South, ‘and weakeft when
it lay Eaft and Weft. He takes notice that, in  thefe experi-
ments, the ncedle, in fome cafes, would be  finely blued, like
the fpring of a watch, by the ele@tric flame s in which cafe the
colour given by a flath from two jars only might be wiped of;,
but that a flah from four jars fixed it, and frequently melted
the needles. ‘The jars which the Doctor ufed held feven or cight
gallons, and were coated and lined with tinfoil. *

To demontirate, in the compleateft manner poffible, the fame-
nefs of the cletric fluid with the matter of lightning, Dr.
Franklin, aftonifhing as it muft have appeared, contrived actu-
ally to bring lightning from the heavens, by means of an clec-
trical kite, which he raifed when a florm of thunder was per-
ceived to be coming on. This kite had a pointed wire fixed
wpon it, by which it drew the lightning from the clouds.  This
lightning defcended by the hempen ftring, -and was received by 3
key tied to the extremity of it that part of the firing which
was held in the hand being of filk, that the cle@ric virtue might
ftop when it came to the key. - Hle found that the firing wold
condu cle@ricity even when nearly dry, but that when it was

* Franklin’s Letters, p. 90, &¢.
wet,
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would condudt it quité freely’s fo that it would ftream
alxt p\dnnfully from the key, av the approach of a perfon’s fin-
et
" Ar this key he charged phials, and from elecric fire thus ob-
tained, he kindled fpirits, and performed all ather elecrical ex-
periments which are ufually exhibited by an excited globe or
tube.

As every circumftance relating to fo capital a difcovery as this
(the greateft, perhaps, that has been madein the whole compafs
of philofophy, fince the time of Sir Ifaac Newton) cannot but
give pleafure to all my readers, T fhall endeavour to gratify them
with the communication of a few particulars which I have fram
the beft authority.

Tie Dotor, after having publifhed his method of verifying
his hypothefis concerning the famencfs of elericity with the
matter of lightning, was waiting for the erection of a fpire in
Philadelphia to carry his views into exccution s not imagining
that @ pointed rod, of 2 moderate height, could anfwer the pur-
Poles awhen it occurred. to him, that, by means of 2 common
ould have a readier and better accefs to the regions of
thunder than by any fpire whatever. Preparing, therefore, a large
filk handkerchief, and two crofs fticks, of a proper length, on.
which t6 extended it; he took ‘the ‘opportunity of the firft ap-
proaching thunder ftorm to take a-walk into a field, in which
there was'a thed convenient for his purpofe. . But dreading the
tidicale|which too commonly attends unfuccefsful attempts in

feience, he his ‘intended experi to no body
‘who affifted him in raifing the kitc.
,. being raifed; a confiderable time elapfcd before there

< # Franklin's Letters, pi 106
Zz2 was

VYABHSC



172 Dr. FRANKLIN oxn ParT I

was any appearance of its being clecrified. One very promifing
cloud had paffed over it without anyeffects when, at length,
juft as he was beginning to defpair of his contrivance, he obfery-
ed fome lofe threads of the hempen ftring to ftand ered, and to
avoid one another, juit as if they had been fufpended on a com-
mon’ condu@or. Struck with this ' promifing ‘appearance, he
immediately prefented his knucle to the key, and (let the reader
judge of the exquifite pleafure he mufthave feltat that moment)
the difcovery was complete. ~ He perceived a very evident clec-
tric fpark.  Others fucceeded, even before the ftring was wer,
{o as to put the matter paft all difpute, and when the rain had
wet the ftring, he collected electric fire very copioufly.  This
happened in June 1752, a month after the ele@ricians in France
had verified the fame theory, 'but before he heard of any thing
they had done.

Besipes this kite, Dr. Franklin had afterwards an infulated
jron rod to draw the lightning into his houfe, in order to make
experiments whenever there thould be a confiderable quantity of
it in the atmofphere ; and that he might not lofc any opportuni-
ty of that nature, he conneéted two bells with this apparatus,
which gave him notice, by their ringing, whenever his rod was
clerified. *

Tue Do&or being able, in  this manner;: to deaw the light-
ning into his houfe, and make experiments with it at his leifure;
and being certain that it was in all refpeés of the fame nature
with ele@ricity, he was defirous to know if it was of thic pofi-
tive or negative kind. The firft: time he facceeded in making
expenmnnt for this purpofe was the ) mh oprnl 17535 whcn

d that the lightning g

* Franklin's Letters; p. 112,
8 the
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the clouds eledtrified negatively in eight fucceffive thunder gufts,
he concluded they were always ele@rified negatively, and form-
ed 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 eleérified pofitively's upon which
he corrected his former theory, but did not feem able perfedly
to fatisfy himfelf with any other. The Dogtor fometimes found
the clouds would change from. pofitive to negative clectricity fo-
veral times in the courfe of one thunder guft, and he once ob-
ferved the i to be ftrongly eletrified during a fall of fnow, when:
there was no thunder at all. ¥

. Bun the grand practical ufe which Dr. Franklin made of his
difeovery of the famencfs of eleciricity and lightning, was to fe-
cure buildings from being damaged by lightning, a thing of vaft
confequence in all parts of the world, but more efpecially in fe-
veral patts | of North America, where thunder ftorms are more
frequent, and their effedts, in that dry air, more dreadfal, than
they are ever known to.be with us.

“Tuss great end Dr. Franklinaccomplithed by fo eafy 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 furc to feize upon, preferable to
any other part of the building 5 whercby  this dangerous power
‘would be fafely conduéted to the carth, and diffipated, without
doing any harm to the building. -

FRANKLIN was of opinion, thata wire of a quarter of an
inch of thicknefs would be fufficient to conduct a greater quan-
tity of lightning than was ever actually difcharged from the clouds.

* Franklirs Letirs, p 113, S0 10D 63 1240 3
el in:
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in one firoke. He found, that the gilding of a book ‘was fuf-
ficient to condud the charge of five large jars, and thought that
it would probably have condudted the charge of many more,
He alfo found by experiment, that if a wire was deftroyed by an
explofion, it was yet fufficient to conduct that particular ftroke,
though it was thereby rendered incapable of conducing ano-
ther. *

Tue Door alfo fuppofed, that pointed rods ereéted on edi-
fices might likewife often preventa ftroke of lightning in the fol-
lowing manner. He fays, that an eye fo fituated as to view
horizontally the underfide of a thunder cloud, will fee it very
ragged, with a number of feparate fragments, or- petty clouds,
one under another, the loweft fometimes not far from the earth.
Thefe, as fo many ftepping ftones, affift in conducting a ftroke
between a cloud and a building.  To reprefent. thefe by an cx-
periment, he direés us to take two or  three locks of fine loofe
cotton and connett one of them with the prime conductor, 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  themfelves/towards the
table (as the lower fmall clouds do towards the earth) but,
that, on prefenting a tharp point, ercét under the lowett, it
will. fhrink up to the fecond, the fecond to. the firft, and all
together to the prime. conduétor, where they will continuc as
long as the point continues under them. A moft ingenious and
beautiful experiment | May not, he adds, in like manner, the
fmall elecrificd clouds, whofe equilibrum with the earth is foon
reftored by the point, rife up. to the main body, and by that

® Franklin's Letters, p. 124, 125+
means
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means occafion fo large a vacancy, as that the grand cloud can-
aot frike in that place. *

B 1k oo D: Franblins eiiers, Gy,
that on the 20th of Auguit 1758, he faw this fuppofition verified;
25 he was viewing a large fringed cloud, firongly electrified,
paffing over a foreft of tall fir trecs. The ragged and depending
parts of the large cloud were firt attracted lower, and then fud-
denly rofe higher; and joined the large cloud. 4-

‘He was alfo an eyc witnels of two clouds lying one over the
other, approaching, and flafhing into one another. The light-
ning fpread itfelf over all the parts of the blacker cloud, which
yias negative, and which immediately began to diffolve in rain 3

© ' Branklin’s Letters, p. 121, & 41b.p. 351 $1b. p. 250
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SECTION 1.

MISCELLANEOUS DIscoveriEs oF Dr. FRANKLIN Anp s
FRIENDS IN AMERICA DURING THE SAME PERIOD,

R. FRANKLIN, retaining the common opinion, that clec-

trified bodies have real atmofpheres of the electric fluid
(confifting of particles at fome diftance from the furface of the
body, but always going along with it) obferved that thefe atmof-
pheres and the air did not feem to exclude one another ; though,
he fays, this be dificult to conceive, confidering that they ae
generally fuppofed to repel one another.

Ax ele@tric atmofphere, 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 rafh in, as he
found by a very curious experiment, accurately made; whence
he alfo concluded, that the elafticity of the air was not affected
byit.®

THE experiment, as the Do@or informs me, was made with
a fmall glafs fyphon, one leg paffing through the cork into the
bottle. The other leg had in it a drop of red ink, which rea-

* Franklin's Letters, p. g8.
. dily
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dily moved on the leaft change of heat or cold in the 4ir con-
tained in the phial ; but not at all on the air's being cle@rified.
He alfo made an experiment which would feem to prove the
immobility, as we may fay, of thefe atmofpheres by any exter-
nal force,  if they have any exiftence at all; but others may
think it is rather an argument againft their exiftence, He elec-
trified a large cork ball faftencd to the end of a filk ‘ftring three
feet long; and, taking the other end in his hand, he whirled it
round, Jike a fling, a hundred times in_the open air, with the
fivifteft motion he could poffibly give it; and obferved, that it
fill retained its electric atmofphere, though it muft have pafied
through cight hundred yards of air. *
_ To fhow that a body, in different circumftances of dilatation
and contration, is capable of receiving, or retaining more or
1efs of the eleétric fluid on its furface, he made the following
curious experiment. + He cleétrificd a filver can, in which was
thiee yards of brafs chain, one end of which he could
-what height he pleafed, by means of a pully and a filk
fufpended 2 lock of cotton by a filk_firing from the
ceiling of the room, making it to hang near the cup; and ob-
ferved, that every time he drew up the chain, the cotton ap-
proached nearer to. the cup, and: as conftantly receded from it
n the chain was let down. From this experiment it was
fays, that the atmofphere about the cup was dimi-
nifhed by raifing the chain, and increafed by lowering it; and
st 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. -

ic atmofpheres in fome meafure vifible, the

 Franklin's Letters, p. 97, wbp tan
B Aa Doctor
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Dotor ufed: to drop rofin on hot iron plates held under bodies
elerified ; and, in a fiill room, the fmoke would afcend, and
form vifible atmofpheres round the  bodies, making them look
very beautiful. In trying in what circumftances, the repellency
between an ele@rified iron ball, and a fmall cork ball would
be altered, he obferved, that the fmoke of rofin did not deftroy
their repellency, but was attracted both by the iron and the
cork. ®

Tre Doctor obferved, that filver expofed to the electric fpark
would acquire a blue ftain, that iron would feem corroded by
it but he could never perceive any imprefiion made on gold,
brafs, or tin. The fpots on the filver or iron ‘were always. the
fame, whether they received the fpark from lead, brafs, gold,
or filver; and the fmell of the electric fire was the fame, through
whatever bodies it was conveyed. 4

WhiILE we are attending to what was done by Dr. Franklin
at Philadelphia, we muft by no medns overlook what was done
by Mr. Kinnerfley, the Doctor's friend, while at Bofton in New
England.  Some of his obfervations, of which an account is
given in the Dodor’s letters, are very curious; and fome later
accounts, which he himfelf has tranfmitted to England, feem to
promife, that, if he continue his cleétrical inquiries, his name,
after that of his friend, will be fecond to few in' the hiftory of
elecricity.

He firft diftinguifhed himfelf by re-difcovering Mr. Du Fayc's
two contrary eleétricities of glafs and fulphur, with which both
he and Dr. Franklin were at that'time whally unacquainted.
But Mr. Kinnerfley had a great advantage over Mr. Du Faye;
for, making his experiments in a more advanced flate of the

* Franklin's Letters, pi 5o +1b.p. 81, g8,
feience,
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feience, e faw immediately, that the two contrary clecricities
of glfs and fulphur were the very fame pofitive ‘and negative
ele@ricities, which had juft been difcovered by Dr. Watfon and
Dr. Franklin.

Hz obferyed, that a cork ball, eledrified by a conduor from
excited glafs, would be attradted by excited amber and fulphur;
and repelled by excited glafs and china; that eletrifying the ball
with the wire of a charged phial, it would be repelled by excit-
ed glafs, but attracted by excited falphur; and that when he
ele@rified it by fulphur or amber, till it became repelled by
them, it would be attraéted by. the wire of the phial, and re-
pelled by its coating.  Thefe cxperiments furprized him very
much, but by analogy he was led to infer, a priori, the follow-
ing paradoxes, as he calls them, which were afterwards verified
by Dr. Franklin at his requeft. *

1. Ira glafs globe be placed at one end of a prime con-

+“dudor, and a fulphur one at the other, both being equally
« in good order, and in equal motion, not a fpark of fire can
«be obtained from the conductor, but one globe will draw
“outias fafk as the other gives in.

2. ¢ Ir a phial be fufpended on the conductor with a chain

«from its coating to the table, and only one of the globes be

““made 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.

3+ Tk globes being both in motion, each having a fepa-
«ratecondulor, with a. phial fufpended on one of them, and

« the chain faftened to the other; the phial will become charg-
Ll e globe charging pofitively, and the other negatively.
M{ M‘aé phial being thus charged, hang it in like manner,

'P‘nnklml[gnm, .99
Aa “on
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< on the other conducor. Set both' wheels a going again, and
« the famé number of turns that charged it before will now
« difcharge it, and the fame number repeated will charge it
< again.

.« Waex each globe communicates with the fame prime
« condu@or, having @ chain hanging from it to the table, one
« of them, when in motion (but which T cannot fay) will draw
< fire up through the cufhion, and difcharge it, through the
« chains and the other will draw it up through the chain, and
« difcharge it through the cufhion.”

Waex Mr. Kinnerfley was advifing his friend to try the ex-
periments with the fulphur globe, he cantions him not to make
ufe of chalk on the cuhion, telling him that fome fine powder-
ed falphur would do better. And he exprefles his hope that if
the Dottor {hould find the two globes to charge the prime con-
duétor differently, he would be able to difcover fome method of
determining which it was that charged pofitively.

Dr. FrankLin, when thefe experiments and conjectures were
propofed to him, had noidea of their having any real foundation ;
butimagined, that the diffcrent attractions and repulfions obfers-
ed by Mr. Kinnerfley proceeded rather from the greater or finall-
er quantities of the electric fire, obtained from different bodics,
than from its being cither of a different kind, or having a differ-
ent dire@ion. But finding, upon trial, that the principal of Mr.
Kinnerfley’s fuppofitions were verified by fa&, he had no doubt
of the reft.

In anfier to the doubt of Mr. Kinnerfley, whether e glats,
o the fulphur cle@rified pofitively, the Doctor gave it as his opi-

* Fraoklin’s Letters, p. 100, 1 Ib. p. 102, 103
4 nion,
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sion, that the glafs globe charged pofitively, and the fulphur nes
gatively, for the following reafons.

1. Because, though the fulphur globe feemed to work
cqually well with the glafs one, et it could never occation fo
large, and fo diffant a fpark between his finger and conductor as

swhen the glafs globe was ufed.  But what he adds to confirm
this proof does not feem to be fatisfactory. He fuppofes that bo-
dics of a certain bignefs cannot fo eafily part with the quantity
of dlectric fluid which they have, and hold attracted within their
fubftance, as they can reccive an additional quantity upon their
furface, by way of atmofphere ; and that therefore fo much could
not be drawn out of the conductor, a5 might b thrown on
it *®
it che e o brh oF i appearing at
the end of the wire conncéed with the conductor, was long,
large, 'and much diverging when the glafs globe was ufed, and
made a faapping or ratling noife; but that when the fulphur
globe was ufed, it was thort, fmall, and made a hifling noife.
Healfo obferved, that juft the reverfe of both thefe cafes hap-
| when he held the fame wire in his hand, and the globes
wmswcrlud alternately. ' The brufh was large, long, diverging,
and fapping or rattling, when the fulphur globe was turned s
_but fhort, fmall, and hiffing, when the glafs globe was turned.
Whudm beufh was long, large, and much diverging, it feem-
for, that the body to which it joined was throwing
, and when the contrary appeared, it feemed to be

while it was turning, the ftream of fire between
T RN
his.
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his knuckle and the globe feemed to fpread on its furface, as if
it flowed from the finger, but before the glafs globe it was other-
wife.

4+ Hie obferved that the cool wind (or what was called fo)
which is felt as coming from an elecrified point, was much
more fenfible when the glafs globe, than when the: fulphur one
was ufed.  But thefe, though the beft arguments which the
{fenfes can furnifh, of the courfe of the eleétric fluid, the Do&or
acknowledges were but hafty thoughts. ~Indeed, ‘confidering
that the velocity of the cleétric fluid has been found, by expe-
riment; to be, nearly, inftantancous in a circuit of many miles,
it cannot be fuppofed that the eye fhould be able to diftinguith
which way it goes in the fpace of one or two inches. *

I suarL conclude this article with obferving that the experi-
ments, which the Doctor made with globes of glafs and fulphur,
are much more eafily exhibited by the conductor, and infulated
rubber of either of them, all the cffets being the reverfe of each
other.

1 musT now, for the prefent, take leave of this ingenious
writer and his friends, after having brought the hiftory of ' their
Tabours to the year 1754, and mufk return to fec what was do-
ing on the continent of Europe for two or three years preceding
this date, while we left it to go over to America.

© Franklin's Letters, p. 105
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Tup MISTORY OF ELECTRICITY, FROM Tup TIME THAT Dr.
FRANKLIN MADE HIS EXPERIMENTS IN AMERICA, TILL
THE YEAR 1766,

are now entering upon the Iaft period into which the

to the firi@teft method ; for, otherwife, the narra-
‘be extremely perplexed and difgufting. As this pe-
s the events of & larger fpace of ime than moft of the
jout any convenient refting place ; as the bufine(s

has been confiderably multiplied in it, and a great-
urers have been employed in gathering in the
ici. the feeds of which were fown by Dr. Wat-
lin, and others, in the preceding periods ; L am
jide this into more diftinct parts, but Thope they
y be more than were neceflary, in order to

circumftance, of the great quantity and vari-
ithed in this period, in proportion as it tends.
i, and exercife his talent for proper diftri-
bution
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bution and nt, is a friking d ation of a truth,
‘which muft give the greateft pleafure to all the lovers of electri-
city and Natural Philofophy.  If the progrefs continue the fame
in another period, of equal length, if the harveft of difcoverics
continue to be more plentiful, Eﬁi - proportionably
‘more numerous ; what a glorious fcene fhall we fee unfolded,
‘what a fund of entertainment is there in ftore for us, and what
important benefits may be derived to.mankind |
J AL PIRIEE 8 %"l
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MPROVEMENTS IN THE ELECTRICAL APPARATUS, WITH EX~
|| PERIMBNTS AND OHSERVATIONS RELATING TO/IT:

our cledtical apparatus has beea much improved within
“this period, I fhallfirft recite what has. occurred. to me
fiibjet; particularly the methods which have, from
ey Beeh ‘communicated: of ‘increafing: the: power of
\different cireumftances of excitation.
the year 1751, upon occafion of trying Me. Winck-
ents, notice is taken  of ‘Mr. Canton's method of
s with filke prepared sith linfeed oil. - Thefe he had
expericnce of fome confiderable time, to produce
& upon tubes, but he had not found that they
ly ufeful in rubbing globes. *
occafion, M. Canton obferves; that by means
folid cylinder of glafs, which had been fet be-
it was quite dry, might be excited as cafily as
to adk! like one in every refpect ; that even the
it frongly eletrical. - i
a3, 410, Val. 48. pt. 2. . 784
i Bur
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Bum the greateft improvement which Mr. Canton difeovereg
for increafing the power of eletricity, was by rubbing on the
cuthion of the globe, or on the oiled filk rubber of the tube, 5
fmall quantity of an amalgam of mercury and tin, with a very
litdle chalk o whiting. By this means, a globe or tube may
be excited to a very great degree with very little friction, efpe-
cially if the rubber be made more damp or dry as occafion may
require. *

Mg. WrLcke fays, that a glafs tube excited: 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
fays, he never knew to be thrown from a globe, except fome.
times when they were firft ufed.

Oux elegtrical apparatus has been much augmented within
this period by the difcovery of father Windelinus Ammierfin of
Switzerland,  who, in a Latin treatife; publifhed at Lucern, in
the year 1754, has thewn us, that wood properly. dricd, 1l it
becomes very brown, is a non-conduétor of cle@ricity. ~ He rc-
commends boiling the ‘wood i linfeed oil, or covering it over
with varnith, after being dried, to prevent any return of moifturc
into its pores; and adds, that wood, fo treated,” feéms to afford
ftronger appearances of cledricity than even glafs, . He himfelf
made ufe of common wooden meafares, fiach as are ufually found
in granaries, firft boiled in oil, and afterwards mounted, fo asto
be turned by a wheel. | ade

Ir appears from the Philofophical Tranfactions, fays, Mr.
Wilfon, fo early as the year 1747, that Dr. Watfon baving oc-
cafion to fapport along wire, in an- experiment made ncar
Shooter's hill, with a view to determine the velocity of the clec-

© Phil, Tranf. Vol. $2. pt. 2. p. 461. | 4 Wilke, p. 124 b p. 126,
(I Phil. Tranf, Val. 5z, pr. 1. p. 342.
tric
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tric fluid, ufed flakes of dry wood, which he told him, were
baked, to prevent_the electric fluid from efcaping into the
ground. * i W

A morE extraordinary method of procuring clericity than by
baked wood, was one that Signior Beccaria made ufe of. - He put
adry and warm cat’s fkin upon his glafs globe, and rubbing it
with his hand, excited a very powerful eledricity. +

Tagse wooden cylinders eleétrify pofitively or negatively as
the rubber is filk or flannel, but much’ more powerfally when
negative than when pofitive, owing to the roughnefs which there
generally is upon their furfaces, and therefore make an agrecable
yariety in an clectrical apparatus.  But the oldeft and moft ufial
method of procuring negative eleftricity was by globes of ful-
phar, Thefe Mr. Le Roi made by putting a coating of fulphur
upon a globe of glafs, and then finoothing it with an hot iron ;
but Mr. Nollet preferred melting the fulphur in the infide of the
glafs globe, and then breaking the glafs from off it, becaafe this
method made a much finer polifh.

OxE globe he made of a mixture of fulphur and pounded glafs;
but he found that it had the fume effec as if it had been gll of
fulphur. He fays that, when one part o this globe was excited;

‘ﬁ;mfgne became electrical. |

ice Mr. Canton’s difcovery of the negative power of

fome philofophers ‘have made ufe. of glafs globes
 rough by emery ; and the ufoal method of taking off their

by in; they turs u; their axis ;
 was :vy ubbing them as ey turned upon their axis; but

cdler, maker at Copenhag
cives, in his letters upon the fubject of elefuicity, that glafs

e, Vol 51 gt 1. p. 896. 4 Lettere dell’
olle’s Lettes, Vol. 2. p. 121,
5 Bbz

i
a

Eleutricifino, p. g8.

t by 11b. p. 125, 127
Boss el R

globes
bl

VVA.BHSC



188 IMPROVEMENTS 1x Part L

globes, made rough by drawing the flone, of emery, from pole
10 pole, ‘have & much greater virtue; this méthod of taking off
the polifh giving them a greater roughnefs with refpect to the
subber. *

Bur a better, and a readier method than all thefe of producing
negative ele@ricity, is by infulating the rubber ofa fmooth globe,
and connedting it 'with an‘infulatéd prime condudtor, whilé the
comimon conductor hath'a communication with'the ground. The
rubber, if well infulated, is fure to produce a negative eleirici-
ty, equal in power to the’ pofitive of the fame globe. Mr.
Dalibard diredts a great number of precautions, in order to clec-
trify well at the rubber, 'and to ptevent ‘it from ' receiving any
electric fire in its ftate of infulation. 4

Mg, Beroyan of Upfal, fays, ‘that very often, when his
glafs globes could not be excited to 4 fufficient degree of ftrength,
he lined ‘them 'with a thin coating of fulphur, and that then
they gave a much fironger pofitive eleétricity than before.

In Ttaly, and other Places, Mr. Nollet ‘informs us, it is the
caftom of eleéricians to put a coating of pitch, or other refinous
matter on the infide of their globes, which they pretend, makes
them always work well. |

‘WE are obliged to the Abbé Nollet for fome obfervations on
the elecrical powers’ of ‘different kinds of glafs, in the fixth
volume of his Legons de phyfigue printed in the year 1764.

Ir s notevery fort of glafs, fays he, that is equally electriza-

. ble. There are fome forts which are not fo atall, or hardly at
all; fuch, for example, is that of which they make plates of
glat at St. Gobin in Picardy.  Thave tried it, fays he, an hun-
dred times, in the form of plates, tubes, and globes, and in all

#Wilke, p.57. 4 Dilbard’s raldin, p. 110. :Plul. Tranf, Vol. 5z pt. 2. p. 455
I Lettres, Vol 2. ps 12z,
kinds
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Kinds of weather, but have fearce been ever able to draw from
it the leaft fenfible figns of ele€iricity. ;

Tup glafs of which pancs for windows are made, and which
s sl uled for drinking glaffes, when it is newly manufactured,
1 excited with great difficulty. Thave often, fays he, repeatedly
rubbed tubes, and other pieces, even in the glafs houfe where
they were made, but without fuccefs; and it has not been till
after fome months, and fometimes years, that I could bring them
¥it s Sy

T is certain, and be fays he has conftantly obferved, that glafs
becom fit for electrical i by force of rubbing,
and that fometimes it has required fome months to bring globes
and tubes to a&t well.

He did not think that thefe faks could be accounted for cither
by the different degrees of tranfparency, or the different colours
of glafs. This, indeed, was evident from fome globes acquiring
dlefiricty from ufe which had it not originally. 'The glafs of
which bottles are made at Severs ferved him very well, whereas
lobes of white glafs did not become tolerable il afer hving
been ufed a certain time. :

H could not tell pofitively why certain kinds of glafs were
cledtrizable or not by rubbing, but be fufpected, that it was
principally owing to the degree of its hardnefs and vitcification.

duced to think fo, becaufe he found the glafs at the
 manufattory at St. Gobin, and at Cherbourg (he hard-

& compact, and the beft vitrified of all the kinds of

ce) was the moft difficult to be electrized ; whereas
glafs of England, that of Bohemia, &c. which are
er, were the beft of all for experiments in clediricty.
fays, morcover, that he had procured imperfect glafles,
"had not been long enough in the furnace to be clear 5 and
! that,.

Frang

: s VVA.BHSC



190 IMPROVEMENTS 1x Parr 1,

that, though they were of the fume compofition as plates of glaf,
which, he obferved before, was not eafily eledtrized, 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 re.
ceive a convenient rubbing ; but that we muft not expect that
if the globe be one half, or one fourth part greater or lefs, that
the effets will be increafed or diminithed in proportion. *

Uron the fubjeé® of infulating bodics, he obferves, that whea
cakes of fulphur, rofin, 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 arc newly. made, they are not o proper to infulate bodics,
as they generally are at the end of fome months. +-

Iz will be proper, under this head, to acquaint young elec-
tricians, that globes have been feveral times known to burt
during the act of excitation, and that the fragments have been
shrown with great violence in_every diretion, {0 as to be very
dangerous for the by ftanders, This accident happened to Mr.
Sabatelli in Italy, Mr. Nollet in France, Mr. Beraud at Lyons,
Mr. Boze at Wittemburgh, Mr. Le Cat at Rouen, and M:
Robein at Rennes.

“Tue air in the infide of Mr. Sabatelli’s globe had no commu-
nication with the external air, but that of the Abbé Nollet had.
This laft, which was of Englifh flint, which had been ufed two
years, and which was more than a line thick, burft like a bomb
in the hands of a fervant who was rubbing it; and the fragments
(the largeft of which were not more than an inch in diameter)
swere difperfed on all fides, fo a confiderable diftance. The

* Legons de Phyfique. Vol. 6. p. 273276, +1bi p. 299
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Abbé fays, that all the globes which were burft in that mannes
exploded after’ five or fix:turns of the wheel; and he afcribes
this effect to'the action of the ele@iric matter, making the par-
ticles of the glafs vibrate in a manner he could not conceive.*

‘Waen Mr. Beraud’s globe burft (and he was the firft to whom
this accident was ever known to happen) he was making fome
experiments in the dark, on the 8th of February 17505 when a
noife was firft heard, as of fomething rending to pieces; then
followed the explofion, and when the lights were brought in, it
was obferved, that thofe places of the floor which were oppofite
1o the equatorial diameter of the globe were ftrewed with fmaller
picces, and in greater numbers than thofe which were oppofite
toother parts of it. 'This globe had’ been cracked, but it had
been in conftant ufe in that flate above a year, and the crack
had extended itfeIf from the pole to the equator. The propric-
tor aferibed the accident to the vibration of the particles of glafs,
and thought that the erack. had fome way impeded thofe vibra
tions.
- Waen Mr. Boze's globe broke, he fays that the whole of it
appeared in the act of breaking, like a flaming coal; a circum-
fance which we fhall fee accounted for hereafter by Mr.
Wilcke,

Mg, BourANGER fays, that glafs globes have fometimes burft
: bombs, and have wounded meny perfons, and that their
fragments have even penetrated feveral inches into a wall. | He
alfo fays, that if globes burft in whirling by the gun barrel's
touching them, they burft with the fame violence, the fplinters

into the wall.§
i ‘&bﬂ Nollet had a globe of fulphur which alfo burtt, as
gag,y,x npog.  fHifole g g7, 1 Wikke, p. 124
_ llBoulanger, p. 23 §Ib. p. 144,

he
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e was rubbing it with his naked hands, after twoor three turns
of the whecl, having firft cracked inwardly. * It broke into very
fimall pieces, which flew to a great diftances and into a fine
duft, of which part flew againft his naked breaft; where it
entered the fkin fo deep, that it could not be got off without the
edge of a knife. %

* Nollet's Letters, Vol. 2. p. 220,

SECTION
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Ou,%rm principal defiderata in the feierice of c!:ﬂncxty,
is toafcertain wherein confifts the diftinion between thofe
bodies which are conductors, and thofe which are non-conducors
of the eletric fluid.  All that has been done relating to this que(-
tion, till the prefent time, amounts to nothing more than obfer-
w near thefe two clafles of bodies approach one ano-
re the period of which T am now treating, thefe
few, general, and fuperficial. But I thall now
- with feveral very curious and accurate expe~
 though they do not give us fatisfaction with
mﬁdermm above-mentioned ; yet throw fome
& They fhow that fubftances which had
'szﬁ:& conductors, or non-condudtors, are fo
rec; and that, probably, all the known
"m fome meafiire, the properties of both.
‘were made by two perfons, whom, in the
umy call two of the greateft heroes of
] this
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this part of my work; viz. Mr. CaNToN, whofe difcoveries
in ele@ricity are far more numerous, and more confiderable than
thofe of any other perfon, within this period, in England; and
S16N10R BeccaR1a, one of the moft eminent of all the electri-
cians abroad.

THAT air was capable of receiving eletricity by communica-
tion, and of retaining it when received, had not been difcovered
by any perfon before Mr. Canton; but, by the help of one of
his exquifite contrivances, he was able to afcertain that delicate
circumftance, and even meafure the degree of it, if it wasin 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 afliding cover,
fo difpofed that the threads (which were of the fineft linen) were
kept ftraight 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 thow the ele@ricity of the atmofphere, They allo
determine whether the ele@ricity of the clouds and the air be
pofitive, by'the decreafe ; or negative, by the increafe of their
repulfion, at the approach of excited amber or fealing wax.

By the help of this inftrument, he obferved, that it was
poffible to elecrify the air of a room near the apparatus; and
even the air of the whole room in which it was, toa confidersble
degree, and he was able to do it both pofitively and negative!

In a paper read at the Royal Society, December the 6th. 1753,
e obferves, that the common air of a room: might be electrified
to a confiderable degree, {oas not to part with its electricity for
fometime. Having rendered theair of his room verydry, by means
ofa fire, he elecrifieda tin tube (with a pair of balls fufpended
eneof its extremities) to a great degree ; when it appeared, that the

neigh-
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neighbouring sir was likewife elerified.  For, having touched
the tube with his finger, or other conduor, the balls, notwith-
flanding, continticd to répel one another, though not at fogreat
2 diftance as before. # But he obferves that their repulfion ‘would
decreafe as they were moved towards the floor, wainfeot, orany’
of the furitire ; and that they would tonch each other when
brought within a fmall diftance of any conductor. - Some degree'
of this eledfric power, he has known to continue in the air 2bove
an hour after the rubbing of the tube, whén the weather had been
vyl

“Tlo elerify the air, or the moifture contained in it, negatively,
Mr. Canton fuppoftéd, by filk Qretched between two  chairs
(placed Back to back, at the diftance of about three fect)a tin tabe
with a finie fewing needle at one end of it ; and rubbed fulphir,
{edling Wax, or a rough glafs tube as near as he could to the other.
eild, for three of four minutes 5 after which he found the air to
be negatively elecirical, and that it would continte 6 2 confider-
able time after the apparatus was removed into another room-.
I a paper dated November the 11¢h. 1754, he fays, that dry

i at nice from the carth, if in an eleiric Rate, will
conti il it meets with fome condu@or, is probable from
1l experiment. *An excited glafs tabe, with its na-

lifl, “being placed upright in the middle of a room (by

end of it in an hole, made for that purpofe, in a
uld, generally, Tofe its electricity inIefs than
ttracting to it a fufficient quantity of moifture,

149 Pt x.pi3oo £ Ib. Vol 45, pr. 2. p. 784
Ccz continue
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continue elecrical a whole day, ‘and how much Ionger he kney
not. *

Since the publication of the firft edition of this work, M.
Canton has hit upon another, much readier, and more powerful
method of communicating ele@ricity to the air than that defcribed
above. This he gives me leave to publifh, and it appears to me
to be of fuch a nature, as that it may very poffibly lead to farther
difcoveries concerning the clericity of the atmofphere, and the
phenomena depending upon it. «Take,” fuyshe, a charged
“ phial in one hand, and a lighted candle, infulated in the other;
« and, going into any room, bring the wire of the phial very nexr
“ to the flame of the candle, and hold it there about half
“ minute : then carry the phial and candle out of the room, and
« return with the pith balls, fufpended, and held at arms length
« The balls will begin to feparate on entering the room, and
< will frand an inch and half, or two inches a part, when
« brought near the middle of it.”

S1eN10r Brccaria, who had no knowledge of what Mr.
Canton had done, made the fame difcovery of the communicati-
on of eleiricity to the air, and diverfified the experiment in 2
‘much more pleafing and fatisfactory manner.  He proves, thit
the air, which is contiguous to an electrified body, acquires, by
degrees, the fame eleétricity 5 that this elecricity of the dir
counteracls that of the body, and leffens its effects ; and that a5
the air acquires, fo, it alfo. parts with this elekricity very flov-
1y,

"t began his experiments by, hanging linen threads ‘upon @
elecrified chain, and obferving, that they diverged the moft o/~
ter a few turns of his globe, ~ After that, they came nearer to-

* Phil: Tran: Vol. 45. pt. 2. p. 784.
gether,
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getherj motwithianding he kept turning the globe and the exci-
1ation was as powerful as ever. ¥
Witeiv hehad kepe the: chain ele@rified a confiderable time,
and then difcontinued the friction, the threads collapfed by de-
grees, tll they hung parallel.  After this, they began to diverge
‘againy without any frefh cle@ification ; - and, if the, air was
Rill, - this fecond divergence would continue an hour, of more:
Tyuss divergence whs leffencd by theielerification of the chain.
For if the globewas turned again, the threads would firft be=
come parallel, and then begin to diverge againas before. Thus
the fecond divergence of the threads took place, when the chain
s deprived of its elegricity, and when that which the air had
acquired began to thow itfelf.
Wz the threads were beginning to diverge with the clec—
tricity of the air, if he touched the ¢hain, and thereby took off
{what remained of its eleGricity,  the threads would feparate far-
ther. . Thus the more the ele@ricity of the chain was leffened,
the more did the clericity of the air appear.
- Wiies the threads were in their fecond divergence, he hung
two other ! threads, fhorter than the former, by another filk
{hread to the chain’; ‘and when all. the cledricity of the chain
was taken quite ‘away, they  would feparate, like the. former
ﬂ‘iﬁma?&-w» . s e
Iz he prefented other threads to. the former, in their fecond
i % ce; they ‘would all avoid one another. +
“ I this complete and elegant manner did Signior Beccaria de-
Ohftrate, thiat air acually receives cledricity by communicati-
it by degrecs ; and that the elediricity of the air
of the body which conveys cletricity o it.

S
| 1 Lettese dell Eletwicifimo, p. 87+ +1Ib-p: 90

i s} SiGion:
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SGNToR Beccarta alfo made a variety of ofhet experiments,
which demonftrate other mutinl affections of- the airand the
eletiric fluid; particulatly fome that prove their mutdal repulf.
on;s and that the. ele@tric fluid, in  pafling through  any portion
of air, makes a temporary, vacuum.

HE brought the ends of two wites within a fmall diftance of
one another, in/a glafs tube,. one end of.which was clofed, and
the other immerged in water’s and obferved,, that the water fink
in the tube, every time that a fpark paffed from the onc to the
other, the eleftric fluid having repelled the air. *

He made the cletric: explofion. a great number of fimes, in
the fameaair, inclofed in a glafs tube, in order to afeertain whe.
ther the elafticity of the air was affected by it; but he could not
find any alteration.  After the aperation, he broke the tube un-
dev water;: but neither didany air make its efcape, nor any wa-
ter force its' way into the tube, . The experiment was made
with all the precaution, with refpet tol heat and cold, that the
nature of the cafe required.

Sroxior Becearia’s experimients on water, (howing its im-
perfection as a conductor, - are more furprizing. than. thofe he
made upon air, fhowing its imperfeGtion in the contrary re(pe.
They prove that water conduds eletricity according to its quan-
tity, and that a {mall quantity of water makes a very great refift-
ance to the paffage of the ele@ric finid.

He made tubes, full of water, part, of the elé@ric circuit,
and obferved, that when they were very fmall,  they would ot
tranfiit a thock, but that the fhock increafed as wider tubes
were ufed. § I Fr i

Bur what aftonithes us mioft in Signior Beccaria's experi-

TIhp s

© Elettricifmo artificiale/e naturale; p. 116: 1 4 Ihi . 81,
%0 ments
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‘ments with water, s his making the elecric fpark vifible iniit,
sotwithftanding it being a real conductor of electricity.  No-
shing, however, can prove more clearly how imperfedt & con-
ducor itiis. !

Hg inferted wires, {0 as nearly tomeet, in fmall tubes filled
with water ‘and; difcharging fhocks through them, the eleric
fparkwas vifible between: their points, as if no water had been
i the place. - The tubes were generally broken to picces, and
the fragments driven to a confiderable diftance. This was evi-
dently oceafioned by the repulfion of the water, and its incom-

ibility, it not being able to give way far enough within
§tRIf, ‘and) the force with which it was repelled being very
great.® !

“Fas force with which fimall quantities of water are thus re-
pelled by the eleétric fluid, he fays, is prodigious. By means
“of a charge of four hundred fquare inches, he broke a glafs tube
two linés thick, when the picces were driven to the diftance of
twenty feet.  Nay he fometimes broke tubes eight, or ten lines
shick, and the fragments were driven to greater diftances in pro-

1 He found the efee of the cleqric fpark upon water greater
| the effe@ of a fpark of common fire on gunpowder ; and
ﬂﬁmm-mx doubt, but that, if a method could be found of
them equally well, a cannon charged with water
‘more dreadful than'one charged with gunpowder.
y eharged @ glafs tube with water, and but a fmall
,iwhen it was difcharged with £ force, fo as to
n fome clay he placed to receive it.

naturale, p 114, + Lettere dell’ elettricifino, p. 74+ 1Ib.
 heprodiced much greater effe@s than thefe, by making the clefifc
ad of water. Oil being a much worfe conduor, the fpark in it
satio Phyfca, p. 26.
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"Turs refiftance which finall quantities of water make to the
cleétric matter, he imagined; was greater thin the refiftance made
toit by air. ¥ And yet he thought it was poffible, that,  in this
cafe, the clectric matter might not aé upon the water immedi-
ately, but upon the fixed air that was in it. For when the tub
were riot broken, he obferved tht a great nambeér of ait bubbles
were let loofe, through the whole mafs of the water, rofe to the
top, and mixed withthe common atmofphere.

He alfo imagined that the eleiric fluid atted upon the fixed
air in all bodies, though no experiment could make it fenfible.
On the contrary, he fuppofed that the ation of the cleé:
matter tended to fix elaftic air, by exciting a fulphureous matter,
which Dr. Hales thows to have that property.|| But the experi.
ment above-mentioned, of the electric fpark taken in a clofcd

tube, doth not favour this fuppofition.

‘Wiaen a fmall drop of water was put between  the points of
two wires, and a large thock pafied through them, the water was
equally difperfed on the infide of 2. glafs fphere, in which they
were all inclofed. In the fame manner, he conjectures, thut
the a&ion of the eletric matter promotes the evaporation of
water. §

DisciarginG a fhock through a quantity, of water, pourcd
on a flat furface, where fome parts of the circuit were. purpofcly
Left almoft dry ; thofe parts became quite dry fooner than they
would have been, if no thock had paffed through them. *

Urox this principle he accounts for the fuppofed burfting of
the blood veflels in fmall birds killed by the electric hock. +
And when a mufcle contracts by the fhock, he fappofes it is ow-

* Eletwicifino artificile, &c. p. 115, $Tbop. 116, 1lb.p. 8. (b
$Topoaiz,, *Ibpizt.  tIbp.ass.
. ing
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ing to the difatation of the fluids their fibres contain, as the clec-
tric matter paffes through them.

So imperfect a condudor of cletricity is mere water, that,
he thought, a green leaf conducted a fhock better than an equal
thicknefs of water. # If this be true, and vegetable fluids con-
du eledricity better than water, it will confirm a conjefture
wwhich Dr. Franklin told me, he had drawn from fome experiments
that he had not properly purfued, viz. that animal Auids con=
dudted ele@ricity better than water. He tried milk many years
agoj and Mr. Kinnerlley, and others in America, have fince
tried blood and urine, and alfo the finews of animals newly kil-
led; and they were all found to be exceeding good conductors,
remarkably better than water.

Siontor Beccaria alfo found, that even metal was not a
perfec conduéor of eletricity, but made fome refiftance to the
paflage of the electric fluid. This he even afcertained, by mea-
furing the time that it was retarded, in its pafiing through long
and fmall wires, notwithftanding the experiments which had
been made before, that {cemed to prove the contrary.

£ Hs fufpended a wire of 500 Paris'fect, in a large building,
and, by ‘means of a pendulum which vibrated half feconds;
obferved, that light bodies placed under a ball of gilt paper, at
one end, did not move, till, at leaft, one vibration of this pen=
aﬁmsgmu he had applied the wire of a charged phial to the

other,

* Tryine the fame with a hempen cord, he could count fix,

of more vibrations ‘before they would ftir but when he had
wetted the cord, they werc moved after two or three vibrati-

ons.f: He does not, however, ablolutely fy tha, the clee-

7 “T" | * Blewiclno arifciale, &¢. po 135+ 1b. po st
3 Dd ; tric
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tric 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 velocity, in proportion as the bodies into which it pafled
had more or lefs of the fluid before. * And he was confirmed
in this opinion by feveral phenomena of the atmofphere, which
will be related in their proper place; particularly by fecing,
very evidently, the progrefs of a quantity of ele@ric matter in
the air, as it advanced to ftrike his kite.

To thefe experiments of Signior Beccaria on the conducting
powers of air and water, I fhall fabjoin another curious fet of
the fame author, fhowing the manner in which the fmoke of
rofin and of colophonia is affeéted by the approach' of an clec-
trified body, as they have a very near affinity to this fubject.

RereaTiNG Dr. Franklin’s experiments to make elecric at-

mofpheres vifible with the fume of colophonia, which he pre-
ferred, for this purpofe, to rofin; he obferved feveral curious
circumftances, which had efcaped the notice of that ingenious
philofopher.
. He heated the colophonia on 2 coal, which he held ina fpoon
under an ele@rified cube of metal; and obferved, that when
part of the fmoak afcended to the cube, another part covered
the handle of the {poon, and fpread to his hand. -

T {moke lay higher on the flat parts of the cube than on the
edges, and corners.

Ir a fpark was taken from the condu@or, . the finoke was
thrown into an agitation, but prefently refumed its former fitu-
ation.

* Elettricifmo artifciale, p. 51+ Tb.
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Tz cube with its atmofphere gave larger, and longer fparks,
than a cube not furrounded with one.

Ararczr fpark might be taken from it by the fpoon, than
by any other body.

Havixg infulated the fpoon, he obferved, that hardly any of
the fimoke went to the cube ; and that what happened to go near
it was not affeéted by it, any more than it would have been by
any other body. He put his finger to the fpoon, and the form-
e phenomena returned. ~ Taking it off again, the fmoke that
bad fettled on the cube foon difperfed. *

Unper this head of the ele@ricity of various fubftances, it
will not be improper to mention an experiment made by Mr.
Henry Beles of Lifmore in Ireland, which, he thought, proved
that fleam, and exhalations of all kinds, are electrical. ~The pa-
per containing this account was read at the Royal Society, April
the 23d. 1755.

H elerified a piece of down, - fufpended on the middle of 2
long filk firing, and made fteam and fmoke of feveral kinds pafs
under it, and through it; and obferved, that its ele@ricity was
not in the leatt diminifhed, as he thought it would have been, if
the vapour had been non-eleétric, and confequently had taken
away with it part of the ele@ric matter 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 accounted for.

this experiment Dr. Darwin of Litchfield, in a letter
ed to the Royal Society, dnd read May the 5th. 1757,
it many cle@rificd bodies, and particularly all
lx;lwﬂ@, ‘animal and vegetable fubftances, will not eafily part

B "wm‘uﬂg P75 74 HPRL Trant Vol. 49.pt. 1.p. 153.
Ddz with
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with their ele@ricity, though they be touched, for a confiderable
time, with conducors. He touched a feather, elecrified like
that of Mr. Eeles, nine times with his finger, and ftill found
it eletrified. A cork ball was touched feven times in ten fc-
conds 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
fteam from eleckrified boiling water; from whence he concluded,
that, contrary to what had been before fuppofed by himfelf and
his friend, fteam was o far from rifing ele@rified, that it left
its fhare of common ele@ricity behind.

To try the efiects of eleckricity upon air, Mr. Kinnerfley
contrived an excellent inftrument, which he calls ar electrical
air thermometer. Tt confifted of a glafs tube, about eleven inches
long, and one inch in diameter, made air tight, clofed with
brafs caps at each end, and a fmall tube, open at both ends,
Tet down through the upper plate, into fome water at the bottom
of the wider tube.  Within this veffel he placed two wires, one
defcending from the brafs cap at the upper end, and the other
afcending from the brafs cap at the lower cnd s through which
he could difeharge ' jar, or tranfimit a fpark, &c. and at the
fame time fee the expanfion of the air in the veffel, by the rife
of the water, in the finall tube. With this inftrament he made
the following experiments, related in a letter to Dr. Franklin,
dated March the 12th. 1761.

He fet the thermometer on an ele@ric ftand, with the chain
fixed to the prime condudtor, and kept it well eledrized 2
confiderable time; but this produced no confiderable effect :

# Bbil. Traf, Vol. 5.9t 1. p. 252, Ib. Vol. 53.pt. 1. p. 84,
) from
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from whence he inferred, that the ele@ric fire, when in 2 ftate
of reft, had no more heat than the air, ‘and jother matter where-
in it refides.

Waex the. two wires within the veffel were in conta@, a
large charge of ele@iricity, from above thirty fquare foet of
coated glafs, produced no, rarefaction in the air 5 which: fhow-
ed, that the wires were, not heated by the fire pafiing through
them.

Wauex the wires were about two. inches afunder, the charge
of a theee pint bottle, darting from onc to. the other, rarcfied
the aic very evidently ; which thewed, that the electric fire pro=
duced heat.in. it(elf, as Mr. Kinnerfley. fays, as well as in the
air, by its rapid motion.

Ty charge of a jar which contained about five gallons and a
half, darting from wire to wire, would caufe a prodigious ex-
panfionin the air ;. and the charge of his battery of thirty fquare
feet of coated glafs would raife the water in the fmall tube
quite to the top.  Upon the coalefcing of the air, the column
of water, by its gravity, inftantly fubfided, till it wasin equili-
brio with the rarified air. It then gradually defeended, ‘as the
sir cooled, and fettled where it flood before. By carefully ob-
ferving at what height the defcending. water firkt flopped, the
degree of rarefaction, he fays, might be difcovered, which, in
great explofions, was very confiderable.

I is obyiaus to remark, that the firft fadden rife of the water
of Mr. Kinnerfley's thermometer, upon'an explofion being made
in the veflel which containcd it, s not to be aferibed to the
rarefaction of the air by heat, but to the quantity of air actually
difplaced by the eleétrical flath. It is only when that firft fud-
den ﬁﬁ‘ﬁ;@w‘ed, 25 Mr Kinnerfley himflf obferves, that
al e the:
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the degree of its rarefadtion by the' heat ean be eftimated, vi;,
by the height at which the water then ftands above the' commoy
level.

Dr. FRANKLIN had faid, that ice failed to condu@ a fhock
of elegtricitys and Mr. Bergman, in a letter to Mr. Wilion,
read at the Royal Society November the zoth. 1760, fhovs
(what Signior Beccaria. had done before) thata fmall quaniiy
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 cnough for the purpofe. From hence
he fufpected that large quantities of ice would tranfinit a thock
of clectricity as perfedly as alarge quantity. of water, *

HowevER, he feems, afterwards, to have changed his fenti-
ments with refpedt toico: for, in a fubfequent paper, read at
the Royal Society March the 18th. 1762, when he had remarked
that fnow would not conduct the elediric thock ;' he fiys, he
believes, if he could procure plates of ice of a proper thickner,
he could charge them in the fame manner as glafs. -

- Jomanxes Fraxciscos Ciona was fo fully perfuaded of the
non-condudting power of ice, that he made ufe of it in an cx.
periment, defigned to afeertain whether ele@ric fubftances did,
according to Dr. Franklin’s hypothefis, contain more of the clec-
tric mattec than other bodies. He inclofed a quantity of icc in
a glafs veflel, and when he thought he had converted it from an
elediric to a non-ele@ric by melting; he tried whether it wis
elerified; but, though he found no appearance of its having
adquired any more of the fluid than it ought to have in its new
ftate, he does not feem to have given up his opinion.

2 * Phil. Tranf. Vol. s1. pt. 2. p. 9o, +Ib. Vol. 52. pt. 2. p. 435,

© 't Meémoirs of the Academy at Turin, for the year 1765. p. 47
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I the laft pat of this work the reader will find fome experi-
ments, which, it is imagined, will afcertain the clafs of bodies
in which ice ought to be ranked, by proving its conduting power
to m;nm neaﬂy equal to that of water.

T ek 207




208 Mz. CANTON’s EXPERfMENTS Parrl,

SECTION I

Mz. CANTON’S EXPERIMENTS AND DISCOVERIES RELATING
TO THE SURFACES OF ELECTRIC BODIES, AND OTHERS MADE
IN PURSUANCE OF THEM, OR RELATING TO THE SAME SUB-
JECT ; ALL TENDING TO ASCERTAIN THE DISTINCTION 5i-
TWEEN THE TWO ELECTRICITIES.

ILL this laft period of the hiftory, the fame electricity had
always been produced by the fume ele@ric. The friction

of glafs had always produced a pofiive, and the friction of fealing
wax, &c. had always produced a negative ele@ricity. Thel:
were thought to be.ffential, and unchangeable properties of thof:
fubftances ; and hence the one was by many called the vitrcous,
and the other the refinous electricity ; and to cle@ify negatively,
or produce a refinous cledtricity by means of glafs ; or to clectrify
pofitively, that is, produce a vitreous electricity, by means of
fealing wax, &cc. would have been thought as great a parador,
as to clectrify at all by the friction of brafs or iron. For though
it was not known why the electric matter fhould flow from the
rubber to the excited glafs, or to the rubber from excited fealing
q'!x,‘tltc,{il%hﬁd,:hecn invariable 5 and nothing is even memian‘;
. e
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ed to have happened, in the courfe of any experiments, that could
Jead a perfon fo fafpect the pofiibility of the contrary.

Witat then mult have been the furprife of elefricians, to find
¢hat thefe different powers of gla®s and fulphur were o far from
being invariable, that they were even interchangeable ; and that
the fame glafs tube could be made to affume the powers of both!
And what uft haye been their fatisfaction to find the circam-
ftance on which the convertibility of thofe oppofite powers de-
pended, completely afcertained. ~ This furprife and pleafure was
given them by M. Canton, who (howed that it depended only
on'the rubber, and the furface of the glafs, whether it ele@rified
pofitively or negatively.

I what manner, by what train of thought, or by what acci-
dent he was'led to this difcovery, this excellent philofopher has
not been plead to inform us; but it is certainly a difcovery
which, in an eminent manner, diftinguifhes this period of my
hiftory. - It throws great light upon the dodrine of pofitive and
negative ele@ricity, and led the way to other difcoyeries which
throw {till more light upon it.

Tuzs fubject of the two eledricities feems to have engaged the
attention of ele@ricians in a more particular manner, in the whole
courfe of this period, and ever fince the difcovery of Dr. Frank-
Lin, that the eledricity of the two furfaces of charged glafs are
always contrary to one another.  Accordingly, the reader will
find feveral fetions in this period of the hiftory relating to it;
‘but hewill find that though much has been done, much yet

ins to be done; and that we are flill fac from thoroughly

g the nature of the two clecricitics, with their de-
‘and relation to one another.

the communication of the difcovery itfelf, Mr.

, that fealing wax might have pofitive clectricity

Ec fuperinduced
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fuperinduced upon it. He excited a'ftick of fealing wax about
two feet and a half in' length, and an inch in diameter; and,
holding it by  the middle, he  drew an' excited glafs tube feveral
times over one part of it without touching the other. T]
confequence was, that half which had been expofed to the ac
on of the excited glafs was poitive, and the other half nega
for the former half defiroyed’ the repelling power of balls clcc-
trified by glafs, while the other half increafed it! *

TuE experiments, which ' prove that the appeatances of pofi-
tive and negative elecricity depend upon the farface of the
electrics, and that of the rubber, were made in the latter end of
December 1753.

Havinc rubbed a glafs tube with a piece of thin' fheet lead,
and flour of emery mixed with  water, till its tranfparency ws
intirely deftroyed, he excited it (when it was made perfecly
clean and dry) with new flannel, and found it a in all refpets
like excited fulphur or fealing wax. The eleric fire feemed
to iffue from the knuckle, or end of the finger, and to fpread
itfelf on the furface of the tube, in a very beautifal manner.

Ir this rough or unpolifhed tube was excited by a piece of dry
oiled filk, efpecially when rubbed over with a little chalk o
whiting, it would a@ like a glafs tube with its natural polifh.
In this cafe the eleckric fire appeared only at the knuckle, o the
end of the finger, where it fcemed to be very much condenfcd,
before it entered.

Bu if the rough tube was greafed all over with tallow from
a candle, and as much as pofiible of it wiped off with a napkin,
then the oiled filk would receive a kind of polith by rubbing it;

# Phil. Trant, Vol. 48. pt. 1., 356,
and,
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andy afier @ few firokes, would makethe: tube a in the fume
manner s when excited at firft by flannel.

. Tue oiled filk, when covered with chalk or whiting, would
make the greafed rough tube act again like a polifhed one 5 but
if the frition was continued till the rubber became finooth, the
cledric pavrer would be changed (o that of fulphur, fealing
wax, &e.

Tuvs, fays he, may the pofitive and negative powers of clec~
wrcity be produced at pleafure, by altering the furfaces of the
tube and rubber, agcording as the one or the other is moft affeét~
el by the frition  between them,  For if the polifh be'taken

fFone half of a tube, the different powers may be excited with
the fame rubber at a fingle ftroke; and, he adds, the rubber is
 moye much eafier over the rough, than over the polith~

ithed glafs cledrified pofitively, and rough glafs rubs
annel negatively, feemed plain from the appearance
setween the knuckle, or end of the finger, and the
But this, Mr. Canton' thought; was farther
ving, that a-polihed glals tube, when excits
d filk, if the hand was kept three inches, at leaft,
of the rubber, would, at every firoke, appear to throw

of diverging pencils of eletric fire ;. but that
feen to accompany the rubbing of fulphur, feals
rwas he ever able to make any fenfible alteras
\ room merely by the friction of thofe bodies 5
tube, when excited (o as to emit pencils;
jinutcs, ele@rify the air, to fucha degree,
 was carried away, a pair of balls, about the
it peas, turned out of cork, or the pith ofelder,
by ﬂnen M of fix inches long, would
repel
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repel each other to the diftance of an inch and an half, when held
at arms length in the middle of the room. *

APTER thefs experiments of Mr. Canton, Mr. Wilfon made
feveral, which throw a little more light upon this curious fub-
jeets butitis difficult to draw any general conclufion from them,
and his own is not fufficiently detérminate! Ttis, that two clcc.
trics being rubbed together, the body whofe fubftance is hardc,
and eletric power ftrongeft, will always be plus, and the foftct
and weakeft minus. 4 Rubbing the tourmalin and amber toge-
ther, he produced a plis electricity on both fides the ftone, and
2 minus on the amber; but rubbing the tourmalin and diamond
together, both fides of the tourmalin were electrified minas,
the diamond plus. .

Trese experiments, which, he thought, proved this prop>-
fition, encouraged him to try what would be the effe of rub-
bing or forcing air againft different cle@rics, and the effecs were
very confiderable. In thefe experiments he only made ufe of «
common pair of bellows, and his firft experiment was upon the
tourmalin.  This fubftance he brought near the end of the pipe,
and found, that after it had received about twenty blafs, it was
eleérificd plus on poth fides. * Air, therefore, feemed to be 1+
electric than the tourmalin.

InTo the place of the tourmalin, he brought a pane of glif,
and blew againft it the fame number of times as in the former
experiment 5 and when he had examined both fides, he found
that they were cledrified plus alfo, but lefs than the tour-
malin.

AmeER, treated in the fime manner, was ele@rificd lefs thin
the glafbe ilid 3o ring” 2

© Phik Tranf, Vol 48, pt. 2.p. 782, 4 Ib, Vel 51.pt. 1. . 351,
i 3 He
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‘H next had recourfe to a fmith’s bellows.  The difierence
which thefe occafioned was only a much ftronger elediricity in
the tourmalin.  Amber was fill weaker than the glats 5 and the
ghfrwnkenhm the tourmalin.
© Havine in view the medium (which, I have obferved, he

great ftrefs upon, as confituting the difference between
irics and non-electrics) he confidered that heat would rarify
it on the furfaces of the particles of air; by which means, air,
having its refiftance leffencd, would more readily part with
the cle@ric fiuid, and, of confequence, eleCtnfy more power-
it
pipe of the b being made red hot, he blew againtt
Mm.m, twelve times only, which was eight times lefs
than in the former experiment with cold air. Tn this experi-
emalin was ele@rified plus on both fides, but toa
: degree more than was done. in the former experi-
ments. The hot aic had the fame effet upon glafs, but clec-
Wm«mhe tourmalin : and amber; though, like the
odies, it received an increafs of power by the fame treat-
s eledrified the leaft of all.
ele@rifying more powerfully when it was hot
cold, and the tourmalin being ele@rificd more
glafs more than amber, as appeared by the laft
: feem, fags Mr. Wilfon, to have obtained 2
w; atmofphere is conflantly promoting a flow
y. the alternate changes of heat and cold;
s nox only lefs electric than the tourmalin,
-even amber. *
read. at the Royal Socicty Noyember the

 Pisl, Trand, Vol 55 pr 1, 91 3325 &¢e -
13ths
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13th. 1760, Mr. Wilfon recites fome curios experiments, which,
he fays, fhew that a plus ele@ricity may be produced by means
of a minus ele@ricity.

Haviyo eledrified the infide of a large Leyden bottle pius, by
means of a condudting, wiré from an excited glafs globe; he it
it on a ftand of prepared wood, and. took away the conductng
wire, after which the mouth of the bottle was clofed with o
fropple of glafs. Then the pointed end of an ivory cond
was brought oppofite to the middle of the bottle, and about t
inches from it. Upon doing this, the balls were ele@rificd
minus 3 and the more o as the ivory was moved nearer the botile,
in an horizontal dire&ion.

Bu, on removing the ivory to a greater diftance, the mins
cle@ricity 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 plus cle@iicity appenr-
ed, which, continued even after the ivory was removed cntircly
away. *®

WiTH a cylinder of baked wood he ele@rified the balls hang-
ing to the ivory minus, at the diftance of four feet or more, by
‘holding the cylinder over the middle of the ivory, and continuing
itthere; and, on moving it nearer, they were more ftrongly
elerified minus, but the fame cylinder, on removing it back
again to the diftance of two or three feet, or more, eleclrified
the balls plus.

W another conduor of metal, without edges or points,
was ufed, inftead of the ivory, and without any thing hanging
from it, the fame cylinder held over the metal (as was done in
the laft experiment over the ivory, at the diftance of two fect)

# Phil, Tranf, Vol. 51, pt. 2. p. 899, &c
3 produced
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produced 2 plus ele@ricity 5 and this was rendered weaker as the
cylinder was moved nearer ; but by leflening the diftance to a-
bout one foot, the minus cleCiricity took place. In thefe cafes
Mr. Wilfon thought, that the pius appearance arofe from the
carth, air, or other neighbouring bodies.
‘Waen the preceding experiments were firlt made, he was a
Tittle embaraffed, by the uncertain appearances of a plus elcétri-
city at one nme, and a minus at another, in the fame experiment ;
but, by repeated trials and obfervations, he found, that a plus
o minus elericity may be produced at pleafure, by carefully
attending to the three following circumftances ; viz. the form of
the bodics, their fudden or gradual removal, and the degrees of

cle@rifying.

‘Wizson, after this, proceeds to mention fome other
circamftances of a very nice nature, where, the flighteft and al-
‘moft imperceptible differences in the pofition or in the courfe of
the fri@tion of two bodies produce, in either of them, the plus
dleiicity at one time, and the minus at enother. Such, fiys be,
of this fubtle and adtive fluid, when the experi-
refully made;; and therefore they require the moft
tention to trace out the caufes which occafion them.
vax and Gilver were the bodies uled in the two firft
many other {ubflances feemed to perform as
ling wax was clean, and undifturbed by any fric-
but that of the air furrounding it, and had been
The Glver was fised to a picce of prepared
ch was alfo preferved from friction for the fume length

hen, ‘taking one of thofe fubftances in each hand,
e end of the wood the farthelt from the
finootheft part of the filver upon the fealing
long the furface gently, once only, and

3 with
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with a very flight preflure, after which the filver was ele@ified
plus, and the wak minus.

Ox repeating the experiment with equal care, and ir
fame manner, except that the fmooth fide of the flver v
Tittle inclined, fo that the edge of it preffed again(t the wax;
the filver, after moving it as before, was ele&rified minus, and
the wax plus, contrary to what was obferved in the laft ex;
ment.

Tiese oppofite efes, occafioned by the different appl
ons of the fat or edge of the filver, feemed to arife from an alt
ation made in the furface of the wax, by deftroying the polith in
one cafe, and not in the other; and in this refpec refembled the
polithed and rough glas mentioned before.

Urox making ufe of prepared wood inftead of wax, and cm-
ploying different degrees of preffure in the friction, with the
fame edge of the filver, he produced the like appearances ; the
leatt preflure caufing a plus, and the greateft preflure a iz
appearance in the filyer.

A FLAT piece of fteel well polifhed, and the edges rounded
off, afforded the famie appearances, by only applying the f:t
farface to the wood, but it required more prefling to produce
the minus effe in this cafe then it did in the former, where th
edge was concerned.,

WiizTuze the reafon offered above for explaining thefe it
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 fufely advanced, that we have learned to pro-
duce at pleafure a plus or minus ele@ricity from the fame bodics,
by attending to the manner of their application and friction. *

* Phil. Tranf, Vol. 5. pt. 2. p. 899, &c.
Mz.
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Mz, BerGMAN, in aletter to Mr. Wilfon, read at the Roy-
2l Society February the 23d. 1764, gives an account of fome cu-
sious experiments of his, which, in conjunction with thofe of Mr.
Canton above-mentioned, concerning farfaces, may throw con-
fderable Jight upon the doctrine of pofitive and negative electri-
city.

Tun experiments were made with two pieces or kains of filk,
one of which was extended in a frame, while Mr. Bergman held
the other in his hand. He obferved, that if the two fkains of
flk were the fame with refpect to texture, colour, fuperficies, and
in every thing €lfe, as far as could be judged ; and if he drew the
whole length of the piece which he held in his hand over one
part of that which was extended in the frame, the picce in his
‘handcontra@ed the pofitive cleciricity, and the picce in the frame
anegative. If he drew one part of that which he held in his
Tand over the swhole length of the other the effects were reverf=
e,

Ir the piece in his hand was of a different colour from that in
the frame.(provided it was not black) the event was the fame.

I the piecein his hand was black, it was always negative,
which ever way it was rubbed, except the piece in the frame was
black too 5 for then, if the whole length of it was rubbed, it was
elegrified pofitively-

Iy endeayouring to account for thefe effe@s, he obferves, that
the piece which was moft rubbed was made finooter, and warm=

\ the other ; and was of opinion, that though fmoothncfs
W to be excited pofitively, yet that other circum-
flances were alfo to be taken into confideration ; having found
& ¢ held in his hand a fkain of filk, which, by much
 made very fmooth, and drew it over one part of
‘hich was rough, and had never been ufed be-

Ff fore,
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fore, that thé rough (kain was, neverthelcfs, pofitive.  From
this experiment he concluded, that this efe@ was; in fome mea-
fure, ‘owing to the colour ; and, in purfuing this thought farther,
he was led to the following experiments.

Tr the piece in his hand was well warmed, though it was drawn
over one part of the piece in the frame, it became electrified ne.
gatively) and the piece in the frame pofitively..  Hle made ther:
experiments with the fame fuccefs upon fleains of filk of various
colours, blué, green, red, white, &e.

Ir the piece in the frame was black, it never contracted a po-
fitive clectricity, although the piece in his hand had been much
heated, except this were black too. From thefe experiments,
he thought he might fafely conclude, that heat did difpofe fome
fubftances, at leaft, toa negative flate; and thought that the
‘want of attention to this circumftance might have occafioned mif-
takes in the event of fome experiments, efpecially thofé concern-
ing ifland chryftal.

Fron the whole he concludes, that there is a certain fixed
order with refpect to negative and pofitive le@ricity, in which
all bodies may be placed, while other circumftances remain the
fame.  Let A, B, C, D, E be certain fubftances, each of which,
when rubbed with one which is antecedent to it, is negative,
but with a fubfequent pofitive. In this cafe, the lefs diftance
there is between the bodies that are rubbed, the weaker, cet.
par. will be the elecricity 5 wherefore it will be ftronger between
A and E, than it will be between A and B. Heat, he fays,
difpofes bodies to a negative elecricity, but if the dift: b
mentioned be confiderable, it may not be able to sverzome, though
it may weaken that ele@ricity, as is evident from the fkains of
black filk.  When aglafs globe grows warm in whirling, we ae
fenfible that its electric power is diminifhed. Is it not owing,
8 fays
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fugs he, to thisicircum(tance, that by heat it is more difpofed to
negative <le@icity, by which means the diftance above-mention~
«d betsween the glafs and the rubber is leffencd ! #
Uron the fubjedt of this feion, I muft introduce fo the acs
quiintance of my reader o eminent cleclricians, whofe dif-
coveris will give him the greatelt fatisfaction s I mean Mr,

Wirexg, and rixus, the former of Roflock in Lover Saxony,
and the latter of P h: aci wwhich gives me an
oceafion of eongratulating all the lovers of the fciences, and par-
WNI f electricity, on the extenfive fpread of their fayourite
0 What joy would it have given Mr. Hawkefbee, of Mr.
Grey, o bave forefeen that two fuch admirable treatifes on the

1 eledtricity, as thofe of the perfons above-mentioned,
ﬁm from countries fo remote from the place of its
rlehigh g |
3 Wigexe relates many curious experiments concerning the
of what he calls rantaneous eleciricity, produced by the
1 of elediic fubllances, which, compared with thofe
Canton, thiow great light upon the dodirine of pofitive
tive ele@ricity. !
phur in an earthen yeflcl, which he placed upon
then, letting them cool, he took out the fulphur,
ongly electrical ; but it was not o when it had
pon cle@ric fubflances.

hur in glafs veflels, whereby they both acquir-

i the circumflances above-mentioned,

placed upon clefirics or not; but a ftronger
than in the latter; and they acquired a frong-
glals veflel into. which they were poured

’jf “ phil, Tranf. Vol 54
Ffz
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was coated with metal. * Tn theft cafes, the glafs was always po.
fitive, and the falphur negative. Tt was particularly remarkable,
that the fulphur acquired no eledricity till it began to cool, and
contrat, and was the ftrongeft when in the ftate of greateft con-
traction ; whereas the cle@ricity of the glafs was, at the fame
time, the weake(t; and was the ftrongeft of alll when the fulphur
was (haken out, before it began to contrat, and acquired any
negative elericity.

Pursuine thefe experiments, he found that melted fealing
wax, ‘poured into glafs, acquired a negative ele@ricity, but
poured into fulphur it acquired a pofitive eledricity, and left the
fulphur negative. Sulphur poured into 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, acquired no clectricity at all. *

ExperivenTs fimilar to thefe were alfo made by Apinus.
He poured melted fulphur into metal cups, and obferved that
when the fulphur was cool, the cup and the fulphur together
fhowed no figns of ele@ricity, but fhowed very ftrong figns of
it the moment they were feparated. “The elericity always
difappeared when the fulphur was replaced in the cup, and rc-
vived upon being taken out again. The cuphad acquired a ne-
gative, and the fulphur a pofitive ele@ricity ; but if the elec-
tricity of either of them had been taken off while they were fc-
parate, they would both, when united, fhow figns of that clec-
tricity which had not been taken off. This elecricity, he ob-
ferves, was only on the farface of the fulphur.

Mgz, Wircke has, likewife, recited feveral curious experi-
ments, which he made on the friétion of various fubftances,
which likewife throw confiderable light on the fame fubject.

# Wilcke, p. 44, &c. 4 Epini Tentamen, p. 66, 70,
. SuLpuvr
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_ syppor and glafs rubbed together produced a ftrong clec~
wicity, pofitive in the glafs, and negative in the fulphur.
*syrenur and fealing wax being rubbed together, the wax
became pofitive, and the fulphur negative.
Woop rubbed with cloth was always negative.

‘Woop fubbed againt fmooth glafs became negative, but
qgﬁm‘mngh glafs pofitive.
 Gupmur rubbed againtt metals was always pofitive, and this
as the only cafe in which it was fo3 but being rubbed againit
Tead it became negative, and the metal pofitive ; lead appearing,
hereby, to be ot o good 2 conduclor a5 the other metals.
 Aprgn thefe experiments, Mr. Wilcke gives the following
{ fubftances with which ele@rical ex-

“catalogue of the principa
ats are made, in the order in which they are difpofed to

mﬂ tive or negative cle@ricity s any of the fubftances
‘becoming pofitively elediric when rubbed with any that follow
in the lift, and negative when rubbed with any that precede

Smooth glafs. White wax.
Woollen cloth.  Rough glafs.
Quills. Lead.

Wood. - Sulphur.
Paper. Other metals. ®

Sealing wax.
i

riments made to determine the order of thefe fub-
ilcke fags, that great care is neceflary, to diftin-
1 &}e&:icity from that which is communicated, or
of friction. -

ilcke, po 54 & +Ib.p. 6gn
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M. Wrsoxr fays that fimooth glafs is in all cafes poficive,
and thence infers that it attragts the cle@ric fluid the moft of il
known fubfiances ; but Mr. Canton tells me he has found, that
the fmootheft glafs will acquire a negative eledricity by being
drawn over the back of a cat.

Or the fame nature with thefe experiments of Mr. Wilcke
are the following of Zpinus. He prefied clofe together two
picces of looking glafs, each containing fome fquare inches ; and
obferved, that when they were feparated, and not fuffercd to
communicate with any conduttor, they each acquired a ftrong
eledtricity, the one pofitive, and the other negative. Whey
they were put together again, the clodricity of both difappezrcd,
but not if cither of them had been deprived of their cledlricity
when they were afunder ; for in that cafe, the two, when united,
had the cle@ricity of the other. The fame experim
he fays, may be made with glas, and fulphur, or with any o
elecrics, or with any clectric and a picce of metal, *

¢ Zpini Tentamen, p. 63,

SECTION
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S$.E.C T I ON:: IVy

*@ANTON, in the courfe. of experiments rélated fn
preceding fection, clearly proved, that the production

“of the two eledtricities depends intirely upon the furface
cited eledric with refpect to the rubber, and fhowed,
very fame glafs tube would produce cither of them at
5 m notwithftanding this demonfiration, Mr. Delaval,
afterwards, propofed another theory of the two
which feems to be more ingenious than (olid ; as it
old fappofition of the different powers depending
the different fubfiances themfelves.  The account
was read at the Royal Socicty March the 22d.
Iy occafioned fome controverfy with Mr Can~
of which fome fiew cxperiments were made,

k. obferved, that there were two of the purc
i chymical
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chymical principles of bodies, viz. earth and fulpbur, which
were each poffefled of a different kind of electricity ; ‘one of
which we might call a plus ele@ricity, the other a minus; and
thought that it might be expeéted, that, in abody compounded
of both, the oppofite powers of thofe ingredients would countec.
balance, and deftroy the effet of cach other; and therefore,
that bodies in which the negative and pofitive powers were equal,
would be neutral, or non-cle@rics. Such a fubftance he took
metal to be, confifting of calx and fulphur ; metals not being
calcinable without a degree of heat fufficient to diffipate all th,
fulphur; as is cvident from ‘theic not being reducible again 1o
their metallic form, without the admixture of fome unctuous
matter. The fame diflipation of fulphur, he fays, mult take
place in animal and vegetable fubfiances, before they become
white afhes. Tranfparent ftones he confidered as little more
than pure earth, free from the lealt mixture of oil ; judging of
others by the chymical refolution of chryftal.

To confirm this theory, Mr. Delaval made experiments with
dry powders of calcined metals, viz. cerufs, lead athes, minium,
calx of antimony, &c. inclofing them in long glafs tubes, and
endeavouring to tran(init the elecric virtue through them, 2nd
always finding it impoffible. Animal and vegetable  fubftances,
when reduced to athes, were alike impermeable to clecricity, a5
alfo the ruft of metals.

" Hz was firlt led to thefe experiments, and to this hypothefis,
by finding that dry mould would not conduét cletricity. This
he alfo tryed with dry Portland flone, fome of which he had
cut into plates nearly as thin as window glafs. Thefe he heated
to a proper degree, and coated them on both fides with metal,
in order to make the Leyden experiment. When the ftone was
hot enough to finge paper, it conducted as perfeély as when cold;

i« but
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‘but on cooling a little, it began not' to conduc, and afforded
fmall thocks 5. which gradually increafed in ftrength for about
ten minutes, at which: time it was about its moft perfec flate,
and remained o near a quarter of an hour. ~ After that time, the
fhocks gradually decreafed, as the ftone grew cooler ; till, at laft,
they,ceafed, and the flone returned to its conducting fate again,
but this fate appeared before the ftone was quite cold.
_ Experiments of this kind fucceeded with all bodies abound-
ith calx, or carth, as fones, earth, dry clay, wood when
rotten, or burned in the fire, till the furface becomes black.
Among other, fubftances 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 elecrical bar, while the other
was held in ¢he hand ; and he obferved, that the electric fluid
paffed no farther along the pipe than to the heated part., *
< Faos thefe, experiments Mr, Delaval inferred, that ftones
and other earthy, fubftances were convertible, by feveral methods,
and|particularly by different degrees of heat, from non-clectrics
toele@irics. | But finding, afterwards, that it was the opinion
of fome’ perfops. (M. Canton was  the perfon chiefly hinted at)
that this chienge did not immediately, but only confequentially
depend ion heat, | by evaporating the moifture, which would
mwm"gu;en the fabftance cooled ; he obferves, in a paper.
Society December the 17th. 1761, that the
ricity before it was cold, and therefore
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To ‘accoiint for Mr. Delaval’s experiments, Mr. Canton fup-
pofes, “in a paper read to the Royal Society February 4th. 1762,
that fone; tobaceo pipe, wood, fce. will condu@ when cold by
the moiftare they containin that ffate; that when their moifture
is evaporated by heat they bécome non-condu@ors 5 and tha
when they ‘are made very hot, the “hot air at, ‘or near their
farfaces will condu&, and the bodies will appear to bé conduc-
tors again. Hot air, he fiys; may eafily be proved'to b a con-
dutor of ele@ricity, by bringing a red hot iron poker, But for
2 toment, within three or four inches of a fimall elecuified
Bodys when'it would be perceived, that its eleciric power would
be alinoft, if not intircly deftroyeds and by bringing excited
amber within an inch of the flame of a'candle; when it would
Tofe its cleétricity before it had acquired any fenfible degree of
heat,

‘To confirm this, he mentions ‘his ‘having obferved, that the
tourmalin, Bfafil topaz, ‘and Brafil emerald, would give much
frronger figns of ele@ricity when cooling, after they had been
held about a minute within two inches of an almoft furrounding
fire, where the air is @ eoriducor, then they ever will after hex-
ing them in boiling water. *He adds, that if both fides of thofe
ftones be equally heated, in a lefs degree, than will make the
furrounding air a condugor, the eleétricity of each fide, whe-
ther plus or minus, would continue fo all the time the flone wss
both heating and cooling, bat would increafe while it was heat-
ing, and decreafe while it was cooling s whereas, if theheat wos
fufficient to make the furrounding air conduét the electric fuid
from the pofitive fide of the flone to the negative ‘fide of i,
while it was heating, the ele@ricity of each fide would increafe
while the ftone was cooling, and be contrary. to: what it was
‘while the ftone was heating..

As
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As to the tobacco pipe, Mr. Canton fays, that it not only
attradls the moifture of the air, but abforbs it. - Hence a tobac-
co pipes after it begins to cool, will become a conduclor again
fooner than wood. ~ And that it imbibes moifture fafter than
wood, he fays, is evident, becaufe when wetted, it will not con=
wet folong as wood, imbibing the moifture prefently.

Tras tobacco pipe docs not become a conductor by a particu=
ar degree of heat, without cvaporating its moifture, is cyidenty
he fiys, from the following experiments.

length, be made red hot, without fenfibly heating
, this pipe will prove a ready condutlor; through
the hot air furrounding one part of it, and the moifture contain=
the other, although fome part of it mutt haye the degree
it of 2 non-conductor.  But if the whole pipe be made, red
Tot, and fuffered to cool ill it has only fuperficial moifture

enough to make it 3 good conductor, and then three or four
ind ne end be again made hot, it will become a non-
con

b

m\ be placedat, or near each end ofalongith (ol picce of
abforbent bodiss above-mentioned, o s the point of
#;f m&y bo about half the thicknels of the body yithinits
this body, by heat, may be made a non-conducor ex-

o chcially, while it remains a good conductor inter=
@ric fuid will readily pafs from one nail to the
h the middle of the body, when it will not pafs on
e, and even when the nternal parts of the body are in an
e of heat with the external, as they muft foon be af-
cool. But if the fame body be expoled, for 2
ceater degree of heat than before, or if it be
. Ggz kept
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kept fonger in the fame heat, it will become a non-condudor
intirely, *

Mx. Dexavax, in confirmation of particular bodies requiring
particular degrees of heat to render them eleétric or non-electric,
independant of moifture, mentions a fubftance which, he fays, is
affected by heat in an oppofite manner to the former inftances;
fince the'degrees of heat, neceflary to render the other fubftances
ele@ric, makes this non-cleéric.

Tt fubftance was #land chryfial (which is well known for its
fingtlar property of a double refraction) on a picce of which he
miade the following obfervations. 1. After this picce of chryful
had been rubbed, when the heat of the air was moderate, it (hoy-
ed figns of cledtricity, though not very ftrong ones. 2. If the
heat was increafed, o as to be a little greater than that of the
hand, it deftroyed its ele@ric power intirely. 3. By cooling the
flone again, the ele@ric power was reftored.

He immerfed this picce of chryftal into a veffel filled with

quickfilver, and furrouded with ice, where it remained near two
hours, when the weather was very cold ;. and obferved, tha,
upon taking it out with a pair of tongs (that it might not be
altered by the heat of his hands) and rubbing it again, it was
more ftrongly electric then he had at any other time expericn-
ced; but that, on placing it a few minates upon the hearth, at
fome diftance from the firc, its cle@iric property was again de-
ftroyed, for that rubbing would not occafion any figns of it.
“ Tuus, fays he, we fee two different kinds of fixed bodics,
the on of which ‘acquires an ele@ric property with the fame
heat with which another lIofes it; while a third fet of fubftances,
as glafs, &c. retain their eledricity through both the degrees of
heat neceffary to the other two.

* Phil. Tranf. Vol. 52, pt. 2. p. 459-
SoME
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©'Soms picces of ifland chryfal, which he had procured from
different places, had not the property of lofing their electricity
by a moderate heat, ' He had, in particular, a picce of that
chryftal, one part of which, when greatly heated, became non-
eleétric, while the other part, with the fame heat,  or even with
‘2 much greatér oné, 'remained perfeétly electric.

* Hg found feveral other earthy fubftances,  whofe electricity
was deftroyed by different degrees of heat.

I Fros confidering that the degree of heat, at which the ifland
‘chryftal firft mentioned was in its ‘moft perfect clectric flate,
Swas lefs than the ufual heat of the air, and that a fmall increafe
‘of that heat rendered it non-electric ;- he did not think it impro+
bable, that many {ubftances, which are not known to be elettric,
might prove fo, if expofed to a greater degree of cold then they
have been hitherto examined in. *

To thefe obfervations Mr. Canton replics, that having form-=
ey obferved that the friction between merciry and glafs in
Vaeuo would not only produce  the light of ele@ricity, as in the
luminous barometer, or within an evacuated glafs ball, but would
dfo ele@rify the glafs on the outfide, he immerged a picce of
dry glafs in a bafon of mercury; and found, that by taking it
i ‘mercury was clectrificd minus, and the glafs eleGrified
plusy to @ confiderable degree. He alfo found, that amber,
o ‘and ifland chryftal, when taken out of mercury,
rified pofitively. How then, fays he, does it ap-
it the clediricity which was obferved in rubbing thelaft
{@l&nce, after it was taken out of mercury furround-

ving to cold, and not to the friction between it
in taking it out. Ifland chryftal when warm is

, Vol. 52. Pl 1 ssh &6 fIb Vol sapnzp 6re
! a non=

I

UVYA.BHSC



230 Mgr. CANTON’s EXPERIMENTS on Parr1,

a ducor, and all may be excited with
proper rubbers. *

M. Bsronan of Upfal, in a letter to Mr. Wilfon, read o
the Royal Society April the 14th. 1761, fays, that he had tried
the experiments of Mr. Delaval with ifland chryflal, but that
the event had always been contrary o what Mr. Delaval had
reported. Trying different pices of chryftal, he found one
which inftead of having its virtueincreafed by cooling, was fen-
fibly increafed by heating. Afterwards trying all the reft which
he had by him, whether Swedifh chryftal, or ifland, he found
the effet to be the fame. From this he inferred, that the
chryftals which he had were of a quite different kind from thit
of Mr. Delaval.

® Phil. Traaf, Vol 52.pt. 2. p. 461+ I, Vol 53,pt. 1. p. 8.

SERCIT 1 0 N
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SECTION Vi

2ol
e e

ANTON's EXPERIMENTS AND DISCOVERIES RELATING
opizs » IN BLECTRIC ATMOSPHERES, WiTit
GE DISCOVERIES OF OTHERS, MADE BY PURSUING THEM.

feltion T (hall prefent my reader with the fineft feries
eximents that the whole hiftory of clediricity can exhic
$in which we fhall fee difplayed the genius and addrefs
of the moft eminent clectricians in this whole period 5
ton, and Dr. Franklin, Englithmen; and Mr.
'tﬁ}i”ﬂpmus, forcigners.  Mr. Canton had the honour
, and he made all the effential cxperiments.
profefledly purfued them ; and though'all ks
iux forth on this occafion, he diverfified the expe-
¢ fome improvement in the method of account-
ut Mr. Wilcke and Epinus in conjuncion
ents vaflly farther, and completed the difco-
certainly, one of the greateft that has been made
Dr. Franklin. T fay the time of Dr. Franklin,
one of the perfons concerned; for by rh
 will always be underftood the time in which
difcoverics in Ametica.  This will always
cha in the hiftory of clediricity,  from
ifcoveries will be dated.

Tuz
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Tae original experiments in this fection, when Mr. Canton
firft publifhed them, in his ufual concife, though perfpicuons
manner, without any preamble, to inform us how he was led to
them, exhibit fuch a variety of attra&ionsand repulfions of clec-
trified bodies in different circumftances, as looked like the power
of magic; and were they condugted with a litdle art, I do not
know any ele@rical experiments (made without light, or noift)
more proper for a deception of this kind. But when they arc -
tentively confidered, they demonftrate a remarkable property of
all elecrified bodies, which has often been referred to in the
courfe of this hiftory, but which had not been attended to before;
nor indeed do I apprehend it was fully underftood, till it was ex-
plained in all its extent by Mr. Wilcke and Apinus. It is, thit
the electric fluid, when there is a redundancy of it in any b
repels the eleéiric fluid, in any other body, when they are bro
within the fphere of each other’s influence, and drives it into the
remote pasts of the body; or quite outof it, if there be any out-
fet for that purpofe. In other words, bodies immerged in ¢!
tric atmofpheres always become poficfied of the ele@ricity, <
trary to that of the body, in whofe atmofphere they are immerg-
ed. This principle purfued led them to the method of charging
a plate of air, like a plate of glafs, and to make the moft perfet
jimitation of the phenomena of thunder and lightning.

Tue paper containing an account of Mr. Canton’s experiments
was read at the Royal Society December the 6th. 1753.

Mgr. Canton fufpended 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 i
parated 5 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 wosld

feparate;

oght

¢
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feparate 5 though when the tube was withdrawn, they continued
feparate for fome time.

As the balls in the former of thefe experiments were not in-
fulated, Mr. Canton obferves, that they could not properly be
faid to be eletrified ; but that when they hung within the atx
mofphere of the excited tube, they ‘might attract and condenfe
the ele@ric fluid round about them, and be feparated by the
repulfion of its particles. He conjectures alfo, that the balls,
at this time, contain lefs than their common thare of the elec-
“tric fluid, on account of the repelling power of that which
fufrounds 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 ex~
‘periment muft be in a mach more denfe part of the atmofphere
of the tube before they will repel cach other. He adds, that
¢ the approach of an cxcited ftick of wax to the balls, in the
experiment, the electric fire is fuppofed to come through
the threads into the balls, and to be condenfed there, in its
paflage’ towards the wax; fince, according to- Dr. Franklin,
Wbmm the ‘ele@ric fluid, and excited wax receives

balls, fufpended by Tinen threads upon an infii-
tbe, were clecirified pofitively, and had feparated ;
, that the approach of the excited tube would make
rer together s if brought to a certain diftance,
and if brought nearer, they would feparate

the tube, they would approach each other,

ed, "and then repel as at firft.  If the tin tabe was

¢ the wire of a charged phial;  the ‘balls

¢ fame manner at the approach of excited
Hh

wax,
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wax, or the wire of the phial. ~ If the cork balls were elecrified
by glafs, their repulfion would be increafed at-the approach of
an ‘excited ftick of wax. And the effeé would be the fame, if
the excited glas was brought towards them, when they had becn
eletrificd by wax.

Tz bringing the excited glafs to-the end, or edge of the tin
tube, in the former of thefe experiments, -is by Mr. Cantoy
fappofed to eletiify it pofitively, or to /add:to the ele@iric fir
it before contained ;- and therefore fome will be running off
through the balls, ‘and they will-repel cach other. But at the
approach of excited glafs, which likewife emits the eleric fluid,
the diftharge of it from the balls will ‘be diminifhed, or part
will be driven back, by a force a&ing in a contrary ‘diretion,
and they will come nearer together.  If the tabe be held 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 aboye the
common quantity contained in cork, their repulfion will be quite
deftroyed.  Butif the tube be, brought nearer,: the fluid without
being more denfe than that within the balls, it will be attracted
by them, and they will recede from each other again.

Mg. Caxroy farther obferves, that when the apparatus his
1oft part of its natural ftore of this fluid,’ by the approach of cx-
cited wax to onc end of it, or is elecrified negatively, the elec-
tric fire is attrated and imbibed by the balls, to fupply the de-
ficiency ; and.that'more. plentifully at the approach of excited
glafs, or a body pofitively elecirified, than before ; whence the
diftance between the ballswill: be: increafed, - as the fluid fur-
rounding them is augmented. And,-in gereral, whether by
the approach or recefs of any: body, “if: the difference; between
the denfity of the internaland external fluid -be -increaed, of

diminifhed;
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giminitheds the repulfion of the balls will be increafcd, or di=
minihed accordingly.

He obferved, that when the infulated tin tube was not elec-
trified, 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 approach each other till they toucha
ed; and, feparating again, as the tube was removed farther,
would continue to repel when the tube was taken quite away.
“This laft repulfion would be increafed by the approach of ex-
cited glafs, and diminithed by that of excited wax ; juft as if the
apparatus had been electrified by wax, after the manaer deferibed
in the laft experiment.

‘He infulated two tin tubes, which may be diftinguifhed by
calling them A and B, fo as to be in a line with each other,
and half ‘an inch afunder, and at the remote end of cach fuf:
pended a pair of cork balls. Then, upon bringing the excited
glafs tube towards the middle of A, and holding it a thort time

{ Mxm of a few inches, he obferved each pair of balls to
\Upon withdrawing the tube, the balls of A would
Wer, and then repel cach other again, but thofe of B
would hardly be affected. By the approach of excited glafs the
on of ithe: balls of A would 'be increafed, and thofe of B

of thefe experiments, Mr. Canton fuppofes the
ck-of ele@ric matter in the tin tube to be attenuated
dle, and to be condenfed at the ends, by the re<
of the atmofphere of the excited glafs tube, when
" ® Phil, Toaaf V. 48, pt.1. p. 350.

Hha held
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held near it. ~ And perhaps, he fays, the tin tube may lofe fome
of its natural quantity of the eleric fluid before 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 withdrawn, and the fiuid is again equally
diffufed through the apparatus, it is found to be elecrified ne-
gatively; fince excited glafs brought under the balls will increaf;
their repulfion.

In the latter of the experiments, Mr. Canton fuppofes that
part of the fluid driven out of one tin tube enters the other,
which is found to be cleérified pofitively, by the decreafing of
the repulfion of its balls at the approach of excited glafs.

It will readily be feen that, at the time thefe experiments
were made, Mr. Canton retained the common idea of eleclric
atmofpheres ; whereas it will appear by the experiments of Mr.
Wilcke and Zpinus (which in faé contain nothing more than
thofe of Mr Canton) that they tend to refute the common opi-
nion, and are much eafier explained upon the fuppofition, that
the portion of fluid belonging to any electrified body is conftantly
held in conta@, or very nearly in contad, with the body;
but a@ts upon the ele@ricity of other bodics at a certain diftance.

Dr. FrRaNkLin purfued, or rather diverfified the experiments
of Mr. Canton, but retaining, likewife, the common opinicn
of ele@ric atmofpheres, he thought that the phenomena were
more cafily explained upon the fuppofition, that thefe atmof-
pheres, being brought near each other, did not eafily mix, and
unite into one atmofphere, but remained feparate,-and repelled
each other ; and moreover, that an eleric atmofphere; would
not only repel another eleéric atmofphere, but alfo. the eleciric

fluid contained in the fubftance of a body approaching it, and;
Sithout
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without joining ormixing with it, force it into the other parts
of the body that contained it.

Trouos it muft be difficult to affign a reafon why the parti-
clés of one/atmofphere thould repel the particles of another at-
mofphere,: or of the fluid contained in another body with more
force than they repel one another, or the particles of the fluid
contained in the body to which they belong; fince the matter
is the fame in both: yet this idea of the mutual repulfion
of elefiric atmofphercs, could it once be fuppofed, will certain=
Iy and clearly account for all the facts ; and the theory pleafes on
account of its fimplicity. But the fame appearances will be
accounted for, in a manner as fimple and. intelligible, upon the
fuppolition, that the portion of electric fluid belonging to cach
Body, being firongly attratied by the body, is held in clofe con-
ta with it but that it acts by repulfion upon the electric fluid
belonging to other bodics, at a diftance from them; and that
fluid doth not actually pafs out of one body into ano-
have firft repelled the fluid out of the other body,
and then be more ftrongly attracted by the other body, than by
its own 3 which has already got more than its natural thare.

Tue paper containing an account of thefe experiments of Dr.
Franklin was read at the Royal Society December the 18th. 1755.
H!np 15, was different from that of Mr. Cantan, but fill

the fame cffets procecding from the fame caufe.
la taffel of fftcen or twenty threads, cach three inches
d of his prime condutor, which was five feet
es in diameter, fupported by filk lines. The
tle damp, but not wet.

ftances, an excited tube brought near the end
duor, oppofite to the threads, {0 as to give it
2 ’ fome
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fome fparks, made the threads diverge, éachi thread having there:
by acquired its feparate cleGtric atmofphiere:

1N this ffate, the approach of the excited tube, without giv-
ing any fparks, made the threadls diverge more; but, being
{vithdrawn, they clofed as much; the atmofphere of the con:
duor being driven by that of the tube into the threads; and re-
turning again upon withdrawifig the tabe, which had then let
fo part of its atmofpheré behind it.

Tue excited tube brought under the diverging threads made
them clofe a little, having driven part of their atmofpheres ints
the conduétor. Upon being withdrawn, they diverged as much;
that portion of their atmofpheres which they had loft returning
4gain from the conduétor, and the tube having lefe no pat of
its own.

The excited tube, held at the diftance of five or fix inches
from the end of the conductor oppofite to the threads, made then
fepardte, and, upon being withdrawn, they came together ag
but if, in their flate of feparation, a fpark was taken from the

* conduor near them, they would clofe ; and, upon removing the
tube, would feparate. The tube, in both cafes, left no part o
its atmofphere behind it. Tt only drove the natural quan
eledtricity contained in the conduGor towards the ‘threads 5
part of that being taken away by the fpark, ‘the tube would leare
the conduor and threads negative, in which cafe, they would
repel one another, ‘as if they had been ele@rified pofitively.

T this fituation, if the excited tube was brought near the
condu@or, they would clofe again ; the atmofphere of the tube
forcing that of the condudor into the threads, to fupply the
place of ‘whiat they had loft : but, upon withdrawing the tube,
they would open again'; the tube, as before, taking its whole
atimofphere away with it. - When the ¢xcited tube was brought

under

UVVA.BHSC



Per, X. Sec. V. (on ELECTRIC ATMOSPHERES. 239

under the thieads, diverging with negative ele€tricity, they di-
verged mores; the atmofphoreof-the tube driving away more of
‘M,lﬁhp{pbﬁq!,pf the threads, and giving them none in its
place.
uLMmathe‘Dué‘tw brought the excited tube near the prime
condugor, when ‘it ‘was not eleirified; and when the threads
were, thereby, made to diverge, he brought his finger near
them s and obferved, that they receded fromit. This appearance
had been taken notice of by Mr. Hawkefbee, and others.  Dr.
Franklin accounts for it by fuppofing, -that when his finger was
plungedinto the atmofphere of the glafs tube,  part of its natural
eletricity was driven back, through his hand and body, {0 as to
Teave the finger negatively electrified, as well as the threads; in
‘which cafe they muft neceffarily repel one another.  To confirin
this hypothefis, he held a flender lock of cotton, :two_or three
inches long, 'near the prime conductor, - elerificd by excited
glafs, which made the cotton firetch itfelf towards the conduc-
tors and obferved, that, in this flate, it would recede from the
‘his other hand, at the fame time that it was attragted
by a wire of a botle charged pofitively. *

experiments of - Dr. Franklin, made in purfuance of
‘Canton, were confirmed, as I obfcrved before, and

fasther by Mr. Wilcke and Apinus.
_obferves, that a finall. body immerged in any
iere, iff it be touched by no other body, and
before:it be repelled, fearce ever fhows any fign
iif any, it is of the fame kind with that of the
atmofphere it was plunged. - If an
ith-the ground, h\: ‘brought to this li
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while it remains immerged in'the atmofphere of the electrificd
body, it is firft attra&ed, and then repelled by it.' If a point be
prefented to this light body, and afterwards withdrawn, it will
be found to have acquired an elecricity oppofite to that of the
elecrificd body. From this he concludes, that parts' of non-
elecric bodies, plunged in cleric atmofpheres, acquire an e
lericity oppofite to that of the atmofphere in which they were
plunged. *

He placed two large infulated conductors with their ends op-
pofite to one another, and a cork ball fufpended on filk between
them ; and obferved, that, upon the application’of the excited
glafs tube to one end of cither of them, ' the cork: ball would
play between them very faft 5 and if the tube were held a while
at the fame diftance, would be at reft. Upon :withdrawing the
tube, the motion of the cork ball began again, and, at length,
ceafed gradually as 'before. “If the: condutors were removed
from one another, while they were within the atmofphere of the
tube, they would, upon being brought together agam, gives
fpark.  This experiment confirmed the that the

part of a body which is immerged in the atmofphere of an clec-

trified body acquites the contrary eleGricity. -

Bur the moft complete demonfiration of this general masin
is an experiment of /Epinus. He placed a fmall weight upon
oneend of a large metallic condudtor, and, by means'of a fik
fring, removed it from the condutor, while the end on which
it refted was immerged in the atmofphere of an ele@rified body;
and found that it had adtually acquired a different cleclii-
“city from that of theatmofphere. If the end of the conduclor,
-opyoﬁte to that en which the moveable weight was placed, wes

* Wilcke, p. 77. ot Ibp. 78, i
made
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imade to.communicate with the earth,’ fll that part of it which
was near the excited cleric was affeted with the oppofite clec-
tricity.  Placing the moveable weight on ‘the oppofite end of
the conduor, when it was infulated, he found thatit had fome-
times acquired an clericity contrary to thatof the excited clece
tric, fometimes the fame ele&ricity, though weak, and fomes
imes no cle@ricity at all. *

‘s fame ingenious philofopher confidered that the fame
principle muft extend to glafs, and all other ele@rics; fince they,
as well a5 condufors, contain a certain quantity of the eleétric
fiuid, in their natural flate,  To verify this, he took a glafs tube,
and ele@rified one end of it pofitively. The confequence: 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 re-
peated very often with the fame fucces; a5 alfo when, inftead.
‘of glafé, he'ufed'a folid ftick of fulphur.  To  account for this
fa, he fuppofed, that the elericity communicated to the end
of the tube repelled the natural quantity of the fluid in the glafs
mm ‘This natural quantity retiring from its former
ppofes’ to  become condenfed, and
n ‘quantity of the fluid natural to the glafs from
and that thus the whole rod would be alternately po-

ive. . The author afferts,  that it was from theory
sled to this curios cxperiment, the fact exadly
to what he had before deduced, as the neceffary
Franklin's principles of negative and pofi-

aboves
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above-mentioned of Mr: Wilcke ;' andithefe gentlemen, refiding
at the fame time at Berlin, ~purfued thefe curious experiments
joinely,  till they were led by.them. to difcover a method of
charging @ 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 Leyden experiment. .

In the ab thef obferv-
ed, that the negative flate ofone of the bodies depended on the
oppofite ftate of the otlier, which was known to be exadly the
cafe of the two. fides of a charged panc of glafs 5 and the reafon
of the nion-communication’ of the fame elericity was evidently
the impermeability  of the glafs.to the. eleéric fluid in the one
cafe, and the impermeability of the air in the other.. Upon this
hint, they made feveral attempts to give the elecric fhock by
means of air; and at length fucceeded, by fufpending large
boards of wood covered With tin, with: the flat fides parallel o
one ariother, and at fome inches afander. + For they.found, thit
upon clettrifying one of the boards pofitively, the. other was il-
ways niegative, agreeable to the former experiment ; but the di-
covery was made complete-and indifputable by a perfon’s touch-
ing one of the plates with one hand, and bringing his other hani
to the other plates for he then recéived afhock thrdugh his body,
exa@ly like that of the Leyden experiment. #

With this plate of air, as we may call it, they made a varicty
of ‘curious experiments.. The twoimetal plates, being!in oppofic
fiates, ftrongly attrated one another, and  would -have rufhed
together, if they had not been kept afunder by firings: - Some-
times the elegtricity of both would be difcharged by a ftrong
fpark between them, as when a, pane of. glafs. burfts with, too

* Wilcke, p. 97«
#4 great
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great nc‘lmgea A finger put between them promoted the dif-
charge, and felt.the hock. ~If an eminence was made on cither
,m.,?ummc felf difcharge would always be made through
it, and a pointed body fixed upon cither of them it
‘being charged at all.

- Ta flate of thefe two plates, they excellently ob(crv:, Juitly
reprefents the flate of the clouds and the carth during s thunder
{iotm 3. the clouds being ‘always. in one fiate, and the carth in
the oppofite; while the body of air between them anfwers the:
fame purpofe as the fmall plate of air between the boards, or the
plate.of glafs between the-two metal coatings in the Leyden ex~
‘pesiment. . The phenomenon of lightning is the burfling of the
plateofaic by,a fpontancous, difcharge, which s always made
through eminences, and the bodies through which the difcharge
madw:okmly fhocked. *

: inciple, they likewife thought, would explain an ob<
fervation of the Abbé Nollet, that eleckricity was often obierved
“to be peculiarly firong, when the toom was full of company,
‘and more pasticularly, when numbers of them drew near toge-
ther, o fee the experiments.  The conducor: was then in one
fatey and the company in another 5 fo that, conflitating  large

wwhen any of them took a fpark, as he thereby difcharged
g of all the company, he would fecl it more fenfibly
had ftood fingle.
difeovery, of the method of giving the clectric fhock by
of a plate of air, may be reckoned one of the greateft dil-

cience of elecricity fince thofe of Dr. Franklin.
to obferve how this fine difcovery took its rife
ients of Mr. Canton. Mr. Canton's experisacnts

* Wilcke, p. tor. 1o, p. 96, &c.
Liz were
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were purfued by Dr. Franklin, and thofe of Dr. Franklin pur.
fued by thefe” gentlemen produced the difecoverys It is one
and the fame principle that, in different circumftances, dccounts
for this beautiful feries of experiments.

Tars experiment of charging a plate of air is likewife' related

by Mpinus, who fays that he was led to- the difcovery, by rea-
foning from the confequencesof Dr. Franklin's theory.
i Frou thefo experiments he was ‘alfoled to form a more dif.
tiné idea of the impermeability of glafs to the electric fluid.
For finee a plate of air might be charged as well as a plate of
glafs, that property, whatever it be; muft be common to them
both s and could not, as Dr. Franklin once fuppofed, be any
thing peculiar to the internal firu@ure of gla. Impermeability,
he, therefore, infers, muft be common to all elecrics; and
fince they can all receive elecricity by communication o a cer-
tain degree, it muft confilt in the difficulty and flownefs with
which the ele@ric fluid moves in their pores whereas, in pere
fect it meets with no ion at all. *

Ir was chiefly this courfe of experiments, alfo, that led Mr.
EEpinus to deny the exiftence of cle@ric atmofpheres, confifl-
ing of effluvia from ele@rified 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. Franklin himfelf.
Though the common opinion, he fays, is by no moans counte-
nanced by the general principles of his theory, which fuppofe
the clecric fluid to move with difficulty through every elec-
tric fubftance like the air.

To thofe who might fay, that an ele@ric atmofphere is 3

* Zpini Teatamen, p. 62
thing
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thing obvious o the fenfes, ‘and no matter of theory ; fince it
may be felt Jike a fpider's web  upon the hands or face; he re-
plies, ¢hat this feeling, together with the fulphurcous fmell of
ele@rified bodies, arc only fenfations excited by the action of
the fluid in the cle@rified bodies upon the eleric fluid in the
softsils, or the hand 5 or upon thofe parts of the body them-
felves in an unelecrified ftate ; and that they ace not felt by a
perfon who is not poffefled of the fame kind and degree of clec~
tricity.

* 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 ation of
the ele@ricity belonging to any body. Or, he fays, the neigh~
bouring air, which is electrificd by it, may be fo called.

“Bur that thefe atmofpheres have little effect in elecrical ex-
periments, e fays, is evident from this circumftance ; that if
itbeblown upon with a pair of bellows, the ele@ricity of the
body which it furrounds is not fenfibly diminithed. The elec~
tric fluid, he fuppofes, to refide wholly in the eleGrified body,
and from thence to exert its attraction or repulfion to a certain
diftance, *

Tk fubject of elecric atmofpheres had not efcaped the at-
tention of the accurate Signior Beccaria, who was probably prior
to Apinus in fuppofing, that clectrified bodies have no other

the electricity i to the neighb:
| which goes with the air, and not with the eleGri~
agreeable o that curious difcovery of bis mentioned
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proves, that all the ele@ricity communicated to any body ad-
‘heres to-its furface, -and-does not fpread-into-the-air. He clec-
trified a large conductor of gilt paper, in which the gilding was,
in feveral places, taken off quite round ;1 and obferved thet
whenever he difcharged it, by taking a fpak at the end, other
fparks were vifible' 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 leat,
might have done, if it had lodged. there, *

It is now alfo Mr. Canton’s opinion, that ele@ric atmol-
pheres are not made of effluvia from excited or electrified bodics,
but that they are only an alteration of the ftate of the electric
fuid contained in, or belonging to the air furrounding them,
a certain diftance; that excited glafs, for inftance, repels the
cle@ric fluid from it, and confequently, beyond that diftance
makes it more denfe ; whereas excited wax attracts the electric
fluid exifting in the air nearer to it, making it rarer than it was
before.

. Trs will be beft under(tood by a figure. Let A [PL 1. fig. 1]
reprefent unexcited glafs or wax, B excited glafs, and C excitel
wax ; and let the dots on each fide of A reprefent a_line of
particles of the electric fluid at thcir proper iftance in a nawrl
Ttate. / it

LeT B and C be carried ;bo%t where you will in the air, B will

' make 2n atmofphere equallydente, and C anatmofphere equally
| rare, while the quantity of th cleéic fluid each of them con-.
' tains is the fame as at firft. When any part of a condulr
| comes within the atmofphere of B, the eleétric fluid it natweilly
" contains will repelled by the denfe atmofphere, and will -

cede
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cede from it.. Butif any part of a condu@or be brought within
the atmofphere of C, -the cleric fluid it naturally contains will
be attracted by the fare atmofphere, and move towardsit. ~ And
thus may the eletric fuid contained in any body" be ‘condenfed
o rarified 5 and if the body be a conductor, it may be condenfed
or rarified i any part of it, and fome may be cafly drawn out
of, or an additional quantity put into it.

Tr was obferved before, that an cxperiment of Dr. Franklin
which he thought proves that cleftric atmofpheres did not cx-
clude the sir, might juftly make us fafpect the exiftence of thofe
atmofpheres, fince the eleétric matter is known to repel the air.
Another experiment of the fame nature was made by Dr. Darwin
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 had inverted it, and dipped
a confiderable part of it in a veflel containing oil of trpentine,
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 eletric atmofphere, flowing round the wire and the
coating of the tube, above the oil, did not difplace the air, but
exifted in its pores. ®

AN experiment fimilar to that of Dr. Franklin and that of Dr.
Darwin was made by Signior Beccaria.  He took a coated phial,
and when he had inferted into it a fmall glats tube, bent hori-
zontally when it came out of the phial ; he clofed it with cement,
and prefented light afhes to the extremity of the tube, the orifice
of which was very fine ; and always found, that the afhes were
blown off, when a fpark: was taken into the phial, but they re-

5 * Phil. Tranf. Vol. 50. pt. ©. p, 31, .
EOITO W piged

VYA.BHSC



248 Mgr. SYMMER's EXPERIMENTS Part IL

turned towards the end of the tube afterwards. * It is probable,
that the metal not being fufficiently in contact with the infide
coating, a fpark was made in the infide, which expelled the air,
and caufed the motion in the afhes.  The faireft method of try-
ing it would be with a phial, in which the metal that received
the fire from the conduétor, fhould bea production of the inward
coating,

© Lettere dlt cletrcifmo, p. 793

SECTION
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Tue firft fet of his experiments are very remarkable, but he
does little more than relate naked fa@ts. They were diverfified,
and purfued much farther by Johannes Francifcus 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 experiments are more
entertaining than the firft of thefe of Mr. Symmers. the fubfe~
quent experiments are lefs fatisfaltory. The papers relating to
them all were read at the Royal Society in the year 1759, *

Tuxs gentleman had for fome time obferved, that upon put-
ting off his ftockings, in an evening, they made a crackling or
fnapping noife, and that, in the dark, he could perceive them
to emit fparks of fire. He had no doubt but that this. proceeded
from the principle of elediricity, and, after a great number of
obfervations, to determine on what circumftances thofe ftrong
ele@irical appearances depended ; he found, at length, that it
was the combination of white and black that produced the elec-
tricity ; and that the appearances were the firongeft when he
wore a white and ‘black filk ‘flocking’ upon the fame leg.
Thefe, however, difcovered no fign of clectricity while they
were upon the leg, or hand (for he found that his hand was
fufficient) though they were drawn backwards and forwards
upon it feveral times. Nor when taken from the hand, and
prefented to an clectrometer (i. ¢. Mr.' Canton’s ‘balls) did they
appear to have acquired-any more ‘than a very finall degree of

* Phil. Tran, Vol. 1. pt. 1. p. 340, + The ABbé Nollet, in repeating thefe
‘experiments of Mr. Symmer, found, that it was not abflutely neceffary, that one of the
fockings fhould be black, for that, if one of them was orily dipped-in adecodtion of gill-
muts, which doth not dye them black, butis only a prepacative  to it, it would have e
famegfed. Nollev's Letuzs, Vol. 3. p. 42.

elecricity ;
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de@vicity 5 but the moment they were feparated,  they were
found, both of them, to be highly cledrified, the white pofi-
sively, and the black negatively.

Bown the ftockings, when held at a diftance from one another,

appeated inflated to fach a degree, that, when highly elutirified,
heyrexhibited the intire fhape of the legs and when two black,
o two white ftockings were held together, they would repel one
anothery foas €0 form an angle, feemingly, of thirty or thirty
five degrees.
. Wann & white or black flocking were prefented to eacly
others  they would be mutually' attracted; and, if permitted,
would rufh together with furprifing violence. I their approach)
their inflation gradually fubfided, and their attraction of foreign
objedts diminithed, but their actraction of one another increafed.
When they actually met, they grew flat, and joined as clofe to-
gethet, ‘a6 if they had been o many folds of k. When they
were feparated, their electricity did not feem to have been in.
the leaft impaired by the fhock of meeting; for they would be
Igun inflated, attrat, repel, and rufh together es before.

e this experiment was performed with two black ftock-
mgmfnue hand, and two white ones in the other, it exhibit-
«d a curious fpectacle. The repulfion of thofe of the fame colour
and the attraction of thofe of different colours, threw them into
an agitation which was not unentertaining, and made them
catch each at the oppofite colour, at a greater diftance than
could have been expected.

- Waen the ftockings were feparated from one another, they

would lofe their power very foon, much like the excited tube;
but when they were together, they would retain it an hour or
Mn« wngu, if the air was favourable to cle@ricity. The
lic point could not deprive them of it ; and when

: S 39 they
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they weré one within the other, 'no. means he could think of
could procure. the leaft perceivable difcharge of the ele@ricity. Tn
this refpect, Mr. Symmer thought there was a ‘confiderable re-
femblance between the'black and the white ftocking, when put
within one another, and the Leyden phial.

‘Wi ar-was ftill more remarkable  in thefe experimbents with
the white and black ftockings, was'the power of elerical cohe-
fion which  they exhibited. = Mr. Symmer perceived: that the
white and black flockings, when elerified, and allowed-to
come together, not only joined extremely clofe; buta&ually ftuck
to each other: By means of'a balance; he found, that'in order
to feparate them; it required from one to twelve ounces. - Ano-
ther time they raifed venteen ounces which, ‘was twenty times
the weight of that ftocking which fupported them, and this in 2
diretion, parallel torits furface.

‘Wex one of the ftockings was turned infide out, and put.
within the other, it required twenty ounces to feparate them,
though when they were applicd to each other externally, ten
ounces were fufficient..

GeTTING the black ftockings new dyed, jand the white ones
wathed, and whitened in the fames of fulphur; and then putting
them one within the other, with their rough fides together, it
required three pounds three ounces to feparate them. Ard he
had reafon to think that the falphur contributed nothing to the
cxperiment. 3

TryING this experiment with fockings of a more fubftantial.
-make, he found the cffects more confidecable. - When the white
ftocking was put within the black one, fo-that the outfide of the
white was contiguous to.the infide of the black, they raifed nine
pounds wanting a few onnces, which was fifty times the weight
of the flocking.  When the white ftocking was. turned infide

out,,
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outy and put within the black one, £ that their rough furfaces
swere contiguous, they raifed fiftcen pounds one pennyweight and
a half, which was ninety two times the weight of the ftocking.
" Havine cut off the ends of the thread, and the tufts of filk,
which had been left in the infide of the ftackings, the cohelion.
ywas confiderably diminithed.  Prefling them together between
his hands contributed much to frengthen it. *
 Waies the white and black focking were in cohefion, and
another pair, more highly electrified, were feparated  from one
another, and prefented to the former, their cohefion. would be
diffolyed 5 and each focking of the fecond pair would catch. hold
of, and carry away with it, that of its oppofite colour. 1f the
degree of elctricity of both pairs were equal, the cohefion of the
former pair would be weakened, but not diffolved ; and all the
four swould cohere, forming one mafs. . If the fecond pair were
bat weakly. eleificd, the cobefion of the firft pair would be but
jile impaied, and the cohetion of the whole mas would be
| in proportion.

Mg, SymyeR allo obferved, that white and black filk, when
ele@irifieds not only cohered with cach other, but would alfo
adhere to bodies with broad, and even with. polithed furfaces,
dhough thofe bodies were not ele@rified. . This he diftovered
accidentally, having, without defign, thrown a flocking out of
hishandy which fuck to the paper hangiogs of the room.. He
sepeated the experiment, and found it would continue hanging
near an hour. -

_Havixo ftuck up the black and white fockings in this man-

, he came with another pait of fockings highly cledificd
‘and applying the white to the black, and the black to the white,

# Phil, Traafs Vol. 51, Pt 1. p-395+
he
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he carried them off from the wall, each of them hanging to thae
which had been brought to it. I

Tue fame experiments held with the painted boards of the
room, and likewife with the looking glafs, to the finooth furface
of which both the white and the black filk appeared to adhere
more tenacioufly than to either of the former. *

A FEW obfervations, fimilar to fome of thefe of Mr. Symmer,
were made by Signior Alifandro Amadeo Vaudonia, a friend of
Signior Beccaria. He put a beaver thirt between two others,
which he wore in extreme cold weather; and whenever he put
off the uppermoft fhirt, which he did every day, he found it,
adhered to the beaver fhirt, and, on the feparation, - electric
fparks were vifible between them. Whenever he put off the
beaver fhirt, it adhered ftill more to the under fhirt, and when
held at a confiderable diftance from it, would rufh to it. Thefe
atteations would be repeated many times, but they grew mor
languid by degrees, till they intirely ceafed.  Signior Beccaria,
upon hearing of this experiment, repeated it with fome variation,
and found it to anfwer on himfelf.4-

Tug cohefion of the two ftockings induced Mr. Symmer to
try the force of cledlrical cohefion in electrified panes of glats.
For this purpofs, he got two pancs of common window glafs,
the thinneft and the fmotheft that he could find, and coated onc
of the fides of each with tinfoil, leaving a fpace uncovered near
the edges. He then put the uncovered fides together, and charg-
ing them both as one pane, he found, as he cxpe@ed, thit
their cohefion was confiderably ftrong ¢ but he had no apparatus
to meafure the ftrength of it.  He then turned the plates upfide
down, and found that the fame operation which had before

 Phil. Tranl Val. 1. pt. 1. p. 366. ¢ Delleletuicifmo arificialey p. 197.
charged
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charged them, did now uncharge them, according to the ano-
logy of the Leyden phial.

Pracine two panes of glafs, each of them coated on both
fides, one upon thic other, he found that they were bothi charg-
ed feparately, and that there was no cohefion between them.

p of thefe i i £Mr. Symmer,
and another made at Pekin (which will be recited prefently)
Sigaior Beccaria made the following, which are very curious 3
but which, after the example of the author, I fhall relate with-
out attempting an explanation.

Havine charged a coated plate of glafs, he flipped the coat-
ing 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 ({0 that the whole refembled
one coated plate, confifting of two Jamine) he formed a commu-~

jcation between the coatings. The was an explo=

fon, and a cohefion of the plates.
“Ir he feparated the plates before the explofion, after they had
been in conjunétion fome time, the charged plate was pofitive
en both fides, and the uncharged plate negative on both fides.
Butif he feparated. them after the explofion, the charged plae
was negative on both fides, and the uncharged plate pofitive, on
 Irafter the explofion he feparated and joined them again al-
temately, a fmall circle of paper, placed under the uncharged
plate, adhered to it upon every feparation, and was thrown off
againupon every conjuncion. This he could repeat even five
| times, with once charging the plate. This was the ex-
 periment that he fays, was made by fome Jefuits at Pekin, in
the 1y 755, and being fent o the academy of fciences at
Petelburgh, was publifhed in their memoirs, Vol. 8. p. 276.
Hicis I

p e,
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Ir, in thefe experiments, ‘the charged plate, was inverted,
and the pofitive fide applied to the uncharged plate, all the ef-
felts were exa@ly the reverfe of the former. I it was inverted
ever fo often, after remaining fome time in conta& with  the
uncharged glaé, it would produce a change in thie elericiry,
In the dark, a light was always feen upon the feparation of thefe
plates. u 4
Lavive the two plates together, like one plate, and coating
the outfides of them, he ‘charged them both together, and, at
the diftance of about four feet, he diftinguithed fix of the cs-
loured rings, which Newton deferibes in his book of Optics, all
parallel to one another, and nearly parallel to the edge of the
coating. At the angles of ‘the coatings the rings fpread to a
greater diftance ; where the coatings did not quite touch the glat,
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 cohe-
fion (which Mr. Symmer had obferved i this cafe) ‘cedfed with
them.

Urox feparating thefe plates before the explofion; that which
had received the pofitive ele@ricity was: pofitive on: both fides,
and the other negative on both fides.  If they ‘were feparated
after the explofion, cach of them (as in the former experiment)
wis affeted in a manner juft the reverfe of this.© ‘Upon invert-
ing thefe plates, that which was the thinner appeared to be pof-
feffed of the fronger eledtricity, and (like: the charged plate in
the former experiment) brouglit the other to correfpond to it.

CHARGING the two plates feparately, and taking  off two of
the coatings, foas to place the two pofitive or the two negative
fides together, there was no cohefion or explofion.: - But joining
a pofitive and a negative fide, they cohered, and a communica-

tion
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tion being formed on the outfide, there was an explofion, which
increafed the cohefion.  Making the above-mentioned experi-
ments with thefe plates, he fays, they aced jufk as the two that
were charged at the fame time. ¥

Mg. Sysmer concludes his account of thefe experiments
with declaring it to be his opinion, that there were two clotric
fuids, or emanations of two diftin ele@ric powers, cfientially
different from each other; that ele@ricity does not confift in the
afflux and efflux of thefe fluids, but in the accamulation of the
one or the other of them in bodies elerified ; or, in other
words, it confifts in the poffeffion of a larger portion of one o
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 oné or the other
manner. . Nor will this principle, fays he, of two diftingt elec-
trical powers be found, upoft due confideration, to difagree with
the general fyftem of nature. It is one of the fundamental Taws
of nature, that aftion and reaction are infeparable and equal ;
and, when we look round, we find that every power whick
exerted in the material world meets with a counteracting power,
\which controuls and regulates its effects, fo as to anfiver the wife
urpofes of providence. -

Mr. Sy alfo alledges, in proof of his two diftinct pow-
mof’ieamuy, the experiment which Dr. Franklin has related,
of piercing a quire of paper withan electric thock. He thought
that ;u‘b.r:bmh was raifed on both fides of the paper was
produced by two fluids, moving in two different directions.  To

fhow the manner in which this firbke was made more cvidently,

Tran. Vol. 57 p. 458, Ib, Vol. 51, pt. 1. . 389
: L1 “
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he mentions two other fimilar experiments, in which the cic-
cumftances of the ftroke were a little varied.

A precs of paper, covered on one fide with Dutch gilding,
and which had been left accidentally between two leaves, ina
quire of paper in which the former experiment had been made,
was found to have the imprefiion of two firokes upon it, about
a quarter of an inch from cach other;  the gilding being ftripped
off, and the paper left bare for a little fpace in both places. In
the center of one of thefe places was a little round hole, in the
other only an indenture or impreffion, fuch as might have becn
made with the point of a bodkin.

Tuese obfervations Mr. Symmer communicated to Dr.
Franklin, who, notwithftanding Mr. Symmer was endeavouring
to cftablifh a theory of elericity contrary to his own, with the
generofity natural to him, affifted him with his ‘apparatus in
making another experiment in purfuance of that mentioned
abave.

Ix the middle of a paper book, of the thicknefs of a quire,
Mr. Symmer put a flip of tinfoil 5 and in another, of the fame
thicknes, he put two. flips of the fame fort of foil, including
the two middle leaves of the book between them. Upon ftrik-
ing the two different books, the effets were anfierable to what
he expected. In the firft, the leaves on each fide of the foil were
pierced, while the foil itfelf remained unpierced; but, at the
the fame time, he could perceive an. impreflion had been made
on each of its furfaces, ata little diftance from one another ; and
fuch impreflions were flill more vifible on the paper, and might
be traced, as pointing different ways.  In the fecond, all the
Teaves of the book were pierced, excepting the two that were be-
tween the flips of foil ; and in thefe two, inftead of holes, the
two impreflions in contrary directions were vifible.

Mz.
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Mg, SyaMER afterwards got an ele@rical apparatus of his
own, formed on the model of that of Dr. Franklin, with which
1y repeated the exp ioned, the re-

fult ofall which he comprifes in the three following obfervations.

1. WHEN a quire of paper, without any thing between the
leaves, is pierced with a ftroke of eledricity, the two different
powers keep in.the fame track; and make but one hole  in theic
paffige through the paper: riot 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, genc=
rlly unite before they go through the paper. They feem ta
pals cach 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 more
e appearance of the paflage of a power iffuing out, and ex=
ploding into the air, than of one darting into the paper.

2. Waen any thin metallic fubflance, fuch as gilt leaf, or
infoil, isput between the leaves of the quire, and the whole
is ftruck; in that cafe, the counteracting powers deviate front
the diref® track, and leaving, the path which they would in com-
mon have taken through the paper, only make their way in
different lines to the metallic body, and frike it in two different
points, diftant from one another about a: quarter of an inch,
more or lefs 5 the diftance appearing to be the leatt when the
ynmgnwft., and | whether they pierce, or only make im-

it, in either cafe; | they lcave eyident marks of

mm  from two different parts, and/in two contrary directions.

W n from a common courle, and the feparation of

thelines,of ditetion confequent upon it, fags he, that affords 2.
proof of the exertion of two diflinét and counterating powers.

HEN two flips of tmfcxl dre put ifto the middle of the

quire,
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quire, including two or morelaves between them s i€ the elec-
wicity be moderately ftrong, the  counterating powers only
firike againft the lips, and leave their impreffion there.  When
it is fironger, on of the.flips is generally  pierced, but feldom
both s and from what he had obferved in. fuch cafes, he fays ic
fhould feem, as if the power which iffued: from the outfide of
the phial acted more ftrongly than  that which  proceeded from
within, for the lower flip was moft commonly pierced. ~But
this, he adds, may be owing to the greater, fpace which the
power from within' has to' move. through before it firikes the
paper. ¥

Iy the fame paper, Mr. Symmer furnifbes a remarkable in~
flance of the power of an_ hypothefis in. drawing facs to itfelf,
in making proofs out of facts which. are very ambiguous, and in
making a perfon overlook thofe circumitances in an experiment
which are unfavourable to his views.

Waten a phial is elecirified but a little, Mr. Symmer fays, it
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 wise, we
fhall reccive a pretty fmart blow upon the tip of each of the
fingers, the fenfation of which reaches no farther,  If the phisl
be electrified a degree higher, we thall feel a ftronger blow, reach-
ing to the wrifts, but no farther. * When, again, it is elerified
1o a ftill higher degree, a feverer blow will be received, but
will not be felt beyond the elbows. “Laftly, when the phial is
firongly charged, the ftroke may be perceived in the wrifts, and
elbows 5 but the principal (hock is felt in the breaft, agifa blow
from each fide met there. This plain and Gimple experiment,
foys Mr. Symmer, feems obvioufly to fugget to obfesvation tho

# Bhil. Teant Vol 51 ph 1o py 3775 &5,
it " exiftence
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exiftence of two diftint powers, acting in contrary diretions s
and, T believe, fiys he, it would be held as a fufficient proof by
any perfon, who fhould try the experiment, with a view to de~
sermine the queftion fimply from his ewn perceptions. *

Tr is a fufficient anfwer to this remark of Mr. Symmer’s, that
iftwenty people join hands, they may all be made to feel the
{hock in' their wrifts, or their clbows, without having. their
breafts affeced in the leat.  And can it be fuppofed, that the
two currents of electric fire could come at all their wrifts or el
bows, without paffing through their breafts. According to Mr.
Symmer's hypotheis, it fhould feem, that, in a large circle,
thofe perfons only who ftood near the phial, on cither hand,
fhould feel & finall fback 5 that a few perfons more, at each extre=
mity of the circle, fhould feel one fomething ftronger ; and that
it could only be a very ftrong fhock, which could at all efieét the
perfon who ftood in the middle ; and that then he fhould be af~

 felted the lealt of any perfon in the company. But all thefe
confequences are contrary to fact.
' Tuws hypothefis of Mr. Symmer, notwithftanding he has failed
in his application of it to the experi b d, has
attra@ed the notice of feveral cledricians, both at home and a~
broad; and fome perfons feem inclined to adopt t, in preference
1o Dr. Franklin's theory. 1 fhall therefore confider it more at
3 Tcome to treat of thesries profefledly 5 till-which
time, I take leave of this ingenious philofopher, and. his two

 Tup experiments of Mr. Symmer excited the attention of
.ftm{;ga;mmmm to a courfe of experiments, which throws
 #ill more light, both upon the do@rine of the two eleCiricities,

hil, Tranf Vol 52. pec 1. po 373 &

and
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and the Leyden phial. They are alfo a further illultration of the
difcovery of M. Canton, improved by Mr. Wilcke and pinus,
of the mutual repellency of fimilar ele@ric atmofpheres.

He took two white fille ribbons, juft dried at the fire, and
Daving extended them upon a fmooth plain, either a conductor
or a non-condudtor, he drew over them the fharp edge of an ivory
ruler, -and found, that both the ribbons had acquired electricity
enough to adhere to the plain; though, while they remaincd
upon the plain, they fhewed no other fign of it If they were
both taken off from the plain together, they attracted one ano-
ther,  the upper having acquired the refinous, and more power-
fal; and the lower the vitreous, and weaker ele@ricity.  If they
were taken up feparately, they repelled one another, having both
acquired the refinous ele@ricity. *

Ix this feparation of both the ribbons from the plain, as alfo
in their feparation, afterwards, from one another, elecric fparks
were vifible between them s but if they were again put upon the
plain, or joined together, no light appeared upon their fecond
feparation, without another friction of the ruler, Alfo, when, by
being taken off feparately, they had been made to repel one ano-
ther, if they were laid on the plain again, and taken off together,
they would not attradt; and if, by being taken off together,
they had firft been made to attra& one-another, and were lLid
on the plain a fecond time, and then taken off feparately, they
would not repel, without another frition.

Wiew, by the operation above-mentioned, they had acquired
the fame ele@ricity, if they were placed, not upon. the fmooth
body on which they had been rubbed, but on a rough one, and
a conduor, as hemp or cotton, not very dry; they would, upon

* Memoirs of the Academy at Turia for the year 1765, p. 31.
being
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being feparated, fhow contrary elericitics ; which, when they
were joined together, would difappear as before. *

Tr they had been made to repel one another, and were after-
wards placed one upon the other, on the. rough furface above-
mentioned, they would, in a few minutes, attract one another ;
the lower of the two ribbons having changed its refinous into a
vitreous clectricity.

Ir the two white ribbons received their friGtion upon the
rough furface, they always acquired contrary clectricities ; the
upper of the two having the refinous, and the lower the vitreous,
in whatever manner they were taken off.

Ty Game thing that was done by a rough furface was done by
any pointed conductor. If two ribbons, for inftance, were made
to repel, and hang parallel to one another ; and the point of a
needle were drawn oppofite to one of them, along its whole
length, they would prefently rufh together ;. the cle@iricity of
that ribbon to which the needle was prefented being changed into
the contrary.

Iy the fame manner in which one of the ribbons changed its
ele@ricity, a ribbon not electrified would acquire electr iz,
by putting it upon a rough furface, and laying an electrified rib-
bon upon it; o by holding it parallc] to an clecrificd ribbon,
and prefenting a pointed condutor to it.

H placed a cibbon not quite dry under another that was well
dried at the fire, upon a fmooth plain; and when he had given
them the ufual friGtion with his ruler, he found that, in what
manner foever they were removed from the plain, the upper of
them had acquired the refinous, and the lower the vitceous clec-
i 2

Shoopgz tbopge 3Dhopos
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Tr both the ribbons were black, all the above-mentioned ex-
periments fucceeded, in the fame manner as if they had been
white. ¥

Tr, inflead of his ivory ruler, he made ufe of any fkin, or of
a picce of fmooth glafs, the evént was the fame ; but if he made
ufe of a ftick of fulphur, the ele@ricitics were, in all cafes, the
reverfe of what they were before ; the ribbon which was rubbed
having always acquired the vitreous elecricity.

Waex he made ufe of paper, either gilt or not gilt, the events
‘were uncertain.

‘WhEN the ribbons were wrapped in paper, gilt or not gilt,
and the friQtion was made upon the paper laid upon the plain
above-mentioned, the ribbons acquired, both of them, the re-
finous elecricity.

Ir the ribbons were one black, and the other white, which
ever of them was laid uppermoft, and in whatever manner the
fri@tion was made, the black generally acquired the refinous,
and the white the vitreous clericity. §

He obferved, however, the following conftant event; that
whenever the texture of the upper piece of filk was loofe, yicld-
ing, and retiform, like that of a ftocking, fo that it could move,
and be rubbed againft the lower, and the rubber was of fuch &
nature s to impart but little eletricity to glafs 5 the ele@ricity
which the upper picce of filk 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 vitreous. But
when the filk was of a clofe ‘texture, hard and rigid, and when
the rubber was fuch as imparted a great degree of elecricity to
glafs; the ele@ricity of the upper picce did not depend upon the

& Memoirs of the Academy at Turin for the year 1765, p. 35 1 Ib. p. 36, 11b. p. 38
ower,
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fower, but upon the rubber.  Thus a white filk ftocking, rub=
bed with gilt paper upon glafs, became 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 rabbed with fulphur; and for
the moft part, if it was rabbed with gilt paper.* So that the
filk that was rubbed received its electricity, fometimes from the
subber, and fometimes from the fubftance placed under it ac-
cording as it received greater frition from the one or the other,
er in proportion as one or the other was more prop:r to give
clericity to glafs.

AxoTHER fet of experiments, which the famc Johannes
Francifeus Cigna made, illufirate the adhefion of Mr. Symmer’s
cle@irical Rockings to bodies with fmooth furfaces. He infula-
ted a plate of lead, and bringing an elecrified ribbon near it,
obferved that it was attraéted very fecbly.  Bringing his finger
tothe lead, a fpark iffued out of it, upon which it attracted the
sibbon vigoroufly, and both together fhowed no figns of eleciri=
city. Upon the feparation of the ribbon; they again both ap-
peared to be elecirified, and a fpark was perceived between the
plate and the finger.4-

LAYING two plates of glafs upon a fmooth conductor commu-
nicating with the ground, and rubbing them in the fame manner
as the ribbons had been rubbed, they likewife acquired eleéri-
city, and adhered firmly, both to one another, and to the con-
du@or. If it were a plate of lead, not very thick, it would be
fupported by the attrattion.  When they were together, they
fhowed no other figns of elecricity. §

- Waey the two plates of glafs were feparated from the con-

C 0 fhipge tlhpigs thopisn
ik Mm duétor,
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ductor, and kept together, they fhowed, on both fides, a vitre-
ous eledricity s -and the condu@or, if it had been infulated,
was feen to have contracted a refinous eleGricity.

Tue two plates of glafs themfelves, when feparated, were
pofiefled of the two eledricities s the upper of the vitreous, and
ftronger and the lower of the refinous, and weaker.

Wrrn a rough conducor, whether they were originally rub-
bed upon it, or brought to it, after they had been rubbed upon
a finooth one, they fearce contrated any elecrieity 5 though,
when they were feparated from one another, they were affected
as before. .

Urox: this principle, he endeavouss to account for the non-
excitation of a globe o tube from which the air is exhaufted, or
which is lined with conducting fubftances. In this cafe, he fays,
the vitreous eleCricity on the external furface of the glafs is ba-
lanced by the refinous in the inward coating, or in the vacuum
which ferves inftead of a coating ; and therefore it isin the fitu-
ation of the plates of glafs while they lic upon the conducor o~
bove-mentioned : but when the inward coating is taken away,
the eledlricity appears on the.outlide, without any fréfh cxcita-
tion; as when the plates were removed from the conductor. *

Wiien he laid 2 numbér of ribbans of the fame colour upon
the fmooth condu®or, and drew his rulerover them ;. he found,
that when he took them up fingly, they all gave fparks, at the
place where they were feparated, as the Iatt ribbon/did with the
fmooth plate, and had all acquiced the refinous elericity. +

Ir they were all taken from the plate together, they cohered
in one mafs, which, on both fides, appeared: té be refinous.
If they were laid upon-the rough condudtor, in' the fame order

* Memoirs of the Acadeiny a¢ Tusn, fonthe year 1765, . 540 4 Ib. p. 1.
(vihereby

VVA.BHSC



Per.X.Sec. VI ox TuE Two ELECTRICITIES. 267

(whereby.the oppofite clogricities were brought to an equilibri-
um) and they wete all feparated fingly, beginning with the low-
e, {packs appeared as before 5 but all the ribbons had acquired
the vitreous eledtricity  except. the uppermoft, which retained
the refinous cleélricity it had received from the friction. *

I they received the friction upon the rough condudtor, and
were all, taken upiat once (in order to have a bundle in which the
v”oﬁu; ele@ricities were balanced) all the intermediate rib-
bons acquired the cleciricity, either of the highett or the loweft
sibbon, according as the feparation was begun with the higheft,
or the loweft.

I two ribbons were feparated from the bundle at the fame
timé, they clung together; and, in that flate, fhowed no fign
ofiele@iicity, as one of them alone would have done.  When
they were feparated, and the different electricities were manifeft,
the ele@sieity, was obferved to refide in the ontermoft, and was
oppolite to that by which they had both adhered to the bundle,
but much weaker. 1
 Hs placed a number of ribbons upon a plate of metal, which
seceived. elericity from the globe, while e held a pointed
bodyto-the other fide of the ribbons. The confequence was,
that all the ribbons became poffefled. of the cle@ricity oppofite
to that of the platc, or of the fame, according 2 they were
taken off; except the moft remote, which always kept an elec-
tricity oppofite to that of the plate.

B thefe experiments he infers, that as cle@ricity is pro~
gited from the outermoft ribbon to thofe underncath it, or elfe
fiom the plate below to thofe nextabove i, when they are fepa-
ted, when. the coating is (eparated from a charged pane of
G #1Ib. p. 61 + 1o,
ey Mma2 i
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glafs, it likewife depofits its elecricity wpon the fuperficies of
the glafs, the phenomena being the fame in both. For when he
put metal coatings on the fide of a plate of glafs, without any
cement, they adhered firmly to the glafs when it was charged,
and a light appeared 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 dif-
charged. 4

Bu he thought the coatings did not depofite all their elec-
tricity on the plate, when they were taken off; for though,
when both were taken off, the elericities of the two fides ftill
balanced one another (becaufe each retained the fame diminifhed
quantity) yet, when one fuperficics of the glafs, o of the rib-
bons, received its elericity from friction, and the other only
from the oppofite coating; he obferved, that the ele@ricitics
which balanced one another while the coating was on, were
no longer balanced when it was taken off; the elericity
of the furface which was rubbed then prevailing, becaufe the
conduting coating had, upon its feparation, taken part of its
electricity along with it.

To confirm this, he adds another experiment. He charged
a pane of glals, coated on one fide, while the other received
cledricity by a pointed conducor from the machine : He like-
wife inverted the plate, and made the coated fide communicate
with the prime conductor, while a pointed picce of metal was

* Memolss of the Academy at Tasin. forthe year 1765, p. 63, + Ib, p. 6o £To.p. Gs-
s prefented:
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: oppofite fide; and, in both cafes, found, that
‘remained, the two ele@ricities balanced one
\whcn the coating was flipped off, the electri-
ide prevailed, fo as to be apparent on both
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TuE misToRY or TiE LEYDEN PHIAL coNTINUED.

REAT as were the difcoveries of Dr. Franklin concerning
G the Leyden phial, he left fome curious particulars for this
period of the hiftory of ele@ricity; and the fubject is by no
means cxhaufted. Many of the properties. of this wonderful
bottle, as the Doctor calls it, are ftill unexplained, But as
more and more light is perpetually thrown upon it, let us hope
that, at length, we fhall thoroughly underftand ¢his great expe-
riment. The greatelt difcovery concerning the properties of
the Leyden phial, in this period, hath already been related in
the account of Mr. Wilcke's and /Epinus's method of giving the
fhock by means of a plate of air; and other obfervations have,
likewife, been occafionally mentioned, in places where their
connedlion required them to be inferted. This fection, how-
ever, will contain feveral experiments of a mifeellaneous nature,
which are well worth notice.

IMMEDIATELY upon the diftovery of the thock given by glafs,
all electricians attempted to charge other ele@ric fibftances; but
none of them fucceeded before Signior Beccaria, He found that
@ very fmcoth plate of fealing wax, made by pouring tht fub-

X fance,
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fance, when meltéd, upon an oiled marble table, would receive
4 confiderable charge. ® s

Arrer trying feveral other elettrics, iin the fame manner,
he found" that a mixture of pitch and colophonia was. charged
1efs than fealing wax, but more than fulphur, and a great deal
mote than pitch alone. -

Bur the moft curious experiment of this. philofopher, relating
o this fubje@, - was made. with o view to afcertain the real
direftion of the clecric fluid in a difcharge.  He fufpended a
costedplate!of glafs by a flk thread, and having charged it, and
keptit pefetily fill 5 he obferved that no motion was given to
it when the diftharge twas made by a crooked wire approaching
both the fides at the fime time. The cxperiment, in fact,
proved the reattion of the glafs upon the eledlric matter where-
by the plete ‘were kept fill, notwithftanding the flid rofhed
Wil grest violence from onc fide to the ‘other. Fle' compares
dhelglaito an ivory ball placed between: two. others, which
keepsiits place, when, by an impulfe given to onc of them;
the oppofite ball fiies off.

Mg, HarTaras of Hanover has publithed an account of a
ctrious experiment, which feems to thow the progreflive motion
of theele@sical explofion. He pafes a thock through a great num-
berof cannon balls, fometimes to the number of forty, placed near
one anptlier, tapon {mall drinking glaffes; whn all the fparks are
feen'at the fime' moment of time, and all' the fiappings make
butone report. But when he fubflitutes cggs inftead of the balls of
metal, e progrefs of the explofion is vifible, every’ tvo giving
afipand a fafh feparatcly. This experiment requires weather
very favourable to cletricity, and, he fays has generally faceeded

B
Afoctl the
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the beft with only ten or twelve eggs.* This author has not
expreflly fuid in which diretion the {parks ran; but as he adopts
Dr. Franklin's hypothefis, it may be prefumed, that he imagin.
ed it o go from the pofitive to. the negative fide of the charged
glafs.

A vERY ingenious experiment has alfo been made by Amadeus
Lullin of Geneva, in order to aftertain the direction of the elec-
tric 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 cle@rical explofion, while the wire
which communicated with the pofitive fide of the jar lay on one
fide of it, and that which communicated with the negative fide
Iay on the other, their extremities not being placed oppofitc to
one another, but at fome diftance. Things being thus circum-
ftanced, he obferved, that upon making the difcharge, the card
was conflantly pierced clofe to'the extremity of the wire which
communicated with the negative fide of the jar, as if the elec-
tric fluid, rufhing from the pofitive of the jar into the wire
which communicated with it, and iffuing from the extremity of
it, was driven by its own impulfe along the furface of the card,
and did not pierce it, ill it came oppofite to the extremity of
the other wire, which communicated with the negative fide,
by which it was ftrongly attracted. 4

A very curious and elegant experiment on the Leyden phidl
was made by profeffor Richman of Peterfburgh, whofe unfor-
tunate death will be related in this hiftory.

He coated both fides of 2 panc 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

* Abhandlung, p. 58, g, + Differtatio Phyfica, p. 24
charged
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charged, hung down in conta& with the coating; but fetting
the plate up right, and charging it, he obferved, that when
acither of the fides was touched by his finger, or any other con-
du@or communicating with the carth, both the threads were
repelled from the coating, and ftood at an equal diftance from
jt; but when he brought his finger, or any other conductor,
10 one of the fides, the thread hanging 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 contact with
oné of ehe fides, the thead on that fide fell into contact with
it likewile, while the thread on the oppofite fide receded to
tiice the diftance at which it hung originally ; £ that the twa
threads always hung fo as to make the fame angle with one
another.

Erpuus fhows, that it is not fri@ly true, that an infulated
perfon, difcharging the Leyden phial theough bis own body,
contrals' no ele@ricity.  Elerifying a large plate of air, he
obferved, that if the nearer plate, (by which L fuppofé he means
that which he ficlt touched) was cle@rified pofitively, he acquir-
ed a politive elediricity by the difcharge; but ifit were negative,
e acquired a negative elecricity. - He fuppofes. that the reafon
why the experiment did not fucceed with Dr. Franklin, was,
that the farfaces with which he tried the experiment were not
large enough to malke the cffet fenfible ; and that the diftance of
the metal plates was, likewife,  too fmall, s it necellurily muft
bein charging of glafs. -

M. Ciona has invented a new method of charging a phial,
upon the principle diféovered by M. Canton and Mr. Wilcke;
iz, that the ele@iricity of ‘one body repels that of another,

& | ® Epini Tentamen, p. 3350 10370
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efpecially if it have a flat furface, and gives it the contrary clec-
tricity.

He infulates a fmooth plate of lead, and while he brings an
eledtrified body, as a ftocking, to it, he takes a fpark with the
wite of a phial from the oppofite fide ; and removing the ftock-
ing, he takes another fpark ‘with his finger, or any conductor
communicating with the ground. Bringing the ftocking nearer
the plate a fecond time, he takes a fecond fpark, with the wire
of the phial, as before; and, removing itagain, takesanother,
in the fame manner, with his finger. This operation he con
tinues, till the phial is charged; which, in favourable weather,
may be done with very little diminution of the elericity of the
ftocking. *

Ir, inftead of taking a fecond fpark with his finger, he had
taken it with the wire of another phial, that would have been
charged likewife, with no additional labour, and with an clec-
tricity oppofite to that of the other phial. If the fecond fpark
were taken with the coating of the fame phial, the charging
would be accelerated, but the operation would be troublefome
o0 manage.

Tz theory of this new method of charging a phiakis very
eafy, upon the principle referred to above. The approach of
the elecricity in tHe ftocking, not being able to enter the broad
{mooth furface of the metal, drives the cleétric fluid out of that
part of the plate which is oppolite to i, to the other fide, which,
being thereby overcharged, will part with its fuperfluity to the
wire of the phial. The flocking being taken away, the platc
will have lefs than its natural fhare of the eledric fluid, and
will therefore readily take a fpark, either from the ﬁnger, or the
wire of another phial. 4

 Meaoirs of the Academmy at Tarin for the year 1765, po4ge b, p.57.
Tue
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Tar fame ingenious philofopher makes a confiderable differ-
ence between the cledtric fluid which gives the fhock, and that
on which fome other phenomena of coated glafs depend. The
former, which is far the greateft quantity, he fuppofes to refide,
either in the coating it(If, or on the farface of the glafs ; whereas
the other, he imagines, to have entered the pores, and affeéted
the fubftance of the glafs itfclf.|

He laid two plates of glafs, well dried, one upon the other,
as one piece; the lower of them being coated on the outfide;
and, when they, were infulated, he alternately rubbed the upper-
moft plate with one hand, and took a fpark from the coating of
the lower with the other, till they were charged; when the
<oating, and both the plates adhered firmly togsther.  Givinga
coating to the other fide, and making a communication between
that and the other coating, the ufual explofion was made. But
the plates, though thus difcharged, fill cohered; and though,
while they were in this flate, they fhowed no other fign of elec
tricity ; yet, when they were feparated, they were cach of them
found to be poffefled of eleciricity oppofite to that of the other.
_ It the two plates were feparated before they were difcharged,
and the coating of each were touched, a fpark came from cach;
and when put together, they would  cohere as before, but were
incapacitated for giving a fhock. *

. He, therefore, compares the elecricity which gives the thock
0 the elediricity of the metal plate in the former experiment s
which is loft with taking one fpark, as the filk is removed from
it, and is different from the ele@ricity by which the two plates
of glafs cohere.  The onc is difperfed at once, but the other
ﬂewmngummmng, as he fuppofes, in the condu@ors, or

<y 10555
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upon the furfaces of the elerics, and the other in the fubflance
itfelf.

AwonG experiments relating to the cletric fhock, we ought
to mention what has been obferved within this period of its ama-
zing force in melting. wires, and producing other furprifing
effecs.

TrAT even artificial clericity, fays Dr. Watfon, in a paper
read at the Royal Society June 28th. 1764, when in twp great
& quantity, and hurried on too faft, through a fine iron wire, hss
a remarkable effect upon the wire, appears from a very curious

of Mr. Ki il This in the prefence
of Dr. Franklin, made a Jarge cafe of bottles explode at once
through a fine iron wire. Thg wire at firft appeared red hor,
and then fell into drops, which burned themfelves into the for-
face of his table or floor. Thefe drops cooled in a fpherical
figure like very fmall fhot, of which Dr. Franklin tranfmitted
fome to Mr. Canton, who repeated the experiment. This proves
the fufion to have been very complete ; as nothing lefs than the
moft perfe fluidity could give this figure to melted iron.
« Mr. Caxrox, in anote fubferibed to- the fame paper, ob-
ferves, that the diameter of a piece of Mr. Kinnerfley’s wire,
which he received from Dr. Franklin, wasone partin 182 of an
inch. He adds, that artificial lightning, from a cafe of thirty
five bottles, would entircly deftroy brafs wire, of one part in
330 of an inch. At the “time of the firoke, he fays, a great
number of fparks, like thofe from a- flint and fteel, would fiy
upwards, and laterally, from the place where the wire was luid,
and lofe their light, in the day time, at the diftance of about
twa or three inches. = After the explofion, a mark appeared on

* Memoirs of the Academy at Terin for the year 1765, p. 56:
8 the
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le, the whole length of the wire, and fome very round
brafs were difcovered by a magnifier near the mark,
Wﬁ,ﬁmaf the wire it(clf could be found. *
- SiGN1or BeccariA was able to melt fmall firips of metal,
mwoﬁng, or covering them with pieces of glafs. But
‘that the fame colour was imprefied upon glafs by all
5 and imagined that this circumftance was a trace of
" i principles being the fame in them all. 4+
_ Mr. Dariarp obferved, that, when a large pane of glafs
ed itfelf, the polith was taken off at the place of the
and that the track it left behind it was ufually, as he
6, in the zsg zag form. With the picce of glafs with
 made thefe difcharges he pierced 160 Jeaves of paper.
1200 fquare inches. £

CKE {ays, that, if a fmall piece of metal be hung
fring, oppofite to a part of a glafs jar, made thin
wpon the fpontancous difcharge through that

- ||

LR fired the feeds of clabmofs [Iycopodium] by
phial through a quantity of them.. He alfo fired
s placed upon a piece of parchment, which
es by the explofion. §

fhock, Signior Beccaria co\x]d melt borax, and
- remarkable of his experiments with the
gpm by which he revivgfied metaks. This he
explofion between two picces of the calces.

+ Blettrcifino anificiale, &c. p. 154, 135
I Remarks ou Franklia’s letters, p. 266,
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Io this manner he revivified feveral of the metals, and among.
others, zink. He even produced real quickfilver from cinna.
bar. ® In this cafe of revivifications, he always obferved ftreaks
of black beyond the coloured metallic fiains, owing, as he ima-
gined, to the phlogifton driven thither from the parts that were
vitrified, when the other part revivified the calx. 4  Probably,
the phlogifton which revivified the calces was in that black duft,
which the ele&ric thock will throw from metals, as will be rc-
lated in its proper place.

ANOTHER curious experiment he made with the eleric
fhock, by difcharging it through fome brafs duft, fprinkled
betwaen two plates of fealing wax. The whole was, perfectly
luminous, and trapfparent. . An experiment which throws
fome light upon one of Mr. Hawkefbee's.

Wirn the electric fhock 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 ele@ric matter forces. into its
paflage all light conducting fubflances; by means of which it
is enabled to pafs through a quantity of refifting medium, which
it could not otherwife do. He put a narrow piece of leaf filver
between 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 firip of metal, by bringing a wire oppofite 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 eleric matter took, between the plates of wax, from the
filver to the wire. || An accident ‘gave him occafion to obferve
another fact of a fimilar nature. He once, inadvertently, receiv-
ed the charge of a fmall jar, through fome fioak of fpirit of

© Lettere dell clewiciino, p- 282, +Ib. pudsss glbiprasz, [ Ib. p 245
nitre
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sitre's when a hole was made in'his thiimb, ‘where the fire en-
tered; and which he thought could only have béen made by the
sitre, which was carried along with the ele@ric fluid. *
Viorentry as the cleric explofion generally affe@s the hu-
man body, we have accounts of fome perfons who could not be
made tofeel it ; particularly three’ of four mentioned by Mr.
Mulchenbroeck, among whom was a young woman. 4 I have
4l been told, that this was the cafe with a perfon near Leeds,
who was at the fame time a little paralytic.
*LsuALe 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 publifh relating to this fubjeét. - They
certainly deferve the utmoft attention of philofophers, and may
probably throw fome light upon the cledtricity of the tourmalin.
‘Hs procured fome thin glafs balls, of about an inch and a half
diameter, with ftems or tubes of eight or nine inches in length,
and elerified them, fome pofitively on the infide, and others
negatively, after the manner of charging the Leyden phial, and
then fealed them hermetically. Soon after, heapplied the naked
Balls to his ele@rometer, and could not difcover the leatt fign of
* their being eleétrical : but holding them at the fire, at the dif-
tance of five or fix inches, they became frongly electrical, ina
very fhort time 3 and more fo when they were cooling. Thefe
alls would, every time they were heated, give the electric fire
to, or take it from other bodies, according to the plus of minus
of it within them. Heating them frequently, he found,
would fenfibly diminith their power, but keeping one of them
m, ~a weck did not appear in the leaft to impair it.
e m’m kept under water was charged the 22d. of Sep-

Dy + Monthly Review Oftcber 1767, p. 250 .
tember
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tember 1760, was feveral ‘times heated before it was kept in
water, and had been heated frequently afterwards; and yet it
ftill retained its virtue to a confiderable degree, on the 31ft. of
O&ober following, when he fent an account of it to Dr. Frank-
lin. The breaking two of his balls accidentally gave him an
opportunity of meafuring their thicknefs, which he found to be
Detween feven and cight parts in 1000 of an inch.

‘TuE balls mentioned in the account above, which was writ-
ten fix years ago, flill retain their virtue, but in a lefs degree.

MRg. Loriiy alfo found, that a glafs tube charged, and her-
metically fealed, would fhow figns of cle@ricity when it was
heated. *

* Differtaio Phyfic p. 5

SR IoN.
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SECTION VIL

MENTS AND OBSERVATIONS CONCERNING -
- ELECTRIC LIGHT.

der has been informed of the neceflity I was under
ing the bufine(s of this period of my hiftory into
. He has already feen titles which he could not have
s divifions of the preceding petiods, but he
all exped® a diftin@ fection upon clectric
iments and obfervations which have been
relating to this fubject, are fo many, that
by themfelves.  And I would rather err by
 fubdivifions, than too few ; becaufe, above all
i o preferve perfpicuity, which is chicfly
7 togethe things diffimilar.
fad been made very carly, by Mr. Hawkel-
Qricity, and particalarly eleétric light, in
: was, at that time, known of the nature of
0, that, comparatively, little ufe could be
its. Veryibnumxely, Dr. Watfon hap-
after the great difcovery
Leyden phial :nd by
this
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this means he difcovered, that our atmofphere, when dry, is the
agent by which, with the affiftance of other ele€trics per fe, wo
were enabled to elericity upon le@rics (he
might have added elotrics t00) that is, to communicats to the
a greater quantity of elediricity than thofe bodics naturally haye,
That upon the removal of the air, the eleciric fluid pervaded the
vacuum 0 a confiderable diftance, and manifefted its cffects up-
on any non-cletric fubftances by which it was terminated,
Tits he demonttrated by one of the moft beautiful experi-
ments which the whole compafs of clectricity yet exhibits. o
exhaufted a glafs cylinder, three feet in length, and three inches
in diameter, with a contrivance to let down a brafs plate, as fur

as he pleafed, into it; in order to make it approach another
plate, fixed near the bottom of the veffel.

‘Tuus cylinder, thus prepared, he infulated, and obferved, tht
when the upper plate was elerified, the ele@tric matter would
pafs from one plate, to another, at the greateft diftance to which
the brafs plates could be drawn ; and that the brafs plate at the
bottom of the cylinder was ftrongly ele@rified, as if a wire had
connedted it with the prime conductor. It was a moft delight-
ful fpectacle, he fays, when the room was darkened, to fec the
ele@tric matter in its paffage through this yacuum ; to obferve,
Dot as in the open air, {mall bruthes or pencils of rays, an inch
ortwo inlength, but corufeations of the whole length of the
tube, and of a bright filver hue. Thefe did not immediately
diverge, as in the open air, but frequently, from a bafe appa-
sently flat, divided themfelves into Iefs and lefs ramifications,
and refembled very much the moft lively corufcations of the
aurora borealis.

SoMETIMES he obferved, that when the tube had been ex-
Raufted in the moft Pperfect manner, the ele@ric fluid was feen

to
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 to pafs between the brafs plates in one continued fiream, of the
fime dimenfions throughout its whole length; which, he
thought demonftrated, that the caufe of that very powerful mu-
qwal repulfion of the particles of electric fire, which is feen in
the open air, is more owing to the refittance of the air, than to
any natural tendency of the cle@icity itilf. For, in the open
air we obferve that thefe bruthes, when the ele@ricity is frong,
diverge fo much, as to form almoft a fpherical figure. *
. He made this vacuum part of a circuit neceflary to make the
difcharge of a phial ; and, at the inftant of the explofion, there
was feen a mafs of very bright embodied fire, jumping 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 diftance was greater, the fire be-
gan todiverge, and lofe part of its force : and this force diminifh-
ed in proportion to its divergency, which was nearly as the dif-
tance of the two plates.
. To find a more perfect vacuum for the paffage of the clectric
fuid, he had recourfe to an excellent invention of Lord Charles
Cayendifh ; 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 by man. This vacuum Dr. Watfon infulated, and
the bafons of the mercury being made to communicate
coi when fome leric fubftance touched
r, the clectric matter pervaded the vacuum in a conti-
of lambent flame, and, as far as the eye could follow
it, without the leaft divergency.
 ConnEcTing one of the bafons with the machine, which was

e # Phil. Tranf. Vol. 47. p. 367.
> Ooz infulated,
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infulated, the fire was feen pervading the vacum in a contrary
dite@ion. - And this he confidered as the exparimentum crucis of
two principles which he had advanced before ; viz. that eleciri-
ity is furni(hed to the condutor, not by the excited electric,
but from the non-cle@irics in contact with the rubber; and tht
we are able to take from, or add to that quantity of elecricity,
which is naturally inherent in bodies.

H alfo obferved, that if, in the forementioned circumflances,
the hand of a petfon flanding upon the floor was brought n
the fide of the glafs, the corufcations would dart themfelves
that way ina great variety of forms, extremely curious to behold,

Burr the Doflor found, that even this vacuum, did not con-
duet {0 perfedly as metals, or water ; becaufe a perfon flanding
upon the floor, and applying his finger to the upper brafs platc,
received a {mart firoke. ~This he conceived to arife from the
eledricity of the brafs being fo much more rarified than that of
the body of the man who applied his finger.

M. Wirson engaged Mr. Smeaton, the inventor of a new
and more perfe kind of air pump, to make fome eleftrical cx
Periments in vacuo. The following is the account of them that
he tranfmitted to Mr. Wilfon. They are, in feveral refpects,
fimilar to thofe made by Dr. Watfon, and yet are attended with
2 confiderable variety of circumftances,

A G1ass veflel, about one foot in length, and eight inches inits
greateft diameter, open at both ends, had one of its ends ¢lofed
by a brafs ferrale, which conflituted one of the centers on which
ittumed; the other end was clofed with a metal plate. ~ In the
center of this plate was a fquare fem, which was applicd to the
#ebor'of a lath, by which the glafs was turned round,  On onc

* Phil. Tranf, Vol. 47. p. 375,
fide
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fide of this laft plate was fived a cork, by means of which the
glafs was ferewed upon the air pump.

Urox rarefying the air within the glafs about 500 times, and
afterwards turning the glafs in the lath, whilf, at the fame time,
it was rubbed with bis band ; a confiderable quantity of lambent
fame, variegated with all the colours of the rainbow, appeared
yiithin the glafs, under the hand.  This light was pretty fieady
in every refped, except that every part of it was perpetually
changing colour.

Waex a little air was let into the glaft, 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 corufcations,
like lightning, and fly all about within the glas. Whena little
more air was let in, the flathing was continual, and fireams of
bluifh light feemed to iffuc from under his hand, within the
g, in a thoufund forms, with great rapidity s and appearcd
like a cafcade of fire. Sometimes it feemed to fhoat out into
the forms of trees, mofs, &c.

Watex more airwas let in, the quantity of light was diminithed,
and the fireams compofing the flathes narrower. The glafs now
required a greater velocity, and harder friction. “Thefe circum~
flances increafed as more air was let in; fo that, by fuch time
2 the glafs was one third full of air, thefe corufcations quite
vanifhed, and a much fmaller quantity of light appeared partly
within, and partly without the glafs. ~And when all the air was
It in, the Jight appeared wholly without the glafs, and much
Iefs tity than when the glafs was in part exhaufted. *

h&%}uww. in repeating Dr. Watfon's experiment with
the Torsicellian vacuum, obferved ane ciscumitance attending

* Wilfow's Effay, p, 2160
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it, which throws great light upon- the: Leyden phial. ~He ob-
ferved, that when the excited tube was brought near.one of the
bafons of this machine (infulated) a light was feen through more
than half of the vacuum ; which foon vanifhed, if the tabe was
not brought nearer, but which appeared again as it-moved fur-
ther off'; and that this appearance might be repeated. feveral
times, without exciting the tube afrefh.

Ta1s experiment he confidered as a kind of ocular demonfira-
tion of the truth of Dr. Franklin’s hypothefis, that when the e-
lectric fluid was condenfed on one fide of the glafs, it was re-
pelled from the other, if it met with no refiftance. Thus, at
the approach of the excited tube, he fuppofed the fire to be re-
pelled from the infide of the glafs furrounding the vacuum, and
to be carried off through the columns of mercury, but to return
again as the tube was withdrawn. *

T curious experiment Mr. Canton fhowed, and explained
to Mr. Wilfon; who afterwards expatiated upon it, in a book
publifhed by him and Dr. Hoadly in conjunction, intitled Obfer-
ations on a feries of eleShrical experiments ; in a note of which,
p- 28, he fays, My. Ganton bas taken notice of this vanifbing and
returning of the light.

MR. CanTon has fince diverfified this beautiful expcnmcne,
by bringing the excited tube to another glafs tube, exhanted,
and hermetically fealed; by which means, he exhibits the per-
fet appearance of an aurora borealis. The flame from one of
its extremities, whichisin a manner coated by the hand which

* Phil. Tranf. Vo, 48. pt. 1. p. 356 Tt has been feen p. that this obfervation, of
the return of the ele@ric light in wacus, was made before the difcovery of the Leyden phial
by Mr. Gremert of Biala ia Poland, but this was' uaknown both to Dr. Watfon and Mr.

Canton,
holds
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tholdsit, will dart to the other extremity, at uncertain intervals
of time, for near a quarter of an hour together, without rcpen{-
ing the application of the excited tube.

Waten it was gencrally agreed among elecricians, that what
had been called vitreous and refinous eleiricity were in reality
a redundancy of the eleétric fluid injone cafe, and a deficiency
in the other ; and when, in confequence of this fuppofition,
the one was called pofitive, and the other negative clecricity 5
there ftill remained fome doubt which of the two was pofitive,
and which negative. Mr. Wilfon, in a paper read at the Royal
Society, December the 6th. 1759, recites an experiment which,
he thought, put the matter begond all difpute, and abfolutely
determined, that - what had been called vitreous was really
pofitive, and what had been called refinous was negative ;
4, indeed, bad generally been fuppofed,” though, - as Mr.
W‘ﬁfnn ‘thought, without fufficient reafon, notwithftanding
had been advanced by Dr. Franklin, and Mr. Canton
wdm fabject
- RepEATING the beautiful experiment mentioned before, as
fielk contrived by Lord Charles Cavendifh, he fas he attended
to.a eircumitance which feemed to have been overlooked by Dr.
Watfon, who publifhed the account of it. This was a fingular
appearance of light upon one of the furfaces of the quickfilver.
To obferve this bl to more advantage, Mr:
Willon let a finall quantity of airinto the tube, by which means
s of quickfilver were obtained, and confequently
R’amxur,ﬁces, in one of the legs of the inverted tube. He
then eledirified 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 fiream of eledlric light was viible
'dl;‘uugh the whole Iength of the vacuum, andits acucml appear=
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ance was of a feeming uniform denfity ; except at the upper fr.
faces of each column, where about one tenth of an inch above the
Turface, the light was always confiderably brighter; whereas the
under furfaces exhibited no fuch an appearance, the light being
rather lefs bright in thofe places than in  the general appearance
of the whole illaminated vacuum.

Tiss luminous appearance Mr. Wilfon' afcribed to the refift.
ance the fluid met with at the upper furface of the quicklver,
in endeavouring to get into it. He therefore inferred that cx.
cited glafs eleirified bodies pofitively, or gave them a greater
quantity of the ele@ric fluid than they had.

ErscTRIFYING, in the fame place, with a cylinder of rofin,
inftead of glafs, the luminous appearances were all on the under
furfaces of the columns of quickfilver ; from which he inferred,
that rofin cle@rified bodies negatively, depriving them of part of
the electric fluid which they naturally had  or, as he exprefies i,
occafioning a current of cleric fluid to fet the contrary way.

Triese luminous appearances, Mr. Wilfon alfo confidered, 25
a firong confirmation of the exiftence of a medium, at or near the
furfaces of bodies, which hindered the entrance or exit of the clec-
tric fluid. A do@trine which Mr. Wilfon had advanced, and lid
great flrefs upon on feveral other occafions. *

Tz arguments which to Mr. Wilfon appeared conclufive, in
proof of what is commonly fuppofed, *that glafs clecrifies pius,
and fulphur, &c. minus, did not appear fo to ZBpinus; though he
acknowledges that the knobs of light in the vacuum did, in
common with many other appearances, prove a real difference be-
tween the two electricities ; and thought that it was very eafy to
conceive, that when an elaftic fuid iffues from a body, it fhould

* Phil. Tranf, Vol. 51. pt. 1. p. 308.
be
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bedenfer near the furface from whence it iffbes, than where it
finds more liberty to expand it(elf. He might have added, that
this mighthave been expecied, from the mutuatattration which
fubfifk between the eledric fluid, and other bodies.
de not expreflly mention this circumftance. Mr.
Wilfon; therefore, makes light of the obje@ion ; and adds, that
mmmheexpmmam with the bent tube, in his letter
mbwdm. he omitted fome phenomena attending the
h greatly favoured the dodrine he advanced. If,
en glafs is elecrified, and applied to the firft column,
theieledtric fluid to pafs along. the tube in finall quan-
and at thort intervals, little luminous freams will
from the firft to the fecond column of quick=
fequently from the glas. The like appearances
a ‘contrary diretion, wheén rofin o amber is
and applied to the fime column. Glafs, therefore,
elecrifies plas, or fills bodies with more of this
1gs to them naturally, and rofin, &c. minus. *
no difigreeable fenfation in the lefs grave and
réaders o be informed, that I have been amufing
tover{y which took its rife from a deception :
informs me, ‘and gives me leave to inform the
light which' Mr. Wilfon takes notice of,  as
furface of the mercury in the double barometer
wendifh, and' which Mr. Wilfon takes to be
ace of 4 meditm o the furfaces of ‘bodies,
ince or éxit of the electric fluid to fome
be caufed by nothing but common air. For
i be' properly made, no difference of

Tranfs Vol 5 3. pt 438, - 441 i
Pp light
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light.can be feen onthe furfaces ofithe columns of mercury ; bu¢
if a5 much: air be'let into the vacuum, aswillimake each column
of mmercury a quatter of aniach fhorter than' that of ' good ba.
rometer, the light will appeat:much as Mr. Wilfon has defcribed
it:' When Mr. Wilfon  fappofed that Dr.-Watfon, when he
made the experiment of the Torricellian vacuum, did ot attend
to the fingular appearance!of! light on'one of the fiirfacesof the
mercury, he little fafpeted that if the vacuum Dr./ Watfon made
wis frée from air; there ‘was no’ fuch fingular appearance of
light to be attended tol( | /Air, Mr.Canton adds, muft be con-
denfed near the firface of all bodies' that attrat'it; and willy
therefore, ‘be fome hindrance 'to the exit, or entrance of the
electric fluid, except the bodies be very tharply pointed.

Some curious obfervations relating to ele@ric light were made
by Mr. Wilcke. Rubbing two pieces of ' glafs togethier in the
dark, he'obferved a vivid: phofphoreal light: - which, however,
threw out no rays, but adhered to the place where it was ex-
cited. _ It was attended with a firong phofphoreal fimell, but with
no attraction, or repulfion.  From this experiment he inferred,
that friction alone would not excite ele@ricity, fo,as to be ac-
cumulated upon any body ; and.that to produce this effet, the
bodies rubbed together muft be of different natures, with refpect
to their attralting the ele@ric fluid,  He, moreover,. imagined,
that all examples of phofphoreal light, without attraction, ywere
owing to the fime excitation of| ele@ricity, without.the accu-
mulition of it. . Such he imagined to be the'cafe of light emit-
ted by the Bolognian ftone, cadmea. fornacum, . rotten wood,
pounded fugar, and glas of all kinds. % i

A Tuz excited with a woollen cloth, on. which. white wax

® Wilcke, p. 123, 1240+
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d been, put, he fays, threw out flames; each of which
ined, appeared  to rife.out.of a little protuberance of
 flame, was one, -and very nartow at the bottom,: but
n)the tube ‘it divided .into feveral ramifications ;
leaned to thofe paits of the tube which were the
or to conductors in the neighbourhood. #
at, -upon prefenting a finger o other, non-ele@ric
negative eledtric, a cone of light is formed ; the
h is at the finger, or other non-cleric, and the
@ric, on the furface of which it fpreads to a con=
ce all round.
s, he had fecn fiery particles thrown laterally from
Sric (park, which fhone like fars, and were very
‘which are produced by the collifion of flint and

arious balls from his conductor, and prefenting
hich were fometimes of glafs and fometimes
ng them in every manner poffible, he always
ﬁhﬁn two metal  balls were ufed). that -the light
m formed a cone, the bafe of which was always on
J w‘npoﬁnv ﬂ (he -pgx oh that whxch wis

fays,
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fays, Haufenius calls #e fire of the fecond kindy out of which
flew ftreams of fire. . The fireams never iffue from the clectrif.
ed body itfelf; but always from this lucid point. He fuys,
moreover, that this lucid point at the éxtremity of an elecrificd
"body, and which throws out lucid rays, forms the diftindive
charadter of the pofitive cone, *

A NEoATIvE cone, he fays, s finall, confiting ‘of very
flender filaments, which immediately adhere to the point st
which the light enters, or to its' fides 5 and, if accurately cx-
amined; feems to-form lcdle cones, the bafes of whichret upon
the body.

Wiie he afterwards comes to confider the caufe of negative
cones of light, he owns himfelf to be at a. great lofs how to do
at.

M. Wiscke put Englith phofphorous upon a pointed body,
which, in the dark, rendered the whole vifible ; and when he
fufpended this pointed body perpendicalarly, the phofphorcil
Yapours were feen to- afeend s but upon eledtrifying it, as it
hung in the fame direction, the vapours were carricd downwards,
and formed a very long cone, extending out of the middle of
the cone of elediric light, which was feen perfe@ly difint
from it. - When the eletrification was difcontinued, the phot-
phoreal vapour afcended as at firft. From this depreflion of the
phofphoreal effluvia. Mr. Wilcke infers the efflax of the cleciric
luid from the poiat, and upon the furface, and not only through
the fubftance of the pointed body. It is pity that he did“not
try this curious experiment with pointed bodies cle@rificd nc-
gatively. He would certainly have found the fame deprefion

* Wilkke, p. 132,
of
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of the phofphoreal eflavia, and would, probably,  have retradted

concerning this proof of the efflux. *
“ﬂfu thought it to be a proof, ' that the eledtric
d not only flow out of the fubftance of ele@rificd

Tittle beyond the point of a wire on which it
events the appearance of the lucid point.
rvation which I fhall recite 'of Mr. Wilcke
light is, that if a point not clectrified be
point ele@rificd pofitively, the cones  of light,
n other circomftances, would appear upon both of
ppear ; but that if a pofitive cone be oppofed to a
e they both preferve their 'own chara@eriftic pro~

ccar1A was of opinion, that the dire&tion of the
may be determined from the phenomena of pointed
il (by which he means the elecric fire at a
tively) he fays. contradts as it approaches

ric fire at a point ele&nﬁcd negatively) expands
ircumitances, and has a fmall cavity near the point
large fuperficics. ' The pencil is attended with a
e, the ftar makes little or no noife. He hardly
for the firt of thefe phenomena s he only fays,
) confequence of a fluid iffuing out of,
t. | But the greater noife made by the
 made by the impulfe given by the elec-

, caufing it to vibrate: and this muft be
is thrown from the'point into the air,

R
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than when it comes through different, - portions . of the air, -ang
meets in one point, ¥,

WaEN; two, points, are .oppofed, to one, another, he fays, the
phenomena are much the fame in both. |-

SioN1or Brccaria obferved that hollow glafs veffels, of 2
certain, thinnes, exhaufted of gir, gave a light when they were
broken i the dark. |, By a beautiful train of experiments, he
foundy at length, _that the luminous appearance was not occa-
fioned by the breaking of the glafs, but by the dafhing of the
external air againt the infide, ,when it was broke. He covercd
one of ithefe. exhaufled yeficls with a, receiver, and letting the
i fuddenly. on the.outide of it, obferyed ithe yery fame ligh,
This becalls his new invented phofpborus,

s excellent philofopher produced a moft beautiful appear-
ance of ele@ric light in the following manner. He conveyed
politive ele@ricity to.a brafs ball, fufpended by a wire, within
an exhaufted receiver, when, upon prefenting o it another bill
inwacuo, the loyer hemilphere of the former was moft beautifully
illuminated, . with a vifible electric atmofphere.  When he
conveyed negative eletricity to the ball, the fame beautiful
illimination was obferved on the ball prefented to it, This c
periment, e ays, is  very delicate'one, requiring great pati-
ence and dexterity, in adjufting the diftances, &c. in order to
make it facceed perfedly, |

Tuar ele@ric lightis more fubtle and penctrating, if one miy
fay fo, than light produced in any other way is manifeft from fe-
veral experiments, particularly the remarkable one of Mr. Haw-
kefbee ; but none prove it fo clc:rly as fome made by the inge-
nious Mr. Lane, who gives me leaye to mention thefe.

. mnmm artficiale, p.63. ,  +T. 1 b:wele ddl' elettricifmo, p. 365, &<
F 1 Phil. Trant, Vol. 56. p.
¢ Waes
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\Lrpérc, made the electiic

berved, ‘the part over which the fire had yaﬂ’ed R
huim that appearance for fome time. *No fuch ef.

: Sk hdving-ever been obferved before, e
’ lupkﬁmem with & great viirietyof rcum[hncu,

iehad triéd, ‘many more fubfances
blﬁl-ln)m 'Would ot do it'; “among others &=
mm woul& o it; parnmzhﬂ‘y Swhite papzr.

5 m;nme , when' a'xcm'ea, were lumm(ms,
lm!gesfax'ac “of plaifter-of Pifis '3 ‘and of
& famious Bolognian fbiie: But triany bod
imfinous after the €leric ' ftroke, which
whien expofed o the rays of the’ funi
‘expériments by placing the chains, ‘of
m the condudor to the outward coating of his
, or thre inches (according to the firength of
another, on lh: furface of the body to be
a thock through them.  If the ftone was
one chain was placed at the top, and the
it would appear luminous on both fides af~

1om thefe experiments were communi-
| that it was the Jight only that the fub-
ing peculiar to ele@ricity ; and, more=
difcovered a compofition, which re=
and that of cle@ricity, much more

frongly
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firongly than-cither the Bolognian'ftone; o ‘any other known
fubftance whatever. . With this new. phofphorus. he makes 3
great number of moft beautifal experiments, - The, flath made
by the difcharge of a common jar,. within an ‘inch. of a circulic
piece of it, of about two inches and a half in diameter, will illu-
minate it fo much, that the figures on & watch plate may be
eafily diftinguifhed by it in a darkened room, and it will retzin
the light half an hour.

I suavy clofe this fection of experiments and obfervations on
eleciric light, with an account of @ remarkable appearance which
occurred to Mr. Hartman. - When he had been making expei-
ments faur or five hours together, in a fmall room, and afier go-
ing out of it, returned foon, with a lighted candle in his hand,
walking pretty fwiftly; he perceived a fmall flame to follow him,
at the diftance of about a fiep and a half, but it vanifhed when
he flopped to examine it. He was a, good deal alarmed at the
appearance at firft, but afterwards imagined. it to be ocafioncd
by the accenfion of the fulphur, which had been thrown int
the air by the violent continued cle@ification, *

# Abhandlong, p. 135

W bie 305 §RIC IO N
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SECTIQN IX

| of my hiftory furnifhes an entirely new fubject
-l inquiries ; which, if properly purfucd, may
t upon the moft general properties of ele@ricity.
alin: though, it muft be acknowledged, the
hich have hitherto been made upon this foffil
ons to all that was before known of the fub~

a8 Dr. Watfon has in a manner demonftrated,

fays concerning the Iyncurium agrees with the
no other foffil that we are acquainted with.
ufed for feals, that it was very hard, hat it
!Mng poywer like amber, and thatit was
iocles, to atéract not only fraws, and mall
copper and iron, if beaten very thin;
f a deep red colour, and required no
he account which paffed current
xg:olacemmg the origin of this ftone was
Qg fabulous,
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- fabulous, which made Pliny think that all that was faid of i¢
was fabulous too.

“Tuts flone, though not much attended to by Eutopean philo.
fophers, ill very lately, is common in feveral parts of the Ey
Indics, and more particularly in the ifland of Ceylon, where i
is called by the natives fournamal. TIn this ifland the Dutch
became acquainted with it, and by them it is called aféhentritier,
from its property of attracting afhes, when it is thrown into
the fire.

Ttz firt account we have had, of late years, concerning
this extraordinary fione is in the Hiftory of the Royal Academy
of feiences at Paris for the year 1717 5 where we are told, that
Mr. Lemery exhibited a flone, which was not common, and
came from Ceylon. This ftone, he faid, attra@ed and rc.
pelled fmall light bodies, fuch as afhes, filings of iron, bits of
paper, &c.

Lisnazvs, in his Flora Zeylonica, mentions this ftone undee
the name of lopis elefricur, and takes notice of Mr, Lemery’s
experiments.

NoTwiTusTANDING this, no further mention was made of
this ftone and its effe@s 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, fecretary to_the king, affured him,
that, during his flay at Conftantinople, he had feen 2 fmall
ftone_called tourmalin, which attracted and repelled afhes.
This account the Duc De Noya had quite forgotten, but being
in Holland in the year 1758, he. faw, and purchafed two of
thofe ftones. With thee, in company with Meflrs. Dauben-

ton
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\on, he made a great number of experiments, of
red the public with a particular account. *

the Duc De Noya's experiments, Mr. Lech-
juainted ZEpinus with the attraive power of the

and furnithed him with two of them, on which he

experiments 5 the refult of which he publifhed in

f the Academy of {ciences and belles lottres at
year 1756. The fubftance of the memoit is as

in has always, at the fame time, & pofitive and
fricity; one of its fides being in one fate, and
fite s and ‘this does not depend on the
o of the flone.  Thefe cledicitics he could excite
\geft degree, by plunging the ftone in boiling water.
fide of the tourmalin be heated more than. the other
upon a hot cake of metal) cach of the fides ac-
oppofite to that which. is natural to it; but
it will return to its natural ftate.
e fides of the tourmalin be rubbed, while the
with fome conductor | communicating with
e rubbed fide  is always pofitive, and the other
¢ neither fide be in contadt with a conductor, both
Gtive. If, in the former of thefc cafes, the tourma-
£o s to acquire a fenfible heat, and the fide which
be made negative, it will upon flanding to
matural fate; but ifit have acquired no fenfi~
turn to its natural fate while any kind of
1€ it be heated, even when it is rubbed and
Tranf. Vol. 51. pts 1. pr 396
Qqz infulated,
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infulated, (in which cafe both fides become. pofitive) it will ]
Feturn o its natural flate upon cooling.

Tue Duc de Noya mentions  thefe experiments of Zpinus,
but docs not admit of a plus and. minus ele@ricity belonging t
the tourmalin when heated. . On the contrary,  he fiys, st
both the fides are- elerified Plus, but offe of them more than
the other, and that it was the difference between thofe degrees
which led Apinus into his miftake. * v

Tue tourmalin was introduced to the notice of the Englify
philofophers by Dr. Heberden, who fortunately recolledting o
have fecn one of them, many years before, in the poffeflion of
Dr. Sharpe at Cambridge (and it was the only. one known iy
England at that time) procured it for Mr. Wilfon, who, though
it was but a fmall one, repeated with it moft of the experiments
of Epinus, fo far as to fatisfy himfelf that his opinion of it
‘pofitive and negative power was well founded..

AFTERWARDS, Dr. Heberden, ever defirous of extending
the bounds of feience, procured fome of thefe ftones from Hol.
land, and put them into the hands of. thofe perfons who were
likely to make the beft ule of them, particularly Mr. Wilfon
and Mr. Canton ; in whofe hands they were not lodged in vain,
as will appear by the bricf account I fhall {ubjoin of their expe-
timents upon them. 5

Mr. WiLson’s obfervations are too many;, and too particulat
to be all inferted in this work. The refolt of them was, in
the main, the fame with that of pinus, eftablifhing the opi-
nion of the two different Ppowers of this flone;. but, contrary to
ZEpinus, he afierts, that when the fides of the tourmalin are
unequally heated, it exhibits that fpecics of elegricity which is

# Phil. Tra. Vol. 57, pe. . p 315,
= natural
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otter fide, thatis, the tourmalin'is p/us on both
slus fide is the hotter ; and minus on both fides,

pinus repeated all his former experiments, and
e tefult of them agrceable to his former conclufion,
that of Mr. Wilfon.  Mr. Wilfon alfo repeated
‘any variation in the event, and imagined the dif-
' him and /Bpinus might arife fiom the differ~
the tourmalins they made ufe of, or from their dif-
* of makifig the experiments, And it is cvident,
iption of both their apparatufes, that of Mr. -
nuch better caleulated for the purpofe of accurate
ts' than' that of Hpinds. Mr. Wilfon alfo ufed
riety of methods of communicating heat to his tour-
both plunged them in’ boiling water, held them
i]cmdlc, and expofed them to heated infulated
b
etail omr Mr. Wilfon's experiments would be,
, much too long for my purpofe, I cannot help
h was made with the Jaft mentioned
* He heated one end of 2 glafs tube red hot,
pofed oth he and pinus call the
‘the tourmalin toit; he obferved that about
heated part of the glafs were clectrified miius,
d that was cle@rified plus, and continu~
.t the glas was cold, the electric fluid having
eefalin to the glafs ; fince thefe were the
\were produced by prefenting an excited.

He
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Hz then applied the plus fide of the tourmalin to the fume
heated glafs, and found that the tube was clecrified minus, aboye
a foot in length, without the leaft appearance: of a plus electri.
city beyond the menus one, as in the other experiment; and this
minus elediricity appeared when the tube was nealy cold,
this cafe he judged that the cleétric fluid had pafied from
glafs to the tourmalin.

Mg. WiLson imagined that the tourmalin, as well as
was permeable to the clectric fluid, and that the refiftance to its
entering the fubltance of it was lefs on what he calls the n
tive than on the pofitive fide. Thefe conclufions he drety from
the two following experiments.  Rubbing the pofitive fide of
the flone flightly, he found both fides elerified plus, but rub-
bing the negative fide in the fame manner, both fides were elcc-
trificd plus more ftrongly than before, *

SEVERAL experiments led M. Wilfon to conclude that the
tourmalin refifted the exit and entrance of the ele@ric fluid
confiderably Iefs than glafs, or even  than ambers and upon
the whole he infers, that the tourmalin differs in nothing from
other lediric bodies but in acquiring elecricity by heat. -

ExaMINING & great number of tourmalins, he found that
2 line drawn from the Plus part, through the center of the florie,
would always pafs through the minus part.

Arnost all thefe tourmalins he greafed over, and whilft
they were warm enough to preferve the greafe liquid, he tried
each tourmalin feparately, but found o alteration in the virtue
of the ftone, except that it was a little weakened ; though it
is well known, he fays, that moifture of any fort readily conducts
the ele@ric fluid. If, therefore, the tourmalin had not a fixed

© AL Tenk, Vol st pt v, pegazy - 1b. e, LB 1. p. 329,
kind
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Gityy  the plus and minus elericity, obfervable o
of the frone, muft, by this treatment, have uni-
roged each other. From this circumitance Mr.
ded, that the tourmalin fuffered the elettric fluid
hit only in one direction, and that inf this it bore
the loadflone; having, as it were, two elec~
5, which are not eafily deftroyed or altered. * But he
: how imperfec a' condudtor oil, or greaf: of any

ced }um to try whether, like the loadftone, the
uld lofc its virtue after being made red hot ; but,
pt two of them in a ftrong fire for half an hour, he
serceive the leat altcration in them : but plunging
while it was red hot  entirely deftroyed its virtue,
appearance of having been thivered in many parts
ing. 4 He obferves that when a tourmalin, which
Dr. Morton, was held bétween the eye and the:
in the direction through which the ele&ric
to pafs, it appears of a darker colour confiderably
-vmmd at right angles to the former diretion.
e, he fays, obtains in many other tourmalins,
they happen o be as conveniently fhaped. &
NpING the attention given to this {ubject by

Wdfon. the moft important difcovery relating.
y of the tourmalin was referved for Mr. Canton
d at the Royal ‘Society in the fame month
tioned of Mr. Wilfon, viz. December 17595
lin emits and abforbs the ele@ric fluid

© Tepgsh | 3IBVOLs3passs
© o oenly
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only by the increafe or diminution of its heat,. Forif the tour.
gmalin, he fays, be placed on a plain picce of heated glafs or me.
£al, {0 that each fide of it, by being perpendicular to the furfscs
of the heating body, may be equally heated ; it will, while hoat.
ing, have the elediricity of one of its fides pofitive,  and that of
the other negative. This will, likewife, be the cafe when itis
zaken out of boiling. water and fuffered 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 pos
ditive.

Ix this paper Mr. Canton refers to the Gentleman’s Magazine
for the month of September before, in which he: had Ppublithed
the refult of fome experiments he had made on a tourmalin which
he had procured from Holland. - The propofitions he there Iays
down ace fo few, and comprife the principal part of what s
known upon this fubje@in fo concife and cleganta manner, that
1 fhall recite them all in this place..

1. Waen the tourmalin is not electrical or attradive, heating
it, without friction, will make it fo 5 and the ele@ricity of one
fide of it (diftinguithed by A) will be pofitive, and that of the
other fide (B) will be negative.

2. Tue tourmalin not being elerical will become fo by cool-
ing; but with this difference, that the fide A will be negative,
and the fide B pofitive,

3: Ir the tourmalin, in a non-cleirical ftate, be heated, and
fuffered to cool again, without either of its fides being touched ;
A will be pofitive, and B negative, the whole time of the increafe
and decreafe of its hedt.

4. Brraer fide of the tourmalin will be pofitive by friction,
and both may be made f at the fame time,

sk, fays he, are the principal laws of the eledtricity of

= this
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s wonderfal flone; and he adds, if air be fappofed to be en-
dued with fimilar _properties, i. e. of becoming ele@rical by the
wmmsmmn of its heat (asis probable, if its ftate
efore and after a thunder florm be attended to) thunder cloads

politive and negative, as well as thunder gults, may eaflly

wEse cnpnnl difcoveries were made before Mr. Canton had
_of Dr. Heberden  the tourmalins above-mentioned.
came to his hands he was enabled to make feveral
urious experiments, which 1 have leave t0 publifh.

one of the tourmalins, which was of the com-
- into the flame from a blow-pipe and bumt it
ien he found that its clectrical property. was intircly
* The eleciicity of another was only in part deftroyed

one end ; and he found (contrary to what Mr. Wilfon
of another tourmalin, which he treated in the fame
one. tourmalin retained its electrical property after
z;uemly made red hot, and, in that flate, put

curious of his experiments were made upon 2
‘malin, about half an inch in length, which
aking one part from the pofitive, and
negative end. Trying thefe pieces feparately,
ter fide of the piece which he cut fram the end

oum fide of that piece which was cut
\was pofitive when cooling was likewife pofin
fhe oppofite fides of both pieces being, agrec-~

Rre able
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able to'the general law of the ele@icity of the tourmalin, in4
contrary ftate.

Tue middle part of the fame tourmalin was affe@ed Juftas it
had been when it was intire ; the pofitive end remained pofitive,
and’ the negative ‘end continued negative. ‘The fame he had
alfo obferved of two other tourmalins, each about the fize of
this, which-were alfo éut out of a large one,

O« January ' the 8th. 1762, Mr. Canton took the Dodtor's
large tourmalin. (which Mr. Wilfon has given a defeription of
in the 51k, vol. of the Philofophical Tranfutions, p. 316) and
having placed a fimall tin cup of boiling water on onc énd ofbis
ele@irometer, which was fapported by warm glafs, while the
pith balls were fufpehded at thc otfer end; he dropped it into
the water, and obferved, that during the whole time of its be.
ing heated, and alfo while it was cooling in the water, the
balls were not at all ele@rified.

THe refult of this experiment was contrary to one ofa fimilar
nature made by Mr. Wilfon on the fame tourmalin; who fays, 25
has been related above, that when the tourmalin was covered
over with liquid greafe, it fill retained its ele@ric virtue,

Tivs the year' 1760 it had been fuppofed, that, of all elece
tric fubftances, the tourmalin  alone, pofiefied “the property of
+being excited by heating ahd cooling, but in the beginning of
that year, Mr. Canton having had an opportunity of examining

4 variety of gems, by the favour of Mr. Nicolas Crifp a jewelle *

in Bow church yard, firft found the Brazil topaz to have the

eletrical properties of the tourmalin. The Targeft he met with

he put into the hands of Dr. Heberden, who returned it Novem-

ber the 27th. 1760, and fent with it the tourmalins above-
mentioned.

InSeptember 1761, Mr, Wilfon (who had been informed of

’ M,
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M, Gaftons difeovery) anet withs feversl other goms;, of, diffe
ent fizes and colours, that refembled the tousmaliov with re-
rivients.  The moft beautifulof them were

Iraby, bthers were more ! paleyand lone in-
erange-coloiir: * Inipoint ‘of hardnefs ‘and luflre,
arly thefuirie withthi topaz. < - o0 ] Hilsin
s expeimentsupon thefe gems heit was
ident, 'that thediretion of the fluid did.not depend

ied; he fays,  from another curious fpecimen of the
ind, which is green, and formed of long flender
feveral fides ; many of which are found fticking
are broght from South America.
, numbers of which were furnified bim by Mr,
¢ Da Cofts, lic fohnd not only, like the tourma-
to eleiric appearances ; but that the direction of
& moving therein was always along the grain or
fals, one end thereof being clecrified plus,
d minus. ~ And that the fluid is more difpofed to
irection than in another, he thought, might be
from what has been obferved on the grain of
Dr. Knight; who found that though the
 the natural loadfione. might be varied in any
the fame load@one admitted of being made
along the grain than acrofs it.
ents and obfervations Mr. Wilfon inferred
eleciric fiuid, flowing through all thefe
es in that diredtion in which the grain
d that the reafon of this is, that the refitance
Rrz the
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the fluid meets with in' paffing through the gem is lefs in thae
direétion than in any other. ®

In a fubfequent paper of Mr. Wilfon's, read at the Royq)
Society December the 23d. 1763, and March 1764, he recites
feveral curious experiments on the effects of removing the tour.
malin from one room to another, in which- there was fome dif-
ference of heat; the refult of which exacly confirms Mr. Can-
ton’s difcovery, that the fide which is pofitive when heating is
negative when cooling, and wice ver/z. - Upon a very nice cxa.
mination, and during fome favourable circumftances, Mr. Wil.
fon fays he has obferved the tourmalin to- be feebly electrified,
when the thermometer varied up and down only one degree, 1

® Pl Tranf, Vol. 52, pto 2. pr g43e 4 Ib. pr 457,
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SRR i

T IoNTTY

[, WITH RESPECT TO THE SAMENESS OF LIGHT+
 BLECTRICITY.

752 makes an aera in elecricity no lefs famous
A the year 1746, in which the Leyden phial was dif-
n the year 1752, was verified the hypothefis of Dr.
the identity of the matter of lightning and of the
| his great project of trying the experiment, by
brought down from the clouds, was carried

P the firft to diftinguifh them~
emorable occafion, and the moft ative perfons
M. Dalibard and Delor; both zealous partifans
them) of Dr. Franklin. The former pre-
‘Marly La Ville, fituated five or fix leagues
other at his own houfe, on fome of the higheft
al. Mr. Dalibard’s machine confifted of an
‘the lower extremity of which was brought
¢ the rain could not come ; while, on the
B # outfide,
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outfide, it was faftened to three wooden pofts by long fillc firings
defended from the rain. - This machine happened to be the fir
that was favoured with a vifit from this cthereal fite. The phi.
Tofopher himfelf happened not to be at home at that time ; bur,
in his abfence, he entrufted the care of his apparatus to one Coif.
fiera joiner, aman who had ferved fourteen years among the dra-
goons, and on whofe underftanding and courage he could depend,
“This artifan had all proper inflructions given him, both how to
malke obfervations, and alfo to guard himfelf from any harm there
might be from them ; befides being expreflly ordered toget fome
of his ncighbours to be prefent, and pacticularly. to, fend for
the curate of Marly, whenever there fhould be any appearance
of the approach of a thunder florm,  Atlength the long expett-
ed event arrived.

Ox wedne(day, the 1oth. of May 1752, between two-and three
olclock in the afternoon, Coiffier heard a pretty loud ¢lap of thun-
der. ' Immediately he flies to the machine, takes a phial furni(-
ed with a bras wite, and prefenting one end of the,wire 1o the
rod, he fees a fimall bright fpark iffue from it, and hears the fnip-
ping that it made. - Taking. a. fecond fpark, 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 parithioners, fecing  the precipitation of their, fpiritual
guide, imagine that poor Coiffier had been killed with lightning.
The alarm fpreads throngh.the,village, .and the hail which came
on'did not prevent the flock from following their (hy erd. The
honeft ecclefiaftic arriving at the machine, and fecing there was
10 danger, took the wire into his own hand, and immediately drew
feveral firong fparks, which: were mofk cyidently, of a eleclrical
nature, and compleated the difcovery for ich the machine wes
erefted.  The thander cloud was not more than a quarter of an

hour
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Hiout in paiing over the zenith of the machine, and there was
‘po thunder heard befides that fingle clap. As foon as the ftorm
\was over, and no more fparks could be drawn from the bar, the
mmu wrote : letter to Mr. Dalibard, ccnmmng an account of

i and fent it immediately by the hands

vf.Cmﬂierhm(elﬂ
He fays, that he drew fparks from the bar of a blue colour,
an inch and a half in length, and which fimelt ftrong of fulphur.
He repeated the experiment at lealt fix times in the fpace of
gbout four minutes, in the prefence of many perfons, each ex=
periment ‘takinig up the time, as he, in the file of a prieft
expreffeth himfelf, of a pater and an ave.  In the courfe of thefa
experiments he received 2 ftroke on his arm, a little above the
elbow, but he could not tell whether it came from the brafs
witeinferted into the phial, of from the iron bar. He did not
‘the ftroke at the time he received it, but, the pain
continuingy he uncovered his arm when be went home, in
the prefence of Coiffier; and a mark was perceived round
his arm, fuch as might have been made by a blow with the
W‘ naked fkin; and afterwards feveral perfons, who
g of what had happened, faid that they perceived a

ilphur when he came near them.

m»m told Mr. Dalibard, that for about a quarter of an
e the curate arrived; he had, in the prefence of five
u(nwﬁm taken much ftronger fparks than thofe which the

B

" Eionr days after, Mr. Delor faw the fame thing at his own
mmmhmly a cloud pafled over, without cither thun=
ing. 4

2t Al

i

L 2. p. 109, &, 4 Nollet's Letters, Vol. 1. 7. 9-
Ter
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Tus fame experiments were afterwards repeated by Mr. Delor,
at the requett of the king of France, who, it is faid, faw them
with the greateft fatisfaction, and exprefled ajult fenfe, of the
merit of Dr. Franklin: Thefe: applaufes of the king excited iy
Mr. De Buffon, Dalibard, and Delor, a defire of verifying Dr,
Franklin's hypothefis more completely, and of purfing his e.
culations upon the fubjec.

Mx. Drvor’s apparatus in Paris confifted of a bar of iron
ninety nine feet high, and anfwered rather better than that of
Mr. Dalibard, which, as was obferved before, was only forty
feet high. But as the quantity of eledtricity which they could
procure from the clouds, in thefe firft experiments, was bus
{imall, they added to this apparatus what they calleda siagazinc of
electricity, confifting of many bars of iron infulated, and commu-
nicating with the pointed iron rod, This magazine contained
more of the eleéric matter, and gave a more fenfible fpark,
upon the approach of the finger, than the Ppointed bar.

A MAGAZINE of this kind Mr. Mazeas had in an upper room
of his houfe, into which he brought the lightning, by mean
of a wooden pole projecting out of his window, at the extremi-
ty of which a glafs tube, filled with rofin, reccived a_pointed
iron rod, twelve feet long.  But all this while the clecrics,
which they made ufe of to fupport thefe iron' rods, were too
much expofed to the open air, and confequently were liable to
be wet, which would infallibly defcat their experiments..

‘Tue moft accurate experiments, made with thefe imperfed
inftruments, where thofe of Mr. Monnier. He was convinced
that the high fituation in which the bar of iron had commonly
been placed was not abfolutely neceffary for this purpofe: for he
obferved a common fpeaking  trampet, fupended upon Gk five
or fix feet from the ground, to exhibit very evident figns of elece

tricity.

VYA.BHSC



Pra X S5c. X on LIGHTNING. A

sricity.  He alfo found that a man placed upon cakes of rofin,
and he in his hand a wooden pole, about eighteen feet long,
ch an iron wire was twifted, | was fo well clectrified
hundered, that very lively fparks were drawn from him

‘another man, {ftanding upon non-ele@rics, in the mid-
den, and only holding up one of his hands in the air,

ugh the cake of rofin which fupported his conduc-
wet. But he afterwards found, that this was not

bferved, that when the condu@ing wire was fur-
drops of rain, only fome of them were electrified 5
from the conic figure they had, while the reft
as before. It was alfo perceived,  that the clec
rified drops generally fucceeded each other
which made Mr. Monnier call to mind a fingular
>, which happened fome years before to five pea-
re paffing through a corn field, near Frankfort up-
uring a thunder ftorm ; when the lightning killed

“and the fifth of them, without injuring the

ng to any want of attention. to this fubject that
phers were not the fiek to verify. the theory
‘happened to have few opportunities of
n the fow they had, they were difappoint-
their apparatus; which was not better
: of the French.

A e
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A length fuccefs crowned the affiduity and happier contrivance
of Mz Canton, who, to the lower end of  his' conducting wire,
had had the precaution: to. faften atincovar, to-keep the ryiy
fromthe glafs tube which fupported it By this means, on the
2oth. of July. 1752, he got fparksat the diftance of half an inch,
but the whole appearance ceafed in the fpace of two'minutcs. &

M. Wisson, who took ‘great paifls in thefe paruits; as he
did in every thing clfe relating to ele@ricity, perecived foverst
cledrical faps, ‘on the 12th."of Auguft following, from no
other apparatus than an iron curtain rod s one end of which he
put into the neck ofa glafs phial,  which e héld 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 don
before. -

Mz. CaNToN afterwards, refuming his obfervations on Tights
ning, with: the afliduity and accuracy with/which he obferves
every: thing, found, by 'a great number of experiments, that
fome clouds weretin a- pofitive, 'and fome in'a negative fiute of
electricity, 'And that, by this means, the electricity of his
conduétor would fometimes change from one ftate to the other
five or fix times in Tefs than ‘half an hour. ;8

Tars obfervation of Mr. Canton, on the different elericity
of the clouds was made, and the account of it publifhed in Eng~
land, before it was known that Dr. Franklin had ‘made 'the
fame difcovery in America. kgl

Waen the air was dry, he obferved, that the apparatus
would continue cle@rified for ten minutes, ora quarter of an
hour dfter the clouds had pafled the zenith, and fometimes till

sdt.30 ascy pidy b
* Pl Tranf, Vel g7. . 568, T . g6 ;n.vu.mpnw-!s;
. R R ey
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they were, more than half way towards the horizon ; that rain,
efpecially when the drops were large, generally brought down
the cle@ric fire; and hail in fummer, he believed, never failed.
The laft obfervation he had made before the time  of his writing
this paper, his apparatus had been cle@rified ‘by a fall of thaw-
ing fnow.  This was on the 12th. of November 17 53, which,
hefays, was the 26th. day, and the fixty firf¥ time, it had
been elerificd fince it was firft fet up viz. about the middle of
the preceding May.

Oxwy two thunder ftorms had happened at London during
that whole fammer, and his apparatus was fo firongly eleétrified
by one of them, that the ringing of the bells (which he fufpend-
ed to his apparatus, to fignify when the elecrification was
begun, and which were frequently rung fo loud as to be heard in
every room in the houfc) was flifled by the almoft conftant ftream
of denfe eleric fire between each bell and the brafs ball; which
would not fuffer it to ftrike. i

Uron a farther occafion, he obferves, that in the fuccecding
months of January, February, and March, his apparatus was
cle@rified no lefs than twenty five times, ‘both pofitively and
negatively, by fnow as well as by hail and rain ; and almoft to
2 great a degree when Fahrenheit’s thermometer was between
twenty cight and thirty foar, s he had ever known it in fum-
mer, except in a thunder ftorm. *

Mg. Caxron concludes his paper with propofing’ the two
following queries. - 1. May. not ais fuddenly rarefied give clec-
tric fire to, and air fuddenly condenfed receive clectric fire from,
clouds and vapours paffing through it? ‘2. Is not the aurora
borealis the flafhing of clectric fire from pofitive towards negative

# Phil, Tranf. Vol. 48. pt.z. p. 785,
R Sfz clouds
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elouds at 3 great diftance, - through the upper part of the atmof.
phere, where the refiftance is leaft ?

Mg. CanTon not only obferved the different ftates of pofi-
tive and negative eletricity in the clouds, but alfo noted the
proportion that the one bore to the other fora confiderable time,
In the firt period he had obferved the clouds had been pofitively
eledtrical 83 times, and negative 1. In this petiod he hay
puntually fet down how often the powers had fhifted, ‘and the
whole time that. the apparatus continued to be elecrified, bu;
he had intirely neglected to note the time that each power Iafieg.
But this laft circumftance he afterwards carefully attended to,
for about two months, viz. from the 28th. of June toithe 23d. of
Augult 17545 and found the apparatus o be eletrified pofitively
thirty one times, which taken together lafted three hours thirty
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 firongeft. This zc.
count he wrote the 31ft. of Auguft 1754.

‘TuEsE obfervations which Mr. Canton gives me leave to make
public are extremely curious, and muft have required great at-
tention 5 but they are hardly fufficient to authorize any general
conclufion. §

ONE of the effets of lightning and eledtricity is the melting
of metals. This was firft thought to be a cold fufion; but that
opinion is refuted, in a very fenfible manner, by Dr. Knight, ia
2 paper read at the Royal Socicty November 22d. 1759, Heob-
ferves, that the inftances moft generally given of cold fufion are
w05 viz. that of a fword being melted in its feabbard, and that

* Rl Tranc, Vol 48, pt. 1. pr 358. £
34 o
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of money being melted in a bag, both the feabbard and the bag
remaining unburt.

A oreAT number of authors, he fays, have mentioned both
the fadts, but without giving cither their own teftimony, or that
of any one el for the truth of them, or deferibing any of the
other concomitant circumftances. And it fcemed to him very
poffible, that lightning might produce efiets fimilar to thofe 2
Bove-mentioned, without our being obliged to have recourfe to 2
cold fufion to account for them.

Ir, fays he, the edge or external furface of a fivord had been
melted, whillk the main part of the blade remained entire, it
would have afforded fufficient ground to affert, in general terms,
that the fword was melted, and yet the fcabbard might havere-
mained unhurt; becaufe either the edge or furface of a fword
might be inftantly melted by lightning and cooled fo_ fuddenly,
25 to make no impreffion of burning upon the cabbard. Metals,
25 well as other bodics, he obferves, will both heat and cool foon=
erin proportion as they are thin and flender ; that very fmall wire
vill inflantly become red hot, and even melt, and run into a
sound globule in the flame of a common eandle ; though itis no
{onner removed out of the flame, but it is inflantly cold. He
therefore concludes, that the edge of a fword, or even its furface,
might be inflantly melted by lightning ; end being in conta®
with, or rather ftill united to the reft of the blade, which might
be cold, it would part with its heat too fuddenly to produce any
appearance of burning.

- He was confirmed in this reafoning, by examining fome frag-
ments and pasticles of wire melted by lightning, which were fent
bim by Mr. Mountaine. Among(t them appeared globules of ya-
rious fizes, which had undergone very different dogrees of fufion..
‘The lasgeft of them had not been fuid enough to put on a fphe~

rical
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ical figare, but they approached nearer to it, in proportion 5
they were {maller ; fo that, in the fmalleft granulz, the fufion
was moft perfedt,  the globules being very round and {mootl,
Their fizes continued 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 diftin@ly.

Sou of the bits of wire were rough and fealy, like burne
iron, and were fielled in thofe places where they were begin.
ning to melt. Others continued ftraight, and of an equable thick~
nefs; but their outward furface feemed to have undergone
perfect fufion, fo that there were two or more Ppicces adhering
together, as if joined by a thin folder,

Iy the Philofophical Tranfactions, Dr. Knight fays, there
are two or three relations which feem at firft to favour a cold
fufion, but when duly confidered prove nothing conclufive, *

Bur that there is really no fuch thing as cold fufion, either
by eledtricity or lightning, was moft clearly demonfirated by
Mr. Kinnerfley, in a letter to Dr. Franklin, dated Philadel-
phia March the 12th. 1761.

He {ufpended a picce of fmall 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 glals, he difcovered what he calls 2
new method of wirc drawing. The wire was red hot, the
whole length well annealed, and above an inch Tonger than be-
fore. A fecond charge melted it fo that it Pparted near the mid-
die, and meafured, when the ends wee put together, four
inches longer than at firft,

Tuis. experiment, he fiys, was propofed. to him by Dr,

Rl Teaaf, Val. g1, p. . p. 2gs, s,
Franklin,
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Franklin, in order to find whether the clediricity, in pafling
through the wire, would fo relax the cohefion of its conftitucnt
pasticles, ‘as that the weight might produce a feparation ; but
neither of them had the lealt fulpicion that any heat would be
produced.

Tuar he might have no doubt of the wire being fof, as
siell as red, he repeated the experiment on another picce of the
fume wire, encompafied with a goofe quill, filled with loofe
grains of gun-powder; which took fire, as readily as if it had
been touched with a red hot poker. Al tinder, ticd to another
picce of the wire, kindled by it; but when he tricd a wire
sbout twice as big, he could produce no fuch cffedts.

Hescs, fays he, it appears, that the cle@ric fire, though
it has no fenfible heat when in a ftate of reft, will, by its violent
motion, and the refiftance it meets with, produce heat in other
bodies, when pafiing through them, provided they be {mall
enough. A great quantity will pafs through a large wire,
without producing iny fenfible heat; when the fume quantity,
pafling through a very fmall one, being there confined to 2 nar-
rower paffage, the particles crowding clofer together, and meet-
ing with'a greater refiftance, will make it red hot, and even

jon, as Dr. Franklin and himfelf had formerly fuppofed;
bt that, when it paffed through the blade of a fiword, if the
quantity was not very great, it might heat the point fo as to melt
it, while the broadeit and the thickeft part might not be fenfibly
warmer than before.

'WiEN trees and houfes are fet on fire by the dreadful quantity,
which a cloud, or fometimes the earth difcharges, muft not the
heat, fays he, by which the wood is firft kindled, be gencrated

: by
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by the lightning’s violent motion through the refifting combuf.
tible matter ?

Ir lightning, by its rapid motion, produced heat in- itflf o
well as in other bodies (which Mr. Kinnerfley imagined was evi.
dent from fome experiments made with his ele@rical thermome.
ter, mentioned before) he thought that its fometimes fingeing.
the hair of animals killed by it might eafily be accounted for;
and that the reafon of its not always doing fo might be, that the
quantity, though fufficient to kill a large animal, might not be
great enough, or not have met with refiftance enough, to become
by its motion burning hot.

We find, fays he, that dwelling houfes, ftruck with light-
ning, are feldom fet on fire by it; but that when it pafles
through barns, with hay or firaw in them, or ftore houfes con-
taining large quantities of hemp, or fuch like matter, they
feldom, if ever, eleape a conflagration.  This, he thought,
might be owing to fuch cumbuftibles being apt to kindle with
a lefs degree of heat than was neceffary to kindle wood, *

Ary that was done by the French and Englith eleGricians,
with refpect to lightning and elericity, fell far fhort of what
was done by S1N1or Beccarra at Turin. His attention to
the various ftates of the atmofphere, his afiduity in’ making cx-
periments, his apparatus for making them, the extent of his
views in making them, the mipute exa@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 phi-
lofophers before him, or that has been done by any perfon
fince.  And though I fhall give confiderable fcope to my ac-
count of his experiments and obfervations, I hall be able to give

* Phil. Tranf, Vol. 53. p. g2, &c.
é , my
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my reader but a faint idea of the extent, variety, and value of
his labours in this great field.

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 ftrings of his kites had wires in them, and others had
none. - Some of them flew to a prodigious height, and others
butlow; and he had a great number of affiftants to note the
nature, time, and degree of appearances, according as his views.
required.

To keep his Kitesconftantly infulated, and at the fame time
to give them more or lefs firing, and for many other purpofes,
e had the ftring rolled upon a recl, which was fupported by pil-
larsof glafs 5 and his conductor had a. communication with the
axis of the reel. *

To diftinguith the pofitive and negative Rate of the clouds,
when the ele@iricity was vigorous, with more certainty, and
with more fafety than it could be done by prefenting an excited
flck of glafs, or fealing wax to threads diverging from his con-
duflor; he inclofed a pointed wire and a flat picce of lead op-
pofite to it within'a cylindrical glafs veflel, wrapped in pafte-
board, fo that the infide .could have no communication with
the external light. Into this cover, and oppolitc to the point
of the wire, he inferted a very long tube of pafteboard s through
which he could look from a confiderable diftance, and fee the
form of the eledric light at the end of the wire; which is the
fureft indication of its quality. -

From Signior Beccaria’s cxtremely exac and ciroumftantial
account ofithe external appearances of thunder clouds, which
to his obferyations on their probable caufes, I fhall

® Lettere dell clewicifno, p. 112, § Lo p. 10y
gt Tt draw.
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draw'a general outline of the moft remarkable particulars, in the
ufual progrefs of a thunder florm.

Tue firlt appearance of a thunder ftorm (which generally
happens when there is little or no wind) is one denfe cloud, or
more, increafing very fat in fize, and rifing into the higher
regions of the air.  The lower furface is' black, and nearly level;
but the upper finely arched, and well defined. ! Many of thefe
clouds often feem piled one upon another, all arched in the fame
manner ; but they keep continually uniting, fwelling, and cx-
tending their arches.

Ar the time of the rifing of this cloud, the atmofphere is
generally full of a great number of feparate ‘clouds, motionlefs,
and of odd and whimfical thapes. . All thefe, upon - the appexr-
ance of the thunder cloud, draw towards it, and become more
uniform in their fhapes as they approach s till, coming very
near the thunder cloud, their limbs mutually firetch towards
ene another; they immediately coalefce,  ands together make
one uniform mafs.  Thefe he calls adfeititious clouds, from their
coming in, to enlarge the fize of the thunder cloud.  Buf,
fometimes, the thuader cloud will fivell, and increafe very falt
without the conjunction of any adfcititious clouds, the vapours
in the atmofphere forming  themfelves “into clouds wherever it
pafies. * Some of the ad{cititious clouds appear like white fringes,
at the fkirts of the thunder cloud,” or under the body of if, but
they keep continually growing darker and | darker, as they ap-
proach to unite with it. Uil T e -

Wi the thunder cloud is grown to a great fize, its lower
furface is often ragged,  particular parts being detached towards
the eaith, but fill connected with the reft. Sometimes the low-
er farface fvells into various large protal bending uni-

formly towards the earth. . And fometimes one whole fide
of the cloud will have an inclination to the earth, and the extre-
mity
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mity ofit will nearly touch the earth. #  When the eye is under
the thunder cloud, after it is grown large, and well formed, it
i feen to fink lower, and to darken  prodigioufly 5 at the fume
ime that a number of fmall adfcititious clouds (the origin of
which can mever be perceived) are feen in a rapid motion, driving
about in very uncertain directions 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 excceding great,
it commonly hails. -t
Winiee the thunder cloud is fwelling, and extending its
branches over a large tract of country, the lightning is feen
{o dart from one part of it to another, and often to illuminate
its whole mafs.  When the cloud has acquired a fufficient ex-
tent, the lightning ftrikes between the cloud and the earth, in
two. oppoﬁre places, the path of the lightning lying through the
swhole 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 fhows a clear fky.  When the thunder cloud is thus
it thofe parts which occupy the upper egions of the
-w;ph&fem equally fpread, ‘and very thin ; and thofe that
inderneath are black, but thin 003 and they vanith gradu-

d being driven away by any wind. §

Havino feen what this philofopher obferved abroad, and in
memmxwe ‘what he took notice of at his apparatus with-
5. This never filed to be eledirified upon every ap-
fa thunder cloud, or any of its branches ; and the fircam

ms generally perpetaal, while it was dircélly
o I

mﬂim S ol m.p 155 110, p. 146, 176, (Tb.pe :67
Tt THA
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Tuar thunder clouds were fometimes in a pofitive as well g
negative. flate. of eledricity, Signior Beccaria had difcovered,
before he heard of its having been obferved by Dr. Franklin,
or any other perfon. * The fame cloud, in pafling over his
obfervatory, elecErified his apparatus, fometimes pofitively, and
fometimes negatively. 4 The eleétricity continued longer of
the fume kind,  in proportion as the thunder cloud was fimple,
and usiform in its diredtion ; but when the lightning changed
its place, there commonly happened a change in the cleciricity
of his apparatus. It would change fuddenly afer a very violeot
flafh of lightning, but the change would be gradual when the
lightning was moderate, and the progrefs of the thunder clou
flow.

It was an immediate inference from his obfervations of the
lightning abroad, and his appacatus within, that the quantity
of elegtric matter, in an ufual ftorm of thunder, is almoft in-
conceivably great; confidering how many pointed bodics, a5
trees, fpires, &ec. are perpetually drawing it off, and whata
prodigious quantity is repeatedly difcharged to, or from the
carth.

Arter this fammary view of appearances, I hall, in the
{ame fuccinGt manner, reprefent the manner in which this ex-
cellent philofopher accounts for them, and fome other principal
and well known phenomena of thunder ftorms.

CoNsIDERING the valt quantity of elegric fire that appears in
the moft fimple thunder ftorms, he thinks it impofiible that any
cload, or number of clouds thould ever contain it all, fo as cither
to difcharge or receive it, Befides, during the progrefs and io-
creafe of the ftorm, though  the lightning frequently firuck to

© Lettere dll cllticino, p.138. 4 Ib.p. 1z, $Ib p. 18,
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the earth, the fame clouds were the next moment ready to make
a fhill greater difcharge, and his apparatus continued to be as
much affeéted 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 electricity of his
apparatus, and confequently ‘of the clouds,  would. inftantly
change from one kind to another feveral times ; an effet which
cannot be accounted for by any fimple difcharge, or recruit.
Both muft have taken place in a very quick fucceffion. o+

Tie extent of the clouds doth not leffen this difficulty : for,
be it ever fo great, fiill the quantity ought to be leflened by every
difcharge : and, befides, the points, by which the filent dif-
charges are made, are in proportion to the extent of the clouds.
Nor is the difficulty leffencd by fappofing that frefh clouds bring
recruits 5 for befides that the clouds are not ripe for the princi~
pal florm, till all the clouds, to a great diftance, have actually
coalefeed, and formed one uniform mafs, thofé recruits bear no
fort of proportion to the difcharge, and whatever it was, it would
foon be exhaufted.

Tae fa&, therefore, muft be, that the ele@ric matter is con-
tinually darting from the clouds in onc place; at the fame time
that it is difcharged from the carth in another. ~And it is a ne-

ceflary confequence from the whole, that the clouds ferve as con-
dutors to convey the clecric fluid from thofe places of the carth,
which ase overloaded with it, to thofe which are exhaufted of
it

s fiak
To afeertain this fa in the moft complete manner, he pro-
two obferyatories be fixed, about two leagues afunder,
in the ufual path of the thunder clouds ; and that obfervations be:

* Lettere doll elettricifino, p. 383, 186, 4 Ib.p.aza.  £Ib i85 (LTb.posgs.
L made,
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made, ‘whether the apparatus be not often pofitive at one place,
when it is negative at the other. #

TiAT greatquantities of eletric matter do fometimies rufh oqt
of particular parts of the carth, and rife through the aif; into the
higher regions of the atmofphere, he thinks is evident  from the
great quantities of fand, athes, and other light fubftances, which
have often been carried up into the air, and feattered uniformiy
overa large tractof country. 4 No other known efficient caufe
of this phenomenon can be affigned, except the wind s and it has
been abferved when there was no wind flircing ; and ‘the light
bodics have even been carried againt the wind. ¥~ He fuppofes,
therefore, that thefe light bodies are raifed by alurge quantity of
cledtric matter, iffuing out of the carth, where it was overcharged
with it, and (by that property of it which he had demonfrated)
attra@ing, and carrying with it every fubftance that could ferve as
@ conduttor in its paffage.  All thefe bodies, being poflefied of
an cqual quantity of theelectric fluid, will be difperfed equallyin
theair, and confequently over that part of the carth where the fluid
was wanting, and whither they ferve to convey it. || Had thefe
bodics been raifed by the wind, they would have been difperfed
at random, and in heaps. ,

‘Turs comparatively rare phenomenon (but of which he had
been more than once a fpectator) he thinks exhibits botha perfeét
image, and demonftration, of the manner in which the vapours
of the atmofphere are raifed to form thunder clouds. The fume
clediric matter, wherever it iffues, attracts to it, and carries up
into the higher regions of the air, the watery particles that are
difperfed in the atmofphere. The electric matter afeends to the
higher regions of the atmofphere, being folicited by the lefs rc-

© Lettere dell ellettricifmo, p. 194. 4 Th, P 199,

b.p.335. (| T, p. 20n
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fiftance it finds there than in the common mafs of the earths
which, 4t thofe tirfes, is generally very dry, and confequently
highly eleeric. The uniformity with which thunder clouds fpread
themfelves, and fwell into arches, muft be owing to their being
affeéted by fome caufe which, like the ele@ric matter, diffufes
itfelf uniformly wherever it adts, and to the refiftance they meet
with in afcending through the air. ¥ As a proof of this, ficam,
rifing from an eleérified colipile, diffufes itfelf with the fame uni-
formity, and in fimilar arches, extending itfIf towards any cont
duting fubftance. 4
Tiie fame caufe which firft raifed a cloud, from vapours dif-
perfed in the atmofphere, draws to it thofe that are already form-
ed, and continues 'to form new ones; till the whole collected
‘mafs extends {o far as to reach a part of the earth where there is
a deﬁémr.—y of the electric fluid.f Thither too, will thofe clouds,
zeplete with eleciricity, be firongly attracted, and there will the
cleéiric matter difcharge it(elf upon the carth. A channel of
communication being, in this manner, found, a frefh fupply of
elefire matter will be raifed from the overloaded part, and will
snine to be conveyed by the medium of the clouds, tll the
equilibrium of the fuid between the two places of the earth be
:ﬁm""‘when the clouds are attrated in their paflige by thofe

Mm fpotits, and hutricancs. ||
cle€iric matter, which forms and animates the
iffues from places far below the furface of the
it buries itCelf there, is, probable from,the deep

41b.po2c6  3lb.po2iz  fiIbpoaie
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holes that have, in many places, been made by lightaing. »
Flathes of lightning have, alfo, been feen to arife from fubrer.
Tancous cavitics, and from wells, 4 Violent. inundations have
accompanied_thunder florms, not occafioned. by rain, but by
water burfting from the bowels of the carth, from which it
muft have been diflodged by fome internal concuflion.  Decp
wells have been known ¢ fill fafter in thunder florms, § and
others have conftantly grown turbid at the approach of thun.
der. |

Tus very rife, as well as the whole progrefs of thunder
clouds, has fometimes been, in a manner, vifible. Bxhalat.
ons hae been frequently feen to. rife from particular caverns,
attended with 2 rumbling noie, and to afcend into the higher
segions of the air, with all the phenomena of thunder forms
deferibed above, according to the -defeription of pecfons who
lived long before the connettion between clecricity and light-
ning was fufpected. §

Tz greateft difficulty attending this theory of the origin of
thunder ftorms relates to the colletion, and infalation of clec-
tric matter within the body of the earth, With refpe@ to the
former, he has nothing particular to fay.  Some operations in
nature are certainly attended with a lofs of the equilibrium in the
elediric fluid, but no perfon has yet affigned a more probable
caufe of the redundancy of the ele@ric matter which, in fd,
often abounds in the clouds, than what we may fuppofe poffible
to take place in the bowels of the earth. And. fuppofing the
1ofs of the equilibrium pofiible, the fame caufe. that produced
the effect would prevent the refloring of it; {o that not being

* Letiere dell” ellewiciing, 227, 1o, puass.  tTop.agss | Tbip. 0
§1b.p.
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able to force a way, at leaft one fufiiciently ready, through the
body of the carth, it would iffue at the moft convenient vent
into the higher regions of the air, as the better paffage. His
elerical apparatus, though communicating with the arth, has
frequently, in violent thunder ftorms, given evident fparks to
his finger. ®

In the enumeration of the ¢ffe@s of thunder ftorms, he ob-
ferves that a wind always blows from the place from which the
thunder cloud proceeds ; that this is agrecable to the obfervati-
ons of all mariners, and that the wind is more or lefs violent in
proportion to the fuddennes of the appearance of the thundec
cloud, the rapidity of its expanfion, and the velocity with
which the adfeititious clouds joinit. The fudden condenfation
of fuch a prodigious quantity of vapours muft difplace  the air,
and repel it on all fides. -

H, in fome meafure, imitated even this effect of thunder, at
Leaft produced a circulation of all the air in his room, by the
continued eledrification of his chain. {

AMONG other effeéts of lightning, he mentions the cafe of a
man rendered exceeding fiff, prefently after he was firuck dead
in a florm of thunder. But the moft remarkable circumftance,
in this cafe, was the lightning (chufing the beft conductor)
having firuck one particular vein, near his neck, and followed
it through its minute®t ramifications ; fo that the figure of it
sppeared through the fkin, finer than any pencil could have

wn
wa

He cautions perfons not to depend upon the neighbourhood
of ahigher, or, in all cafes, a better condugor than_ their own
bgdyg@wpe. according to his repeated obfervations, the light-

ody
. fhhipash tlhpoasg o i UIbpoae
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ning by no means defcends in one undivided track 5 but bodies
of various kinds condut their fhare of it, at the fume time, iy
proportion to their quantity and condudting power, *

A creat number of obfervations, relating to the defcent of
lightning, confirm his theory of the manner of its afcent: fo,
in many cafes it throws before it the parts of conduing by
and diftributes them along the refifting mediam through which it
mauft force its paffage: -+

Urox this principle it is, that the longeft flahes of lightning
feem to be made, by its forcinginto its way part of the vapours
inthe air.} One of the principal reafons why thofe fiathes
make o long a rumbling, s their being occafioned by the vat
Tength of a vacuom, made by the paffage of the clectric mattcr,
TFor though-the air collapfes the moment after it ‘has paffed, and
the vibration (on which the found depends) commences ot the
fame moment, through the whole length of the tracks yet, if
the flafh was directed towards the perfon who hears the report, the
vibrations excited at the nearer end of  the track will reach hiy
ear much fooner than thofe excited at ‘the more remote end;
and the found will, without any repercuffion or echo, continuc
till all the vibrations have fucceflively reached him, I

oot introduce in this place a very curious experiment
and obfervation of Mr. Lullin, - concerning the produgion of
eledricity in the clouds. He made'a long infulated pole project
from the fide of one “of the Alps; and, on the 29th. of June
1766, obferved, that when fmall clouds of vapour, raifed by
theheat of the fun, ‘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 eledirified ; but if the whole/pole, and. con-

* Lewere dell elspicitao, p. 446, 4 Tovp, 7.1 20bp. gr. I, p. 252
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fequently part of the hill on which it flood, was likewife in
Jolved, it was not ele@rified. From this he concludes, that the
eleuricity of the clouds is produced by theic paffing through the
«ir while the fun fhincs upon them. But to which of thefc two
circamftances, namely the motion through the air, ot the ac-
dion of the fun’s rays this was owing he could not determine,
though he made feveral experiments for that purpofe. *

Oxe of the moft remarkable effe@s of lightning is that it
gives polrity to the magnetic needle, and to all bodics that have
any thing of iton in them, as bricks, &cs and by obferving which
vay the poles of thefe bodies lye, it may be known, with the
atmoft certainty, in what dire@tion the firoke paffed.+  In one
cife he a@tually afcertained the diretion of the lightaing in this
‘manfer.

Sivce a fadden firoke of lightning gives polarity to magnets,
}é' conje@ures that a regular and conftant circulation of the
whole’ mafs of the fluid, from North to South, may be the
original caufe of magnetifin in general. | This fs a truly great
thought's and, if juft, will introduce greater fimplicity into our
conceptions of the laws of nature.

Tigar this etherial current is infenfible o us, s no proof of
jts non-exiftence, fince we ourfelves arc involved in it. He
had feen birds fly fo near a thunder cloud, a5 he was fure they
would ot have done, if they had been affected by its atmof-
phere.§

" Tass current he would not fappofe to arife from one fource,
but from feveral, in the norchern hemifphere of the carth.
The aberration of the common center of all thefe currents from

M@ﬁg@m‘yu. + Lettere delP ellettricifino, p. 262, $1bip. 263
LR i I Tb.p. 268, §1Ib.
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the North point may be the eaufe of the variation of the necdle,
the period of this declination of the center of the currents may
be the period of the variation, and the obliquity with which
the currents firike into the carth may be the caufe of the cip-
ping of the needle, andalfo why bars of iron more.eafily reccive
the magnetic virtue in one particular direction, *

He thinks that the Aurora Borealis may be this cleétric mat-
ter pecforming its circulation, in fuch a flate of the. atmofphere
55 renders it vifible, or approaching neater to the carth thyy
ufual. - Accordingly very vivid appearances of this kind hae
been obferved to occafion a flutuation in the magnetic needle. -

STonEs and bricks ftruck by lightning. are often vitrifie,
He fuppofes that fome ftones in the carth, having been ftruck
in this manner, firft gave occaion to the vulgar opinion of the
thunder bolt +

SieN1or BrceaRIA was very fenfible that heat contributes
much to the phenomena of thunder, lightning, and rain; but
he could not find, by any experiment, thatit tended to promote
elediricity.  He, thercfore, rather thought that heat operated,
in dhis cafe, by exhaling the moifture of the air, and. therchy
cutting off the communication of the cledtric fluid between one
place and another, particularly between the earth and the high-
©f regions of the air, wherebyits effedts were more vifible, |

Havixo entertained my reader with the obfervations of this
great Italian genius, I muftonce more conduét him to France,
where he will fee feveral cexperiments well worth his notice. In
this country we have feen that Dr. Franklin’s theory of the iden-
tity of eledicity and the matter of.lightning was firft verified,

* Letere el clvwiclon, pes. 1 Ib.pags,. $Tbup. #650 U b p3sy-
s U and
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and we fhiall now fee it verified in the grandeft and moft confpi-
cuous manner.

Tie greatelt quantity of electricity that was ever brought from
the clouds, by any apparatus prepared for that purpofe, was by
Mr. De Romas, affeflor to the prefideal of Nerac. This gentle-
‘man was the firft who made ufe of a wire interwoven in the hemp-
en cord of an clecrical kite, which he made feven feet and a half
high, and three feet wide, {0as to have cighteen fquare fect of
furface. . This cord was found to condué the ele@ricity of the
clonds more powerfully than an hempen cord would do, even
thoughit was wetted ; and, being terminated by a cord of dry filk.
it cnabled the obferver (by a proper management of his appara-
tus) to make whatever experiments he thought. proper, without
danger to himfelf.

By the help of this kite, on the 7th. of June 1753, about one
in the afternoon, when it was raifed 550 feet from the ground,
and bad taken 780 fect of ftring, making an angle of near forty
five degrees with the horizon ; he drew fparks from his conduct-
o three inches long and a quarter of an inch thick, the fapping
of which was heard about 200 paces. Whilft he was taking thefe
fparks, he felt, as it were, a cobweb on his face, though he was
above three feet from the ftring of the kite; after which he did
ot thinlk it fafe to fand fo near, and called aloud to all the com-
pany to retire, es he:did himfeif about two feet.

T N6 himfelf now,fecure enough, and not being incom-
any body very near him, be took notice of what pafl-
clouds which were immediately over the kite; but

o lightning, cither there, or any where ¢
ft noife of thunder, and there was noain atall. The
eft, and pretty firong, which raifed the kite 199 fect

at leaft, than in the other experiments.
AFTERWARDS,

UVVA.BHSC




334 EXPERIMENTS or T6e FRENCIL Pirrp;

ArTeRwARDS, cdlting hisieyes on the'tin' tube, Nehich v
faflened to the firing of the kite, and about three feet:from g
ground, he faw three ftraws, oneof which was about one foor
Tong, ‘a fecond four or five inches, and: the third thrce or fous
inches, all flanding erect, and performing a circular dance, liks
puppets, under the tin tabe, without touching onie dmother,

Tas litle {peftacle, which much delighted feveral of the
<ompany, lafted about a quarter of an our 5 after which, fome
drops of rain falling, Hic again perceived the fenfation of the cob.
webon i fice, and at the funie time heard a continual rufting
noife, Tike that of a fmall forge: bellows: This was a farthes
warning of the increafe of cleciricitys and from the firlt inftant
that Mr. De Romas perceived the dancing firaws, he thought it
not edvifible to take any more fparks even with allhis precaui-
ons; and he again intreated the company to fpread themfelves to
a ftll greater diftance.

ImmeptaTELY after this came on the laft at of the entertain-
ment, which Mr. De Romas acknowledged made him tremble.
The longeft ftraw was attracted by the tin tube, ipon which fol-
lowed three explofions, the noife of which greatly refembled tht
of thunder.  Some of the company compared. it to'the explo-
fion of rockets, and others to the violent crathing of large carth-
en jars againt a pavement. It is certain that it was heard into
the heart of the city, notwith@tanding the various noifes there.

‘Tue fire that was feen at the inftant’ of the explofion had the
fhape of a fpindle cight inches long and five lines in diameter.
But the moft aftonithing and diverting circumftance was produ-
ced by the ftraw, which had occafioned the explofion, following
the firing of the kite. Some of the éompany faw it at forty five
or fifty fathoms  diftance, ‘attratted and: repelled - alternately,
with this remarkable circumflance, that every time it was at;

tracte
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traGted by the ftring, flafhes of fire were feen, and cracks were
heard, . though not (o loud as at the time of the former explofi-
on.
17 is remarkable, that, from the time of the explofion to the
end of the experiments, no lightning at all was feen, nor fearce
any thunder heard. A fimcll of fulphur was porceived, much
like that of the luminous clectric effluvia iffuing out of the end
of an ele@rificd bar of metal. Round the firing appeared a
luminous cylinder of light, three or four inches in diameter;
and this being in the day time Mr. De Romas-did not queftion
but that, ifit had been in the. night, that clecric atmofphere
would/have appeared to-be four or five fect in diameter, Laftly,
after the experiments were over, a hole was difcovered in the
grounds  perpendicularly under the tin tube, an inch deep, and
half an inch wide, -which was probably made by the large flathes
that accompanied the explofions.

Ax end . was put to thefe remarkable- experiments by the
alling of the kite, the wind being fhifted into;the Eaft, and
rain mixed with hail coming. on in great plenty. Whilfk the
Kite was falling,: the flring came foul of a penthoufe; and it
was no fooner difengaged, than the perfon who held it felt fuch
a ftrokeiin his hands, and fuch a commotion: through his whole
‘Body, as obliged him inftantly to let it gos and the firing,
falling ‘on the feet of fome other perfons, gave them a fhock
alfo, though much more tolerable, *
quantity of electric matter brought by this kite from the
‘atanother time is really aftonifhing.  On the 26th. of

i 1756, the fircams of fire iffuing from it were obferved
ch thick, and ten fect: long. This amazing flath of

S #iGent Magax. for Augalt 1756, P 373
lbikirew: 10 4 Tightning,
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lightning, the effect of which on buildings or animal bodics,
would perhaps have been equally deftructive with any that are
mentioned in hiftory, was fafely conducted by the cord of the
kite to a non-elecric body placed near it, and the Teport was
equal to that of a piftol.

M. Romas had the curiofity to place a pigeon i a cage of
glafs, in a little edifice, which he had purpofely placed, fo a5
that it thould be demolifhed by the lightning brought down by
his kite, The edifice was, accordingly, fhattered to pieces,
but the cage and the pigeon were not firuck.*

Tur Abbé Nollet, who gives this account, adds, thatifa
firoke of this kind had gone through the body of Mr. De Roms,
the unfortunate profeffor Richman had not probably been the
only martyr to cle@ricity, and advifes, that great caution be
ufed in conduting fuch dangerous experiments. 4

‘Waex we confider how many-fevere fhocks the moft cautious
and judicious electricians often receive through inadvertence,
we fhall not be furprifed, that when philofophers firft began
o collect and make experiments upon real lightning, it fhould
fometimes have proved a little untractable in their hands, and
that they were obliged to give one another frequent cautions
how to proceed with it.

Tuz Abbé Nollet, as early as the year 1752, advifes that thefe

cperis be made with cis (pection 5 as he had been in-
formed, by letters from Florence and Bologna, that thofe who
had made them there had had their curiofity more than fatisfied
by the violent fhocks they had fuftained in drawing fparks from
an iron bar cleétrified by thunder. One of his correfpondents
informed him, that once, as he was endeavouring to faften 3

© Nolles Lettrs, Vol 2. p.239. 4 Phil. Trants Vol. 5. pt. 1 p. 342 3
{mal
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Gnall chain, with @ copper ball at one of its extremitics, to 2
gréat chain, which communicated with the bar at the top of the
building (in order to draw off the elecric fparks by means of the
ofcillations of this ball) there came a flath of lightning, which
he did not fee, but which affected the chain with a noife like
wild fire.. At that inftant, the ele@ricity communicated itfelf
to the chain of the copper ball, and gave the obferver fo violent
o commotion, that the ball fell out of his hands, and he was
firuck backwards four or five paces. He had never been fo much
fhocked by the experiment of Leyden, *

Mgr. Romas received a fevere ftroke when he firlt raifed his
kite: and Mr, Dalibard fays, that Mr. Monnier, a phyfician of
§t. Germain en’ Laye, member of the academy of fciences at
Paris; and M, Bertier of the oratory at Montmorency, a corref-
pondent of the academy, were both ftruck down by firokes of
lightning, as they were taking fparks from their apparatus.

Bux the greateft fafferee by experiments with lightning, fince
mankind have introduced fo dangerous a fubject of their inquis
sies, was profeffor Richman of Peterfburgh before mentioned.
He was ftruck dead, on the 6th. of Auguft 1753, by a flath of
lightning drawn by his apparatus into his own room, as he was
atending to an experiment he was making with it. There were
two accounts of this fatal accident communicated to the Royal
Society, one by Dr. Watfon who had it from the beft authori
tys§ and the other tranflated from the High Dutch. || From
both thefe the following is extracted.

Tue profeffor had provided himfelf with an inftrument which
he called an ele@rical gnomon, the ufe of which was to meafure
the firength of elericity. . It confited of a rod of metal termis
® Phil. Thanf. Vol. 48. pt; 1, p. 205, - Dalibard’s Franklin, Vol. 2.p. 129
Phil. Tranf. Vol. 48. pt. 2. p. 765 | 1o, Vol. 49, ptu 1. p- G,
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nating in'a fimall glafs veflel, into which  (for what éafon T do
not know) he put fome brafs filings. At the top of this rod, 4
thread was fattened, which hung' down by the fide 'f the rod
when it was not ele@rified ;' but when it was, it avoided the rod,
and ftood at a diftance from 'it, making an' angle at the place
where it was faftened. . ‘To meafure this angle, he had the acch
of a quadrant faftened to the bottom of the iron rod.’

He was obferving the effeét of the eledricity of the clouds, ot
thie approach of a thunder florm, “upon this gnomon’s ‘and, o
courfe, ftanding with his head inclined towards it, accompanied
By Mr. Solokow (an'engraver, whom he frequently took with
him, to be a joint obferver of his clectrical experiments, in order
to reprefent them the better in cuts) when this gentleman, who
was flanding clofe to his elbow, obférved a globe of blue fire, @
Be 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’ killed Mr.
Richman, but Mr. Solokow could give no account of the parti-
cular manner in which he was immediately affected by it: for, at
the fame time that the profeffor was ftruck, there arofe a fort of
fteam, or vapour, which intirely benumbed him, and made hin
fink down upon the ground; o' that he could not ‘rémember
even to have heard the clap of thunder, which was very loud.

‘Tue globe of fire was attended with a report as loud . as that
of a piftol: ' wire, which brought the ele@ricity'to his metal
rod, was broken to pieces, and its fragments thrown upon M.
Solokow’s cloaths. Halfofthe glafsveflel in'which the rod of the
gnomon ftood was broken off, and the filings of metal that were
in it were thrown abeut the room. . - $630)

Uron examining the effes of the lightning in the profeflr’
chamber, they found the door cafe half fplit through, the door
2 torn

VVA.BHSC



Pea. X Sec. X PROFESSORRICHMAN: 339

1omn offs. and thrown into the room, * . "They opened 2 vein: of
the breathlefs body twice,  but no blood followed, and endeas
youred to recover fenfation by violent chafing, but in vain. Up=
on turning the corps with the face downwards, during the rubs
bing, .an inconfiderable quantity of blood ran out of the mouth.
There appearcd a red fpot on the forchead, from which fpirted
fome drops of blood throngh the pores, without wounding the
fkin, The fhoe belonging to the left foot was burit open, and
uncovering the foot at that place, they found a blue mark;
from which it was concluded, that the eletrical force of the
thunder, having entered the head, made its way out again at
that foot.

Urox the body;" particularly on the left fide, were feveral
red and blue fpots, refembling leather fhrunk by being burnt,
Many more blue {pots were afterwards vifible over the whole
body, and in particular over the back. That upon the fore
head changed to a brownifh red, but the hair of the head was
not finged, notwithftanding the fpot touched fome of it. In
the place where the fhoe was unripped,  the ftocking was intire ;
25 was the coat every where, the waiftcoat only being finged on
the foreflap, where it joined the hinder; but there appeared on
the back of Mr. Solokow’s coat long narrow ftreaks, as if red
hot wires had burned off the nap, and which could not be
well accounted for.

Wasex the body was opened the next day, twenty four hours
after he was ftruck,  the cranium was very intire, having no
fiffure, 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 cafily rent. There was fome

# Phil, Tranf. Vol. 48. pt. 2. P 763+
Xx2 extravafuted
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SECTION XI

OBSERVATIONS ON THE GENERAL STATE OF ELECTRICITY
1N THE ATMOSPHERE, AND ITS MORE USUAL EFFECTS.

LECTRICIANS, after obferving the great quantity of
cleéric matter with which  the clouds are charged during
2 thunder ftorm, began to attend to the leffer quantities of it
which might be contained in the common flate of the atmof-
‘phere, and the more ufual effedts of this great and general agent
$nnatare. M. Monnier, whofe obfervations of the elericity
‘ofthe 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 eleciric matter in the atmofphere, when
‘there was no appearance of thunder.  This e confirmed by de-
cilive experiments, made atSt. Germain en Laye, and publithed
in a memoir read at the Royal Academy of {eiences at Paris
‘November the 15th. 1752 *
Byt more accurate experiments upon the cledtricity of the
air were made by the Abbé Mazeas, at Chatcan de Maintenon,

#hil Tranfs Vol. 48. Bt 1. P 203+ s
uring
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during the months of June, July, and October 1753, and com-
municated to the Royal Society, in a letter to Dr. Stephen
Hales.

Tuz Abbés apparatus confifted of an iron rod 370 fect Iong,
raifed ninety fect above the Horizon. It came down from a very
high room in the caftle, where it was faftened to a filken cord
fix fect long; and was carried from thence to the feeple
of the town, where it was likewife faftened to another filken
cord of eight fect long, and fheltered from rain. ~And a largs
key was fufpended, by the end of this wire, in order to receive
the ele@ric fluid.

Ox the 17th. of June, when he began his experiments, the
elecricity of the air was fenfibly felt every day, from fun rifs
till feven or cight in the evening, except in moift weather, when
he could perceive no figns of electricity. In dry weather, the
wire attracted minute bodies at no greater diftance than three
or four lines. He repeated the experiment carefully every day,
and conflantly obferved, that, in weather vold of ftorms, the
elettricity of a picce of fealing wax of two inches long was above
twice as ftrong as that of the air. This obfervation inclined
him to conclude, that in weather of cqual drinefs the eleri-
city of the,air was always equal.

At did not appear to him that hurricanes and tempefts increaf-
ed the eleciricity of the air, when they were not accompanicd
with thunder; for that, during theee days ofa very violent con-

nual wind, in the month of July, he was obliged to put fome

+ duft within four or five lines of the condudtor, before any fen-

fible attraction could be perceived.

Tae diredtion of the winds, whether Eaft, Weft, North,
or South, made no fenfible alteration in the electricity of the air,
except when they were moift,

In
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In the drieft nights of that fammer, he could difcover no
figns. of elecricity in the air; but it returned in the morning
when the fun began to appear above the horizon, and vanithed
again in the evening, about halfan hour after fin fer.

Tup frongeft common ele@ricity of the atmofphere, during
shat fammer, was perceived in the month of July, on avery
dry day, the heavens being very clear, and the fun extremely
hot. The diftance of ten or tywelye lines was then fufficient for
the approach. of the duft to the conductor, in order to fec the
particlesrife in. a vertical dire@tion, Jike the filings of iron on
the approach of a magnet. 3
. Ox the 27th. of June, at two in the afternoon, he perceived
fome ftormy clouds rifing above the horizon, and immediately
went up o his apparatus ; and,  having applied the dult to the
Key, +it was attraéied with a force which increafed in propoction
45 the clouds reached the zenith, - When they had come nearly
over the wite, the duft was fo impetuouly repelled, as to be en-
tirely foastered from the paper.  He drew confiderable fparks
Stomit, though there was neither thunder nor lightning. When
the ftoriny clouds were in the zenith of his wirc, he obferved
tht the elericity was increafed to fuch a degree, that even the
filken thread attracted light bodies at the diftance of feven or
cight inches.

Tugse ftormy clouds remained about two hours above the ho-
fizon, without either thunder or lightning 3 nor did a very heavy
rain diminifh the eledricity, except about the end, when the
clouds began to be difipated. *

M, KrnnersLey obferved, that when the air was in its dri-
&t fate,  there was always a confiderable hare'of cleiricity in

* Phil, Tranf, Vol. 45. pt. % b 3775 &
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it, and which might be cafily drawn from it. Let a perfon, he
fags, ina negative fate, flanding 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 thas
elediricity may be drawn out of their; not indeed very plen-
tifolly, for, being a bad condu@or, it feems loth fo part
with it, yet fome will evidently be colle@ted.  The air near
the perfon’s body, having lefs than the natural quantity, will
have none to fpare; 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,

Lrx aperfon elerified negatively, he fays, prefent the point
of a ncedle horizontally, to a cork ball fufpended by filk, and
the ball will be attracted towards the point, till it has parted
with fo much of its natural. quantity of eleiricity, as to be in s
negative flate, in the 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 cletricity of greater
denfity in the air behind it. But as this opinion, he pleatantly
fays, feems to deviate from electrical orthodoxy, he would be glad
o fec thele phenomena beter accounted for by the fuperior and
more. penctrating genius of his friend D, Franklin, to whom
he is writing,

WurTner the elediricity in the air, in clear dry weather,
be of the fame denfity at the height of 200 of 300 yards, as
near the furface of the earth, he thought might be fatisfac-
torily determined by Dr. Franklin's old experiment of the

ite. X

T twine, he fays, hould have throughout a very finall wire
init, and the ends of the wire, where the feveral lengths are

united,
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united, ought to be tied down with a waxed thread, to prevent
their aGting in the manner 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 fiall degree clerifed pofitively. *

Tae preceding obfervations of Mr. Monnier, Mr. Mazeas,
and Mr. Kinnerfley, fall far fhort of the extent and accuracy of
thofe of Signior Beccaria s whofe obfervations on the general
fate of electricity in the atmofphere I have referved for the laft
place of the fedtion, becaufe they are the moft confiderable,
though they were all made independent of, and, many of them,
prior to thofe mentioned before.

He obferved that, during very high winds, his apparatus
gave o figns of being cledtrified. +  Indeed he found that in
three different ftates of the atmofphere, he could find no elec~
tricity in the air. 1. In windy and clear weather. 2. When the
fky was covered with diftinét and black clouds, that had a flow
motion. 3. Tn moft moift weather, not acually raining. £ In
aclear fly, when the weather was calm, he always perceived
figns of a moderate ele@ricity, but interrupted. In rainy wea-
ther, without lightning, his apparatus was always clecrified «
little time before the rain fell, and during the time of the rain,
but it ceafed to be affeted a little before the rain was over.

T higher his rods reached, or his kites flew, the ftronger
figns they gave of thir being ele@rified. || Alfo longer firings
or cords, extended and infulated in the open air, acquired elec-
ticity fooner than thofe which were fhorter. A cord 1500
Paris feet long, ftrotched over the river Po, was as ftrongly

* Plil. Teanf, Vol. 53. pt. + Lettere del’ eltwicifino, p. 196-
1lb.p.

clerified
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cledirified duting a thower, without thunder, 2s a metallic rod,
to bring lightning into his houfe, had been in any thunder
florm, ¥

Havine tworods for bringing the lightning into his houfe,
1o feet alunder, he obferved, that if he took a fpark from the
higher of them, the fpark from the other, which was thirty fece
lower, wasat that inftant leffened s, but, what js remarkable,
is that its power revived again, though he kept his hand upon
the former. 4-

M imagined that the elediricity -communicated to the gir
might fometimes furnifh fmall fparks to his apparatus; fince
the air parts with the electricity it has received very flowly, and
therefore the equilibrium of the ele@ric. matter in the air will
ot be reftored £ foon as in the earth and clouds.

Anoxo the effe@s of a moderate clediricityin the atmofphere,
Signior Beccaria reckons 7ain, 4aitand fiouw,

Crouns that britig rain, he thought, were produced in the
fame manner as thunder clouds, only by 2 more moderate cloc.
tricity. He deforibes them at large, and the refemblance
which all their phenomena bear to thofe of thunder clouds is
indeed very firiking,||

H notes feveral circumftances attending rain without Tight-
ning, which make it very probable, that j¢ is produced by the
fame caufe as when it is accompanied with lightning. Light
has been {een among the elouds by night in rainy weather; and
even by day rainy clouds are fometimes feen o have a bright-
nels evidemtly independent of the fon.§ The uniformity with
which the clouds are fpread, and with which the tain falls, he
thought were evidences of an uniform ‘caufe, like that of elec~

* Lettere dell ellepuisitpe, 3165,/ §Th.prvgs | £00 p gyt i g 84
§Io.p.ags, g

tricity.
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wicity.® The intenfity of clericity in bis apparatus generally
correfponded very nearly, to the quantity of rain that fell in the
fume time. 4+ Nor is any thing to be inferred to the contrary
of this fappofition from the apparatus not being always cle€iri-
. fied during rain. It has fometimes failed during thunder. In-
deed it follows from his general theory, that the cleckricity of
hisappaatus could not always correfpond to the eledtricity of the
clouds s fince it muftin fome meafure depend upon the fituation
of the obfervatory, with refpect to thofe parts of the earth or
clouds which are giving or taking cleéric fire. - This was con-
frmed by an obfervation which he made upon one thunder cloud,
which paffed over his obfervatory. At ifs approach his appara-
tus was cle@rified pofitively, when it was diretly over him all
figns of cle@iricity ceafed, and when it was pafled, his appaca-
tus was ele@rified negatively.£ This obfervation very much
favours his gencral theory of thunder clouds.

Soserrves all the phenomena of thunder, lightning, bail,
rain, faow, and wind, have been obferved at one time;; which
fows the connetion they all have with fome common caufe. |

Sientor Beccaria, therefore, fappofes that, previous to
fain, a quantity of elediric matter efeapes out of the carth, in
fome place where there was & redundancy of it; and, in its afcent
to the higher tegions of the air, collects and condats fnto its path
a great quantity of vapours. The fume caufe that collegts, will
condenfe them more and more : till, in the places of the neareft

intervals, they come almoft into conta, o as to form fimall drops;
‘which uniting with others as they fall, come down, in rain. The
‘zain will be heavier in proportion as the ele@tricity is more vi-
Bepisog.  tibpgor.  ITopo. 1020 35
i Yyz gorous,
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gorous, and the cloud approaches more nearly to a thunder
cloud. *

He imitated the appearance of clouds that bring rain by infu-
Tating himfelf between the rubber and condutor of his clediricsl
machine, and with one band dropping colsploniz into a fpoon
faftened to the condutor, and holding a burning coal, while
his other hand communicated with the rubber. In thefs cic.
cumflances, the fimoak fpread along his arm, and, by degrees
all over his body s till it came o the other hand that communy.
cated with the rubber.  The lower furface of this fmoak ey
every where parallel to his cloaths, and the upper furface ya,
fiwelled and arched like clouds replete with thunder and rain. +
In this manner, he fappofes, the clouds that bring rain diffufs
themfelves from over thofe parts of the carth which abound
with eleciric fire, to thofe parts that are exhaufted of it; and,
by Jetting fall theic rain, reftore the equilibrium between the.

S16x10R BECCARIA thought that the clectricity communicated
1o the air, which both receives and. parts with it flowly, would
account for the retention of vapours in a clear 1ky; for fmall
disjoined clouds, not difperfed into rain; for the fmaller and
lighter clouds in the higher regions of the air, which re but
little affected by elecricity ; and alfo for the darker, heavy, and
fluggth clouds in the lower regions, which.recain more of i, £
The degree of electricity which he could communicate to the
air of his room, notwithftanding its being in conta with the
floor, the walls, &e. made this appear to him both pofible,
and probable. ||

Hz even imagined, that fome alteration jn the weight of the
aic might be made by this clectricity of it.§ He obferved his

?heties dll dletoicfie g g0t Ibp ool S Tt S B 5o, 5 e
barometer
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barometer to fall a little immediately upon a flafh of lightning ;
but he acknowledges that this circumftance is no fufficient foun-~
dation to fuppofe that ele@iricity will account for much variation
of the height of the barometer. * But he thought that the phe-
nomena of rain favoured the fappofition, that the eletric matter
in the air did, in fome meafure, leflen its preflure. For when
the eleétric matter is actually in the air, collecting and condenf-
ing the vapours, the barometer is loweft. When the commu-
nication is made between the earth and the clouds by the raim,
the quickfilver begins to rife ; the ele@iric matter, which fap-
ported past of the preffure, being difcharged. And this, he
fhows, will be the cafe whether the ele@ricity in the air be po-
fitive or negative.

Haz, this ingenious philofopher fuppofes to be formed in
the higher regions of the air, where the cold is intenfe, and
where the ele@tric matter is very copious,  In thefe circumftan=
ces, a great number of particles of water are brought ncar toge-
ther, where they are frozen, and in their defcent collect
other particles = {0 that the denfity of the fubftance of the hail
flone grows lefs and lefs from the center; this being formed
§ieft in the higher regions, and the furface being collefted in
thelower. Agreeable to this, itis obferved, that, in moun-
tains, hail-ftones, as well as drops of rain, are very fmall; there
being but {mall fpace through which they can fall, and thereby
increafe their bulk.  Drops of rain and hail agree alfo in this
circumftance, that the more intenfe is the cle@ricity that forms
them, the larger they are.{ Motion is known to promote
freezing, and fo the rapid motion of the electrificd clouds may
promote that effect in the air. ||

D fBpgss 0 thoposst thopsie  [Dbopogs
Loups
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Crouns of fnow diffe in nothing from clouds of rain, byt iy
the circumftance of cold, which freczes them. - Both the regy.
Jar diffufion of fhow, and the regularity in the firadture of J,
partsof which it contifts (particularly fome figures of frow o
bail, which he calls rgfste, and which £l about Turin) (o
the clouds of fiow to. e actuated by fome uniform caufe Ly,
cledricity.* He even endeavours, very particalarly, to thon
in what manner certain configurations of- fiow are made, by
the uniform aQion of clediricity 4 All thefe conjetures abor.
the caufe of hail and faow were confirmed by abférving, that his
apparsaus never fuled to be cle@rified by faow, a5 well a3 by
sain,

A orE inten(e elediricity unites the particles of hail mors
clofely than the more moderate  elegricity docs thofe of oy,
In like manner, . we fee thunder -clouds' more ‘denfe than chot.
which merely bring rain, ‘and the drops of rain are Targer in
proportion, though they ofien fall not from £o great a heigh,

© Letere el llaricifno, p 330, 322, 35 4 1b,p, 325,331 3330 1Tb. g5
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SECTION  XII

THE ATTEMPTS THAT HAVE BEEN MADE T0O EXPLAIN SOME OF
rue More UNUSUAL APPEARANCES iN THE EARTH
AND HEAVENS BY ELECTRICITY.

N the two preceding fetions of this period, relating o the

ele@ricity of the atmofphere, the experiments and obfervati-
ons of Signior Becearia 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 indulged too much
toimagination before, will think him abfolutely extravagant here;
but his extravagancies, if they be fuch, are thofe of a great ge-
nivs 5 and had he a thoufand more fuch extravagancies, I fhould,
with pleafure, have followed him through them all.

Tise metcor ufbally called a falling flor has hitherto puzzled
all philofophers. Signior Becearia makes it pretty evident, that
itis an ele@rical appearance ; and the fact which he relates s 2"
proof of it, is excecding curious and remarkable.

As he was one time fitting with a friend in the open air, am
hour after fan fet, they (uw what is called a falling flar direCting

i its
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its courfe towards them, and apparently growing larger and larg.
en, tillit difappeared not far from them ; when it left their faces,
hands, and cloaths, with the carth, and all the neighbouringcm
Jedts, fuddenly illuminated, with a diffufed and lambent light,
atiended with no noife at all.  While they were Rarting y,
ftanding, and looking at one another, furprifed at the appear.
ance, a fervant came running to them out of a n:ighbouring
garden, and afked them if they had feen nothing ; for that b,
had feen a light fhine fuddenly in the garden, and efpecially yp.
on the ftreams which he was throwing to water it, %

Arz thefe appearances were evidently ele@rical ; and Signior
Beccaria was confirmed in his conjecture, that eledtricity was the
caufe of them, by the quantity of eleGric matter which, as wa
mentioned before, he had fecn gradually advancing towards by
kite; for that, he fays, had very much the appearance of a fll.
ing flar.  Sometimes alfo he faw a kind of g/ory round the kite,
which followed it when it changed its place, but left fome light,
for a fmall fpace of time, in the place which it had quitted. -

THAT appearances, which bear evident marks of elegtricity,

 have a very fenfible progreffive motion, s demonfirated from
variety of metcorological obfervations. I fhall relats one made
by Mr. Chalmers, when he was on board the Montague under
the command of Admiral Chambers. The dccount of it was
read at the Royal Society March the 22d, 1749.
Ox the gth. of November 1749, in lat, 42% 48, long. go. 5,
e was taking an obfervation on the. quarter deck, about ten mi-
atites before twelve, when one of the quarteromaiers defied he
would look to the windward ; upon which he obferved a large
ball of blue fire rolling on the furface of the water, at about

© Lettere deli elewicifno, p. xar, 4, P130
three
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three miles diftance from them. They immediately lowered their
top fails, &ee. but it came down upon them fo faft, that before
they could raife the main tack, they obferved the ball to rife al-
moft perpendicalar, and not above forty or fifty yards from the main
chains s when it went off with an explofion as if hundreds of
cannon had been fired at one time, and left fo great a fmell of
brimftone, that the (hip feemed to be nothing but fulphur.
After the noife was over, which, he believed, did not laft long~
et than half a fecond, they found their main top-maft (hattered
into shove a hundred picces, and the main maft rent quite down.
to the heel. - There were fome of the fpikes which nail the il
of themain maft drawn with fuch force out of the maft, and
they fhucks fo faft in the main deck, that the carpenter was
abliged to take an iron crow to get them out.  There were five
men knocked down, and one of them greatly burnt by the ex-
plofion.  They believed, that when ‘the ball, -which appeared
to them £o be of the bignefs of a large mill-ftone,  rofe, it took
the middle of the main top-maft, as the head of the maft above
the hounds was not fplintered. They had  hard gale of wind
from the N. by W. to the N. N. E. for two days before the
cident, with 2 great deal of rain and hail, and a large fea. From
the northward they had no thunder ot lightning, neither before
sor after the explofion: + The ball came down from  the. North
Baft, and went to the South Weft.

Twar the durara Borealis is an elerical phenomenon was, I
believe, never difputed, from the time that lightning was proved
tobeone.  To the circumftances of refemblance which had be-
fore been taken notice of batween this phenomenon and electri-
city; *Signior Beccaria adds, that when the aurora borealis has

Zz extended
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extended lower than ufial into the atmofphere, various founds,
as of rumbling, and hiffing, have been heard. *

M. Beroman fays, he has often obférved the magneric
needle to be diftarbed by a high aurora borealis, but that he
could never procure any eledlricity from them, cither with point-
ed metallic rods, or by means of a kite, 4-

Mz. Canrox (befides his conjecture, mentioned before, p.
334, that the aurora borealis may be the flathing of electric fire
from pofitive towards negative clouds ata great diftance, through
the upper part of the atmofphere, where the refiftance is leaft)
fuppofes that the aurora borealis, which happens at the time
that the needle is difturbed by the heat of the earth, is the elec-
tricity of the heated air above it ; and this, he fags, . 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 confidered, that elec-
tricity is now known to be the caufe of thunder and lightning,
that it has been extracted 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 fadden thaw happens
after fevere cold weather ; and that the curious in thefe matters.
are now acquainted with a fubftance that will, without fricion,
both emit and abforb the ele@ric fluid, only by the increafc or
diminution of its heat ; meaning the tourmalin, in which he
had difcovered that property.

In a paper dated November the r1th. 1754, he fays he has
fometimes known  the air to be eletrical in clear weather, but
never at night, except when there has appeared an aurora borealis,
and then but to a fmall degree, which he had feveral oppostuni-

* Eletuicifimo artiiciale ¢ natorale, p. z21. 4 Phil. Tranf, Vol. 52, Pt 2. P 435+

1 1b. Vol 51. pt. 1. p. 403, s
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ties of obferving that year.  How far pofifive and negative elec
tricity in the air, with a proper quantity of moifture between,
1o ferve as a conductor, will account for this, and other meteors,
fometimes feen in a ferene fky, he leaves to be inguired
into. *

Stontor BeccARia takes fome pains to fhow that water
Jpouts have an elecrical origin. To make this more evident,
‘he fift deferibes the circumftances attending their appearance,
swhich are the following.

Tugy generally appear in calm weather. The fea feems to
boil, and fend up a fmozk under them, rifing in a hill towards
the fpout. At the fame time, perfons who have been near
them have heard a rumbling noife. The form of a water fpout
s thit of afpeaking trampet, the wider end being in the clouds,
and the narrower end towards the fea. The fize s various, even
in the fame fpout. The colour is fometimes inclining to white,
and fometimes to black. Their pofition is fometimes perpendi-
etlar to the fea, fometimes oblique ; and fometimes the fpout
itflfis in the form of a curve.  Their continuance is very va~
rious; fome difappearing as foon as formed, and fome continu~
ing aconfiderable time.  One that he had heard of continued a
«whole hour. But they often vanifh, and prefently appear again
in the fame place.

Tig very fame things that water fpouts are at fea are fome
Kkinds of whirkoinds and burricanes by land. They have been
known to tear up trees, to throw down buildings, make caverns
in the earth 3 and, in all thefc cafes, to fcatter carth, bricks,
flones, timber, &c. to a great diftance in every dire@ion. §
‘Great quantities of water have been left, or raifed by them, fo

“* il Tranf, Vol. 8. p..

po784. + Eletrcifno atiicisle ¢ naturale, p. 206, &
11b. p 210,
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as to make a kind of deluge ; and they have always been attepd-
ed with a prodigious rumbling noife.

Tuar thefe phenomena depend upon elericity cannot byt
appear very probable from. the nature of feveral of them but
the conjecture is made more probable from the following addi.
tional circumftances. They generally appear in months pecy.
liarly fubjec to. thunder ftorms, and.are. commonly. preccded,
sccompanied, or followed by lightning, rain, of hail the prc.
vious ftate of the air being fimilar. Whitifh or yellowith flafhes
of light have fometimes been feen moving with prodigious fivifi-
nefs about them.  And, latlly, the manner in which they ter-
minate exa@ly refembles what might be expected from the pro-
longation of one of the uniform protuberances of ele@rifcd
clouds, mentioned before, towards the fcas the water and the
cloud mutually attracting one another: for they fuddenly contra®
themfelves, and difperfe almoft at once ; the cloud rifing, and
the water of the fea under it falling to its level. But the moft

i and the moft ble.to the fuppo-
fition of their depending upon cle@iricity is, that they have been
difperfed by prefenting to them fharp pointed knives or fiords.
‘This, at leaft, is the conftant practice of mariners, in many
parts of the world where thefe water fpouts abound ; and he was
affured by feveral of them, that the method-has often been un-
doubtedly effectual. ¥ '

Tus analogy between the phenomena of water fpouts and
ele@icity, he fays, may be made vifible, by hanging a drop
of water to a wire communicating with the Pprime conductor,
and placing a veflel of water underit. In thefe circomftances,
the drop affumes all the various appearances of a water fpout,

* * Blewiciino artifcialee natural, p. 213,
B both.
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both i its rife, form and manner of difappearing.  Nothing is
wanting but the fimoak, which may  require & great force of
elegiricity to become vifible.

Mg Wiz cke alfo confiders the water fpout as a kind of great
clerical cone, raifed between the cloud  ftrongly cle@rified,
and the fea or the carth, * and he relates a very remarkable ap-
peasaice which occurred to himelf, and which firongly confirms
his fuppofition. . On the twentieth 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,
swhich, when it was near his zenith, ele@rified his apparatus
politively, and to as great a degree a5 ever he had obferved it to
be done by natural clefiricity. 'This cloud paffed his zenith,
andwent gradually towards: the Weft, the duft then following
it, and continuing to rife. higher and higher till it compofed a
thick pillar, in the form of a fugaf loaf, and at length feemed
tobein contact with the cloud. At fome diftance from.this,
there came, in the fame path, another great cloud, togethes
witha long fiream of fmaller clouds, moving fafter than the pre-
ceding. Thefe clouds ele@rificd his apparatus. negatively, and
when they came near the pofitive cloud,. a flafh of lightning wao
feen to dast through the cloud of duft, the pofitive cloud, the
large negative cloud, and as far as the cye could diftinguith, the
whole train of fimaller negative elouds which followed it. ~ Upon
this, the negative clouds (pread very much, and diffolved in rain,
and the aif was prefently clear of all the duft. The wholo
appearance lafted not above half an hour.

) 14z fRemarks on Dr, Frsaklin'sleters, p. 548
AT ¢ o
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o Signior Beccaria’s theory of water fpouts and hurricanes,

T thall add a defeription of a hurricane in the Weft Indies, from
the Account of the European fettlements i America, pare of which
is tranfcribed from the Philofophical Tranfaions. Both were
-evidently written without the moft diftant view to any philofo.
phical theory, and leaft of all that of eletricity ; and yet thofy
who are difpofed to favour this hypothefis may. perecive fevers]
i which tend to firengthen it. * 1 need not point

them out.

«Ir s in the rainy feafon, principally, in the month of Au.
« gult, more rarely in July and September, that they are affial:.
< ed by burricanes, the moft terrible calamity to which they are
« fabject from the climate. This defiroys, at one fhroke, the
< labours of many years, and fruftrates the moft exalted hopes
« of the planter; and often juft at the moment when he thinks
¢ himfelf out of the reach of fortune. ' Itis a fiadden and violent
« ftorm of wind, rain; ‘thunder, and lightning attended with
“ a furious fwelling of the fea, and 'fometimes  with an earth-
« quake; in thort, with every circumftance ‘which the clements
< can affemble that is terrible and deftructive. -

« First they fee, a5 a prelude to the enfuing havock, whole
< fields of fugar canes whirled into the air, and feattered over
< the face of the country. The ftrongeft trees of the forelt arc
< torn up by the roots,” and driven about like ftubble. Their
< wind-mills are fwept away in a moment. Their works,
< the fixtures, the ponderous copper boilers, and fiills, of feveral
« hundred weight, are wrenched from the ground, and battered
* to picces. Their houfes are no prote@tion. The roofs aré tom
< off at one blat, whil(t the rain, which in an hour rifes five
< feet, ruthes in upon them with an isrefiftible violence.

< Tuere are figns, which the Indians of thefe iflands taught

5 “ our
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wour planters, by which they ‘can’ prognofticate the approach
«of a hurricane. It comes on cither in the quarters,  or at the
« full or change of the moon.  If it will comé on at the full
4 moon, you being at the change, obferve thefe igns. * That day
«you will fee the fky very turbulent. You will obferve the fun
« moré red than 4t other times.  You will perceive a dead calm,
« andthie hills clear of all thofe clouds and mifts which *ufually
« Hover about them. 'Tn the clefts 'of the ‘earth, and in the
« wells, you will heara hollow rumbling found, like the rufh~
«ing ofa great wind. At night the ftars feem much Targer
« than ufual, and furrounded with a fort of burs. The North
& Weft fky has a black and menacing Took, and the fea emits 2
& firong fimell, and rifes into vaft waves, often without any wind.
“The wind itfelf now forfakes its ufual fteady Eafterly ftream,
«and fhifts about to the Weft; from whence it fometimes
“blows, with intermiffions, violently and irregularly, for about
“two hours at a time. You have the fame figns at the full of
« the moon.  The moon itfelf is furrounded with a_ great bur,
“ and fometimes the fun has the fame appearance.”®

“Tte firfk perfon who advanced that carthquakes were probably
caufed by eleéricity, was Dx. Stuxerey, upon occafion of
the carthquakes at London, on February the 8th. and on March
the 8th. 1749’5 and another which affeCted various other parts
of England, the center being about Daventry in Northampton-
fhire, on the goth. of September 1750. The papers which the
Docor delivered to the Royal Society on thefe occafions, and
which were read March the 22d. 1749, and December the 6th.
1750, well deferve the attention of all philofophers and cle@ri-
cians. 1 fhall here give the fubftance of both; only abridging
and diffsently arranging the matcrials of them.

: 8.4 ¢
. ¢ § Account of the European Settlements in America, Vol. 2. p. 96, &c.

Phil. Tranf, abridged, Vol. 2. p. 106+
Tuar
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Tuar earthquakes are not owing to fubterrancous winds, fires,
* vapours, or any thing that occafions an explofion, and heaves
up the ground, he thought might eafily be concluded from
variety of circumflances.  In the firft place, he. thought there
wias o evidence of any remarkable cavernous. firuture of the
carth; but that, on the contrary, there is rather reafon to pre-
fume, that itis, in a great meafure, folid; fo s to leave little
room for internal changes, and fermentations within its fubftance;
nor do coal-pits, he fays, when on fire, ever produce any thing
refembling an earthquake.

I the fecond earthquake at London, there was no fuch thing
as fire, vapour, fmoke, fiell, or an eruption of any kind ob-
ferved, though the thock affected a circuit of thirty miles in di-
ameter. This confideration alone, of the extent of furface fhaken
by an carthquake, he thought was fufficient, to overthrow the
fuppofition of its being owing to the expanfion of any fubterra-
neous vapours. . For it could not poflibly be  imagined, that f
immenfe a force, as could at upon that compafs of ground in-
ftantancoufly fhould never break the furface of it, fo as to be
difcoverable to the fight or finell 5 when fmall fire balls, burf-
ing in the air, have inflantly propagated a fulphureous {mell all
around them, to the diftance of feveral miles.

Besioes, the operation of this great fermentation, and pro-
dution, of claftic vapours, &c. ought to be many days in conti-
nuance, and not inftantancous ; and the evaporation of fuch &
quantity of inflammable matter would require a long fpace of
time. ¥ 3

Hz thought that if vapours and fubterrancous 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 fat,

N d gGn S even
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even where they have been frequently repeated.  Mentioning
the great earthquake ‘which happened A. D. 17, when no lefs
thin ‘thirteen great cities ‘of Afia Minor were deftroyed in one
pight, and which may be reckoned to have fhaken a mafs of
carth 300 ‘miles in diameter, he afks; How can we poflibly
conceive the action of any fubterraneous vapours to produce fach
an effe@ o inftantaneoufly ?. How ' came it to pak, that the
whole country of Afia Miner was not at the fame time deftroy=
ed, its mountains reverfed, its fountains and fprings broken up,
and reined for ever, and the courfe of its rivers quite changed ?
Whereas, ‘nothing fuffered but the cities. There was no kind of
Alteration in the furface of the country, which, indeed, remains
the fame to this day. :

To make the hypothefis of fubterraneous vapours, &cc. be=
ing the caufe of earthquakes the more improbable, he obferves,
that! any {ubterrancous power, fufficient to move . firface of
arth thirty miles in diameter, asin the carthquakeswhich hap-
pened at London, muft be lodged at leaft fiftcen or twenty miles
belowthe furface of the carth, and thercfore muft move an in=
verted'cone of folid carth, whofe bafis is thirty miles in diameter,
and axis fifteen or twenty miles; an effe@ which, he fays, no
natural power could produce.

Urox the fame principle, the fubterrancous caufe of the
carthquake in Afia Minor muft have moved a cone of earth of
300 miles in bafe and 200 in the axiss which, he fays, all
the gun-powder which has ever been made fince the invention
of it would not have been able to flir, much lefs any vapours,
Z:i:hmld be fuppofed to be generated fo far below the fur~

il

ot upon the principles of any fubterraneous explofion
hat wewean, in the leaft, account for the manner in which
Aaa fhipsy
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fhips, far from any land, are affefted during an carthquake;
which feem. a5 if chey fruck upon a fock, or gs if fomethisg
thumped againft their bottoms.  Even the fithes are affected by
an carthquake. The firoke, therefore, muft be occafioned by
fomething that could communicate motion with unfpeakable
greater velocity than any heaving of the carth under the fea, by
the elaflicity of generated vapours. ‘This could only produce s
gradual fivell, and could never give fuch an impulfe to the water,
as would make it feel like a ftone. 18

ComPARING all thefe circumftances, he fays, he had alivays
thought, that an earthquake was an cleérical fhock, of the fime
nature with thofe which are- now become familiar in eleGrical
experiments.  And this hypothefis he thought was confirmed
by the phenomena preceding and attending earthquakes, parti-
cularly thofe which occafioned this publication.

Tue 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 Weft, and that without
rain ; fo that the earth muft have been in a flate of eledricity
ready for-that particular vibration in which ele@rification confifts.
On this account, he obferves, that the Northern. regions of the

* world are but little fubje&t to earthquakes in. comparifon. with
the Southern, where the warmth and.drynefs of the air, fo necef-
fary to elericity, are common. All the flat. country of Lincoln-

* thire before the carthquake in Sep though, h
it is a watery bog, yet,. through-the whole preceding fummer
and autumn, (as they can haveno natural (prings in fuch:a level)
the drought had been {0 great on the farface of the carth, that
the inhabitants were obliged to drive their cattle feveral miles to
water. This, he Gys, fhows how it the dry furface was for an

ele@rical
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cle@rical vibration 5 and alfo, which is of great importance, that
earthquakes reach but very little below the furface of the carth.

Brrons ¢he earthquake'at London, all vegetables had been
uncommonly forward. At the end of February, in that year, all
forts of garden ftuff, fruits, Aowers, and trees were obferved to
e as forward as, in other years, about the middle of April ; and
clericity s well known to quicken vegetation.

Tae Aurora Borealis had been very frequent about ‘the fame
time, and had been twice repeated juft before the carthquake, of
fiuch colours as had never been feen before. It had alfo removed
tothe South, contrary to what is common in England; fo that
fome Italians, and people from otherplaces where carthiquakes
are frequent, obferving thefe lights, and the peculiar tempera-
ture of the air, did acually forctell the carthquake. For a fort-
night before the earthquake in September, the weather was ferene,
milldy: and calon 5 and, ‘one evening, there was a decp red Aurora
Botelisy, covering the cope of heaven, very terrible to behold.

Tye whole year had been exceedingly remarkable for fire balls,
thunder, lightning, and ~corufcatidns, almoft ' throughout  all
England.  Fire balls were more than once feen in Ireland, and
Lincolnfhire, and particulaly obferved. = And all thefe kinds of
meteors; | the Doétor fays, arc rightly jadged to proceed from
the eleétrical ftate of the atmofphere.

 In thefe previous circumftances of the ftate of the earth and
sit, nothing, he fays, is wanting to produce the wonderful et
of an_earthquake, but the touch  of fome: non-electric body s
which muft neceffarily be had abextra, from the region of the
ait, or atmofphere, Hence, he infers that, if a non-cleciric

n e its.contents upon any part of the earth, in that
highly ele@rical ftate, an carthquake muft neeeffarily enfic. As

the difcharge from an cxcited tube produces a commotion in the
Aaaz human

UVVA.BHSC



364 Fne FTHEORY op Parz 1

human body, fo. the difeharge of elefiric matter;from.the com.
pals of many miles of [olid earth.mutt needs. bean earthquake,
and the foap from the conta@ be. the horrid, uncouth noife attend-.
ing it.

itz Doftor had been informed, - by thofe who were up and
abroad the. night preceding the carthquake, :and. early.in- the
morning, that corufcations.in the air were. extremely: frequent ;
and that;, a liccle before the carthquake, a Jarge and. black. cloud
fuddenly covered the atmofphere, which, probably oceafioned the
fhock,. by the difcharge of a hower. . Dr. Childrey, he fays, ob.-
ferves, | that earthquakes are. always preceded by rain, and fud.
den tempefts of rain in-times of great.draught.

A sounp was obferved to roll from the river Thames, towards,
Temple Bar, befare the houfes ceafed tonod, juft as the elocisi.
cal fnap precedes-the. fhock.  This noife,  an obferver. faid; was,
mueh greater than any he had ever heard. - Others, who write
upon earthquakes, commonly obferve, that! the noife precedes
the fliock : whereas it muft-have been quite the contrary, if the
concufiion had depended upon a fubterraneous eruption.  This
noife attending carthquakes, the Dotor. thoughty could mot be
accounted for, but upon the-principles of ele€tricity. The carth.
quake in September. was. attended with ' ruthing noife, s if
houfes were falling, and people; in- fome  places, were fo uni-
vellly fighted, 25.to run out of theie: houfes,  imagining. that
their own, and thoft of their neighbours were tambling on heic
heads.. In fome villages, the people, being at divine fervice, were
much alarmed with the noife; which they faid, beyond all,
comparifon, . exceeded all the thunder they had ever heard.

‘Tus flames and fulphureon s, which are: ometimes'ob
ferved daring earthquakes, the Dottor thought ‘were more eafly

secounted for,. from the:fuppofition of their being ele@rical phe-
A nomens,.
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omena,  than from their being occafioned by the: eruption of
any thing from the bowels of the earth.

Tys impreffion made by an carthquake upon land and water,
10 the greateft diftances is, s was oberved before, inflantaneouss
which could only be effected by cledisicity.  In. the carthquake
in September,. the concuffion was felt through a fpaceof 100
miles in length,  and forty in breadth s and, as far as could be
judgeds at the fume inftant of time. ‘That this tra& of ground,.
“which amounted to 4000 fquare miles in furface; fhould. be
hrown into fuch agitation in a moment, s fuch a prodigy, the
Doflor fays, as we could never believe, o conceive, did we
ot knowit to.be fact from our fenfes, - But if we feck the fo-
Jution of it, we cannot think any natural power equal to it,
bt that of elericity ; which acknowledges no fenfible. tranti-
tion of time, o bounds..

Tz little damage generally done by carthquakes,  the-Doc-
tor thought to be an argument of their being occafioned. by ai
fimple vibration, of tremulous motion of the furfuce of the carth,
by, an ele@ical faap. This vibration, he fays, impreffed on
the water, meeting with the folid bottoms of fhips, and lighters,
oceafions: that thump: which'is faid tobe felt by them : yet, of
the millions of ordinary houfes, over which it pafied, not onc
fell. A confideration which fufficiently points-cut what fort of
2 motion'this was not 3 alfo what fost of a motion it was, and
whiehee ‘derived ; ot a convulfion in-the bowels of the earth,
butan uniform vibration alongits furface, like that of a mufical:
flring, ot what we put a drinking glafs into, by- rubbing one’s
finger on the edge; which yet, being brought to a certain piteh,
Breaks the glafs 5 undoubiedly, he adds, an derical repulfion-
ofits parts,

Tt canthquakes are cledirical phenomens, s further evin
35 ent
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dent, he fays, from their chiefly affecting the fea' coafl places
along rivers, and, Imay add, eminences. The earthquake in
September fpread moftly to the North and South 5 which the
Doctor fays s the direttion of the Spalding river, whereby i
was conveyed to the fea thore, where it was particularly feafible;
thence up Bofton channel, and fo up Bofton river to Lincoly.
The greatelt part of this carthquake difplayed its' effets along,
and between the two rivers Welland, and Avon, and that frog,
their fources down to 'their mouths. It likewife reached the
siver Witham, which dire@ted the ele@rical ftream that way
alfo to Lincoln; for which reafon, mecting the fame com-
ing from Bofton, it was moft fenfibly felt there. It reached,
likewie, o the Trent at Nottingham, which conveyed it ty
Newark.

Tu firft le@rical firoke in this earthquake feemed to the
Dodtor to have been made on the high ground about Daventry
in Northamptonthire. From thence it defeended  chiefly Eafi-
ward, and along the river Welland, from Harborough, to Stam-
ford, Spalding, and the fea; and along the river Avon and Nen
to Northampton, Peterborough, Witbich, and the fea. - It fpread
itfelf all over the valt level of the ifle of Ely, promoted by
a great number of canals; natural and artificial, made for
draining that country. It was fll conducted Eaftward, by
Mildenball river in Sufolk, to Bury, ‘and. the pars adjacent.
All thefe. circumtances duly confidered | were to him a confic-
mation of the doérine he advanced on this fubject.

Lastiy, the Docor adds, as a further argument in favour
{ of bis hypothefis, that pains in_the back, theumatic; hyfleric,

and nervous cafes; head aches, cholics, &ec., were felt by many
people of weak conftitutions, for a day or two after the carth-
quake ;
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quike 3 juft as they would afier elediification; and, to fome,
thefe diforders proved fatal.

In what manner the earth and atmofphereare put into that
eledirical and vibratory ftate, which prepares them to give or
receive that fhap-and thock, which we call an earthquake, and
whence it is that this elecric matter comes, the Doctor does not
pretend fo fay 5 but thinks it as difficult o account for as mag-
agtifin, gravitation, mufcular. motion, and many other fecrets
in nature, *

To thefe obfervations of Dr.. Stukeley, T fhall add fome cir~
cumftances which were obferved by Dr. Hales, in. the earth~
quake at London, on March the 8th 17495 e tending to
Grengthen the hypothefis of its being caufed by electricity 5
though the Dodtor, who relates them,  thought that the electric
appearance were only occaioned by the great agitation, which
the ele@ric fluid was put into, by the fhock of fo great a mafs
of the carth.

A the time of the carthquake,. about twenty minutes before
fix in the morning, the Dodor, being  awake in bed, on a
ground floor,. at a houfe near the church of St. Martin’s in the
felds, very fenfibly felt his bed heave, and heard an. obfoure.
rulhing noife in the houfe, which ended in-a loud explofion up
in the air, like that of & fmall cannon. The whole duration,
from ¢the beginning to the end, feeming to be about four fe-
conds.

Tits great noife, the Dodtor conjectured,. ws owing fo. the
rufhibg, o fudden cxpanfion of the clectric fuid at the top of:
St. Martin's fpire, wher all the eleciric efflavia, which afcend-
adalong the large body of the tower, being firongly condenfed,.

Bl Traaf, abeidgeds Vol 10. p. 536, 535 and pe 541 S35
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and accelerated at the point of the weathercock, as they, rufhed
off, made fo much the louder expanfive explofion.

Tue Doftor further fays, that the foldiers, who were upon
daty in St. Jumes's park, and other pertons who were then up,
faw a blackith clond, and a confiderable lightning, juft befory
the carthquake began, *

Mz. Harrman is of opinion that electricity is the caufe of
earthquakes, and gives a fuccin@ cnumeration of all the circun-
ftances which favour this hypothefs, -+

My readers who has feen to how great an'extent Signior Bec.
caria has already carried the principles of elecricity, will have
7o doube but that he fuppofes earthguakes to be derived from that
caufe. And indeed, without any knowledge of what Dr. Stuke.
ley had done, he did fuppofé them to be electrical phenomens ;
but, contrary to the Doctor, imagined the clectric matter which
occafioned them to be lodged deep in the bowels of the earth,
agreeable to his hypothefis concerning the origin of lightning.

I s certain that if Signior Beccaria's account of the origin of
thunder clouds be admitted, there will be little difficulty in ad-
mitting further, that earthguates are to be reckoned among the
effects of clectricity. * For if the equilibrium of the elecric mat-
ter can, by any means,  be loft in the bowels of the earth; o
that the beft method of reftoring it fhall be by the fluid burfting
its way into the air, and traverfing feveral miles of the atmof-
phere, tocome to the place where it is wanted 5 it may eafily be
imagined, that violent concuffions may be given to the carth, by
the fadden paffage of this powerful agent. And feveral circum-
ftances attending earthquakes he thought rendered this hypothe-
fis by no means improbable. h

VoLcaxos are known to have a near conne@ion with carth-

1 Phil. Traf.abridged, Vol. 10, 540, 541, + Abhandlung, p. 145,
quakes;
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quakes 3 and flathes of light, exadlly refembling lightning, have
frequently been feen to ruth from the top of mount Ve
us, 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
tradk of country. ~ Of thefe be produces a great number of in~
ftances, from the beft authority.*

A RuMBLING Roife, like thunder, is generally heard during
an earthquake. . At fuch times, alfo, flafhes of light have been
feen rifing out of the ground, and darting up into the air. Real
lighting hath fometimes occafioned finall hakings of the earth,
at leaft has been attended by them. But the firongeft circum-
flance of refemblance which he obferved is the fame that Dr.
Stukeley lays fo much ftrefs on, viz. the amazing fwiftnefs with
which the earth is thaken in earthquakes. An earthquake, fays
he, is by no means a gradual heaving, as we might have expect-
ed from other caufes, but an inftantaneous concuffion, o that
the fluidity of the water is no fecurity againft the blow. The
very dhips, many leagues off the cgaft, fecl as if they firuck a-
gaintt arock.

Tas admirable philofopher, having imitated all the great
phenomena of natural clericity in bis own room, doth not let
the earthquake efcape him.  He fays, that if two picces of glafs,
dnclofing a thin picce of metal, be held in the hand, while s
Targe fhock is fent through them, a {trong vibration, or concuf-
fion will be fel¢; which fometimes, as in Dr. Franklin's ex-
periments, breaks them to pieces.
 Stanior Beccana thinks, that there are traces of eledtrical
‘operations in the earthquake, that happened at Julian's attempt
the temple of Jerufilem. -

® Lottere dell’ ellettricifmo, p. 226, 362, &¢. 1 Ib.p. 365,
Bbb
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Tuat the eledtric fluid is fometimes colle@ted in the bowels
of the earth, he thought was probable from the appearance of
fgres fatui in mines, which fometimes happenss and is very
probably an clecrical phenomenon, *

Wrcn of thiefe two philofophers have advanced the more
probable opinion concerning the feat of the clectric matter which
oceafions earthquakes, I thall ‘not prefend to decide. I fhal]
only obferve that, perhaps, a more probable general hypothefs
than cither of them may be formed out of them both. Suppole
the clectric matter to be, fome way or other, accumulated on
one part of the furface of the earth, 4nd, on account of the ry-
nefs of the feafon, not cafily to diffufe JeIf; it may, as Signior
Becearia fuppofes, force itfelf a way into the higher  regions of
the air, forming clouds’in s paflage ‘out of the vapours which
floatin the atmofphere, and occafion a fudden fhower, which
may further promote the pafiage of the fluid. The whole furface,
thus unloaded, will receive a concufiion, like any other condut-
ing fubflance on parting witl, or receiving a quantity of the
eletric flid.  The ruthing noife will, likewife, fieep over the
Whole extent of the country. And, upon this fuppofition, ali,
the fluid, in its difcharge from the country, will naturally fol-
Tow the courfe of the rivers, and alfo take the advantage of any
eminences, to facilitate its afcent into the higher regions of the
air.

T suars clofe this account of the theory of lightning, dnd o-
ther ph of the b with an of the
principal appearances of natural electricity obferved by
ents, and which were never underftaod before the difcovery of

# Dell elttricifmo artificale ¢ naturale, p. 223, 5
13
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Dr. Franklin. It will be very eafy for me'to do this, as I find
them already collected to my hands by Dr. Watfon. *

A LumiNous appearance, which mut have been of an elediri-
cal nature, is mentioned by Plutarch in his life of Lyfander.
He confidered it as a metcor. §

Priny, in his fecond book of natural hiftory, calls thofe ap-
pearices flars, and tells us, that they fetled not only upon the
mafts, and other parts of fhips; but alfo upon men's heads.
Bffunt, Goys that biftorian, fele et in mari terrifpue. Vi
odturnic wilitum wigiliis inbarere pilis pro wallo fulgorem effgiz ca s
b antennis navigantium, alifyue navium partibus, ceu vocali quodam
fomo infiflunt, - ut wolucres, [edem ex._fede mutantes. Geming
autem falutares ef profperi curfus pranuncie ;s quarum adventts fii~
gari diram llam ac minacem appellatamque Helenam ferunt. Et b
4 Palluci et Caftord id mumen affignant, ecfyue in mari dess imvocant.
Homium quoque capiti vefpertinis horis, magno prefigiv circunful-
- But, adds he,  thefe things are incerta ratione et in nature

gent.
mgjeflate abdita.

‘St aRs make their appearance both at land and fea, Thave
@ feen alight in tht form ‘on the fpears of foldiers, keeping
« watch by night upon the ramparts. They are feen alfo on the
«filyasds, and other pasts of fhips, making an audible found,
« snd frequently changing their places. | Two of thefe lights
« forebode good weather, and a profperous voyage; and drive
< suay e that appears fingle, and wears a threatning afpect.
& This the failors call Helen, but the tw they call Caftor and
« Pollux, and invoke them as Gods. Thefe lights do fometimes,
¢ sbout the evening, rcit on men's heads, and arc 2 greac and

H g2 . ® Phil, Tranf. Yol. 48. pt . p- 210-
Bbba
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« good omen. But thefe are among the awful myferies of na-
« ture.”

Sexeca in his Natural Queftions, chap. I. takes notice of the
fame phenomenon.  Gylippo, Syracufis petenti i o fllls fiprs
ipfam lancem conflitifle. In Romanorum caffris vifa funt ardere pil,
sgnibus feilicet in illis delapfis.

« A sras fettled on the lance of Gylippus, as he was filing
« to Syracufe : and fpears have feemed to be on fire in the Ro-
“ man camp.”

In Cfar de Bello Africano, cap. 6. edit. Amftel. 1686. We
find them attending a violent ftorm.  Per id tempus fore Cafri
exercitui res accidit incredibilis auditu s nempe Virgiliaram figns cn-
fetta, circiter vigilia ficunda nolis, nimbus cum fusea grandine fi-
bits of coortus ingens. Eadem notte legionis Ve pilorum cacunina
Jua fponte arferunt.

« About that time, there was a very extraordinary appearance
“ in the army of Czfar. In the month of February, about the
« fecond watch of the night, there fuddenly arofe a thick cloud,
« followed by a (hower of ftones; and the fame night, the points
« of the fpears belonging to-the fifth legion feemed to take firc.”

Livy, cip. 32. mentions two fimilar fads. Fr Sicilia mili-
bus aliquot fpicula, in Sardinia muro circumeunts vigilias equiti, [t
pionem, quem in manu_ tenverat; arfiffes. et litora crebris ignibis

JSulffe

£ fpears of fome foldiers in Sicily, and a walking ftick,
* which a horfeman in Sardinia was holding in his hand, feem-
“ed tobe on fire. The fhores were alfo luminous with fre-
« quent fires. ” < ]
‘Tuese appearances are called, both by the French and Spani-
ards, inhabiting the coafts of the Mediterranean, St. Helme's,
or St. Telme's fires; by the Italians the fires of St. Peter, and
St
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st. Nicholas 3 and are frequently taken notice of by the writers
of voyages.

Ir fome late accounts from France, adds the Docor, are to
be depended upon, this phenomenon, has been obferved at
Plauzet for time immemorial, and Mr. Binon, the curé of the
place, fays, that for twenty feven years, which he has refided
there, in great ftorms accompanied with black clouds, and fre-
quent lightnings, the three pointed extremities of the crofs of
the feeple of that place appeared furrounded with a body of
flame ; and that when this phenomenon has been feen, the fiorm
‘was no longer to be dreaded, and calm weather returned foon
after.

Mopery hiftory furnifhes a great number of examples of
fames appearing at the extremities of pointed metsllic bodies,
projeting into the air.  Little notice was taken of thefe, while
the caufe of them was unknown ; but fince their near affinity
with lightning has been difcovered, they have been more attend~
ed to, and colleted.

SECTION
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SECTION XIIL

OBSERVATIONS ON THE Use ofF METALLIC CONDUC.
TORS To SECURE BUILDINGS, &C. FROM THE EFFECTS
OF LIGHTNING.

HE former fections of this. period relate.chiefly. to the
T theory of elecricity. In the two next I fhall confider
what has been done towards reducing this.fcience into practice.
And, in the firft place, T fhall recite the obfervations that have
been made refpecting the ufe of metallic conduors, to fecure
buildings from lightning, as having the neareft connedtion with
the fubject of the fetions immediately preceding.

Dr. Franii's propofal to preferve buildings from the
dreadful cffects of lightning was by no means a matter of merc
theory.  Several ftriking fats, which occurred within the pe-
riod of which I am treating, demonflrate its utility.

InvoMERALE obfervations thow how  readily metallic rods
atually conduct lightning, and how finall  fubflance of metal
is fufficient to difcharge great quantities of it Mr. Calendrini,
‘who afterwards applicd to Dr. Watfon, to be informed of the
beft methods of fecuring powder magazines, fays that he him;’

Ll
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{eIf was an eye witnefs of the cffeét of a flafh of lightning, where
he obferved it had firuck the wire of a bell, and had been com-
pletely conducted by it, from one room of a houfe  to another,
through a very finall hole in the partition. This obfervation was
prior to the difcoveries of Dr. Franklin, but was recolletted and
and recorded afterwards.®

Dr: FrANKLIN himlf, in a letter to Mr. Dalibard, dated
Philadelphia, June the 29th. 1755, relating what had been
(it him of the cffects of lightning on the church of Newbury
in New England, obfervess that a wire, not bigger than a com-
mon knitting necdle, did in fa& condué a flafh of lightning,
without injuring any part of the building as far as it went;
though the force of it was fo great that, from the termination
of 'the wire down to the ground, the fteeple was exceedingly
rent and damaged, fome of the ftones, even in the foundation,
being torn out, and thrown. to the diftance of twenty o thisty
feet, No part of the wire, however, could be found, exocpt
about two inches at cach extremity, the reft being exploded, and
its particles diffipated in fmoke and air, as the Dottor fays, like
‘gunpowder by a common fire. It had only left a black fmutty
track upon the plaifter of the wall along which it ran, three o
‘four inches broad, darkeft in the middle, and fainter towards the
edges. From the circumftances of this fact it was very evident,
“that, had the wire been contifiued to the foot of the building,
the'whelf hotk would have been condutted without the leaft in-
jury to it, though the wire would have been deftroyed.
/Byt the moft complete d on. of the real ufe-of Dr.
“Franklin’s methiod of fecuring buildings from the effects of light-
‘nig, is Mr. Kinnerfley’s account of what happened t the houfe

el

* Phil, Franf, Vol. s pt 1. pizog, +1b. Vol 49, pt 1. 309,
i of
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of Mr. Weft, a merchant of Philadelphia in Penfilvania, which
was guarded by an apparatus conftruted according to the di<
rections of Dr. Franklin. It confifted of an iron rod, which ey~
tended about pine feet and an half above a ftack of chimaies, to
which it was fixed. It was more than half an inch in diameter
in the thicket part, and went tapering to the upper end, in
which ‘there was an hole thit receiveda brafs wire about three
lines thick and ten inches long, terminating in a very acute point,
The lower part of the apparatus joined to an iron flake, driven
four or five feet into the ground.

Mg, West judging, by the dreadul flath of lightning and in-
ftant crack of thunder, that the conduétor had ben @ruck, got it
examined ;. when it appeared, that the top of the pointed rod
was melted, and the fmall brafs wire reduced to feven inches and
ahalf in lengtb, with its top very blunt. - The flendereft pastof
the wire he fufpected, had been diffipated in fimoke; but fome
of it, whero the wire was @ little thicker, being only melied by
the lightning, funk down (while in a flaid flate) and formed 2
rough irregular cap, lower on one fide than on the other, round
¢he upper end of what remained, and became intimately united
with it. Itis remarkable, that, notwithftanding the iron ftake,
in which the apparatus terminated, was driven; three or four feet
into the ground, yet the earth did not conduét the lightning o
faft, but that, in thunder florms the lightning would be feen dif-
fufed near the ftake two or three yards over the pavement,
though at that time very wet with rain. * i

1s order to fecure.thips from fuftaining damage by lightning,
Dr. Watfon, in a letter to Lord Anfon, read at the Royal Socic-
ty, Decerber the 16th. 1762, advifes, that a rod of copper,

Phil, Traa, Vol. 53, pr. 1. p. 96.
B about
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about thejthickne(s of a goofe quill, be connedted with the fpin-
dles and iron work of the malt; -and,  being continued down to
the deck, be from thence, iin any convenient direction, fo dif-
pofed, as always to.touch the fea water. *

Wns refpe to powder magazines, Dr. Watfon advifed Mr.
Calandeini above-mentioned, that the apparatus to condudt  the
Jightning from them be detached from the buildings themfelves,
and conyeyed to the next water.

WitaT lately happened to St. Brides church in London is 2
fufficient proof of the utility of metallic conductors for lightning,
Dr. Watfon, who publithed an account of this fa in the Phi-
lofophical Tranfactions, obferves, that the lightning firft ‘took o
weathercock, which was fixed at the top of the fteeples and was
condued without injuring the metal, or any thing elfe, as low
aswhere the large iron bar or fpindle which fupported it (and
which came down feveral fect into the top of the ftecple) termi-
nated, . There, the metallic communication ceafing, part of the
I g exploded, cracked, and fhattered.the obelifk, - which
terminated. the fpice of the fteeple, in its. whole diameter, and
threw off at that place (everal large pieces of Portland. flone, of

jich the, fteeple was built. Here it likewife removed a flone
lace, but not far enough to be thrown down.  From
thence the lightning feemed to have ruthed upon two horizontal
iton: bars, which were placed within the building crofs cach
other, to give additional ftrength to the obelifk, almoft at the
bafe not much above the upper flory. At the end of
n bars, on the Eaft and North Eaft fide, it ex-
P igain, and threw off a confid quantity of ftone. AL
aoft all the damage done to the fteeple, except near the top, was

* 16 Vol.52. pt. 2. p. 6330
Ccc confined
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o

confined to the Eaft and North Eaft fide, and generally;  where
the ends of the iron bars had been inferted into the ftone, or plas
ced under it; and, in fome places, by its violence in the fone,
its paflage might be traced from one iron bar to another,

I s very remarkable, that, to leffen the quantity ‘of fione iy
this beautiful fleeple, cramps of iron had been employied in (o,
veral parts of it and upon thefe, flones of o’ great thicknets
had been placed, both by way of ‘orhament, ard to cover the
cramped joint. In feveral places thefe flories’ had, on zccount
of their coveritig the iron, been ‘quite Blotn o dnd throms
away.. A great number of ftones, fome ‘of ‘them Targe ones,
were thrown fiom the fleeple, three of which fell apont the roof
of the church, and did great damage to'it  and one of ‘then
broke through the large timbers which formed the £00f, and
lodged. in the gallery.

Urox the whole, ‘the fieeple was found, ‘on o farvey, to be fo
suuch damaged in feveral of its' parts, that eighty  five fect were
taken down, in order to reftore it fubftantially ; and he manner
in which this ftecple was damaged completely indicated, as Dr.
Watlon obferves, the great danger of infidated ‘maffes of metal
from lightning 5 and, on the contrarf, evinced the utility and
impoitance of maffes of metal continued, and properly conduét-
&d; in defending them from its. diceful effelts.  The iron and.
lead employed in this ftecple, in order to firengthen and preferve
it, did almoft occafion its. deftruction;  though, after ‘it wss
Rruck by the lightning, had it not been for thee materidls keep-
ing the remaining parts together, a geeat part of the freeple mutt
have fallen. : ;

Tus building faffered the ‘more, on account of ‘the thunder
florm having been preceded by feveral very warm days. The
nights had fearce furnifhed any dew, the air was quite dry, and

in
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ina flate perfeétly unfit to part with its highly accumulated elec-
tricity, without violent cfforts.” This great drynefs had made
the fones of St. Bride’s fteeple, and all other buildings under
the like circumftances, far lefs fit, than if they had been ina
ot flate, tocondudt the lightning, and prevent the mifehicf.
For, though the thunder ftorm ended in a heavy fhower of rain,
oo, except a few very large drops, fell till after the church was
firuck,  And Dr. Watfon had no doubt, but that the fucceeding
rain prevented many accidents of a fimilar kind, by bringing
down, with every drop of it, part of the eleétric matter, and
thereby reftoring the equilibrium between the earth and elouds.
Ir is frequently obferved, he fays, that, in attending to the
apparatus for colledting the cledricity of the clouds, though
the fky is much darkened, and there have been feveral claps of
thunder, at no great diftance, yet the apparatus will fearcely
beaffeéted by it s but that, as foon as the rain begins and falls
upon fo much of the apparatus as is placed in_ the open ir, the
bells belonging to it will ring, and the clectrical fnaps fucceod
cachiotherin a very extraordinary manncr. This, as he obferves,
demonftrates, that every drop of rain brings down part of the
cleiric matter of a thunder cloud ‘and diffipates it in the carth
and water, thereby preventing the mifchicfs of its violent and
{udden explofion. < Hence when the heavens have a menacing
appearance, a (hower of rain is much to be withed for.

- From all thefe confiderations, Dr. Watfon had no doubt, but
that the mifchief done to St. Bride’s ftecple was owing to the
efforts of the lightning, after it had pofftfied the apparatus of the
weathercock, endeavouring to force itfelf a paflage from thence
to the iron work employed in the ftecple.  As this muft be done
per fultum, as he exprefies it, there being no regular metallic
communication, it was no wonder, when its force was vehe-
ment, that it rent every thing which was not metallic that ob-

i Cccz firucted
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firacted its ealy paffage ; and that, in this particular inflance, the
ravages increafed, s the lightning, to-a certain: diftance, cqme
down the ftecple.

Ttz Doctor advifes that, in-order to have ocular demonfire.
tion when thefe metallic conductors do really difeharge the light-
ning, that they be diftontinued for. an.inch Jor twoy in (e
Place convenient for obfervation ; in which cafe the.fire wil 1.
feen t0 jump from one extremity of the Wwire 1o the other. 1t
any danger be apprehended from this difcontinuanice of the me.
tallic condudtor, he fays that a loofe chain may be ready to hang
on, and complete the communication, *

M. DeLavar, who alfo gives an account of the fame acci.
dent, oberved, that, in every past of the building that. was g,.
maged, the lightning had acted.as an elaftic fluid, endeavouring
0 expand itelf where it was accumulated.in the metal ; and th.;
the effedls were exadlly fimilar to thofe which would have bees
produced by gunpowder pent up in. the fame places, and explo

led..

I the fame paper Mr. Delaval gives it as his opinion,  that a
wire, or very {mall rod of metal, did not feem to haye. been s
canal foficiently large (0 condu® fo great a quantity of lightning
as ftruck this fteeple ; cfpecially if any part of it, ar of the .
tal communicating with it was inclofed in the flone work ; in
which cafe, e thought, the application of it wonld tend to n-
creafe its bad effedts, by condueting it to parts of the building
which it might otherwife not have reached,

Uroxthe whole, he thought.that a conductor of metal, - Ief
than fix or eight inches in breadth, and a quarter of an inch in
thicknefs (or an equal quantity of metal in' any other form. that

* Phil. Tranf. Vol. 54. p. 201, &e.
might
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might be found more convenient) cannot with {afety be depend-
ed on, where buildings are expofed to the reception of a great
quantity of lightning. * it

M. WiLsox, in a paper written upon the fame occafion, ad-
vifes, that pointed bars or rods of metal be avoided in all con-
ducors of lightning.

‘As the lightning, he fays, muft viit us fome way or other,
from neceflity, there can be no reafon to invite it atall ; but, on.
the contrary, when it happens to attack our buildings, we ought
enly fo to contrive our apparatus, as to be able to carry the light-
ning away again, by fuch fuitable conducors, as will very little,
ifatall, promote any increafe of its quantity.

To attain this defirable end, in fome degree at leaft, he pro-
pofes, that the feveral buildings remain. as they are at the top 3
that is, without having any metal above them, cither pointed or
sot, by way of conduétor ; 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 continued down along the fide of the
wall, to any kind of moifture in the ground. -

Sian1or BECcARIA whofe obfervations and experience witls
refpet to lightning give a weight to his opiaion fuperior o that
of any other man whatever, {eems to think very differently from
Mr. Wilfon on this fbject. He fays that no metallic apparatus
ean attraét more lightning than it can condudt. - And {0 far is he.
from thinking one conductor, rounded at the top, and.a footor
twounder the roof fufficient ;. that if the building be of any ex-
tent, he advifes to have feveral of the ufual form ; that is, point-
«d, and higher than the building. One conductor he thought
fufficient for one tower, ftecple, or fhip; but he thought,, two.

3 * Phil, Tranf, Vol. 540 p-234 110 P 2490
neceffiry
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acceflity for the wing of a building 200 feet long, ne at each
exteemity ; three for two fuch wings, the third. being fived 1,
the middle; and four far a fquare palace of the fume front, on,
at each corner. *

My readers at a diftance from London will hardly believe me,
when Linform them, that the clegant fpire which has been the
{ubjee of a great part of this fection, and which has been tuice
damaged by lightning (for it is now ved probable, that g du.
mage it received in the year 1750, was owing to the fame caufe)
s now repaired, without any metallic. conductor, to guard it iy
cafe of a third firoke, %

* Lettere del elletricifno, p. 279,

SECTION
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SECTION XIV,

B

‘Or MEDICAL ELECTRICITY.

HE fubje@ of medical cledricity falls almoft wholly

within the period of which Fam now treating. For,
though fome effeéts of elericity upon animal bodies had been
noted by the Abbé Nollet, and a few difeafed perfons had faid
they had received benefit from being cle@rified ; yet very litcle
Bad been done this way, and phyficians had fearcely attended
to'it, till within this period ; whereas eleftricity is now become
2 confiderable article in the materia medica.

“Tue itk account I have met with of the application of cleri~
ity to medical purpofes is of Mr. C. Kratzenftein, proféffor of
medicine at Halle; who, in the year 1744, cured a woman of
4 contrated little finger in a quarter of an hour. He allofo fac
t&ﬂé&;& a pefon who bad two lame fingers, by once ele@rifying

the ‘he could play upon the harpficord, which he had
Befor difabled from doing. He alfo obferved, thata man’s
&&fﬁ‘e‘.’%«ihaﬂ beat eighty in a fecond before he was cleri-

fied,,
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fied, immediately after beat eighty cight, and was prefently
increafed to nincty fix. *

Taere s, another celebrated inftance of the cure of 3 paly
Defore this period ; which is that performed by Mr, Jallabert,
profeffor of Philofophy and Mathematics at Geneva, on  Joc,.
fiith of the age of fifty two, + whofe right arm had bee,
paralytic fifteen years, occafioned by a blow of a hammer. 1,
was brought to Mr. Jallabert on the 26th. of December 1747,
and was almoft.completely cured by the 28¢h, of February 1748.
In dhis interval he was frequently eleclrified, fparks being taken
from the arm, and fometimes the ele@ric fhock fen through
it.1  Mr. Jallabert's own account of this cure is vety circum-
fantial.

Tz report of this cure performed at Geneva engaged Mr,
Stuvages of the Academy inMontpelict to attempt. the cure of
paralytics, in which he had confiderable fuccefs.  Tn one cafs i
occafioned a Glivation, and in another a profufe fieat, Many
paralytics, however, were cledtrified Without any fucces, .
deed the prodigious concourfe of patients of all kinds, which
the report of thefe cures brought togerher, was fo great, that
few of them could be eledlrified, except very imperfe@ly, For
two or three months together, twenty different patients were
cle@rified every day. Itis not furprifing to find, that the neigh-
bouring populace confidered thefé cures gs an affair of witchcraft,
and that the operators were obliged to have recourfs. o their
pricfts to undeceive them. || In the courfe of thefe experiments
it was found, by Very aceurate obfervations made with a pen-
dulam, that eletrification increafés the circulation of the blood
about one fixth, i i -

© Gelchichte, Vol. 1, p, 295,  Jallsberts experiences, 143. ¢ Hifloire, pt. 3.p. 36
P970

One
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Onrof the firflt who attended to elecricity in a medical way
was Dr. Bohadtch a Bohemian's who, in a treatife upon medical
cledticity, communicated to the Royal’ Saciety, gave it ‘as his
opinion; after the refult of much experience, that of all ditem-
pers, the bemiplegia feemed o be thelmoft proper objedt of elec<
tricity) ' He alfo thought: it might be of ufe in intcrmitting
feversi *

Trp palfy having Happened €o be the fieft diforder in which
eledricity gave relicf, there-wasa confiderable number of cafes
publifhed pretty carly, in which paralytics were fid to have
found benefit from this new methiod of streatment. In the yeac
1757 Mr. Patric Brydone: performed a complete cure of a hemi-
plegia, ‘and, ‘indeed, an- almoft univerfal paralytic affection, in
about thrée days. | The patient was a woman, aged thirty three,
and-the palfy was of about two years continuance, - And John
Godfrey | Tefke, very nearly ‘cured 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. |

Tue Abbé Nollet's experiments upon paralytics had no pers
manent good effect. | He obferves however that, during fifteca
‘or fixteen yéars'that he had electrified all forts of perfons, he had
knowni“nio ‘one bad ¢ffet to have arifen from it to any of
them. §

Dr. HART, in a letter to Dr. Watfon, dated Salop March the
20th. 1756, mentions a care performed by clediricity. upon a
woman of twenty thrce years of age, whofe hand and wrift had
for fome time been rendered ufelefs by a violent contraction of
the mufeles. - She was not fenfible of the firft fhock that was
giveniher; but, -as the thocks were, repeated,  the fenfation in-

*Phil, Teanfy Vol gz p. 351+ 16: Vol.5or pt. 12 p- 392, 1T.Vel.1. pte 1. o179,
RV I Reclerches, p. 412§ Ib.p. 416.
= Ddd creafed,
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creafed, till the was perfectly well.. She was alfo cured a fecond
time, after a relapfe occafioned by a cold. *

Bu perhaps the moft/remarkable cafe- that has yet occurred
of the ufe of ele@ricity in curinga diforder of this kind; and
indeed of any: that is incident to the human' body was of that
dreadful diforder, an univerfal teranus, . It is telated by D,
Watfon in the Philofophical Tranfactions ; and the account was
fead at'the Royal Socicty: the roths of February 1763. . The
patient was a girl- belonging. to. the Foundling hofpital, about
feven years of age, who was firft feized with adiforder occafion-
ed by the worms, ‘and'at lengeli by an univerfal. rigidity of her
mufeles; fo that her whole' body felt. more like that of a desd
animal than 2 living one. - She had: continued in this difinsl
condition above a month, ‘and’ about the ' middle of November
1762, after all the ufual medicines had fuiled, Dr. Watfon began
to ele€rify her; and continued to do it by intervals, 4ill the ‘end
of January following; when every mufcle of her body was per-
feltly flexible, and fubfervient to her will, fo that fhe could not
only fland wpright, but could  walk, and even’ run. like other
children of her age. 4

Dx. Evwarp SRy relates a'complete cure which he made of
& locked jaw and paralyfs, in the cafe of a giel'of eighteen years
of age. Small hocks were given to the mufcles particularly af-
felred. § FeStal i

THAT ele@ricity may ‘be hurtful, and even:in.fome cafes
in‘which analogy would'lead ue' to promife aurfelves it might
be of ufe, is cvident from many cafes; and- particularly from
one related by Dr. Hart of Shrewfbury, in a letter to Dr. Watfon,
which dat the Royal Society N the 14th. 1754

* Phil: Trenf, Vol. 4o pt. 2. pi 555 +1b. Vol 530 pito, © 316 Vol. g7. p. 85
s il i, A Younc
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A voune girl about! fixteen, whofe right arm: was paralytic;
and greatly watted in’ comparifon of the other, ‘on being clec~
trified | twice; * became wniverfally. paralytic, and remained fo
above a fortnight s when' the new palfy was removed by pros
per medicines, though the firlt difealed arm remained as before.
However Dr. Hart, notwithftanding ' this_bad accident, had a
2 mind to try cle@ricity again. . The girl fubmitted to it; but
after having been ¢lectrified about three or four days, the became
afecond time univerfally paralytic, aid even loft her voice, ‘and
the ufeof her tongue;; fo that it was: with great difficulty fhe
couldifwallow. | She was relieved of this additional paléy a fecond
time. by @ proper coutfe of ‘medicines, coiitinued " about four
months 3 but was difcharged out of the hofpital as incutable of
her feft palfy.  Ttis faid that the Door would have tried clec-
ity a third time; but the girl, being more nearly concerned
in theexperiment than Her phyfician, thought proper to decline
it

Dr. FRANKLIN’s account of the effes of eletricity, in the
smanner in which he applied it, is by no means favoursble to
itsufeiin fuch cafes. He fays, ‘ina letter to Dr. Pringle, read
at the Royal Society January the 12th. 1758, that fome years
‘before, when the news papers made mention of great cures per-
formed in Italy and Germany by elecricity, a number of paraly-
ties were brought to him, from different parts of Penfilvanis
and the neighbouring provirices, to. be cledtrifed, and that he
‘performed the operation at thicir requeft.  His method was, firft
to place the patientin a chair, or upon an elecric ftool, and
draw a number of large firong fparks from all parts of the affec:-
ed limb or fide. He then fully charged two fix gallon glafs

# Phil, Tranf, Vol 48. pt. 2. p. 756.
Dddaz Jars,
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Jars, and fent the united fhock of them through the affeced limb
ot Jimbs, fepeatingthe.firoke commonly threé times cach day.
s frft thing he obferved was an immediate greater. fenfble
warmth in the affeéted limbs, which had received. the ftroke,
than in the others; and the next morning the! patients ufially
faid, that, in the night; they ' had felt asprickling. fenfation in
the fleth of the’ paralytic limbs ; and would: forhetimes fhow 2
number of finall red fpots, which they fuppofed were accafioned
by thofe prickings. - The limbs too were found more capable of
voluntary motion, and feemed to reccive firength. A man, for
inftance, who!could not; the firft-day, lift his lame 'hand from
off his knce, would the next day raife it four or five inches, the
third day higher ; and ori'the ffili was able, but with a fee-
ble languid motion, to take off" his' hat.* Thefe appearances,
the Dodor fays, gave great fpirits to the patients, and made
them hope for a perfeét cure;  but he did not remember that he
ever faw any amendment after the fifth day; which the patients
perceiving, ‘and finding the fhocks pretty fevere, became dif-
couraged, went home; anid in a fhort time relapfed; fo that
he never knew any permancnt advantage from eledricity ia
palfics. s
Periars, fays e, fome permanent advantage might be obe
tained, if the eledtric fhocks had been accompanied with proper
medicine and regimen, under the direction of a fkilful phyfician.
He thought too, that many fmall fhocks might have been more
proper than the few greatones which he gaves fince, in an account
from Scotland, a cafe was mentioned in which 200 fhocks from
2 phial were given daily, and a perfe& cure had been made.*
Tuar there isan intimate conne@ion between the ftate of
* Phil. Traud, Vol. 50, pt. 2. p 481, 3
elecricity
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ele@ricity in the air and the human body, is evident from feve-
sl fadts, particulaly a very remarkable one related by the Abbé
Mazeas, in a letter to Dr. Hales.  He was ele@rifying a perfon
who was fubjec to epileptic fits, by his apparatus to make ob-
fervations upon the ele@ricity of the common atmofphere. At
fielt this perfon bore the fparks very ‘well, but in two or three
minutes, the Abbé, perceiving his conntenance to change, begged
hie would retire, left any accident fhould happen s and he was no
fooner returned home, than his fenfes failed him, and he was
feized with a moft violent fit. His convulfions were taken off
with {pirits of hartfhorn, but his reafon did not return in an hour
and an half. He went up and down the flairs like one who
walks in his fleep, without fpeaking to, or knowing any perfon,
fettling his papers, taking fuff; and offering chairs to all who
came in. When he was fpoken to, he pronounced inarticulate
words, which had no connetion.

Waey this poor man recovered his reafon, he fell into ano-
ther fit; and his friends told the Abbé, he was more affected
with that diftemper when it thundered than at any other time;
and ifi¢ ever happened, which it rarcly did, that he then efcaped;
‘his eyes, his countenance, and the confufion of his expreflions,
fufficiently demonftrated the weaknefs of his reafon.

- Tae nextday, the Abb¢ learned from the perfon himfelf,
that the fear of thunder was not the caufe of his difcafe; but
that, however, he found a fatal connetion between that phe-
‘nomenon and his diftemper. He added, that when the fit feized
him, he perceived avapour rifing in his breaft, with fo much
‘rapidity, that he loft all his fenfes before he could call for

# PhIL Tranf Vol. 48: pt. 1. B 385.

Mgr.
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Mgr. WizsoN cured a woman of a deafnefs of feventeen years
ftanding.  He alfo obferves, that fhe had a very great cold whep
fhe began to be elecrified ; but that the inflammation ceafed the
fief time, and the cold was quite gone when the operation ha
been performed again the fecond day. But heacknowledges, thar
he had tried the fame experiment upon fix other deaf perfons
without any fuccefs. * .

Tue: fume perfon obferves that one gentleman, near feventy
years old, could never be made to receive a thock except in his
wrifts. He fays that he himfelf could once haye borne very great
fhocks without inconvenience, but that he could not bear them
at the time that he wrote.

Meptear eledricity is very much obliged to the labours and
obfervations of Mr. Lovet, Lay-clerc of the cathedral church at
Worcefter, who has for many years been indefatigable in theap.
plication of electricity to a great variety of difeafes.  His fuccefs
has been very confiderable, and all the cafes he has publithed
feem to be well authenticated.

AcCoRDING to Mr. Lovet, eledricity is almoft a fpecific in
all cafes of violent pains, of however long continuance, in every
pact of the body ; as in obftinate head-aches,, the feiatica, the
cramp, and diforders refembling the gout. - He had no trials of
the proper gout, but only on thofe who were flightly attacked,
and who received immediate relief.

Tue tooth ach, he fays, is generally cured inftantly, and he
fearce ever remembered any one who complained ofits raging &
minute after the operation. -

It has feldom failed, he fays, to cure rigidities, or a wafting
of the mufcles, and hyfierical diforders, particularly if they be

2 Wilfon's Elly, p.307, 4 Lovet's Effay, p. 112,
i attended
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attended with coldnefs in the feet. ~ According to him, it cures
p ions, it has ftopped a mortification, cured a fiftula
Tachrymalis, and difperfed extravafated blood. *  He alfo faysit
has been of excellent ufe in bringing to a fappuration, or in
difperfing without fuppuration, obftinate fivellings of various
kinds, even thofe that were fcrophulous. In his hands it cured
the falling ficknefs, and fits of various kind; though the
patients had been fubje to. them for many years, and one
cure he mentions of a hemiplegia  Laftly, he relates 2 well
attefted cafe, from Mr. Floyer, furgeon at Dorchefter, of a com-
plete cure of what feemed to be a gusta firena. The fame Mr.
Floger, e alfo fays, cured with it two young women of ob~
firu@ions, one of whom had taken medicines a year to no
purpofe. &

In the rheumatifm, Mr. Lovet candidly confefles,. it has fail-
e but fays it was feldom in the cafe of young perfons, if they
were taken in time.

Twug manner in which elericity operated in thefe cures, Mr..
Lovet imagined to be, by removing fecret obftcuctions;  which
are probably the caufe of thofe diforders. In all his pragtice 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
of adminiftering it has been injudicious.  In general, he thinks
the fhocks 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 pasalytic by electric fhocks. Mr. Lovet advifes

 to bégin, in general, with fimple cloftrification, efpecially in:
hyfterical cafes 5 then to.proceed to taking fparks, end lattly to
giving moderate fhocks, but hardly ever any that are violent, or
painful.

B e 1h.p. g,

Tue
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Tue account of the application of ele@iricity by Dr. Zotzel of
Upfal, which may be fecn in Mr. Lovet's treatife, agrees in the
main with the refult of his own practice ; and where there is any
difference between  them, Mr. Lovet thinks there are evident
marks of unfairnefs in the Swedifh account. Anda fubfequent
account from Sweden mentions feveral cures being made in thofe
very cafes, in which Dr. Zetzel fas that no relief was to be had
from ele@ricity.

Tue Rev. Mr. J. Wefley has followed Mr. Lovet in the fame
ufeful courfe of medical elecricity 5 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 emploged to pur.
pofes favourable to the increafe of knowledge, and. to the beft
interefts of mankind.  Mr, Wefley's account of cures perform-
ed by elediricity agrees very well with that of Mr. Lovet, whom
he often quotes.  He adds, that he has fearce ever known an in-
ftance in which fhocks all over the body have failed to cure ¢
quotidian or tertian ague.* He mentions cafes of blindnefs cured
or relieved byit; and fays that he has known hearing given by
it toa man that was born deaf.f  He mentions cures in cafes of
bruifes, running fores, the drop(y, gravel in the kidnies (cauf-
ing the patient to part with it) a palfy in the tongue, and lagly
in the genuine confumption.  But Mr. Boiffer fays it is of dif-
fervice in phthificel complaints. 3

Mz Westey candidly fays, he has not known any inftance
of the cure of an hemiplegia 3 and though many paralytics have
been helped by clectricity, he fcarcely thinks that any palfy of
a year's fanding has been thoroughly cured by i, He afferts,
however, that he has never yetknown any perfon, man, woman,
* Welley's Defideratum, p. 3. Ib, p. 48, 1 Carmichael Tentamen inavgurale

medicam de Paralyfi, p. 34. ex AQ Upl,
or
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or child, fick or well, who has found (what Mr. Wilfon fays,
that fome’ perfons complained of) an unufusl pain fome days
after the fhock. Mr. Wefley had only known that the rheumatic
pains, which were afterwards perfe@ly cured, had increafed on
the firft or fecond application. *

Mr. WesLey direéts the fame method of adminiftration with
Mr. Lovet. In deep hyfterical cafes, he advifes that the pati-
ents befimply elecrified, fitting on cakes of rofin, at leaft half
an hour morning and evening; when, after fome time, {mall
fparks may be taken from them, and afterwards fhocks given
to them, more or lefs ftrong, as their diforder requires ; which,
he fays, has feldom failed of the defired effect.

Tuxs account of the medical ufe of elericity by Mr. Lovet
and Mr. Wefley is certainly liable to an objection, which will
always lie againft the accounts of thofe perfons who, not being
of the faculty, cannot be fuppofed capable of diftinguifhing with
accuracy cither the nature of the diforders, or the confequences
ofa feeming cure. But, on the other hand, this very circum-
flance of their ignorance of the nature of diforders, and confe-
quently of the beft method of applying ele@ricity to them, fup-
plies the firongeft argument in favour of its innocence, at leaft.
Ifin fuch unfkilfol hands it has produced fo much good, and fo
little harm s how much moregood, and how much lefs harm
would it probably have produced in more fkilful hands.

Bor whatever weight there be in  this objection againft the
Inft mentioned writers, it certainly cannot be urged againft
Antonius de Haen, one of the moft eminent phyficians of the
prefent age; who, after fix years uninterrapted ufe of it, reckons
it among the moft valuable affitances of the medical art; and

# Weley's Defideratum, p.so. - +1b. p.56.
Eee exprefly
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exprefily fays, that though it has often been applied in vain,
it has often afforded relief where no other application would
have been effectual.  But I fhall recite in a fummary manner
from his Ratio Medendi, the refult of all his obfervations on
this fubject.

With refpeét to partial palfies, in particular, he fays, it
never did the leaft harm; that one or two perfons who had re-
ceived no benefit from it in fix intire months, were yet much
relieved by perfevering in the ufe of it. ~That fome perfons dif-
continuing it, after having received fome benefit, relapféd again;
but afterwards, by recurring to the ufe of cle@ricity, recovered,
though more flowly than before. ~ Some perfons, he fays, were
selieved who had been paralytic one, three, fix, 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 recentcafes. In fome cafes, he fays, a moft
unexpeced benefit had been found by thofe who had been pars-
Iytic in their tongues, eyes, fingers, and other particular limbs.
A paralyfis and trembling of the limbs, from whatever caufe it
arofe, he fays, never failed to be relieved by it and he relates
one inftance of a perfect cure being performed in a remarkable
cafe of this nature, after receiving ten fhocks. ¥

D Hazn's cuftom was to apply the operation for half an
hour together at leaft.  He feems to have ufed gentle fhocks,
and he joined to eledricity, the ufe of other remedies, which,
however, would not have been effectual without it. -

8t. ViTus’s dance, he fays, never failed to be cured by
electricity. £ He always obferved it to promote a more copious
difcharge of the menfes, and to relieve in cafes of obftruction;

® Ratio Medendi, Vol. ©. p. 234, 199, ' #1b.p. 235, £ Ib. p. 3%9-
B but,
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but, for this reafon, he advifes that it be not adminiftred to
women with child. He found it of ufe in fome cafes of deaf-
nefs, but it entirely failed in its application to a gutta ferena,
and to a firumous neck. ¥

Lastry, he relates a remarkable cafe, communicated to him
by Mr. Velfe at the Hague, of the cure of a mucous apoplexy. -
. To the cafes which have been mentioned occafionally, in
which harm may be apprehended from clerification, may
perhaps be added the vencreal difeafe in which Mr. Veratti ad«
vifes, that electrification be by all means avoided.

Isuare conclude this account of medical elecricity with
obferving | that there are two general effedls of elediricity on
the human body, of which, it fhould feem, that phyficians
wight greatly avail themfclves. Thefe are, that it promotes
infenfible perfpiration, and glandular fecretion. ' The former is
efected by fimple elecrification, and the latter by taking fparks
fromi the glands,  or the parts contiguous to them'; on which it
a@ts like a ftimulus.  Of the former, inftances have becn given
in the experiments of the Abbé Nollet, and a few have been
given occafionally of the latter.

To thefe I (hall now add, that Linnxus obferved, that when
ele@ric fparks have been drawn from the car, it has inftantly
promoted a more copious fecretion of car-wax ; and that it has
alfo been obferyed, that, when the eye, or the parts about the
<y¢, have been eledirificd, the tears have flowed copioufly.  But
the moft remarkable cafe that I have met with, is, of its pro=
moting the fecretion of that matter which forms the hair ;
whereby hair has been actually reflored to a part that had long
been bald. ||

*16.Vol. 2. p.200,  41b. 1 Carmichael Tentamen, Post ITbp3s.

Ecez Hituerro
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HiTreRTO cle@ricity has been generally applied to the hy.
man body cither in the method of drawing fparks, asit s callcd,
or of giving fhocks. ~But thefe operations are both violent ; ang
though the ftrong concuffion may fuit fome cafes, it may be of
diflrvice in others, where a moderate fimple elecirification mighe
have been of fervice.

Taz great objection to this method is the tedioufnels and cx.
pence of the application.  But an elecirical machine might be
contrived to go by wind or water, and a convenient room mighe
be annexed to it; in whicha floor might be raifed upon clectrics,
and a perfon might fit down, read, fleep, or even walk about
during the eledirification. It were to be withed, that fome phy-
fician of underftanding and fpirit would provide himfelf with
fuch a machine and room. . No harm could. poffibly be appre-
hended from eleiricity, applicd in this gentle and infenfible
manner, and good effets are, at leaft, poflible, if not highly
probable. It would certainly be more for the honour of the
faculty, that the pratice fhould be introduced in this manner,
than that it be left to {ome rich Valetudinarian, who may ke
it into his head, that fuch an operation may be of fervice to him.

SECTION
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5 SECTION - XV.

MiSCELLANEOUS EXPERIMENTS AND DISCOVERIES MADE
WITHIN THIS PERIOD.

AVING diftributed into diftin@ fections all the fubjects,

under which T had colleced materials enow to form a
feparate account; I have referved for the Tatt place, thofe fmaller
articles, which could neither with propriety be introduced under
the former heads, nor were large enough to make a fection
themfelves.

Tr has been a great controverfy among electricians, whether
glafs be permeable to the cleiric fluid. Mr. Wilfon appeared
in favour of the permeability, and, in a paper read at the Roy-
al Society December 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 13¢h. 17605 that, in the Leyden experiment,
Dr. Franklin had proved that the fluid did not go through the

..

“H took a very large panc of glafs, alittle warmed; and
holding it upright by one edge, while the oppofite edge refted:

# Phil, Tranf, Vol. 5x. pt. 2. P 856.

upon:
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upon wax, he rubbed ¢he middle part of the furface with his
finger, and found both fides ele@rified Plus. ®

Urox this I cannot help obferving that it ought to be fo on
Dr. Franklin's principles. I one fide be rubbed by the finger,
itacquires from the finger fome of the electric fluid. This,
being fpread on the glals as far as the rubbing extended, repels
an cqual quantity of that contained in the other e of the glafs,
and drives it out on that fide; where it ftands as an atmofphere,
fo that both fides are found plus.  If the unrubbed fide were in
contaét with a conductor communicating with the earth, the
eleciric fluid would be carried away, and then that fide would
be left apparently in the natural ftate. If the elecric fluid found
on the unrubbed fide was really part of that which had been
communicated by and from the finger, and fo had actually
permeated the glafs, it might, when conducted away, be con-
tinually replaced by frefh permeating fluid communicated in the
fame manner : But if the effeét is continually diminifhing, while
the fuppofed caufc, repeated, continues the fame, there feems
reafon to doubt the fuppofed relation between that caufe and the
effed. For it appears difficult to conceive how fome eletric
fluid, having pafied through a permeable: body, fhould make it
more difficult for other particles of the fame eledtric fluid to
follow, till, at length, none could pafs at all.

Mz, Wissox alfo fays, that, holding the fume pane of glals
within two feet of the prime conduor, which was ele@rified
plus, that part of the glals which was oppofite o the conductor
became electrified minus on both. fides; but, ina few minutes,
the minus electricity difappeared, and the plus continuing, diffufed
HEIf into the place of the other, fo. that now the whole was
eledurified plus,

*Phil Tranf, Vol 51, pt 1p. 5140
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e experiment {0 far fucceeding, induced him to make ufe
of a lefs piece of glafs, that the whole might be eleGiified minus.
Thefe advances, he fays, led him to obferve the power of clec-
srifying that fimall piece of glafs at different diftances.

He cxpofed the fame fmall piece of glafs to the prime con-
dudtor, at the diftance of two feet, and obferved a minus cleGri-
city at both furfaces.

As he moved the glafs nearer, to a certain diftance, it was
more fenfibly ele@trified minus ; and after that, on moving it fill
nearer, the minus appearance was lefs and lefs fenfible ; till it came
within the diftance of about one inch, and then it was ele@rified
#lus on both fides.

Trxs plus cle@ricity in the glafs, he found, might be changed
10 a minus again, by removing the glafs, and holding it for o
time at a greater diftance s which he thought to be a proof of
the repulfive power of that fluid. *

Havine by him a pane of glafs, one fide of which was rough
and the other {mooth, he rubbed it flightly on one fide; upon
doing which, both fides were clecrificd minus.

Ox this I muft alfo take the liberty to obferve that, as the clec-
tric fluid contained in glafs in its natural flate, is kept equalin
‘both fides by the common repulfion s if the quantity in one fide
is diminifhed, the fluid in the other fide, being lofs repelled,
retires inward, and leaves that furface alfo minus.

Suiur changes, plus or minus, may be made in either furface,
that haye not ftrength to act on the other fide, by repulfion, or
by abating repulfion, through the glals s and fo plus eleCiricity
may be given to one firface, and minus to.the other in fome de-
giee, Both fides may alfo be made plus, and both sminus, by
. Ib, Vol. 1. pt. L. p. 328+

zubbing,
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rubbing, or by communication, without any neceffity of fuppot-
ing the glafs permeable,

Axp yet it is probable that fome glafs, from having a grexr.
er mixture of non-cletric. matters in jts compofition, may be
permeable, when cold, in fome fmall degree, s all glaf is foung
o be when warmed.

Mx. WrLsox treated the other fide of this pane of glafs in the
fame manner,! after which the minus electricity was changed into
a plus on both fides.

Troven Dr. Franklin was of opinion, that glas when cold
is not permeable to eledtricity, he had made no experiments upon
it when hot; but Mr. Kinnerfley, a friend of his, made one,
which feemed to prove, that it was very differently affected in
this refpe, in the different ftates of hot and cold. He found,
that a coated Florence flafk (made of very thin glaft, and full of
air bubbles) containing boiling water, could not be elerified,
The eledtricity, he fays, pafled as readily through it as through
metal. The charge of a three pint bottle went freely through it
without injuring the flafk in the leat.  When it became cold,
he could charge it as before.  This effeé he attributed to the
dilatation of the pores of glafs by heat. *

AL Mr. Willon's experiments to prove the permeability of
glafs were repeated by Mr. Bergman of Upfal; and, as he fays,
with fuccefs. 4 2 g

/EriNus, however, was by no means ' fatisfied  with Mr.
Wilfon's experi ing the perméability of glafs; and
yet he brings no other fact in anfwer to his arguments, but a very
common one, which thows that a glafs tube both receiyes and
Tofes its cle@icity very flowly fo that he only afferts a dificuly,

© Phil. Traaf, Vol. 53. pt. 1, p. 850 1 1b. Vol. 52, pt. 2. p. 455
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andia fownefi in the eleiric fluid pafiing through eledric fube
ftances, as was mentioned before ; and confequently Mr. Wilfon
feems to have an advantage in the controverfy : for, as he fays,
pafiing through, though ever fo flowly, is a real pafiing
through. *

Erixvs has thown, by a curious experiment, that if a me«
allic conductor and a cork ball be both electrified pofitively, fo
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 at-
trated by it 5 and be repelled ‘again, if it be forcibly pufhed be-
yond that limit of attrattion. Ifthe ball be confined to move
within the fame {mall diftance, a moderate ele@rification of the
condu@or will repel the ball to its utmoft limit; but a ftronger
ele@trification of the condu®or will caufe it to be attracted. He,
dherefore, limits the general maxim, that bodies poffeffing the
fame kind of ele@ricity repel one another ; and afferts, that this
will be the cafe, only when the quantity of eletric fluid belong-
ing to them both, as one body, is greater, or lefs than  that
whichiis nataral to them.4 This experiment deferves particu~
larattention.

Stontor Beccaria, who has contributed fo largely to feveral
of the fe@ions in this period, furnithes a few articles which
well deferve a place in this.

He thought it was cvident, that the cledric fluid tended to
move in a right line, becaufe alonger fpark may be taken ina
direct line, from the end of a long conductor, than can be taken
from the fame place in any other direction. But he thought it
' # PRl Teanf. Vol. §3. . 443- + pini Tentamen, p. 145.
" FEE wag
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was ftill more evident, from obferving, both in ‘the air, and iy
vicuo 5 that, prefenting the fioger, or a brafs ball, ata proper
diftance, and in a certain angle with the conducor (which ex.
perience will foon find) the cle@ric fpark will make an exagt
curve, to which the conductor produced will be a tangent : a5 if
the elecric matter was acted upon by two different forces, one
its own acquired velocity, urging it forward ia aright line; the
other the attraction of the body prefented to it, which throws it
out of the right line. * s

In his obfervations on: pointed bodies, he fays, that two
pointed bodies, equally fharp, in their approach to an cledri-
fied condugtor, will appear luminous only at half the diftance
at which one of them would have done.

Tue fame ingenious philofopher reports a cutious, but crucl
experiment which he made on a live cock. He detached the
belly of one of the mufcles from the thigh of the animal, leav-
ing the extremities in their proper infertions, and then difcharg~
ed 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 refem-
bling the opening of  lady’s fan. No pricking with a pin could
make it act o frongly.

I MusT not omit to mention, in'this chapter of mifcellaneous
experiments, what the Dutch writers have reported concerning
the Gymnotus, a fith peculiar to Surinam, which very much
sefembles what naturalifts relate concerning the Torpedo. = Mr.
Mufchenbroeck fays, the gymnotus is pofiefied of a kind of
natural cle@ricity, but different from the common electricity, in
that perfons who touch it in water are fhocked, and ftunned by
* Blewiciuo wifcial, p. 56 1 Tbup. 7. .  Letter dell elearicfng p. 139~
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it, foas tobe in danger of drowning, The fifh has been taken,
and putinto a veffel; when experiments were made upon it at
leifure ; and it was found, that it might be touched with all
fafety with a ftick of fealing wax ; but if it was touched with
the naked finger, or with a picce of metal, andefpecially a gold
ring; ‘held in. the fingers, the arm was fhocked as high as the
elbow. If it was touched with the foot, the fenfation reached
ashigh as the knee, and the pain was es great, as if the part
fad beén firuck with fomething hard.  This kind of cle&ricity
is the fame by night or by day, when the wind is in every direc-
tion, when the fih was put in veflels of any materials, and
whether it was in. water or out of water.  Every part of the
body of the fifl is capable of giving this fhock, but more efpe-
cially the tail. The fenfation is the ftrongeft when the fith is
jnmotion, and it is tranfimitted to a great diftance;; fo that if per~
fons in a thip happen to dip their fingers or fect in the fea, when
the fifh is fwimming at the diftance of fifteen feet from them
they are affeted by it. Other fithes, put into the fame veffel
with it, prefently die; but it is itfelf killed by the lobfter.
gymnotus is found in the upper part of the river of Surinam,
particularly the rocky part of it. - It feeds upon li Kinds of fith,
and will even: cat bread. This author propofes as a query
whether the fenfation communicated by the torpedo -does not ~
depend upon a fimilar cle@ricity s fince Monfieur Reaumer fays,
that when it is touched, the hand, arm, and fhoulder are feized
with a fudden ftupor, which lafts for fome time, and is unlike
any other fenfation. *

- Tais gymnotus, I fappofe, isa different fith from the aguil-

* Mufehenbrocelcs Tntrod. ad philofoph. naturslem, No. 9o1— 909:
5 VTGS Y
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le tremblante, the trembling eel, which is alfo a native of Surinam,
and lives in marfhy places, from whence it cannot be drawn,
except when it is intoxicated. It cannot be touched with the
hand, or with a ftick, without feeling a terrible ftun, which
reaches ds high as.the fhoulder. If it be trod upon with fhocs,
the legs and thighs are affected in a fimilar manner. . Fourteen
perfons joining hands, and the firft of them touching with a
ftick, they were all fhocked violently. It is conjectured that
this power of giving a fhock refides in two mufcles, which are
particularly prominent and confpicuous. *

It is to be regretted, that none of the perfons who have made
experiments on thefe fithes (hould have endeavoured to afcertain
whether they were capable of exhibiting the phenomena of at-
traction and repulfion, or the appearance of cle@ic light, as ex-
periments of this kind are of principal confequence, and muft have
been very eafy to make.

Mx. Hamirron, profeflor of Philofophy at the univerfity of
Dublin, made a curious experiment with a wire five or fix inches
Tong, fincly pointed at each end. To the middle of this wire
he fitted a brafs cap, which refted on the point of a needle
communicating with. the condator. Half an inch at each cx-
tremity of this wire he bent, in oppofite direétions, perpendi-
cular to the reft of the. wire, and in the plane of the horizon.
The confequence of ele@rifying this apparatus was, that the
wire would turn round with very great velocity; moving, 2
he fays, always in a direction contrary to that in which the clec-
tric fluid iffues from its point, without having any condu@ing

* P, Fermin's Nat. Hift, of Suinam, p. 59,
fubftance
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{ubtance near it, except the air. He alfo obferves, that if this
yite were made to turn the contrary way, it would flop, and turn
a8 before. * |

Tus fame expetiment was elfo/ made by Mr. Kinnerfley of
Bofton, with ‘this addition, that he ele@rified the wire negative-
Iy and obferved, to his great furprife, that it fkill turned the
fime way:  This he endeavoured to account for by fuppofing
thit,fn the former cafe, the points, having more eleCtricity than
theaityWere attracted by it; in the latter cafe, the air, haviog
more than the points, was attracted by them.

Tr may, by fome, be thought that this pointed wire turning
the fame way, whether it be electrified negatively or pofitisely,
is a proof that the electric fluid iffues out at the points in both
cafes alike, and by the reaction of the air is, together with the
points, driven backwards 3 contrary to what ought to have been
the cafe if the ele@ric fluid had really iffued out of the point in
one cafe, and entered it in 'the other. But it will be found by
experiment, that an eolipile, with its ftem bent like the wire
above-mentioned, and fulpended on its center of gravity by a fine
thread, will move in the fame direction, whether it be throwing.
feam out at the orifice ; o, after it is exhaufted, and cooling,
it be drawing the air, or water in.

Wi refpect to the power of points, it has been obferved by
Mr. Villette of Licge, that a needle, concealed. in a glafs tube,
which projected an inch beyond it, took a ftronger fpark from a
prime conduttor than a man’s finger ; alfo that when the points
of needles are covered with tallow, bees wax, fulphur, &c. they
take peculiarly firong {parks. He adds, that, when fulphur is

_ # Bhil. Tranf, Vel. 53. pt. 2. p. 905 4 Phil. Tranf, Vil. §3. ptat. p. 6.
o, ufed.
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ufed, and the (parks are taken obliquely, they are. fometimes of
a beautiful citron colour, *

M. Lurriy has made an additional obfervation to Monfieur
du Faye’s, concerning the different manner in which conduting
and non-conduding fubllances are affected, when they are cx.
pofed 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, defs than the glafs, be, laid upon.it, in the
morning, the metal will be dry 5 and likewife, the glaflyon both
fides, exatlly under-the metal ; but that the edges of the glaf,
where the metal. did not reach, will be wet on both fides,

L'suary clofe this feGion of mifcellaneous articles,: and the
whole hiftory of ele@ricity, with a fuccine account of fome of
the chief particulars in which the analogy. between. cle@ricity
and magnetifin confifts ; very, nearly as_it. was drawn up, in an
abridgment of Zpinus, and. communicated to.me for this pur-
pofe, by Mr. Price.

1. As a rod of iron held near a magnet will have feveral fic-
ceffive poles ; fo will a glafs. tube touched by an excited tube
have a fucceffion of pofitive and negative parts.

2. Bopies pofitively and negatively eleétrical, when in con-
tact, will unite to one another ; as will magnets, when they are
1aid with their oppofite poles to one another.

3+ Grass is a fubftance of a nature fimilar to hardened ftecl.
The pofitive and negative fides of the former anfwer to the at-
tracting and repelling ends of the latter, when magnetical.

4. Asitis difficult to move the eleéric fluid in the pores of

* Nollet's Latters, Vol. 3. p. 212, 10, po 54
the
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the former o dikewife, it fis: difficult, to move the magnetic
fuid in the pores of the latter.

.5+ As there can be no condenfation of the electric fluid in the
former, without a rarefaction; fo, fin the latter, if. there be a
condenfation,’ ot pofitive magnetifin in one. end of abar,  there
muft be an evacuation, jor negative magnetifin in the other end,

6. STEEL correfponds to cle@rics per fe, and iron in fome
meafure, to conducors of elericity.

7+ STEEL s lefs fufceptible of the magnetic virtue, but when
it has acquired it, it retains it more ftrongly than iron ; juft as
elefirics per fe will not fo cafily receive the clecric fluid, but
when it s forced into them, will retain it more ftrongly than
conduétors.

8. Brrxvs adds, and reckons it one of his difcoveries, that
an ele@rified body. does not act on other bodics, cxcept they are
themfelyes ele@rified ; juft as a magnet will not act on any other
fubftances, except they are themfelves pofiefied of the magnetic
virtue. 8o that an eleétrified body attradts and repels another
body, only in confequence of rendering it firft of all ele@rical 5
452 magnet attradts iron, only in confequence of, firft of all,
‘making it a magnet.

9. Mr. Canrox has alfo found, that if the tourmalin be cut
into feveral pieces, each picce will have a pofitive and negative
fide, juft as the picces of a broken magnet would have.

Taus far, fays Mr. Price, there is an analogy, and, in fome
inflances, a firiking one, between magnetifim and clectricity,
upon the fuppofition that the caufe of magnetifm is a fluid. But
there is no magnetic fubftance which anfwers perfe@ly to the

i condu@ore

TRAY
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condutors of cle@ricity.  There is rio afflux ahd eflux of the
magnet fluid ever vifible. The equilibrium in 2 magnet cans
not be inflantaneoufly reftored, by formifig a communication
betsween the oppofite ends with iron, as it may in charged glafs,
Norare thereany fubftances pofitively or negatively magneticsl
only, as'there'are bodies which are pofitively or negatively elecs
trical only.

PART
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SERIES or PROPOSITIONS,
coMPRIsING ALL  Tae

GENERAL PROPERTIES or ELECTRICITY.

FTER tracing, at large, the progrefs of all the difco~

verics relating to eledtricity, and giving an hiftorical acs
count of them, in the order in which they were made; it will
probably, be no difagreeable repetition, if I give, at the clofe
of i, a sER1ES OF PROPOSITIONS, comprifing all the general
properties of elediricity, drawn up in as fuccin@ a manner as
pofiible.  And, notwithftanding the large detail which has been
made, it will be found, that a few propofitions are fufficient to
comprife almoft all that we know of the fubject.

Tais circumftance may be regarded as a_demonfiration of
the real progre(s that has been made in this feience. And as
tliis progre(s advances, and the hiftory enlarges, paradoxical as
the aflertion may feem, this part may be expected to contract
itfef in the fame proportion. For the more we know of any

1 Ggg feience,
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{cience, the greater number of particular propofitions are we
able to refolve into general oness and, confequently, within
narrower bounds fhall we be able to reduce its principles.

Iycut have made this part of my work much fhorter,
even in the prefent ftate of the fcience, if I would have admitteq
into it any thing theoretical; but I have carefully avoided the
principles of any theory, even the moft probable, and the near.
eft to being perfectly afcertained, in this feries/of propofitions;
in which T propofe. to comprehend only Anown facls; that my
younger readers may carcfully diftinguifh between faz? and theory;
things which are too often confounded.

1 mave not, in this part of my work, defeended to any
minutiz, in the defcription of eleirical appearances, becauf:
they have been entered into before, and a repetition of them
would have been tedious. At the fame time, I think it will
be found, upon examination, that I have not omitted. to take
notice of any difcovery of importance. I have alfo introduced
into it the definition of all the moft neceffary sechnical terms;
that this part of the work might ferve as a methodical, and
fufficient introdution, to thofe who are beginning the ftudy of
eledkricity ; and defire a general knowledge of the firft clements
of the feience, before they enter upon the detail of particulars,
which will be beft learned afterwards, from the hiftory. ¥

By clettricity, in the following propofitions, I would be
underftood to mean, only thofe effeés which will be called clec-
trical; or elfe the unbnown coyfe of thofe effedts, ufing the
term, as we ufe the letters (') and (7, in Algebra.

* Lef this part of the work (hould.not prove a fuffcient iatroduction 1o he fudy of iiri-
iy, Thave fince publifhed a fimll piece with this title. It contains a more familir expl
cation of the fundamental principles of electricity, mixing theory with fatls, and illofes-
gy chiey, thofe experiments which are the moft entrtsining,

AL
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Aus kitown fubftances: are diftributed by cledtricians into
tivo forts: |- Thofe of one fort are termed eléfrics, or non-
condubfors 3 and thofe of the other now-cledtrics, ot condusiors of
declricity.

Mgrazs of all kinds, together with femimetals, and water are
condudors.  So alfo s charcoal, and other fubflances of a firni-
Tar nature, as will be fhown atlarge in the laft part of this work.
Al other fubftances, whether mineral, vegetable, or animal, are
non-conductors.  But many of thefe when they are made very
hot, as glafs, rofin, baked wood 5 and, perhaps, all the reft on.
ywhich the experiment can be made in this ate, are. conductors
of eleiricity.

Av bodies, however, though in the fame flate of heat and
cold, are not equally perfect electrics, or perfect conductors. Ve-
getable and animal fubftances, for inftance, in their natural flate,
are feldom. perfect elecirics, on account of the moifture that is
contained in them.  And, independent of moifture, there is
probably a gradation in all fubftances, from the moft perfect con-
duftors to the moft perfect non-conductors of ele@ricity.

In is the property of all kinds of clecrics, that when they are
rubbed by bodies differing from themfelves (in roughnefs o
fimoothnefs chiefly) to attract light bodies of all kinds which aré
prefeated to them s to cxhibit an appearance of light (which is
very vifible in the dark) attended with a fhapping noife, upon the
approach of any conductor 5 and, if the noftrils be prefented,
they are affected with a finell like that of phofphorus.

A eledric fubftance exhibiting thefe appearances, is faid to
be excited, and fome of them, particularly the tourmalin, are
excited by heating and cooling, as well as by rubbing.

I is neceffary, however, to a confiderable excitation of any
<le@iric, that the fubftance againft which it is rubbed (ufually

Ggga called
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called the rubber) have a communication with the earth, or bo-
dies abounding with elericity, by means of conductors; for if
the rubber be injidated, thatis, ifit be cut off from all commu-
nication with the earth by means of eleirics, the friction has
but little effect.

‘Waen infulated bodies have been attracted by, and brought
into contact with any excited electric, they begin to be repelled
by it, and alfo to repel one another : nor will they be attracted
again, till they have beenin contact with fome conduor com-
municating with the earth ; but, after this, they will be attraq-
ed as at firft.

Ir conduors be infulated, ele@ic powers may be communi-
cated to them by the approach of excited eletrics. They will
then attract light bodics, and give fparks, attended with a fnap-
ping noife, like the eledrics themfelves.  But there is this dif-
ference between excited and communicated elericity, that a
conductor to which eletricity has been communicated parts with
its whole power at once, on the contaé ofa conduétor commu-
nicating with the earth; whercas an excited electric, in the
fame cireumftances, lofes its clericity only partially s it being
difcharged only from the part which was actually touched by the
conduétor, or thofe in the neighbourhood of it; fo that the
fpark of elediric fire is not fo denfe, nor the explofion’ made by
parting with it fo loud, from excited, as from communicated
clecricity.

Evrcrric fubftances, brought into contac with excited elec-
trics, will not deftroy their cledricity; whence it is that they
are called nonconductors, becaufe they will not convey or con-
duct:away whatever is the caufe of clediric appearances in
bodies.

Waiex cle€iricity is firongly communicated to infulated ani-

2 mal
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mal bodies, the pulfe is quickened, and perfpiration increafed 5
and, if they receive, or part with their elecricity on  fadden,
a painful fenfation is felt at the place of communication.

Tz growth of vegetables is quickened by le@ricity.

No ele@ric can be excited without producing elecric appear-
ances in the body with which it is excited, provided that body
beinfulated:  For this infulated rubber will attrac light bodies,
give fparks, and make a faapping noifk upon the approach of a
condudor, as well as the excited elecric.

Ir an infulated conductor be pointed, or if a pointed conduét-
of communicating with the carth. be held pretty near it, lit-
tle o no cleéiric appearance will be. exhibited ; only a light
will appear at cach of the points, during the a of excitation,
and a current of air will be fenfible from off them both.

Trese two ele@ricities, viz. that of the elecric itfelf, and
that of the rubber, though fimilar to, are the reverfe of one ano~
ther. A body attraced by the onc will be repelled by the other,.
and they will attrac, and in all refpects a& upon one another
more fenfibly than upon other bodies ; fo that two picces of glafs
or flk, pofiefied of contrary cleCiricitics, will cohere firmly to-
gether, and require a confiderable force to feparate them.

‘Taese two cle@ricities, having been firft difcovered by pro-
ducing one of them from glafs, and the other from amber, feal-
ing wax, fulphur, rofin, &c. firft obtained the names of witreous
and refinaus eleiricity s and it being afterwards imogined that onc
of them was a redundancy, and the other a deficicncy of a fuppof-
ed eleé@ric fluid, the former’ (viz. that which is produced from
the friction of fmooth glafs tubes or globes by the human hand, or
acommon leathern rubber) obtained the name of pgfitive; and the
Tatter (viz. that which is produced from the frition of fticks or
globes of fulphur, &c. or colleted from: the rubber of a glafs

: globe
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globe above-mentioned) that of negative ele@ricity = and thefe
terms are now principally in ufe.

Ir a conducor, not infulated, ‘be brought within the ary:
phere, that is, the {phere of action, of any eletrified body, it
acquires the electricity oppofite to that of the clecirified body ;
and the nearer it is brought, the fironger oppofite elecricity doth
itacquire;_till the one receive a fpark from the other, and then
the cle@ricity of both will be difcharged.

T ele@ric fubftance which feparates. the two conducors,
poffefling thef two oppofite kinds of cle@ricity, is faid to be
charged. Plates of glafs arc the moft convenient for this purpofs,
and the thinner the plate, the greater charge it is capable of hold..
ing.  The conductors contiguous to each fide of the glafs arc
called their coating.

AckeeaBLE 1o the above-mentioned general principle, it is
neceffary, that.one fide of the charged glafs have a communicati-
on with the rubber, while the other receives the elegricity from
the conductor; or with the condu@or, while the other reccives
from the rubber. 7

I follows alfo, that the two fides of the plate thus charged
are always poffefied of the two oppofite elericities s that fide
which communicates with the excited ele@ric having the elec-
tricity of the eletric, and that which communicates with the
rubber,  that of the rubber. i

THERE s, - confequently, a very. eager attraction between
thefe two elediricities with which the different fides of the platc
are charged; and, when a proper commaunication is made by
means of condu@ors, a flath of eledric light, attended with 2
report (which is greater or lefs in proportion to the quantity
of eledlricity. communicated to them, and the goodnefs of the

condudtors)
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<éondudors) is perceived between, them, and the cle&ricity of
both fides is thereby difcharged.

Tue fubftance of the glafs itlf, inor upon which thefe elec-
tricities exift, s impervious to cle@ricity, and does not permit
them to! unite 5 but if they be very' ftrong, and the plate of
glafs vefy thin, they will force 1a paffage through the glas.
“This, however, ‘alway$ breaks the glafs, and  renders it incapa-
ble of another charge.

Tz flath of light, together with the explofion; between the
two oppofite fides of a charged elecric, is generally called the
dbftric fhock, on account of the difagreeable fenfation it gives
any animal, whofe body is made ufe of to form the communica-
tion between them.

Tis electric (hock is always found to perform the circuit
from one fide of the charged glafs to the other by the fhorteft
paffage, through the beft conductors. Common communicated
elef¥ricity alfo abferves the fime rule, in its tranfmifion from
one body to another.

It has not been found that the electric fhock, takes up the
Teaft fenfible fpace of time in being tranfmitted to the greateft
diftances.

T eleric fhock, as alfo the common ele@ric fpark, dif-
places the air through which it paffes; and if its paflage from
condulor to conductor be interrupted by non-conductors of a
moderate thicknefs, it will rend and tear them in its pafage; and
in fuch a manner as o exhibit the appearance of a fudden expan-
fion of the air about the center of the fhock.

Ir a ftrong fhock be fent through a fuall animal body, it will
often deprive it inftantly of life.

_ Watex the eleric fhock is very ftrong, it will give pola-
i ity
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rity to magnetic needles,  and fometimes it reverfes. their
poles.

Grear fhocks, by which animals are killed, are faid to
haften putrefaction.

Buecrricity and lightning are, in all refpets, the fune
thing. Every effect of lightning may be imitated by electricity,
and every experiment in ele@ricity may be made with lightning,
brought down from the clouds, by means of infulated pointed
rods of metal.

PART
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THEORIES or ELECTRICITY.
SECTION I,

OF PHILOSOPHICAL THEORIES IN GENERAL, AND THE
THEORIES  OF ELECTRICITY PRECEDING THAT of Dg,

FRANKLIN.

NE of the moft intimate of all affociations in the human
mind is that of caufe and effedl. - They fuggeft one another

with the utmoft readinefs upon all accafions ; fo that it is almoft
impoffible to contemplate the one, without having fome idea of,
or forming fome  conje@ure about the other. In viewing the
works of nature, we neceffurily become firft acquainted with
appearances, or effects. We naturally attend to the circum-
Hances in which fuch appearances always arife, and cannot help
i Hhh confidering
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confidering them as the caufes of thofe appearances. Then,
thefe ci i 1 as new

we are defirous of tracing out other circumftances that gave birth
to them. Thus, conftantly afeending in this chain of caufes and
effe@s, weare led, at laft, to the firft caufe of all : and then
we confider all fecondary, and inferior caufes, as nothing more
than the various methods in which the fapreme caufe adts, in
order to bring about his great defigns.

In all fience, we firft afcend from particular to gencral,
For nature exhibits nothing but particulars ; and all general
propofitions, as well as general terms, are artificial things;
being contrived for the cafe of our conception and memory ; in
order tocomprehend things clearly, and to comprife as much
knowledge as pofiible in the fmalleft compa%s. It is no wonder
then that we take pleafire in this procefs. Befides, we atually fee
in nature  vaft varicty of effeéts proceeding from the fame ge-
neral principles, operating in different circumftances; fo that
judging from appearances, that nature is every where uniform
with itfelf, we are led, by analogy, to. expedt the fime in all
cafes; and think it an argument in favour of any fyftem, if it
exhibit a variety of effe@s fpringing from a few caufés. For
fuch variety in effects, and fach fimplicity.in caufes, we gene-
rally fee in nature. :

Havine dilcovered the caufe of any appearance, it is the
bufincfs of philofophy to trace itin'all its effets, and to predict
other fimilar appearances ‘from fimilar previous fituations of
things. By this means, the true philofopher, knowing what
will be the refult of putting every thing, which the prefent
fyftem exhibits, into every variety of circumftances, is mafter
of all the powers of nature, and can apply them to all the ufeful
purpofes of life.. Thus docs knswledge,. as Lord Bacon obferves,

become:
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ecome powers and this is the philofopher capable of providing,
i a more effectual manner, both for his own happinefs and for
that of others 5 and thereby of approving himfelf a good citi-
sen, and an ufeful member of focicty.

It is obvious, from this general view of the bufinefs of philo-~
fophy, that, in order to trace thofe circumftances in which any
appearance in nature is certainly and invariably produced, it is
chiefly ufeful to obferve what there is iz common in the circum-
flances attending fimilar appearances: for on thofe common cif-
cumftances, all that is common in the appearances muft depend.
And the eafieft poffible method, by which we can trace out the
connection of caufes and effects in nature, is to begin with com-
paring thofe appearances which are moft fimilar, where the dif-
ference confifts in a fingle circumftance; the whole effe& of
which, in different appearances, is thereby perfectly known.
And when we have, by this means, noted the whole effe® of
all the fepatate circumftances and fituations of things, we can
aafily judge of their cffe in all pofiible combinations.

Hexce analogy is our beft guide in all philofophical inveftiga-
tions 3 and all difcoveries, which were not made by mere acci-
dent; have been made by the help of it. We obferve a complex

attended with a variety of circum-
fiances and fituations. We alfo fee another appearance, in fome
zefpects fimilar, in others diffimilar ; the circumftances,  like-
srife, fimilar and diffimilac in the fame proportion ; or we pur-
‘pofely vary the circamftances of the former appearance, and ob-
ferve what difference it occafions. ~ But, unlefs there be a very
great analogy, or fimilarity, between them, fo that the influ~
ence of a fingle ci or of a few ci canbe
traced feparately, no probable judgment can be formed of their
zeal operation,

Hhhz2 But
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Burr in all this procefs, ‘aman who ats from defign, and not
abfolutely at random, would never think of trying the influence
of any.circumftance in an appearance, nalefs, from fome ofher
analogies in nature, more or lefs perfect, he had formed fome
idea what its influence would probably be; at lcaft, he mut,
from analogies in nature previoufly obferved, have formed an ide,
of feveral. poflible confequences, and try which of them will
really follow. = That is, in other words, every experiment, in
which thero is any defign, is made to. afcertain fome  Ayporlyf.
For an hypothefis is nothing more than a preconceived. idea of
an event, .as fuppofed to arife from certain circumftances, which
muft have been imagined to have produced the fae,  or 2 fimi-
Tar effect, upon other occafions.  An hypothefis abfolutely veri-
fied ceafes to bo termed fisch, andis confidered asa faét s though,
when it has long been in'an hypothetical flate, it inay continue
to be called, ‘occafionally, by the fame name.

Tute only danger in.the ufe of hypothefes arifes from making
this tranition oo foon.  And when an hypothefis is o longer
confidered as a mere probable fppofition, but a real fat; a philo-
fopher not only acquicfees iniit, and thereby miftakes the canfe
of one particular appearance ;. but, by its analogies, he miflkes
the caufe of other appearances too, and is led into a whole ffem
of error. A philofopher who has been long attached to a favourite
hypotheis, and efpecially if he have diftinguithed hitmfelf by his
ingenuity.in difcovering or purfuing it, 'will not; fometimes, be
convinced of its falfity by the| plaineft evidence of fa&: * Thus
both himfelf, and all his followers, are.puc upon falfe purfuits,
and feem determined to warp the whole courfe of nature, o fiit
their manner of conceiving of its operations. -\ 1 I

(Bur, provided philofophers can be upon:their/guard againt
this fpzcies of vanity (which mutk be owned to be very tempting)

and
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and againft the obftinacy which is the confequence of it 5 hypo-
thefes, and even a great variety of them, are certainly very pro-
miling circumftances to philofophical difcoveries. - Hypothefes,
while they are confidered merely as fuch, lead perfons to try a va-
ety of experiments, in order to afcertain them. In thefe expe-
siments, nes facts generally arife. Thefe new fa&s ferve to cor-
se@ the hypothefis which gave occafion to them. The theory,
thus correced, ferves to difcover more new. fadls ;. which, as
before, bring the theory ftll nearer to the truth.  In this pro-
grefiive ftate, or method of approximation, things continue;
1ill, by, degrees, :we may hope that we (hall have difcovered all
‘the faéts, and bave formed a perfeét theory of them. By this
perfec@ theory, I mean a fyftem of propofitions, accuratcly de-
Sining all the circumftances of every appearance, the feparate ef-
foft of each circumftance, and the manner of its operation.

I uave dwelt {0 long upon this fabjec, becaufe T apprehend,
that ele@ricians haye, generally been too much attached to their
feveral theories,  fo.as to have retarded the progrefs. of real dif-
coveries. Indeed, no other part of the whole compafs of phi-
Tofophy affords fo fine a feene for ingenious fpeculation.  Here
the imagination may have full play, in conceiving of the manner
_inwhich an inyifible agent produces an almoft infinite variety of
vifible effedts. + As the agent is invifible, every philofopher is at
hmy;owmq it whateyer, he pleates, and.sferibe to.it fuch

as,/are; moft for, his/purpofe.

‘Andyyindeed, if he can frame bis theory > as really to fuit-all

the fadks, it hasall the evidence of truth that the natare of things

can admit.

Wi the fitfk cleSricians;. ele@rical attraction was performed

Iby means of unétuous. effluvia emitted by  the; excited eletric.

“Thefe avere fuppofed to faften upon all bodies in their way, and
to

b
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to carry back with them all that were not too heavy. For, iy
ehat age of philofophy, all effluvia were fappofed to retar 1o
the bodies from which they were emitted; fince no perfon
«could, otherwife, account for the fubftance not being fenfibly
wafted by the conftant emifion. When thefe light bodies, on
which the unctuous effluvia had faftened, were arrived at the ex-
cited elettric, a frefh emiffion of the effluvia was fuppofed to
carry them back again.  But this effet of the cfflavia was not
thought of, till clectrical repulfion had been fufficiently obery-
ed.

Waex the Newtonian philofophy had made fome progref,
and the extreme fubilty of light, and other effuvia of bodics,
was demonttrated ; fo that philofophers were under no apprehen.
fion of bodies being wafted by continual emiffion, the doc-
trine Of tbe return of the eflivia was univerfally given up, s no
longer neceffary ; and they were obliged to acquicfoe in the
unknown principles/of attraction and repulfion, ‘as fuppofed to
be properties of certain bodics, communicated. to them by the
Divine Being, the mechanical caufe ‘of which they fearce at-
tempted to explain.

Witz Mr. Du Faye difcoyered. the two. oppolite fpecics of
eledtricity, which he termed. the vitreous and refinous electriciy,
he neceflarily formed the idea of fuwo dilinét lectris fuids, vepul
five with refpect to themfelves, and attraftive of one another.
But he had no idea of both fpeciés being actually concerned in
‘every elecirical operation, and that glafs or.tofin alone alivays
produced them both.  This theory, therefore, was as fimple in
- its application as the other. L

/'Wiize nothing more was known  of electricity but attradtion
-and repulfion,  this general theory was fufficient.  The gencral
attration of all bodics to all bodies was called (and by fome allw-
furdly
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furdly enoigh: fuppofed: to be acgounted for by) gravitation, and
many fuperficial philofophers thought they had given a very good
account. of ele@ricity, cohefion, and magaetifm, by calling
them particular fpecies of attraction peculiar to certain bodies.

Bur when ele@ricity began to (how itilf in a greater varicty
of appearances, and to make itGelf fenfible to the fell, the fight,
the touch, and the hearing : when bodies were not only attracted
and repelled, but made 10 emit firong fparks of fire, attended:
yith a confiderable noife, -a painful fenfation, and a firong phof-
phoreal fimell 5 clediricians were obliged to make their fyftems
mote complex, in-proportion. as the facts were fo. . It was then
genceally fuppofed,  that the matter of the elediric fluid was the
fume with the chymical principle of fire ;. though fome thought
it was a fluid fis generis, which very much refembled that of fire;
and othes,  with, Mr, Boulanger at their head, thought that the
de@iric:fluid was nothing, more. than the fipcr parts of the at~
mofphere, which cronded upon. the furfaces of cleiric bodics,
when the groffer parts had been driven away by the friction of
the rubber.

Tig great difficulty common to_all thefe theorics was to af-
cerain the diretion of the clectric matter.. It is no wonder that,
when ele@isical appearances were firft obferved, all elofiric
powers were fuppofed o refide n, and therefore to progeed from
the excited electric. ~ Confequently, the eleciric fpark was firt
imagined to be darted from the ele@rified body towards any con-
dudtor that was prefented to it. It was never imagined there
could be any difference in this refpect whether it was amber,
glaf, fealing wax, or any thing elfe that was excited, Nothing
ought to be more evident to the fenfes. than this progrefs
cle@irie matter: What then mu(t have been the altonifh-

ment of all eleciricians,, when they firfk obferved clediric appear-
ances
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ances at an infulated rubber; at the fame time thdt it was des
monfirated, ‘that the action of ‘the rubber did /not produce, by
only colle& the ele@ric fluid.

I this cafe, the current could not have been fuppofed to flow
both from the condutor and the rubber ; and yet the firft ap-
pearances were the fame. To_provide ‘a fupply of the clegtric
matter, hey were obliged to fuppofe that, notwithftanding sp-
pearinces were nearly the fame, the electric fluid was really re.
ceived by the elerified body in the one cafe, and emitted by it
in the other. Bt now, being obliged to give up the argument
for the manner of its progrefs’ from the evidence of fight, they
were at'a lofs whether, in the ufual method of . Cle@rifying by ex-
cited glafs, the fluid proceeded from the rubber to the condattor,
or from the conduéor to the rubber ; and nothing was found to
obviate thefe difficulties, till an excellent theory  of: pofitive and
negative cledtricity was fuggefted by Dr. Watfon, and digefied
and illuftrated by Dr. Franklin.

IT was foon found, that the cle@ricity, at the rubber was the
reverfe of that at the condu@or, and in all refpe@s the fame with
that which had before been produced by the friction of fealing
was, fulphur, rofin, &e. Seeing, therefore, that Both the clec
tricities, as they had heretofore been called, were produced at
the fame time, by one and the fime elefiric, and by the fume
friction, all ele@ricians and among the reft Mr. Du Faye him-
{If concluded, that they were both modifications of one and the
fame fluid ;- and the old do@rine of the different ele@ricities was
utiver(ally difcarded. s

T accidental difcovery of the Leyden phial moft clearly de-
monftrated the imperfection of all the theoriés preceding that of
pofitive and negative clectricity, by exhibiting an aflonifhing ap-

« pearance, which no ele@ricians, with the help'of any theory,
could
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could have forefeen, and of which they could have formed no
idea, @ priori.

Uron this great event, new theories of ele@ricity multiplied
apace, fo that it would be to no purpofe to enumerate them all.
Indeed many of them were no more than the beings of a day.
For no fooner were they flarted, but the authors themfelves,
upon the appearance of fome new fact, faw reafon to new model,
or entirely reject them. I thall, therefore, content myfelf with
giving the outlines of fome of the principal theorics of eledtricity,
which have their adherents at; prefent, without confidering
whether they took their rife before or after this difcovery.

Wirn fome, ‘and particularly Mr. Wilfon, the chief agent
in all ele@trical operations is Sir IHaac Newton’s ether; which
is more or lefs denfe in all bodies in proportion to the fmallnefs
of their pores, except that it is much denfer in falphureous and
un@tuous bodies. # To this ether are aferibed the principal phe-
siomena of attraction and repulfion, whereas the light, the fiell,
and other fenfible qualities of the elecric fluid are referred to the
groffer particles of bodies, driven from them by the forcible ac-
tion of this ether. ~ Many phenomena in eletricity arc alfo at-
tempted to be explained by means of a fubtile medium, at the
furface of all bodics, which is the caufe of the refraction and
refle@tion’ of the rays of light, and alfo refifts the entrance and
exit of this ether. 4+ This medium, he fays, extends to a fmall
diftance from the body, and is of the fame nature with what is
called the eletric fluid.  On the furface of conductors this me-
dium s rare, ‘and eafily admits the paffage of the elecric fluid ;
whereas on the furface of ele@rics it is denfe, and refifts it.
This medium is rarified by heat, which converts non-conduc-

* Wilfon's Diffestation, p. 5.+ Hoadley and Wilfon, p. 55
Tii tors
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tors into condutors. ¥ On this theory I fhall make no par-
ticular remarks, becaufe I cannot fay that T clearly comprehend
it

Bur the far greater number of philofophers fuppofe, and
with the greateft probability; - that there is a fluid /i goneric
principally concerned in the bufinefs of eleciricity.  They fecm,
however, though perhaps without reafon, entirely to overlook
Sir Ifaac Newton’s ether; or if they do not fuppofe it to be
wholly unconcerned, they allow it only a fecondary and fubor-
dinate part o act in this drama. - And among thofe who fuppofe
a fluid /i generis, there is a great diverfity of opinions about the
mode of its cxiftence, and the manner of its operation.

Tur ingenious Abbé Nollet whofe theory has been more the
fubject of debate than all the other theorics before Dr. Franklin's,
fuppofes that, in all ele@rical operations, the fluid is thrown
into two oppofitc motions; that the afluence of this matter
drives all light bodies before it, by impulfe, upon the eletrified
body, and its ¢ffuence carries them back again.  But he feems
very much embarraffed in accounting for facs where both thefe
currents muft be confidered, at the fame time that he is obliged
to find expedients to prevent their impeding the cffe@s of each
other. o obviate this great difficulty, he fuppofes, that every
excited eleétric, and likewife every body to which elericity is
communicated, has two orders of pores,. one for the emiffion of
the effluvia, and the other for the reception of them. A man of
lefs ingenuity than the Abbé could not have maintained himfelf
in fuch a theory as this; but, with his fund of invention, he
was never at a lofs for refources upon all emergencies, and in
his laft publication appears ta be as zealoas for. this firange:
hypothefis as at the firft.

* Hotdley and Wilfon, p. 78:
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Hz more than once requefted a deputation of the members of
the Academy of Sciences, to be witnefles of fome experiments,
in which, he thought, there was a vifible effluence of the. ele@ri-
cal cffluvia from the conducor, both to the globe at one of its
extremities, and to any non-elediric prefented to it at the others
and their teftimony was figned and regiftered in proper form.*
But it does not feem to the honour of Mr. Nallet, or thofe gen-
tlemen of the Academy, to be fo very pofitive in a matter which
does not admit of the evidence of fenfe.

Tae Abbé’s confidence upon this fubject is very remarkable.
Thefe effeéts, fays he, well confidered, and reviewed a thoufand
times, in the courfe of thirty years, in which I have applied'to
ele@ricity, -make me fay with confidence, that thofe pencils of
rays are currents of cle@iric matter, which fly from the conduc=
tor towards the excited globe.  This is fo evident, that I would
fieely appeal to the ocular teftimony of any unprejudiced perfon,
who fhould fee the experiments which I have recited. But, fays
he, the fa& in queftion is contrary to a fyitem of eleGricity,
which fome perfons perfit in maintaining. They have the affu-
fance to tell me, that the matter of the luminous pencil, in my
experiment, moves in a dire@ion quite oppofite to that which T
fuppofes that it proceeds from the excited globe, and is from
thence thrown upon any non-ele@ric within its reach. 4 In ano-
ther place, he fays, that the principle of fimultancous cfiluences
and affluences is by no means a fjffem, but a fact well proved.f

Tisp Abbé Nollet propofes an hypothefis to explain the diffe-
rence between common electricity and the eleéric thock. ~ All
the effels of common ele@ricity, he fays, plainly fhow, that the
cledric matter is animated with a progrefiive motion, which

* Legons de Phyfique, p: 365, 395 TIbp- 363 3 Leures fur P elericité, p. 98.
Tii really
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really catries it forwatds 5 whereas the remarkablé cafe of he
cledtric fhock appears to be an inftantancous percuffion, which
the contiguous parts of the fame matter communicate to one
another, without being difplaced. Sound and' wind, he s, are
motions of the air; but would a philofopher, be" permitted o
take the one for the of

> in meafuring their velocity or extent,
But this comparifon is by no means jufk, *

Lz mutt be acknowledged, that far the greater part of the Abb¢
Nollet’s arguments in favour of his dogtrine of effluences and af.
fluences are very unfatisfactory, and that his methiod of account.
ing for elecrical attraction and repulfion, with other Pphenoiena
in elediricity, by means of it, ismore ingenious than folid, It iy
& great pity that this truly excellent philofopher had. not fpent
more time in diverfifying fals, and les in refining upon theory.
But it is in fome meafure the natural fault of a difpofition to
philofophize.

Mz. Du Tour improves upon- this hypothefis of the Abbé
Nollet, by fuppofing that there is a difference between the affluent
and effluent current ; and that the particles of the fluid are thrown.
into vibrations of different qualitics, which makes one of thefe
carrents more copious than the other, ‘according . flphur or
glafs is ufed. Difficult as itis to form any idea of this ‘hypothefis,
the author appears very much attached to it, and has no doubt of
its accounting for all electrical appearances.

Legons de Phyfique, p, 293,

SECTION
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BIEC T [0 NI
Tug THEORY OF POSITIVE anp NEGATIVE ELECTRICITY.

HE Englith philofophers, and perhaps the greater part of

foreigners too, have now generally adopted the theory of
pofitive and negative electricity. As this theéory has been extend-
ed to almoft all the phenomena, and is the moft probable of any
that have been hitherto propofed to the world. I fhall give a
pretty full account of it, and fhow how it agrees with all the
‘propofitions of the 1aft part, to which it has hitherto been appli-
e

Tu1s theory generally goes by the name of Dr. Franklin, and
thiere is no doubt of his right to it; but juftice requires that I
diftinélly mention the equal, and, perhaps, prior claim of Dr.
Watfon, to whom Ihave before faid it had occarred. Dr. Wat-
fon fhiowed a feries of experiments to confirm the doctrine of plus
and minus ele@ricity to Martin Folkes Efy. then prefident, and
10 a great number of fellows of the Royal Socicty, {0 carly as
the I:egmnmg of the year 1747, before it was known in England
k. Pranklin had difcovered the fame thing in America. See
hilofophical Tranfactions, Vol. 44, p- 739 ; and Vol. 45, p-

93
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93—1o01. Dr. Franklin's paper, containing the fame dico-
very, was dated at Philadelphia, June the 1ft. 1747.

Accorping to this theory, all the operations of electricity de-
pend upon one fluid /i generis, extremely fubtile and elaftic, dif.
perfed through the pores of all bodies ; by which the particles of
it are as frongly attracted, as they are repelled by one another,

Wi the equilibrium of this fluid in any body is not difturb.
ed; thatis, when there is in any body neither more nor fefs of
it than its natural fhare, or than that quantity which itis capa-
ble of retaining by its own attration, it does not difcover itfelf
to our fenfes by any effect. The action of the rubber upon an
elediric difturbs this equilibrium, occafioning a deficiency of the
fluid in one place, and a redundancy of it in another.

Tuts equilibrium being forcibly difturbed, the mutual repul-
fion of the particles of the fluid is neceflarily exerted to reftore
it. If two bodies be both of them overcharged, - the eledric at-
mofpheres (to adopt the ideas of all the patrons of this hypothe-
fis before ZEpinus) repel cach other, and both the bodies recede
from one another to places where the fluid is lefs denfe. - For, as
there is fuppofed to be 2 mutual attraction between all bodies and
the clectric fluid, elecrified bodies go along with their atmof-
pheres. If both the bodies be exhaufted of their natural fhare
of this fluid, they are both attracted by the denfer fuid, exifting
either in the atmofphere contiguous to them, or in other neigh-
bouring bodies ; which occafions them flill to recede from one
another, as much as when they were overcharged.

Some of the patrons of the hypothefis of pofitive and negative
cledricity conceive otherwife of the immediate caufe of this re-
pulfion. _ They fay that, as the denfer ele@ric fluid, furrounding
two bodies negatively electrified, acts equally on all fides of thofe
bodies, it cannot occafion their repulfion. Is not the repulfion,

fay
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fay they, owing rathet to an accumulation of the cledric fluid
on the furfaces of the two bodies ;. which accumulation is produ~
ced by the attraion of the bodics, and the difficulty the fiuid
finds in entering them ?  This difficulty in entering is fuppofed
t0 be owing, chicfly, to the air on the farface of bodies, which
s probably a little condenfed there;; as may appear from. Mr.
Canton’s experiment above-mentioned on the double barometer.

Lastry, if onc of the bodies have an overplus of the fluid;
and the other a deficiency of it, the equilibrium is reftored with
great violence, and all ele@irical appearances between  them
are more firiking.

Tug influence of points in drawing or throwing off the clec-
tric luid. has not been quite fatisfactorily accounted. for upon
any hypothefis, but it is s agreeable to this as any other. As
it is evident that every ele@ric atmofphere meets with fome re-
Gifaice, both in entering and quitting any body, whatever be
the caufe of that refiftance, it is natural to fuppofe, that it muft
be leaft at the points of bodies where there arc fewer particles of
she body (on which the refiftance depends) oppofed to its paffage,
than at the flat parts of the {urface, where the refifting power of
‘a greater number of particles is united.

. Tus light which is vifible in elerical appearances is generally
fuppofed to be part of the compofition of the leciric fluid, which
appears when it is properly agitated. ~But this fuppofition con-
cerning ele@ric light is not neceflary to. the general hypothefis.
It may be fuppofed, upon this as well as Mr. Wilfon’s theory,
that the light, and. the phofphoreal {mell, in cle(trical experi-
ments arife from particles of matter much groffer than the pro-
pet ele@ric fluid, but which may be driven from bodics by
its powerful action.
 Tus found of an cle@rical explofion is cestainly produced by-
the
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the air being difplaced by the eletric fluid, and then fuddenly
collapfing; fo as to occafion a vibration, which diffufes itfeif
every way from the place where the explofion was made.  For
in fuch vibrations found is known to confift.

By the chief excellence of this theory of pofitive and nega-
tive cle@ricity, and that which gave it the greateft reputation, is
the eafy explication which it fuggefts of all the phenomena of the
Leyden phial.  This luid is fappofed to move with the greatet
eafe in bodies which are conductors, but with extreme difficulty
in electrics per fe infomuch that glafs is abfolutely: impermea.
ble to it. It is moreover fuppofed, that all elecrics (and par-
ticularly glafs) on'account of the  fmallnefs of their pores, do at
éll times contain an exceeding great, and alwaysan equal quan-
tity of this fluid 5 fo that no more can be throwi inco one part
of any elediric fubftance, exceptthe fame quantity go out at ano-
ther, and the gain be exaly equal to: the Tofs.’ Thefe things
being previoufly fuppofed, the  phonomena of charging and dif-
charging a plate of glafs admit of an eafy folution:

T the ufual manner of eletrifying, by a finooth glafs globe,
all the ele@ric matter is fupplied by the rubber from all the bodics
which communicate with it. If it'be'made ‘to communicate
with nothing but one of the coatings of a plate of ‘gl ‘while
the conductor communicates with the other; ‘that fide of the
glafs which commanicates with the  rubber muft neceffrily be
exhaufted, in order to fapply the condu@or, which  muft con-
vey the whole of it to the fide with which it commuhicates. By
this operation, therefore; the ele@ric fluid becomes almoft en-
tirely exhaufted on one fide of the plate, while it is as much ac-
cumulated on the other; and the difcharge is made by the elec-
tric fluid rufhing, as foon as an opportunity is given it, by means
of proper conductoss, from the fide which was overloaded to that
“which was exhaufted.

. Ir
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Ir is not meceflary, however, ta this theory, that the very
fame individual particles of electric matter which were thrown
upon one fide of the plate, fhould make the whole circuit of the
intervening conductors, efpecially in very great diftances, fo as
a@ually to arrive at the exhaufted fide. It may be fufficient to
fuppofé, -as was obferved before, that the additional quantity of
fuid difplaces and occupies the fpace of an equal portion of the
natural quantity of fluid belonging to. thofe conductors in the cir=
cuit, which Iy contiguous to the charged fide of the glat.
This difplaced fluid may drive forwards an equal quantity of the
fame matter in the next condu@ors; and thus the progrefs may
continue, till the exhaufted fide of the glafs is fupplied by the
fuid: naturally. exiting jn the condutors contiguous to it. In
this cafe the motion of the ‘ele@tric fluid in an explofion will
rather refemble the vibration of the air infounds, than a current
ofitin winds,

It will eafily be acknowledged, that while the fubftance of
the glafs is fuppofed to\contain as much as it can poffibly hold of
the ele@ric fluid, no part of it can be forced into one of the fides,
without obliging an equal quantity to quit the other fide; but
it may be thought a difficulty upon this hypothefis, that one of
thefides of a glafs plate cannot be exbaufted, without the other
recciving more than its natural fhare, particularly as the particles
ofthis fluid are fuppofed to be repulfive of one another. But it
muft be confidered, that the attrattion of the glafs is fufficient
10 tetain even the large quantity of the electeic fluid which is
natus Dm it, againft all attempts fto withdraw it, unlefs that

traction can be fatisfied by the admifion of an equal quan-

ic other quarter. When this opportunity of a fup-
hy conne@ing one of the coatings with the rub-
the other with the condu@or, the two_ attempts to in-
Kkk troduce
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troduce more of the fluid into one of the fides, and to take from
iton the other, are made, in a manner, at the fame inftant,
The action of the rubber tends to difturb the equilibrium of the
fluid in the glafs, and no fooner has a fpark quitted one of the
fides, to go to the rubber, butitis fupplied by the conduétor on
the other; and the difficulty with which thefe additional parti-
cles move in the fubftance of the glafs effectually’ preveiits its
reaching the oppofite exhaufted fide s near asthe two fides arc
t0 one another, and cager as is'the endeavour of the flid'to go
whither it is fo ftrongly attracted.

It s not faid, however, but  that either fide of the glafs may
give or receive a finall guantity of the cle@ric Aluid, without alter-
ing the quantity on the oppolite fidel. Lt is'ohly'a véry confider-
able part of the charge that is iméant, when one fide'is fsid to
be filled, while the other is exhaufted.

Ir is a Tittle remarkable, that the eleétric fluid, i this, ‘and in
every other hypothefis, fhould {o much séfémble the etHer of Sir
Ifuac Newton in'fome refpects, and yet differ from it fo effentially
in others. The eleétric fluid s fuppofed to be, like ‘cther, cx-
tremely fubtile and claftic, that is, repulfive of §tfIf}” but,
ftead of being, like the ether, repelled by all othet atter, it is
firongly attracted by it ; fo'that, " far froni'being, like the cther,
rarer in the fmall than in the large pores'of bodies, rarer within
the bodies than at their furfaces, and rarer at their furfices
than at any diftance from them s it muft'be denfér in {inall than
inlarge pores, denfer within' the fubftance’ of Badiés than at
their furfices, and denfer” bt 'their’ futficés  thin 4t nce
from them.  But no other property can a&cau‘m
dinary quantity of ‘this fluid contained’ Within
eledirics per fe, ‘or for the
and clecrified bodids, ! «
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To account for the attraction of light bodies, and other elec~
trical appearances, in air of the fame denfity with the common
atmofphere,; when glafs (which is' fuppofed to be impermeable
to clediricity) is interpofed ; it is conceived, that the addition
or fubftraction. of the clectric fluid, by the aGtion of the excited
clefiric, ‘on one fide of the glafs, occafions (as in the experiment
of the Leyden phial) a fubftraction or addition of the fluid on the
oppofite fide. . The ftate of the fluid, thercfore, on the oppofite
§de being altered, all light bodics within the fphere of its action
muftbe affected,  in the very fame manner as if the effluvia of
the excited ele@ric had actually penetrated. the glafs, according
to the opinion of all ele@ricians before Dr. Franklin.

Txe manner in which clouds acquire their pofitive or negative
clefiricity. is’ notdetermined, according to this, or_ any other
theory, ‘with fufficient’ cetainty. - Mr. Canton's. conjecture is,
that the sir refembles the tourmalin, and, confequently, acquires
its ele@ricity by heating or cooling s but whether it gains of
lofes the electric fluid.in cither ftate muft be determined by ex-
periment.. - Signior Becearia's theory of the cleciricity of the
clouds has been related at large.

. Tuis hypothefis of pofitive and negative clectricity has been
adopted,  and, in fome meafure, rendered more fyflematical by
Bpinus, in his claborate treatife entitled, Tentamen T beoriae Elec-
aricitatis.et. Magnetifini.
. Hp has extended the property of impermeability to air and all
elefirics s well as glafs, and defined it in a better manner.  He
fuppofes impermeability to confift in the great difficulty with
ich eleric fubftances admit the clediric fluid ino their porcs,
the flownefs with which it moves in them. Morcover, in
*confequence of this impermeability of air to the electric fluid, he
denies the reality of ele@ic atmofpheres, and thinks, as was ob-
Kkkz ferved
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ferved before, that Dr. Franklin's theory ‘will do' much better
without them.

He thinks that all the particles of matter muft repel one ano-
ther : for that, otherwife (fince all fubftances have in them a cer-
tain quantity of the ele@tric fluid, the particles of which repel
©ne another, and are attracted by all other matter) it could not
happen,  that bodies in their natural fiate; with refpect to clec
tricity, fhould neither attrac nor repel one another.

H that reads the fift chapter, as well as many other parts of
his elaborate treatife above-mentioned, may fave 2 good deal of
time and trouble by confidering, that the refult of many of his
reafonings and mathematical calculations cannot be depended np-
on; becaufe he fuppofes the repulfion or elafticity of the electric
fluid to be in proportion to its condenfation; which is not true,
unlefs the particles repel one another in the fimple reciprocal
ratio of their diftances, as Sir Ifaac Newton has demonftrated, in
the fecond book of his Principia.

Mx. Wrrcxe, as well as ZBpinus, adopts all the general prin-
ciples of Dr. Franklin’s theory of pofitive and negative elericity,
but thinks that no experiments which have hitherto been made
fhow which of the ele@ricities is pofitive and which negative.
Suppofing, however, what is called pofitive to be really fo, and
that fmooth glafs, for inftance, rubbed upon fulphur attracts the
electric fluid from it, he would account -for it upon: the fame:
principles whereby water tands in drops on. rough furfaces, but
is diffufed on fmooth ones. The ele@ric fluid, he would fuppofe,
is more frongly attracted by the finooth furface of the glafs, and
therefore diffufes itfelf over it, while it retreats from electrics of
rougher fucfaces. - But this explanation; I imagine, will give
little fatisfaction to feeptical cle@ricians.

* Wilcke, p. 6s.
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Mg, Wareke acknowledges there is great difficulty in account-
ing for the repulfive power of bodies cloctrified negatively, and
thinks that it obliges us. to fuppofe the mutual repulfion of all
homogencous matter. Mr. Waitz, he fays, was of the fame opi-
nion. . According to him, therefore, bodies which have too great
2 proportion either of the eleciric fluid, or of their proper con-
ftituent matter, muft aid one another. In the former cafe, by the
sepulfion of the eledric fluid, in the latter, by the repulfion of
conftituent parts of the bodics.  Mr. Wilcke obferves upon this
fabject, that the attraction of light bodies to negative elec-
trics cannot be owing to the repulfive power of the eleétric
fuid in the neighbouring air, driving them, or the ele@ric
matter in them to the place where there is a want of it; be-
caufe the velocity-ought to decreafe as it recedes from the impul-
five power : whercas it is accelerated, as if it were attracted by
the negative clectric.*

Bur to this it may be replicd, that a fucceflion of impulfes,
though every fubfequent one fhould be wealker than the preceding,
will produce an aceelerated motion. Befides; the nearcr the light
‘bodyis to the negative eledtric, the nearer it is to the point where
the equilibrium of the fluid is moft deftroyed ; or the lefs force:
there is on the fide of the eletric to balance the force that drives
the light body towards it, and thercfore the impulles themfelves

* muft increafe.
Mg, Wizcks, whofe treatife on the two electricities is admi-
able, e ind dical f them,
diftinguifhes three caufes of excitation, viz. warming, i
and frigtion ; and he advifes, that we carefully ditinguith be-
Bii s icated cloiricity, By the former he

| * Wilcke, p. 15, and Remarks on Franklin's Letters, p- 370-

means
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means that which is the refult of the appofition, or mutual ation
of two bodies s in confequence of which, one of them is left o,
tively cleciric and the: other negative.  Whereas communicateg
eledricity is that which is fuperinduced pon a body, o part of
a body, ele@ric or non-clectric, without its. being. previouty
heated, melted, or rubbed; or without any mutual action between
it and any other body. ‘This diftincion is, in general, very ob.
vious; but M. Wilcke defines it more accurately than it had becy
done before, and mentions feveral cafes in which- they are often
confounded.

Stonior Becearta admits the theory of pofitive and negative
elegtricity, though he explains fome electrical phenomena in
manner different from the other patrons of that fyftem.

He fuppofes that elecirified bodies move to one another only
in the a& of giving and receiving the electric fluid : # - this ef-
fe@ being produced by the eleéiric matter making a vacuum in
its paffage, and the contiguous. air afterwards collapfing, and
thereby puthing the bodies together. | This vacuum, he fays,
is very obfervable ‘upon great explofions of thunder, when
animals have been ftruck dead without being - touched with the
lightning; a vacuum being only fuddenly made near them, and
the air immediately ruthing out of their lungs to il it, whereby
they are left flaccid and empty s whereas when perfons are pro-
perly killed by lightning, their lungs are found diftended.

In confirmation of this hypothefis, he fays, that lefs motion is
given to bodies by eletricity, as the air is excluded from them,
and that in vacuo no motion at all can be given to them. || He
alfo fays, that no eleiric light s vifible in a barometer in which
there is a perfect vacuum : whence he infers, that eleric light

* Lettere el clectricifino, pu 36§ Ioupogt, 1 Ibopigz [ Ib. p. 45
is

VYA.BHSC



See. IL ELECTRICITY. 459

is vifible only by means of - fome vibrations  which it excites in
the air¥

Tt hypothefis feems to be unworthy of fo eminent an elecri-
cian, and it i certainly not fa, that there is no eleétric light, if
there be no ele@rical attraction in vacuo.

““To'aceount for the colleétion o' diffipation ‘of ‘elecricity by
points, he fays that the clectric fluid appears; from experiments,
£o'move with tHe greateft violence in’ the fmalleft bodies:« All
eleéirical appearances will, therefore, be moft fenfible ‘at  the
points of bodies; and, confequently, it will be fooneft diffipated
there. But this does not feem to touch the real difficulty.

Dr. Frankrin the author of this excellent theory of pofitive
and negative clericity, with a truly philofophical greatnefs of

_ mind, to which few perfons have ever attained, always mentions
itwith the utmoft diffidence. Every appearance, fays he, which
1 have yet feen, in which glafs and eledricity are concerned, are,
1 think, explained with eafe by this hypothefis. Yet, perhaps,
it may ot be a trae one, and I fhall be obliged to him who af-
fords me a better.}

Ir is no wonder, indeed, that this excellent philofopher fhould
treat even his own hypothefis with fuch indifference, when he had
£ juft a fenfe of the natare, ufe, and importance of all hypothefes.
Noris it, fays he, of much importance to us, to know the manner

3 natre executes her laws. It s enough if we know the

emfelves. It is of real ufc to us to know that china left

e air, unfupported, will fall and break ; but how it comes

and why it breaks, are matters of fpeculation. Ttisa
pkiﬁlr! indeed to know them, but we can preferve our china

i
no 1"—%9.;4. @ -} Franklin’s Letters, p.75.  11bp. sou
Tae
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T great merit of this writer as an cledrician fands inde-
pendent of all hypothefes, upon the firm bafis of the difcovery
of many new and important fats, and, what is more, applied
to the greatelt ufes. Suppofing him, for inftance, to have been
miftaken in his account, how the clouds come to be poffefied of
eleairicity, muft not all the world acknowledge themflyes in-
debted to him for the difeovery of the famenc(s. of the ele@iric
fluid and the matter of lightnings and  efpecially for a certain
method of preferving their buildings and perfons. from the fatal
effects of thunder ftorms.

SECTION
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SECTION IIL
O THE TAEORY 0f TWO ELECTRIC FLUIDS.

ONVINCED, as the reader may have perceived that T am,
of the ufefalnefs of various theorics, as fuggefting a varicty
of experiments, which lead to the difcovery of new fa@ts; he
will excufe me, if 1 recall his attention to the old theory of
vitreous and refinous eledtricity, as jt was firft fuggefted by Mr.
Du Faye, -upon his difcovery of the different properties of excit-
ed glafs, 'and excited ‘amber, fulphur, rofin, &cc. and as it has
been new modelled by Mr. Symmer. To fhow my abfolute im-
partiality, I fhall, notwithftanding the preference I had given to
Dr. Franklin's theory, endeavour to reprefent this to as much
advantage as poffible, and to do it more juftice than has yet been
done o it, even by Mr. Symmer himflf; who, as I obferved
before, has fallen into fome miftakes in his application of it.
Indeed, hitherto very little pains has been taken with this
theory, nor has it been cxtended to any great variety of pheno-
na;
* Lex us fuppofe then, that there are two electric fuids, which
Hive'a firong chymical afinity with cach other, at the fame time
x L1l that
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that the particles of cach are as ftrongly repulfive of one another.
Let us fuppofe thefe two fluids, in fome meafure, cqually at-
tracted by all bodies, and exifting in intimate union in their
pores, and while they continuc in this union to exhibit no mark
of their exiftence.  Let us fuppofe that the friction of any elec-
tric produces a feparation of thefe two fluids, caufing (in the
ufual method of ele@rifying) the vitreous ele@ricity of the rub-
ber to be conveyed to the conductor, and the refinous electrici-
ty of the conduétor to be conveyed to the rubber. The rubber
will then have a double hare of the refinous cle@ricity, and
the conduétor a double hare of the vitreous; fo that, upon
this hypothefis, no fubftance whatever can have a greater or I
quantity of clectric fluid at different times ;. thequality of it only
can be changed.

Tuz two clectric fluids, being thus feparated, will begin to
fhow theit refpective powers, and their cagernefs to rufh into re-
union with one another. With whichfoever of thefe fluids a num-
ber of bodies are charged,  they will repel one another, they will
be attracted by all bodies which have a lefs fhare of that particu-
Tar fluid with which they are loaded, but will be much more
ftrongly attracted by bodies which are wholly deflitute of it, and
Toaded with the other. In this cafe they will rufh together with
great violence.

Urox this theory, every elecric {park confifts of both the flu-
ids rathing contrary ways, and making a double current. When,
for inftance, T prefent my finger to a conductor loaded with vitre-
ous clecricity, I difcharge it of part of the vitreous, and return
as much of the refinous, which is fupplied to my body from the
earth. Thus both the bodies are uncle@rified, the balance of the
two powers being perfecly reftored.

Waen I prefent the Leyden phial to be charged, and, confe-

quently

e
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quently, conned the coating of one of its fides with the rubber,
and that of the other with the conductor, the vitreous ele@ricity
of that fide which is connected with the conductor is tranfimitted
to that which is conneted with the rubber, which returns an
equal quantity of its refinous elericity 5 fo that all the vitreous
ele@ricity is conveyed to one of the fides, and all the refinous to
the other.  Thefe two fluids, being thus feparated, attract one
another ety ftrongly through the thin fubftance of the interve-
ning glafs, and rufh together with great violence, whenever an
opportunity is prefented, by means of proper conductors. Some~
times they will force a paffage through the fubftance of the glafs
itfelf; and, in the mean time, their mutual attraction is ftronger
than any force that can be applied to draw away cither of the
fuids feparately.

Havine fated the general principles of this hypothefis of two
fluids, I'{hall now enter into a brief comparifon of it with that of
afingle fluid, as explained by the mode of pofitive and negative
eletricity.; that we may fec which of them will account for the
fame fats in the eafier manner, and more agreeable to the analogy
of nature in other refpets. - For, allowing that nofact can be
fhown to be abfolutely inconfiftent with either of them; yet, cer-
tainly, that will be judged preferable, which is attended with the
Teaft difficulty in conceiving of its mode of operation.

* In the fieft place, the fuppofition itfelf; of two fluids, is not
quite o cafy as that of one, though it is far from being difagree-
able to thie analogy of nature, which abounds with affinities, and
in. L we fce innumerable cafes of fubftances formed, as it
wh;@f&nnimmth and counteract one another. Here, likewife,
agreeable to the theory of two elettric fluids, while thofe fab-
in union, | we fee nothing of their feparate and pecu-
liar powers, though they be ever {o remarkable. . What, for in-
¥ Lllz ftance,
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fianice,  do we fee of the friking propertics of the aeid and aliali
while they are united in a neutral falt ?  What powers in nature
are more formidable than the vitreolic acid, and phlogifton
(swhich confifts principally, if not wholly, - of mephitic air) and
what more innocent than common fulphur, which is a compofiti-
on of them both, and from which the. action. of fire: feparates
them.

Tue: two fluids being fuppofed; the double curtent from the
subber to the condactor and from the conducor to the rubber is
an eafy and neceflary. confequence. Forif, upon the common
fuppofition, - the ation of the rubber puts a fingle fluid into mo-
tion in one diretion, we might cxpeét that, if there were two
fluids, which counteracied cach other, they wotild, by the fame
operation, be made to move in contrary directions.  And a per-
fon who has been ufed to conceive that a fingle fluid may be
made to move cither way, viz. from the condudor to the rub-
ber, or from the rubber to the conduétor, at pleafure, accord-
ing as a rough or a finooth globe is ufed, can-have ‘much lefs
objection to this part of the hypothefis.

Apmrring then this different action of the rubber and the
eleric upon the two different fluids, the manner of conveying
ele@ric atmofpheres, or powers to bodies is the fame on this as
on any other theory s and it is apprehended, that the  pheno-
mena of negative clericity are more eafily conceived by the
help of a real fluid, than by no fluid at all. Indeed Dr. Frank-
Jin himfelf ingenuoully acknowledges, that he was a long time
puzzled to account for bodies - that! were: negatively electrified
repelling one another ; whereas Mr. Du Faye, who obferved the
fame fa, had no difficulty about it, fuppofing that he had
gifeovered another ele@iricity, fimilar, ‘with refpect to the pro-
perties of elafticity and repulfion, to the former.
Jneht Si1d By
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- By this double ation of the rubber, the method of charging
a plate of glafs is exceeding eafy to conceive.  Upon this hypo-
thefis, all the vitreous elecricity quits its union with the refi-
nous on' the- fide communicating with the rubber, and is
brought over to the fide communicating with the conductor;
swhich, by the fame operation, had been made to part with its
refinous ele@ricity in return.

Avz the vitreous elecricity being thus brought 'to one fide of
the plate of glafs, and all the refinous to the other, the pheno-
mena of the plate while fanding charged, or when difcharged,
are, perhaps, more free from all difficulty than upon any other
hypothefis: - When one of the fides of the glafs is conceived to
be loaded with one kind of clectricity, and the other fide with
the other kind ; the ftrong affinity between them, whereby they
attrat each other with a force proportioned to their nearnefs,
immediately fupplies a fatisfactory reafon, why fo little of either
of the fluids can be drawn from one of the fides without com-
municating as much to the other. Upon this fuppofition,  that
confequence is perhaps more obvious than upon the fuppofition of
one half of the glafs being crowded with the eleétric matter, and
the other half exhaofted. In the former cafe, every attempt to
withdraw the fluid from one of the fides is oppofed by the more
powerful attraction of the other fluid on the oppofite fide.  On
the ather hypotbeis, it is only oppofed by the attraction of tho
m,porcs of the glafs.

" Lastry, the explofion upon the difcharge of the glafs has
2 much the appearance of two fluids ruhing into union, in two
@pﬁs&;&:m&wm, as of one fluid, proceeding only in one di-

. The fame may be fsid of the appearance of every com-
Wwfpﬂ(, /in which, upon this hypothefis, there is
4 el o always
i
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always fuppofed to be two currents, one from the elediric, or
the ele@rified body, and the other to it.

1 Do not fay that the bur which is ufually feen on both fdes of
a quire of paper picrced by an ele@ric explofion, and the current
of air flowing from the points of all bodies eledtrified negatively
as well as pofitively, are material objections to the doctrine of 2
fingle fluid. T have even thown how they may be explained in
amanner confiltent with it; but upon the fuppofition of two
fluids, and two currents, the difficulty of accounting for thefe
fats would hardly have occurred.

Tus phenomena of difcharging a plate of glafs, upon the hy-
pothefis of two fluids, arc indeed, injudicioufly explained by Mr,
Symmer; who fuppofes that the two fluids do ot always make
the whole circuit of the intervening conductors, but enter them
more or lefs, from each fide of the plate, according to the
firength of the charge. But upon this fuppofition, the fire of
the fmalleft charge performs the whole circuit, as well as the
fire of the greateft, in order to reftore the equilibrium of the
two fluids on each fide of the glafs.

It is almoft needlefs to obferve, that the influence of points
is attended with exacly the fame difficulty upon this theory
as upon the other. It is equally cafy, o equally difficulr,
to fuppofe one fluid to enter and go out at the point of an c-
letrified conductor, at different times, as to fuppofe that, of
two fluids, one goes out, and the other goes in, at the fame
time,

TuAT bodies immerged in ele@ric atmofpheres muft acquire
the contrary ele@ricity, is quite as eafy to conceive upon this,
2s upon any other hypothefis.  For, in this cafe, fappofe the
electrified body to be poflefied of the vitreous ele@ricity, all the
vitreous cle@ricity of the body which is brought near it will be

driven
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driven backwards, to the more diftant parts, and all the refinous
ele@ricity will be drawn forwards. And when the attraction
between the two ele@iricities, in thefe different bodics, is fo
great, as to overcome the oppofition to_their union, occafioned
by the attration of the bodies that contained them, the form
of their furfaces, and the refiftance of the interpofing medium,
they will rufh together ; an eledtric fpark will be vifible between
them, and the electricity of both will appear to be difcharged 5
the prevailing ele€tricity of each being faturated with an equal
quantity of the oppofite kind, from the other body.

Tais hypothelis will likewifc eafily account for the difficulty
ofcharging a very thick plate of glafs, and the impofiibility of
charging it beyond a certain thicknefs : for thefe fluids at a
greater diftance, will attra& one another lefs forcibly ; and ata
certain kill greater diftance will not ateract at all,

Havine given the moft favourable view that I can of this
hypothefis of two electric fluids, I hall, with the fame fairncts,
make the beft anfiver I am able to the principal objection that
will probably be made to it.

Ir it be afked, why the two fluids, meeting on the furface of
the globe, or in the eleétric explofion, do not unite, by means
of their ftrong affinity, and make no further progrefs ; it may be
anfivered, that the attraction between all other bodics and the
pasticles of both thefe fluids may be fuppofed to be, at leatt, as
firong, as the affinity between the fluids themfelves s fo that the
‘moment that any body is difpofiefled of one, it may recruit itfelf,
0 its ufial point of faturation, from the other.
 Besipes, in whatever manner it be that one of the eleGric
fluidsis diflodged from any body (ince, upon every theory, the
‘two cledricities are always produced at the fime time) the op-
pofite cletricity will, by the fame aion, be diflodged fm}r‘n

R the
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the other fabftance.  And (as upon the common  theory) what-
ever it be that diflodges the fluid from any fubftance, it will be
fufficient to prevent its return; confequently, fuppofing both
the fubftances necefarily to have a certain proportion of eledric
matter, each may be immediately fupplied from that which was
diflodged from the other.

Tue rubber, therefore, at the time of excitation, gives its
vitreous ele@ricity to that part of the fimooth glafs againtt which
it has been prefled, and takes an equal quantity of the refinous
in return. The glafs, being a non-conductor, does not allow
this additional quantity of vitreous elecricity to enter its fub-
fance: Tt is therefore diffufed upon the farface, and, in the
revolution of the globe, is carried to the prime conduor. There
(as inthe experiments begun by Mr. Canton, and profecuted
by Mr. Wilcke, &c.) it repels the vitreous, and violently attracts
the refinous clectricity ; and (the points of the condudor favour-
ing the mutual tranfition) the vitreous, which abounds upon
the globe, pafies to the conductors and the refinous, which
abounds on the neareft parts of the conductor rufhes upon the
globe. There it mixes with, and faturates what remained of the
vitreous eleciricity, on the part on which it flows, and thercby
redaces it to the fame ftate in which it was before it was firft cx-
cited. Tvery part of the furface of the globe performs the fume
office, firft exchanging electricities with the rubber, and then
with the conductor.

T folution of this difficulty will likewife folve that of the
eletiric explofion, in which there is a collifion, as it were, of
the two fluids, while yet they completely pafs one another.
For lill each furface of the glafs may be fuppofed to require its
certain portion of ele@tric matter, and therefore cannot part
with one fort without recciving an cqual quantity of the other.

z It
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Itavaft be' confidéred alfo,  that the air, through ‘which thefe
fuids pafs, has already its natural quantity of electricity, fo that
being fally faturated, it can contain'no more ; and that the two
fuids only ruh t6 the places from whence they had been for-
cibly diflodged, and where the greater body of the oppofite fluid
wiifs 0 émbrace them. ;

Mit. SymyeR’s hypothefis of a double current differed in'fomé
refpedts from that of the Abbé Nollet. The Abbé, however,
according to his ufal candour, fpeaks of him with  the higheft
relpect; at the  fame time, he flill appears an advocate: for
his old favourite hypothefis.

M. Crena, who purfued the experiments above 'recited of
Mr. Symimer, obferves, with refpeét to his theory ; that it is
not contradicted by any phenomena that are yet known, and that
it fuits fome of them in a pecaliarly clear and elegant manner
prticularly every thing relating to charging and difcharging
plate of glafs; all the experiments which feem to thow a mutu-
al attraGtion between the two cle@ricities, when they are kept
aftinder ; and that curious experiment above-mentioned of Signi-
o Beccaria, of difcharging a plate of glafs fufpended by a filken
firing, without either touching or moving the plate. = Yet, upon
the whole, he declares in favour of Dr. Franklin's theory of po-
fitive and negative electricity, on account of its admirable fim-
plicity, ‘and becaufe philofophers ought not to multiply caufes
without neceffity.

“Dr. Frangrin's theory, he fays, completely folves all the
cafes of the two ele@ricities deftroying one another when they
are mixed ; but doth not fo clearly account for their attracting,
and counteracting one another when they arc feparate. He con-
cludes with faying, he doth not chufe to fay much on fo very
obfeure a queftion, which has divided the opinions of very great

Mmm men ;
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mens and that any hypothefis of the two. ele@ricities, which
will account for the deftruction of all the figns of cle@ricity when
they are united, and their mutual atteation when they are fepa-
rate, will equally fuit all the phenomena that have yet been dif.
covered.

T uave taken alittle pains with this theory, becaufeT thought,
it had been hitherto, too much. overlooked, and: that fufficien:
juftice had not been done to/it,” even by thofe who propofed i,
For the future, I hope it will be feen to'more advantage, and
appear a little more refpectable amiong its fiter hypothefes ; and
then, waleat guantum valere potef. - f any clerician will favour
me with the communication of any other- theory, not obviouly
contradiéted by facts, I fhall think myfelf obliged to him, and
thall think T do a piece of real fervice to the feience in the pub-
lication of it. - If more perfons favour me with more different
theories, ‘T fhould think my book, s far as theories are of any
ufe, fo much the more valuable.

PART
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'A'IN THESCIENCE OF BLECTRICITY, AND HTNTS
%i”i‘iu FURTHER EXTENSION oF 1T
i

le@ricity, has, I pre-
en fufficiently demonfirated in the courfe of the
I great deal fill remains to be done,
 part ‘of the 'work. - Thofe
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inftead of being flow, has been amazingly rapid. To quicken
the fpeed of philofophers in purfuing this progrefs, and at the
fame time, in fome meafure, to facilitate it, is the intention of
this treatife, and more efpecially of this part| of it.  When o
traveller imagines he is near his journey’s end, he is little foli.
citous about making difpatch, thinking that, without any hate,
the labour of the day will quickly be over; whereas, if he find
that, whatever progrefs he may have made, he has a great deal
ftill to make, he continues, or quickens his fpeed.

Tue principal reafon why many ingenious perfons have fo foon
got to their 72 plus ultra in philofophical difcoveries, has cvi-
dently been their attachment to favourite theories 5 which they
imagined both accounted for all the phenomena that had been
obferved, and would likewife ‘account for all that thould be ob-
ferved. Having  therefore attained to the great objet of 2
feience, and difcovered the ultimate and moft general principles
of it, there was nothing more:that was worth their notice; it
Being beneath men of genius to fpend their time in diverfifying
effects, when there were no new caufes to be found. Ihope
that what has hitherto been faid concerning the nature and ufe
of hypothefes, and about the progre(s and prefent imperfet ftate
of thofe which refpec eledtricity, will convince thofe electri-
cians who may not yet have been convinced of it; “that our but
finefs is @il chicfly with faéfs, and the analogy of facts that fur
too few 'of thefe have been difcovered to'afcertain a p:rfe& gene-
ral theory, ‘and that all that the/prefent hy;othe{csem do for us
muft confiit in fuggefting further experiments.

¢ Ir - werlook back upon the hiftoty of electricity, ‘and confider
the Rate offiBsnnl of hypothefes at any particular period of time
paft, we fhall fee that there was always the fame apparent reafon
for acquiefcing in what had been dzm. ‘as atiprefent. The theo-

b m ries
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sies of the firft ele@ricians, lame and imperfet as they were,
were yet fufficient to account for all the facks they were acquaint-
ed with 3 and as for other facs, they could have no idea or ap-
prche'nﬁon’ of them, and thercfore could not be folicitous about

them. fi
Mg. BovLE, no doubt, was as fully fatisfied with his fimple
hypothefis of the unéuous effluvia, as Mr. Nollet with his theory
of affluences and efiluences ; or the greateft part of the prefent
race of ele@ricians with that of pofitive and negative clectricity.
Mr. Hawkefbee, when he made his furprifing difcoveries con-
cerning the propetics of electric light, and many curious cireum-
fances concerning electric attration and sepuifion, ‘might very
naturally think that little more was to be done. Indeed, who
could have thought otherwife, when the fcience was actually at
a fland for feveral years after him? All that the indefatigable
M. Grey (who made the great difcovery of the communication
of eleric powers to bodies not eletric per fe) imagined to remain
undone, were mere chimeras and illufions. - Mr. Du Faye, who
made the difcovery of vitreous and refinous clectricity, had no
idea of the ele@ric fhock; and the German philofophers, who
accidentally obferved it, knew nothing of its moft remarkable
properties: Notwithftanding a great number of treatifes on the
fibjet of cleiricity sppeared prefently after this difcovery, and
fome of them ver ieal, comprchending, no doubt, what
the authors of them thought 10 be the whole of the feience, yet
none of them had the leaft idea of the amazing difcoveries of Dr.
Pranklin, relating either to the Leyden phial, or to the nature
of lightning. And though numbers of Dr. Franklin's admirers
ht that he had exhaufted the whole fubject, he himfelf was

date
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date of his capital difcoverics, demonttrates that his fufpicion was
true,

I may be fuid, that there is a ne plus ultra in every thing, and
therefore in electricity. Itis true but what reafon is. there (o
think that we have arrived at it. ~ Mr. Grey might have ufed the
fame language above twenty years agos but every body wil,
now, acknowledge, that it would have been above twenty years
toa foon: and yet, I think, it is evident, that Mr. Grey had
really more reafon to think he had arrived at the 7 pus 1era of
eledtricity, than we have to think that we are arrived a it. Time
has brought to light a great number of incomplete, as well as
complete experiments, and perhaps more of the former than of
the latter ; concerning all which, as he could have no knowledge,
fo he could have no doubts; fo- that, though we know much
more than he did; we, at the fame time, know how much more
is unknown better than he could.  Hitherto the acquiition of
elegirical knowledge has been like the acquifition of riches, The
more we poffefs, the more we with to poffefs ; and, T hope, the
more indefatigable we fhall be to acquire the pofiefion of it.

Ons thing extremely ufeful to the progrefs of further difeo-
veries, is to know what has really been done by others, and
where the {cience ftands at prefent.  For want of this know-
ledge, many a perfon has loft his time  upon experiments which
he might have known had cither failed or fucceeded with others
and which it was, therefore, not worth his. while to repeat.
But the fources. of this kind of information are two much fcat-
tered, and too diftant for moft perfons to. have accefs to them.
This was the firft motive of the prefent undertaking, intended
to exhibit a difliné view of all that has been done in elegricity
to the prefent time, and likewife the order and manner in which
evety thing has been done;; that clectricians, having a diftinct

idea
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idea of what the progrefs of elerical knowledge has been,
might fee more clearly what remains to be done, and what pur-
fuits beft promife to reward their labour,

IpEED it is almoft impoflible for any perfon to read the hif-
tory of elericity without gathering many hints for new experi-
ments. When he has the whole before him at one view, he can
‘better bring the diftant parts together; and from the comparifon
of them, new: lights may arife. * When he fees what experi-
ments have failed, and what have fucceeded ; what branches of
the feience have been moft attended to, and what things feem
to have been overlooked s what has been difcovered by accident,
and what by theory ; when he fees both the true lights which di-
re@ted fome happy difcoverers, and the falfe lights which mifled
othiers, he will have the beft preparation for purfuing his own
inquiries.

To point out many of the defiderata in the fcience of ele@ricity,
Tam fenfible, will, for this reafon, be fuperfluous to many pec-
fons, and probably to moft who will have read thus far of this
treatife s for fufficient hints of them muft have been fuggefted
by the perufal of the hiftory. But if T have been anticipated in
this pare of my work by fome of my readers, it will not difpleafe
them to find it; and to others the contents of this chapter will
be pecaliarly ufeful.

Ir, indeed, I had confulted my reputation as a writer, or a
philofopher, T fhould not have attempted this chapter at all. For
ot only will many of the articles which I fhall now put down as
defideratain the fcience be foon 1o longer fo, and even young elec-
tricians be able to give fatisfactory anfiwers to fome difficult que-
sies L am going to propofe s but many of them will probably ap-
pear idle, frivolous, or extravagant ones; and, in a more ad-
vanced ftate of the fcience, it will hardly beimagined why I put

g themy
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them down at all. . But if this chapter be a means ‘of haftening
fo defirable an cvent, and of accelerating the progrefs of elecri.
cal knowledge, I am very willing that it thould, ever after, fand
as a monument of my prefent ignorance.

¢ Tuese thoughts,” to adopt the words of Dr. Franklin, with
much more propriety than he himfIf firft ufed them, “are many
« of them crude and hafty, and if I were merely ambitious of
« acquiring fome reputation in philofophy, I ought to keep them
« by me, till correéted and improved by time and farther expe-
« rience.  But fince even fhort hints and imperfect experiments,
“¢inanynew branch of fcience, being communicated, have often-
< times a good effec, in exciting the attention of the ingenious
< to the fubje@, and {o become the occafion of more exac dif-
« quiitions, and more complete diftoveries ; you arc at liberty,”
fays he, to Mr. Collinfon, “to communicate this paper to
« whom you pleafe, it being of more importance that knowledge
« fhould increafe, than that your friend fhould be thought an ac-
« curate philofopher.”

1 wouLp not even propofe to draw up.the following gueries
upon the plan of thofe of Sir Ifzac Newton, at the end of his
treatife on Optics. Many of them are fuch, that I have hardly
the moft diftant expe@ation of their being verified ; but the at-
tempt to verify them may poffibly lead to fome other difcoveries
of more importance. They are fuch random thoughs as led to
the new experiments I have made ; and not having any more lei-
fure to purfue them myfelf, I freely impart them to my reader,
that he may make as much advantage of them as he can: being
determined, upon taking leave of the fubje@, 0 write myfelf fuir-
Iy out, as Mr. Addifon fays ; or, as the Spmiﬂz writers fay, 10
leave notbing in my inkborn.

Harpy would it be for {cience, if all p]ulofuphels who are

engaged
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engaged in the fame purfuits, would make one common chapter
of all their hints and queries: and greatly honoured fhould T
think myfelf if the prefent chapterin this treatife might be made
ufe of for that purpofe, and if, in future editions of the work,
it fhould be looked into as the common receptacle of the prefint
dyfiderata among the whole body of ele@ricians, and of their im-
perfeét hints for new difcoverics. With pleafure thould I ee each
of them diftinguifhed by the name of fome generous and illuftri-
ous contributor. A few, the reader will find, have been added
tomy own, and are diftinguifhed in this manner.

Many perfons can throw out hints, who either have not lei~
fure, ora proper apparatus for purfuing them : others have lei-
fure, and a proper apparatus for making experiments, but arc
content with amufing themfelves and their friends in diverfifying
the old appearances, for want of hints and views for finding new
ones. By this means, therefore, every man might make the beft
ufe of his abilities for the common good. Some might firike
outlights, and others purfue them ; and philofophers might not
anly enjoy the pleafure of reflecting upon their own difcoveries,
but alfo upon the fhare they had contributed to the difcoveries of
others.

Nnn SECTION
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SECTION I

QUERIES AND HINTS CALCULATED T0 PROMOTE FURTHER
DISCOVERIES IN ELECTRICITY.

QUERIES AND HINTS CONCERNING ~ TmE  ELECTRIC
FLUID.

HAT is the proportion of the feveral colours in cle@ric
light, in different cafes, and in different appearances of
it?

Ts not the eledtric light a real vapour ignited, fimilar to that
of phofphorus ; and may not experiments be, hereafter, made,
where we thall have the explofion, the fhock, and the other cf-
fects of eledricity, without the light? Is the electric light ever
vifible except in vacuo? In the open air the electric fluid makes
itfelf a vacuum in order to its paffage.

Correct the ele@ric fluid, not from the general mafs of the
carth but from bodies of particular kinds, and obferve if it have
any different properties, with refpect tolight, éec.

Is itexadtly the fame at fea, ‘as onland; below the furface of
the carth, asabove it, &c. &c. &c. ?

Dr.
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. Dis FRANKLIN Obferved,  that iron was corroded by being
expofed to repeated eleiric fparks. Muft not this have been cf-
feted by fome acid - What other marks are there of an acid in
the elediric matter ?  May not its phofphoreal finell be reckon-
ed one?

Is there only one eleciric fluid, or are there two ? Or is there
any cle@iric fluid /i generis at all, ditin@ from the cther of Sic
Iaac Newiton 2. If there be, in what refpect does it differ from
the ether ?

_ Ane the particles which affect the organ of fmelling, as well
as hie particles of light, parts of the proper electric fluid, or are
they: merely adventitions, being, fome way or other, brought
into ation' by elegtricity ?
| Dogs not fome particular order of the particles, which Sir
Ifise Newton fappofes to be continually flying from the furfaces
of all bodies, conftitute the eletric fluid ; as others, he imagined,
ed the air, -and others the ether, &c.?
m;mbme that. therc is even any temporary, or growing
1 to, or diminution of the whole ftock of cleétricity ?
Wik e asifes the elafiicity of the electric fuid, and accord-
ehat law. dojits pacticles repel one another 2 Mr. Price.
the cledtric matter the fame with, or st leat, hath it

here, and produces the phenomenon called the z2di-
ich is thrown off principally, and to the greatelt
rom the equatorial pacts of the fun, in confequence of
n his axis, extending vifibly in the form of 2 lumi-
£ as the orbit of the carth ; and which, ac-
fieur De Mairan's ingenious, and at leaft, plau-

efis flling into the uppes regions ofour atmohere,
towards the' polar parts of the earth, in con-
Nnnz fequence
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fequence of the diurnal revolution, where it forms the aurora bo.
realis ?

May not the fun be the fountain of the elecric fluid ; and the
zodiacal light, the tails of comets, the aurora borealis, light-
ning, and artificial eleiricity, as its various, and not very difii-
‘milar modifications. *

Dip not the fulphureous fmell draw our attention towards the
vitreolic acid, the peculiar hiffing noife accompanying the eleciric
blatt, fpontancoufly iffuing, for inftance, from the pointed wire
of afully charged phial, appears rather to mimic the explofive
adtion of deflagrating nitre; and may, - accordingly, ' without
‘much violence, be fuppofed to arife from the nitrous acrial acid,
violently commenftruating with the phlogifton, which it either
meets with in the air, or which is conveyed to it by the elerificd
body. Or, were we to adopt the hypothefis of two diftinet clec-
tric fluids, we might, by way of temperament, propofe as a query,
‘whether the nitrous acid, &c. may not be the conftant concomi-
tant of thofe explofive pencils of light, which are obferved to dart
from the points of bodies replete with thevitreous elericity; while
the filent and languid luminous fpecks (refembling the fmall tip
of a lighted match) appearing on the extremitics of bodies enducd
with a refinous eleiricity, may as probably indicate the accenfi-
on of a fulphureous matter, and confequently the prefence of the
vitreolic acid, the clectric fpark of explofion, appearing on the
approach of the two bodies, being confidered as the effe, at leaft,
inpart, of the menftrual attion of thefe two acids on each other,
e

* Monthly Review, Oober 1767, p. 353 + Ib, December, p. 455 e
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QUERIES AND HINTS CONCERNING ELECTRICS axp
CONDUCTORS.

In what does the difference between cle@irics and conduc-
torsconfift? In other words, what is it that makes fome bo-
dies permeable to the lectric fluid, and others impermeable to
i

Ang the pores of elediric bodies fmaller than thofe of con-
ductors, and do they contain very much, or very little of the
elecri

WAt is it in the internal fructure of bodies that makes
them break with a polith? Perhaps all folid elecrics do fo.

. Has elafticity any connection with elecricity, fome eleirics
being extremely elaftic ?

* WA is the reafon why, in fome of Mr. Hawkefbee's expe-
siments, the cleciric light was viible through & confiderable
thicknefs of very opaque clectrics, as rofin, fulphur, pitch, &c;
‘but not through the thinneft metallic conductors ?

~ Waar fimilarity is there in the proceffes of calcination, yege-
n, animalization, and in fome meafure chryftalization ;
fince all bodies which have gone through any of thofe procefles,

d perhaps no others, are found to be clecirics ?

i not both eleéirics and conductors more perfect in their
Wminu to theie {pecific grayity ?

 not water conduct ele@ricity the beft in its flate of

i greateft

UVA.BHSC



462 QUERIES  Axp HINTS PaRT IV,

greateft condenfation s and metals the leatt in their et .
panfion, as thown by a pyrometer ?

Coneans the,invifbie iefithie of spateriiwithfehs  invishe
efluvia of a burning candle, and alfo thofe proceeding from
other bodies, with efpect to_their power of conduting clec-
tricity.

Onszrve what degree of heat will difcharge any given degres
of ele€ricity, in order to find in what degree heat makes air o
condudor.

nr.
‘QUERIES: AND HINTS CONCERNING EXCITATION.

‘Wirar is the difference, in‘the internal firuéture of eledrics,
that makes fome of them excitable by fﬂéhon, ‘and: others by
heating and cooling ?

Witat have friction, heating)'’ codhng ind the {'cpzraubn af-
ter clofe contadt in common to"them ali?**How ' do any of
them contribute to excitation ?* ‘And in whiat manneris one, o
the other kind of clc&ucl‘ty produced by ribbers and elegiics of
diffefent furfaces? -

Is not Apinus’s =xpedm=m afprhﬂ'mg two ﬂzrpmes nf glafs
together, when one of ithem contra@s'a pofitive:and the other
a negative elediicity fimilir to the experitments of Mr. Wildke,

of
. various fubftances  others meimirﬁmm:e whlch‘ melts
d sl in ne ftate; and th Jtds in
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the oppofite ? And are not both thefe cafes fimilar to the excita-
tion of the tourmalin, &c. by heating and cooling 2 In this cafe
may not the tourmalin and the ai act upon one another and be
in oppofite ftates ?

Is not the circumftance common to all thefe cafes, fome af-
fe@tion of that fpace riear the fufface of the bodies in which the
refractive power lies? When bodies which have been prefied
together within that fpace recede from one another, more furfice,
and confequently more of that fpace is made, doth not the clec-.
trie Auid flow into it from that body which has the leaft power
of retaining it, and which it can permeate with the’ moft eafe 5
‘when' not being able to enter the fubftance of the other, it refts

s of the eledtric and rubber thrown into
n in the at of excitation, ‘which makes frequent re-
f the patts from one another, and thereby promotes the
‘e-mentionéd ? ¢
is the real effect of putting moifture or amalgam upon
" Do not thofe fubftancés increafe the power of cx-
nductors ‘'more diftant from the finooth glafs, in
on of electrics, than the furface of the leather? Or do
‘make the rubber touch ‘ih more points, or alter the
the rubber ?
difference of furface on which colour depends any
he power of excitation ?
alin and a veflel of charged glafs hermetically
excited ‘by heating and cooling.' What other
y in com
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1v.
QUERIES AND HINTS CONCERNING ELECTRIFICATION,

Doss clefirification increafe the exhalation of vapours cither
from cold or from boiling water? Ifit do, is the increafed ex-
halation the fame in all flates of the atmofphere ?

Doks not the cleétric matter pafs chiefly on the furface of
bodies ?

Is the ation of cle@rified bodics upon one another more pro-
perly an attraction or a repulfion ?

Wouwp not continued elerification promote putrefaction ?

In what manner is the mutual repulfion of two bodies elec-
trificd negatively performed? Is it by the attrattion of the
denfer cle@ric fluid in the neighbourhood, by the quantity of it
which may be fuppofed to be accumulated on the furfaces of
fuch bodies in the manner defcribed p. 430, or to the mutual
repulfion of the particles of matter of which the bodies conft ?

V.

QuERIES, AND HINTS CONCERNING THE POWER OF
CHARGING srrcrrics.

Wizar is the real operation of conduttors in coating cleciric

?
fubftances ? e
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Wity may not one phial be charged by conne@ing it with
another (while it is charging) as high as if it were charged at
the prime condud@or ? Or by what rule muft the force of thofe
different chargings be cftimated? To all appearance, two phials
charged together, fo as that one of them receives the fire from
the other, do not give fo large a thock, as only one of them
charged in the ufual way.

Mz, Wizcxe fuppofes, that when one plate of glafs is charg-
el by the very fame ele@iric matter which has been expelled in
charging another plate, only part of that which is expelled from
the former can enter the fubftance of the latter 5 becaufe part
muft remain upon the wire, the coating, &c. and fome muft
be loft. For the fame reafon, only part of that which is expell-
ed from the fecond can enter the third ; fo that a very remote
jar will not be charged at all. *

Wuax'is the maximum of charging a glafs jar, with refpect
tothe quantity of its furface, covered by the coating? Itis
evident that fome jars will difcharge themfelves, when only
finall part at the bottom of them is coated, and when the ex-
plofion is very inconfiderable.

Bpeavour to charge a plate of glafs with the coating prefl-
ed into actual contact with its furface, by means of heavy
weights. Alfo endeayour to excite a plate of glafs in the fame
manner. It is pretty certain that, in the ufual method of ex-
citing and charging, the real fubftance of the glafs is not touch-
ed; and though water be attracted by glafs; it may only be to
a certain diftance from it.

3

* Remarks on Dr. Franklin's Letters, p. 351.

Qoo VI
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VI,
QUERIES CONCERNING TiE FUECTRICITY 0F GLASS.

TuRoyGH what thicknefs of glafs will an- excited electric,
of any given flrength, attrat and repel Jight bodies? Is not
the fame thicknefs the limit of charging glafs with the electric
fuid ? :

Is not a plate of glafs contracted in its dimenfions by charging,
the two_elericities ftrongly comprefling it, fo as to increafe
its fpecific gravity ?

Is the tone of a glafs veflel, made in the form of a bell, the
fame when it is charged as when it is uncharged ?  Or would
the ringing of it make it more liable to break in thofe circum-
ftances ?

Dozs the eleé@ric fluid with which glafs is charged refide in
the pores of the glafs, or only on its furface ; or rather within the
fpace that is occupied by the power of refraction, i. . a fisll
fpace within, and likewife without the furface ?

Is the refractive power of glafs the fame when it is charged or
excited ?

Hovw docs the different refractive power of glafs, o its den-
fity (which is probably in the fame proportion with s refrac-
tive power) affeét its property of being excited or charged ?

Is there not a confiderable difference in glafs when it is new
made, and when it has been kept a month or two, both with

refped to excitation and charging ?
Ler
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Ler glafs of every different compofition be tried both with
refpe@ to excitation, and charging. Would it not be found
¢hat differences with refpect to metallic ingredients, hardnefs,
annealing, continuance in fufion, &c. would influence both
the properties; and that, in feveral cafes, the fame circum-
{lance that was favourable to one would be unfavourable to the
other? -

Guass has hitherto been fuppofed to be full of the eleéric
fuid, and its impermeability has been accounted for upon the
difficulty with which the cle@iric fluid moves in its pores. But
may we not fuppofe the fubflance of glafs to be abfolutely im-
permeable to ele@ricity, that no forcign elediric matter ever fo

* much as enters a fingle pore of it, but lodges wholly on its fur-
fice 3 for inftance, between the point of conta& and the real
furface, or within the limits of the refrative power that is a
Jittle way on both fides the furface. This place is, T think, on
many accounts, extremely convenient to difpofe of the ele&ric
matter, whether we make it to confift of two fluids, or of one.
“Their being kept afunder, if there be two, or its being prevent=
ed from getting through, if there e but one, will be much
eafier to conceive in this cafe, than upon the fuppofition that

fluid can enter and move in the fabftance of the glafs,

though it can only cnter and move with difficulty, as Zpinus
expreffes it. For, let the motion be ever fo difficult, onc would

‘think that this circumftance could only make it move fo much

lower, and that, give the elericity in the charged plate

time ¢nough, and it would at length, without any ex-

%&;@pwwazm, perform the journey to the other fide,

‘whither it has fo ftrong a tendency to go.

* Morrove, onc would think, that, upon the hypothefis of

':h'idmiiﬁan of the ele@ric fluid within the pores of the glafs,
Oooz when
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when the difcharge of a phial was atually made through the
fubftance of the glafs, it might be in a filent manner, without
breaking the glafs ; whereas when the furfaces of the glafs arc
fappofed to be violently prefled, and the pores of it not in the
leaft entered by any particle of the fluid, or fluids, the impof-
fibility of the elecric charge getting through the glafs is evident,
as well as the neceffity of its breaking the glafs, if it do force «
paflage.

VIL.

QUERIES AND MINTS CONCERNING THE EFFECT oF ELEC-
TRICITY ox ANIMAL BODIES.

Is the fluid on which ele@ricity - depends at all concerned in
any of the funions of an animal body? In what manner is
the pulfe of 2 perfon electrificd quickened, and his perfpiration
increafed ?

Dozs not the air, by being heated in the lungs, communi-
cate an electric virtue to the blood ? What connecion has this
circumftance with the mephitic air which is exhaled from the
lungs in great quantities, as well as contained in all the other

 excrements of the animal body ?

May not the increafed perfpiration of an animal body be
greater in a moift atmofphere than in a dry one, there being
then more conducting particles in the atmofphere, to act and
react upon the cffluvia in the pores of the body; on which

" the
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the copious perfpiration docs, probably, in a-great meafure,
depend 2

VIIT.

QUERIES AND HINTS CONCERNING THE ELECTRICITY OF THE

ATMOSPHERE.

In what manner do the clouds become poffeffed of elec-
tricity ?

Does the wind in any meafure contribute to it ?

Ts it effected by the gradual heating and cooling of the air ?
I fo, whether is it the heating or the cooling that produces
pofitive ele@ricity? Which cver it be, the contrary will pro-
bably produce negative electricity. ~Let the experiment be made
by an ele@rical kite. Mr. Canton.

As thunder generally happens in a fultry fate of the air, when
it feems replenithed with fome fulphureous vapours ; may not the
cledtric matter then in the clouds be generated by the fermenta-
tion of fulphureous vapours with mineral or acid vapours in the
air. Mr. Price.

MR. Wircke fuppofes the air to contrat its elecricity, in the
fame manner as fulphur and other fubftances do, when they are
heated and cooled in contact with various bodics. Thus the air,
being heated or cooled in the neighbourhood of the carth, gives
=leﬂmny to the earth, or takes from it; and the eletrified air,
conveyed upwards, by various means, commaunicates its
eln&nﬁty to them. *

neLrT

Remarks on Franklia's Letters, p. 302.
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LeT rain, fnow, and hail be received in infulated veflels, in
different ftates of the atmofphere, to obferve whether they con-
tain any ele@ricity, and in what degree.

May not the void fpace above the clouds be always occupied
with an eledtricity oppofite to that of the carth? And may not
thunder, earthquakes, &c. be occafioned by the ruthing of the
electric fluid between them, whenever the redundancy in either
is exceflive ? Is not the aurora borealis, and other ele@rical me-
teors, which are remarkably bright and frequent before carth-
quakes, fome evidence of this?

Is not the earth in a conftant flate of moderate ele@rification,
and is not this the caufe of vegetation, exhalation and other the
moft important procefles in natare ? Thefe are promoted by in-
creafed clectrification. And is it not probable that earthquakes,
burricanes, &. as well as lightning, are the confequence of too
powerful ele@ricity in the earth ?

SurrosinG earthquakes to be caufed by the difcharge of are-
dundant eleiricity from the furface of the carth, might they not
be prevented, in countries fubjeét to them, by kites conftantly
fiying very high, with wircs in the firings, fo as to promotean
eafy communication between the earth and the upper regions of
the atmofphere ?
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SRESC T T O N L

BRANCHES! OF KNOWLEDGE 'PECULIARLY 'USEFUL TO AN
ELECTRICIAN.

N the hiftorical part of this work T have hown what has been

done on the fubject of clectricity, and under the preceding
djiderata, 1 have endeavoured to give fome idea of what yet re-
mains to be done, with a few hints concerning further experiments.
In the elofe of this part, I would willingly do fomething morc
towards enabling my reader to make farther advances in ele@ri-
calinquirics. However, all that can be done in this way muft,
inits own nature,  be more imperfect than cven the account of
the defiderata : for it is evident, that he who is able to teach
others to make difcoveries might make them himfelf. Notwith-
fanding this, itis pofiible that fome general obfervations may be
of afe to this purpofe s fuch for inflance as Lord Bacon makes,
inhis Novum Organon'; a book which, though it contain few o
1 difcoveries itfelf, has contributed not a little to
the difeoverics contained in others. A few fuch general obfer-
vations, confined to the fubjectof eledtricity, I fhall endeavour
mlkgg& in this place.

Iz
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Ir is an obfervation which the progrefs of fcience daily con-
firms, that all truths are not only confiftent, but alfo conne@ed
with one another. The obfervation has, with no fmall ap-
pearance of juftice, been extended even to the arts; there being
10 two of them fo remote, but that fome of the methods and
procefits ufed in the one have fome analogy to fome that are
ufed in the other. Hence the knowledge of one art or feience
is fubfervient to the knowledge of others; and no perfon can
prefume that he is perfecly mafter of any one, till he has re-
ceived all the afliftance he can from, at leaft, all its fifter arts
or {ciences.

InpEED the very exiftence of the various arts and fciences is
almoft a demonftration of their relation to each other. Forit
were highly unreafonable to fuppofe, that the elements of any
new art or fcience were difcovered by means independent of the
fudy or practice of thofe already known. As it is by eafy tran-
fitions that we pafs from one part of any particular (cience to
another, fo itis by tranfitions equally cafy that mankind have
pallid from one diftin® fcicnce to another. Confequently, to
thofe previoufly difcovered arts and {ciences muft we have re-
courfe, inorder to underftand the full evidence, on which the
firk principles of any new art or fcience reft.

ELecTRICITY is by no means an exception to this' general
rule. It has its fifter {ciences as well as others. In purfuance of
them were its own principles firlt difcovered; and the further
profecution of elecrical experiments has fhown its connection
with more feiences than it was at firft apprehended to have any
relation to. Now the ftudy of all thefe cannot but, reciprocal-
1y, contribute to perfect and extend the knowledge of cledri-
city. i
GirBeRT, the firft of modern ele@ricians, was led to make

his
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his elecrical experiments by their relation to thofe of magne-
tifm, into which he 'was profeffedly inquiring. ' The ftudy of
chymiftty feems to have led Mr. Boyle to attend to electricity,
as well as to other occult qualities of particular bodies. Elec-
tric light was confidered by all thofe who firft obferved it asa
fpecies of phofphorus 3 and with this view was Mr. Hawkefbee
conduéted in all the experiments he made upon it.

These, and other difcoveries in ele@ricity, having been made
thus indire@ly, exeited the attention of philofophers to the fub=
je@t, and induced them to fit down to the ftudy of it in a dire&t
and profefled manner. * Upon this it foon appeared, that elec-
ity was o fecondary, or ‘occafional, but a principal, and
conflantagent in the works of nature, even in fome of its grandeft
feenes 3 and that its agency,  far from being confined to bodies
of a particular clafs, extended its influcnce to all without excep-
tion; that the mineral, vegetable, and animal world, with the
human frame in a particular manner, wereall fabject to its pow-
er; and that ele@rical experiments and principles enter into
the moft interefting arts and {ciences which heve them for their
objeft.  We allo fec every day, that elediricity is extending
itfelf (i1l more into the fubjects of other feiences, both by means
ofithe analogy of their operations, and alfo by their reciprocal
influences.

O thefe accounts, to be an clectrician at prefent, requires
much more extenfive fund of various knowledge than it did but
ten years agos and a man muft have a very comprehenfive know-
ledge of nature in all its known operations, before he can rea-
{onably expeét to make any further difcoveries.  For it can only
k‘}hzyplymg ele@ricity to various parts of nature, and by

g its operations with other operations, both of nature
and are, that any thing new can be found out. -~ Almoft all that
Hingy Ppp can
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can be done by the common clectrical machines, and the ufyq
apparatus.of them, has been done already; fo- that. we mup
look, farther in quett of new difcoveries.' X hope, thercfore,
that I fhall be excufed, if I endeavour to give a hint of that kind
of knowledge which, I apprehend, may be peculiarly fubfervient
to improvements in electricity, and furnifh views and materi-
als for new experiments.

NarturaL ParLosorny, cannot but be of the greateft ufe
for this purpofe; but, of all its branches, none promifes to be
of more ufe to the ele@rician than cryMIsTRY. Here feems
to be the great: field: for the extenfion of electrical knowledge :
for chymiftry and ele@ricity are both converfant about the latent
and lefs obvious properties of bodies; and yet their relation to
each other has been but little confidered, and their operations
bardly ever combined; few of our modern eleiricians having
been either fpeculative or practical chymifts.

AMONG other branches of Natural Philofophy, let the docrine
of LIGHT AND coLouRs be alfo particularly attended to. It was
this that Newton. thought would be the key to other, at prefent,
occult properties of bodies. i

Lzt particular attention be alfo given to every thing that the
imperfeft flate of Nataral Philofophy furnithes tefpecting the
ATMOSPHERE, its compofition and affections. The phenome-
na of lightning thow the connedtion of this fubjeét with clec-
tricity 5 and probably, - elogtricity may be our key to a much
more extenfive knowledge of metcorology than we are yet pot-
fefied of, .

Tue thock of the Leyden phial, the difcovery of the fime-
nefs of lightning and - eledricity, together with the cure of fe-
veral difeafes by electrical operations, are fufficient to convince
s of the fingular importance of the ftudy of- anAromy, and

every
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every thing relating to the animal economy to an elerician. And
had phyficiansimore generally attended to cledtricity, as an article
of the materia medica, many more important and ufeful difco-
veries might, no doubt, have been made. Enow, however,
have been made to excite us to farther inquirics.

ZBpixus has lately given us an lexcellent {pecimen of what
ufe maTREMATICS, and efpecially algebraical calculations may
be of £ an elecrician, and their ufe, will probably, in time,
be found ftill more extenfive.

As ele@ricity has much to expe from feveral branches of
Natural Philofophy, fo it will be ready, in its turn, to lend its
affiftance to them. It already fupplies arguments and proofs of
fome principles in Natural Philofophy, which Gtrengthen thofe
that are drawn from other quarters. By ele@ricity, as well s
by the principles of light and colours, we can demonfirate,
that it requires a confiderable force to bring bodies which ars
contiguous to one another, ‘and even lic upon one another,
into acual contacts and the moifture of the air may perhaps be
{liown to more exacnefs by Mr. Canton’s ele@rical balls than
by any other hygrometer whateyer. But I do not mein to
purfue this fabjed, and only mention thefe’ cafes by way of
example.

Uron the fubjeé of the proper furniture for an eleérician, I
think it may be juftly added, that a knowledge of MEcHANICS
will be ufeful to him; by which I mean, upon this occafion,
notonly the theory, but in fome meafure the practice too. For
without fome mechanical knowledge of his own his electrical

deed, a perfon mean nothing more than to amufe him-
friends with the experiments that have been made
et Pppz by
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by others (and this is a method of amufement iwhich Tam fir
from difcouraging) the machines he may purchafé, ready con-
fruced o his hands, will anfwer his purpofe very well; and
the directions which are ufually given along with the machines
will enable him to perform the common experiments with tole-
rable certainty : and if any damage fhould happen to- his appa-
ratus, any mathematical infirament maker (i he happen to live
in of near a large town) can readily repair it for him. ~ But ifa
man propofe to ftudy the fubjeét of ele@ricity as.a philofopher,
with a view to extend the knowledge of it, | the afliftance of
others will not be fufficient for him.

TuE common ele@rical machines, and: the ufual eleérical
apparatus, will enable a perfon to do little more than exhibic
the common experiments. If he propofe to go. further, he
muft diverfify his apparatus ; he muft often. alter the conftruc-
tion of his machines, and will find that common workmen can-
not execute any thing out of their ufal way, without more than
general dire@tions.  Befides, unlefs a perfon be. fortunately
fituated, workmen of every kind cannot always be at hand, to
do every little thing he may want in the mechanical way,
whenever he may happen to get a hint of a new experiment that
requires it.

AN clectrician, therefore, ought never to be without the
common tools of a cabinet maker, clock, and watch maker, at leatt,
and know, in fome meafure, how to ufe them. With refpect
to glafs, he ought, by all means, to learn the ufe of 2 dlow pipes
the method of drawing out and bending glafs tubes, and per-
forming, with fome degree of dexterity, other operations upon
glafs, which he will want to ufe in a great variety of forms.
An cleétrician, thus furnifhed, will be able, upon any-occafion,
to ferve himfelf: and the flownefs and blunders of mechanicks do

but
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but ill fuit with the ardour of perfons engaged in philofophical
inquiries.

I were much to be withed, that philofophers would attend
more than they do to_the conftruction of their own machines.
We might then expect to fee fome real and capital improvements
in them 5. whereas little can be expecied from mere mathe-
matical, inftrument ‘makers; who are feldom men. of any fei-
ence, and whofe fole aim is to make  their goods clegant and
portable.

FormerLY, indeed, philofophers werc obliged to conftruct

their own machines.  Mr. Boyle, Mr. Hawkefbee, and Dr. De-
faguliers would have done nothing by giving tradefmen orders
for what they wanted. There were no fuch things to be had,
Necefiity therefore drove them to the ftudy and practice of me-
chanics, and from their contrivances arc derived almoft all the
philofophical inftraments which are now in ufe.
. Every original genius, like them, muft, in this refpe@, fol-
low theic fteps. He will extend his views beyond the power of
the prefent machinery, which can only be adapted to the prefent
flate of fcience.  And, I think, one principal reafon of the im-
petfeét ftate of feveral branches of clectrical knowledge with us,
may be cvidently traced to fome general imperfections in the
fru@ture of all our common machines in England s which render
foveral kinds of experiments very difficult, or almoft impoffible
to.be made; as may be fhown in the next part of the work ;
in which I hall treat at large of the conftruction of machines,
and give the beft direétions I am able for ufing them.

Lasroy, if an cleétrician intend that the public fhould be be-
nefited by his labours, he (hould, by all means, qualify himfelf
0 draw according to the rules of PERsPECTIVE ; without which
he will often be unable w give an adequate idea of his experi-

i ments
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ments o others. There is fo much beauty in the rules of this in-
genious art, and fo much pleafure in the application of them, that
T cannot help wondering, that all gentlemen of a liberal educa.
tion do not take the fmall degree of pains, that is neceffary to
make themfelves mafters of it. _ All the mechanical methods of
drawing, efpecially where a great number of right lines are ufed,
as in drawing machines, &c. are exceedingly imperfe@, and infuf-
ficient.  They admit not of halfthe variety of perfpective draw-
ings. They can hardly ever be near fo corred: befides that,
T know by experience,  they take up much more time, and the
operation is exceedingly flavith and troublefome,

PART
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prefented to bits of paper, feathers, and other light bodies that
came in his way, and coft him nothing.

To give a greater degree of friction to elecric fubftances Otto
Guericke and Mr. Hawkefbee contrived to whirl fulphur and
glafs in a fpherical form 5 but their limited knowledge of elec
tricity did nat fggeft, or require the more complex ftruture of
a modern’ eleérical machine: Mr. Hawkefbee’s contrivances
indeed, were excellent, and the apparatus for many of his expe-
riments well adapted to the purpofes for which they were in-
tended.

Wiex no further ufe could be made of globes, philofophe
had recourfe to the cafier and cheaper apparatus of glafs tube
and fticks of fulphur or fealing wax ; and the firt conduétors th
made ufe of were nothing more than hempen cords fapported by
filken lines. To thefe, bars of metal were foon fubftituted. After
that, recourfe was again had to the globe, as much more conve-
nient to give an uniform fapply of elecric matter to thefe infu-
Tated conduétors ; and, in due time, 2 rubber was ufed to fupply
the place of & human hand.

Tue difcovery of the Leyden phial occafioned ftill more addi-
tions to our ele@rical apparatus 5 and the more modern difcove-
ries of Dr. Franklin and others have likewife made proportionable
additions highly requifite. No philofopher, for inftance, cn
now be Gatisfied, if he be not able to fupply a conducor  from
the clouds, as well as from the friction of his glafs globes or
tubes. But having already marked the progrefs of improvements
in ele@rical machines, aswell as in elecrical. {cience, 1 fhall
content myfelf with this brief recapitulation, and procecd to de-
feribe what experience (in many cafes dear bought) has taught
me to think the beft method of conftruéing machines, and to liy
down the beft rules for conducting elerical operations.

Norwirs-
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NoTwWITHSTANDING globes or cylinders are now of the moft
extenfive ufe in elerical experiments, GLAss TUBEs are, never-
thelefs, moft convenient for feveral purpofes, and no ele&rician
aught to be without them.  They fhould be made as long asa
perfon can well draw through his hand at one ftroke, which is
about three feet, or fomething more; and as wide as he can
conveniently grafp. The thicknefs of the metal is not material,
perhaps the thinner they are the better, if they will bear foffici=
ent friétion ;s which, however, nceds only to be very gentle,
when the tube is in good order. It is moft convenient to have
the tube clofed at one end : for, befides that the eledtric matter
is thereby retained beft on its furface, the air may more cafily
be drawn out of it, or condenfed in it, by means of a brafs cap
fitted to the open end. A tube thus furnithed is requifite for
various experiments.  [a. P1. IL]

Tap beft rubber that has yet been found for a fnooth glafs
tabe is the rough fide of black oiled filk, efpecially when a little
amalgam of mercury and any metal, is put upon it.
Ax elegrician fhould be furnithed with rough glafs tubes, i. c.
h their polith taken off, as well as with {mooth ones s
er of baked wood will do nearly as well. The beft
rough glafs tube, or a cylinder of baked wood, as well
of fulphur or fealing wax, is foft new flannel ; or
fitch as hare fkins, or cat fkins, tanned with the
ng {imoother, and having a more exquifite polifh.
craNs are not quite agreed whether the preference
hole, to be given to GLOBES, or cYLINDERs. In
it is faid, that more of their furface may be
g&rm On the other hand, in favour of globes,
- they can more eafily be blown true, {0 as to prefs
ly: they may alfo be made larger in diameter,
Qagq and
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and by this means, the axis (if they have any) may be further
from the excited furface : for when the axes are near the furface,
the eledric fire will feem to firike them, fo that they will fome-
times appear luminous in the dark, and, if they be infulated, the
extremities of the axes will give fparks ; which is certainly a di-
minution of the electric fire at the conduétor.

For this reafon, I would advife, that all aves be avoided as
much as poffible, having found by experience, that they are in
no cafe whatever neceflary, the largeft globes being whirled ho-
rizontally, with the greateft eafe, and in every refpect to more
advantage, with one neck than two. This method of ftting up
globes alfo makes elecrical machines much lefs complex, ex-
penfive and troublefome.

LeT every globe intended to be thus fitted up have its neck
inclofed in a pretty decp brafs cap, ending in a dilated brim, of
about half an inch broad, if the globe be a large one. To this
neck let there be fitted a fhort iron axis, and on that a PuLLry;
and let a fpace of about three quarters of an inch of the axis be left
between the pulley and the cap. In this place the axis is to be
fupported by a ftrong sRAss arn, [c. Pl. vii.] proceeding from
the pillar into which the extremity of the axis is put, and in
which it tarns.  This brafs arm may be made to receive globes
of any fize whatever, room being left in it for pullics of any fize,
that may be wanted for them.

I this manner globes may be fixed much more traly than they
can with w0 necks, and they are mounted with much more eafe,
and lefs expence. The weight of large globes is no objection 0
this method. The largeft need not to weigh above eight or ten
pounds, and thefe have been found to turn with great eafe in this
manner. The rubber, if it be placed under the globe, will con-
tribute to fupport the weight of it.

Let
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LeT there be a hole made in the brafs cap above-mentioned,
in order to preferve a communication between the external air,
and the air within the globe : for if the air within the globe be
cither rarer or denfer than that without, the excitation is found
tobe leflened in proportion s and, judging from experience, no-
thing is to be apprehended from any moifture which might be
fuppofed to infinuate itfelf into the globe by fuch a communica-
tion.

Ir will be found convenient to have the axis projeét about an .
inch beyond the pillar in which it turns, [as at d. Pl. vii.] that
ahandle may be fitted to it, and that it may thereby be tarned
without a wheel, for the greater variety of experiments.

Ir an axis be ufed, let both the extremities of it be carefully
turned in a lathe ; otherwife it will not tarn without a very difa-
greeable rattling s and let the part within the globe be made
round, and {fmooth, or covered with fome eleétric fubftance, to
prevent its taking off much of the elecric virtue of the globe,

Onz of the pillars, in which thefe globes or cylinders with
two axes are turned, thould bé moveable; for then a globe
or cylinder of any fize may be ufed, and they (hould be made
high enough, and have holes at fmall diftances quite to the
top, to take two globes upon occafion, one above, the other.
[Plate vii.]

IT has not yet been determined by ele@ricians what kind of
glafs is the fitteft for electrical purpofes, but the beft flint is
commonly ufed. T have not made fo many experiments, as T
could wifh, to afcertain this circumftance ; as they are both very
uncertain, and expenfive; but T have fome reafon to think
that common bottle metal is fitteft for the purpofe of excitation
atleaft, the beft globe I have yet feen is one that I have of
that metal. Its virtue is certainly exceeding great, and I at-
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tribute it in part o the great hardnefs of the metal, and in part
to its exquifite polith. The blowing of any thing fpherical
in this metal, and efpecially the making large globes fmooth s
very precarious; and they can hardly be made with two necks.

TxE globe above-mentioned is about ten inches in diameter,
but nothing has been determined about the beft fize. I haye
ufed almoft every fize from three inches to near cighteen in dia-
meter, without knowing what advice to give. Perhaps cereris
paribus, twelve ot thirteen inches may be, upon the whole, as
convenicnt as any; but much larger, if they could be whirled
with the fame eafe, would probably do better.

Ir a perfon chufe to have no affiftant, but would turn the
globe, and manage the apparatus himflf, (which is, on many
accounts, very defirable) it will be moft convenient to have the
axis of the wrEEL level with the table at which he fits. But
if he chufe rather to ftand all the time he is making his experi-
ments, it fhould be raifed proportionably higher. It will, per-
haps, be moft convenient to make the diameter of the wheel
about eighteen inches ; and the diameter of the pullies fhould
be fuch as will give them, at leaft, four or five revolutions for
one of the wheel. For the globe fhould generally revolve at
Ieaft four or five times in a fecond, which is much fwifter than
it can be well turned without a wheel.

Tue wheel fhould be made moveable with refpect to the
frame in which the globes are hung, o the frame fhould be
moveable with refpe@ to the wheel, to fuit the alterations which
the weather will make in the length of the firing, particularly
if it be made of hemp; but worfted makes an excellent ftring,
and is not {o apt to alter with the weather, and a leathern ftrap
is pechaps better than either. If the diftance between the wheel
and the pulley cannot be altered, the operator muft occafionally

moiften
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moiften his hempen ftring, in order to make it tighter, which
is, on many accounts, very inconvenient. Several grooves in
the fame wheel are very ufeful, and almoft neceflary, if more
than one globe be ufed at the fame time. If a flat leathern ftrap
be not ufed they fhould be cut tharp at the bottom ; as fhould
alfo the grooves in the pulleys, that the fring may lay fafter hold
of them, and that firings of different fizes may be ufed.

Tue beft RussERs for globes ‘or cylinders are made of red
bail fkins, ' particalarly the neck part of them, where the grain
is more open, and the furface rather rough.  That the rubber
may prefs the globe equally, it fhould be put upon a plate of
metal bent to the thape of the globe, and be ftuffed with any
thing that is pretty foft. Bran is good ; and if the fluffing be
a conductor, as flax, it will be better than ifit be a non-con~
duétor, as hair, or wool. It fhould reft upon a fpring, to fa-
vour any inequality there may be in the form of the globe or
cylinder. The beft pofition of the rubber, for a variety of pur-
pofes, is an horizontal one, but it fhould be capable of being
placed in every variety of horizontal pofition; and the fpring
which fapports  the rubber fhould be made to prefs more or
lefs at pleafure.  The rubber fthould be made nearly as large
one way as theother. If it be made very narrow, fome parts of
the globe will pafs it without a fufficient friction. To remedy
that inconvenience, the hand (if it be dry) may be held to the
globe, juft'before the rubber, to add to its breadth; but that
pofture is very inconvenient.

It is advifable that there be no fharp edges or angles about the
rubber, for that would make the infulation of it (which is a
matter of great confequence) incflectual. By the infulation of
the rubber every electrical experiment may be performed with the
twofold varicty of pofitive and negative, and a conductor be made

to
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to/give or take fire at pleafure.  This infulation is beft made by
means of baked wood, in the form of a plate; five or fix inches
in diameter, [g. PL. vii.] interpofed between the metallic part of
the rubber and the fleel fpring that fupports it. ~ When pofitive
ele@ricity is intended to be produced, a chain [. Pl vii.] muft
connect the rubber with the floor ; but when negative elericity
is wanted, the chain muft be removed, and hung upon the
common conducor, while another prime condu@or muft be con-
neced with the rubber ; which will therefore be ele@rified ne-
gatively.

Tz beft method of collecting the cleétric fire from the globe
feems to be by three or four pointed wires, [, Pl vii.] two or
three inches long, hanging lightly upon the globe ; and neither
folight as to be thrown off the globe by elecrical repulfion
{which would occafion a Jofs of the cletric matter) nor fo heavy
as to prevent their feparating toa proper diftance, and being
drawn backwards or forwards, as the moft effectual difcharge
of the fire, accumulated on different parts of the globe, may
require.  For this purpofe they are beft fufpended on'an open
metallic ring. Needles with fine points do admirably well.

It is requiite, for a variety of ufes, that the PRIME con-
DpuUCTOR be fived very fteady. It ought not, therefore, to hang
in filken firings, but have a folid fupport; and, of all others,
the preference s to be given to baked wood, being found by
experience to make the moft perfed infulation, and being the
cheapeft, and beft in all other refpe@s. The only inconveni-
ence attending it is, that it requires to be baked again now and
then, efpecially if it be kept in a damp fituation ; and a hollow
pillar of glafs lined with fealing wax will anfiwer exceeding well,
and doth not require fo much attention.

For common purpofcs a' {mall condutor is moft convenient,

but
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but where a ftrong fpark is wanted, it s proper to have a large
conductor at hand, which may be occafionally placed in contact
with the fivaller, and be removed from it at pleafure. But
whatever be the fize of a prime conductor, the extremity of it, or
that part which is moft remote from the globe, fhould be made
much larger and rounder than the reft: [, P1. vii.] for the effort
of theele@ric matter to fly off is always the greateft at the
greateft diftance from the globe. "

As the elerician will have frequent occafion to infulate
various bodies, T would advife that he make all the ftands and
flools which he ufes for that purpofe of baked wood. It may
afily be turned into any form, it infulatcs better than glafs,
and is not {0 brittle. But care fhould be taken that the wood
be thoroughly baked, even till it be quitc brown. It will not
then be found very apt to colle@ moifture from the air.  If it
thould, a little warming and rubbing will be fufficient to expel
the moifture again. At moftit can only be neceffary to boil it
in linfeed oil, or give ita flight coating of varnifh after it has
come hot out of the oven. If this preparation be ufed, it
muft be well heated once more, immediately after the boil-

an, having thus conftructed his machine, will
want METALLIC Robs, [s. Pl ii.] to take fparks from his con-
dutor for various ufes. Thefe thould have knobs, larger or finaller
in proportion to the curvature of the conducor. If the knob be
toofmall, it will not difcharge the conductorat once, but by de-
grees, and with a lefs fenfible effect 5 whereas the fpark between
broad furfaces is thick and ftrong.

Tz more formidable part of an cle@rical apparatus confifts in
the coATED Grass, that is ufed for the Leyden experiment.
The form of the plate is immaterial with refpe to the fhock ;
and,
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and, for different experiments, both plates of glafs; and jars, of
various forms and fizes, muft be ufed.  For common ufes, the
moft commodious form is that of a jar, as wide as a perfon can
conyeniently hold by grafping, and as tall as it will tand without
any danger of falling; perhaps about three inches and a half in
diameter, and eight inches in height. The mouth fhould be
pretty open, that it may be the more conveniently coated on the
infide, as well as the outfide, with tinfoil : but it will generally
be moft convenient to have the mouth narrower than the belly ;
for then it may be more eafily kept cleanand dry, and the cork,
when one is wanted, will be eafier to manage. But no ele@ri-
cian would chufe to be without a great number of jars of various
fizes and forms. A confiderable variety may be feen in plate ii.
fig. ¢, dy e 3 & by i, jo k. The form of a coated plate of
glats is reprefented at 4, in the fame plate.

Tue method of coating is much preferable to that of putting
water or brafs (havings into the jars, which both makes them
very heavy, and likewife incapable of being inverted, which is
requifite in many experiments.  Brafs duft, however, or leaden
fhot is very convenient for fimall phials.  Thefe ferve very well
where it is neceffary to remove the coating as foon as the jar is
charged, but, for this purpofe, quickfilver will geperally anfiver
the bett. The tinfoil may be put on cither with pafte, gum
water, or bees wax. ‘To coat the infides of veffels, which have
narrow mouths, moiften the infide with gum water, and then
pour fome brafs duft upon it. Enough will ftick on to make an
exceeding good coating; and if nothing very hard rub againft it,
it will not eafily come off. This brafs duft, which is extremely
ufeful in a great variety of electrical experiments, may be had
at the pin-makers.

I the conftruction of an ErEcTRICAL BATTERY Iwould not

recommend
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nend very large jars. A number of fimaller are preferable
ccounts.  If one of thefe break by an explofion, or
any accident, the Iofs is Tefs confiderable; be-
neans of narrow jars, a greater force (that is a gr::ter

gypmnn o h«mxin!?ﬁugmlfgu jars,

ﬂi“ab«!'he largeft j at the

iently make are about fgxgmﬂf ches in
“u‘ce‘

¢ force : for the Jjars being coated wldlm
they will contain a fquare foot of coiud

ery that T con(lm&ed for my own ufe, conﬁ(led
irs of this fize ; buta great number of them burft-
cous difcharges, I conftracted another, which T
o it, and of which a drawing is given Plate IIL. Tt
four jars, each ten inches long, and two inches
jameter, coated within an inch and a half of the
ited part of each is half a fquare foot; fo that the .
ontains thirty two fquare feet. - The wire of each
of very fmall wire twifted about the lower end of it,
fide coating in feveral places; and it is put through
m«ylarge pxcce of cork, within the jar, to prevent any pait
of it ey which-would tend to promote a fponta=
‘neons difeharge,  Each wire is turned round, fo as to make a
hole at the upper-end ; and through thefe holes a pretty thick
brafs rod with knobs is put, one rod ferving for one row of the
Jars,

Rrr Tae
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Tz communication between thef rods is made by laying over
them all a chain, which s not draw in the plate, left the figuro
fhould appear too confufed. ~ IfT chufe to ufe only part of the
battery, Tlay the chain over as many rods as T want rows of jars,
The bottom of the box, inwhich all the jars ftand, is covered
with tinfoil and brafs duft s and a bent wire, touching this tin-
foil, is put through the box, and appears on the outfide, as in
the plate. To this wire is faftened whatever is intended to com-
municate with the outfide of the battery ; as the piece of fmall
wire in the figure ; and the difcharge is made by bringing the
brafs knob to any of the knobs of the battery.

Tas is the battery which T have generally ufed in the experi-
ments related in the laft part of this work ; though, when I have
wanted a very great force, I have joined both the batterics, and
even feveral large jars to them. And it will perhaps be allowed
to be fome evidence of the goodnefs of this conftruétion, that
after ufing it fo much, I fee no reafon to wifh the leaft alteration
in any part ofit.  Were I to conftruct another battery, I fhould
take jars of the very fame fize, and difpofe them in the very
fame manner. &

Tue glafs of which this battery is made is what the workmen
call flint-green ; which I think is much better for this purpofe
than the beft flint; as I'find jars made of it not fo apt to dif-
charge themfelves. Befides it is much cheaper than flint.

To difcover the kind and degree of elericity, many forms
of ELECTROMETERS have been thought of, as the reader may
have perceived in the courfe of the hiftory, but this bufinefs is
ftill imperfe&. Mr. Canton’s balls are of excellent ufe both to
difcover fmall degrees of electricity, to obferve the changes of
it fiom pofitive to negative, and wice ver/a; and to eftimate

the
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the force of a fhock before the difcharge, fo that the operator
hll always be able o tell, very nearly, how high he has charg-
od his jars, and what the explofion will be whenever he
chufes to make it.

Mg, CANTON's BALLs (reprefented on a glafs, flanding on
dhie ftool [¢ Plate ii.] ‘are only two pieces of cork, or pith of
clder, nicely turned if a lathe, to about the fize of a fmall
pea, and fufpended on fine linen threads. It is convenient to
have thefe in {mall boxes for the pocket; the box being the
full length of the firings, that they may lie there without being
bent.

Mr. Kisnerstey's ele@trometer deferibed p. 204, is ufeful
to afcertain how great fhocks have been; and for many curious
experiments in ele@ricity. A drawing is given of it [ Plate ii.]
but the glafs tube is reprefented as much fhorter than it was
made by Mr. Kinnerfley. 1 think it in general more convenients
as the bore of the fmall tube may cafily be proportioned to it.
Butif a perfon get one long tube, of the fame fize throughout, it
may be cut into different lengths, and the fame brafs caps will
fit any part of it.

Ar the top of the ftand of baked wood which fupports Mr.
Kinnerfley's electrometer, I have fixed another, contrived by
Mr. Lane, to give a number of fhocks, all of precifely the fame
degree of ftrength. It confifts of a brafs rod farnithed with a
knob, which, by means of a fine ferew, may be fixed at any
diftance from the prime condu@or, or any other fixed body
communicating with the infide of a jar or battery. In confe-
quence of this, the jar or battery, with which it is conneéted,
can be charged no higher than the diftance at which thofe fixed
bodiés are placed will permit, for at that height of the charge,

Rrrz the

VA.BHSC



492 Tae CONSTRUCTION or Parr V.

the explofion will always be made between them. See Mr,
Lane’s mose particular defeription of this ufefal inflrument, *

To the account of thefe articles of an eledtrical apparatus,
which muft be ufed within doors, it will not be wholly infig-
pificant to add, thata firong firm table is highly requiie.
For if the TABLE on which the apparatus s difpofed be apt to
thake, a great number of experiments cannot. be performed o
advantage.

Ix order to repeat the noble cxperiment of the famencts of
the eletric fluid with the matter of lightning, and to make
further obfervations on the electricity. of the atmofphere, the
electrician muft be provided with a MAcHINE For DRAWING
ELECTRICITY FROM THE crLoups. For the beft conftrution
of fuch a machine, take the following directions. - On the top
of any building (which will be the more convenient if it ftand
upon an eminence) crect a pole, [a fig. 2. PL 1.] as tall asa
man can well manage, having on the top of it a folid piece of
glafs or baked wood, a foot in length. Let this be covered
with a tin or copper veffel [4] in the form of a fannel, to prevent
its ever being wetted. Above this let there rife a long flender
rod [¢] terminating in a pointed wire, and having a finall wire
twifted round its whole length, to condu@ the cledtricity
the better to the funnel. From the funnel make a wire
[4] defcend along the building, about a foot diftance from it,
and be conduéted through an open fafh, into any room which
fhall be moft convenient for managing the experiments. In
this room let a proper conductor be infulated, and connected
with the wire coming in at the window. This wire and conduc-
tor, being completely infulated, will be elecirified whenever
there is a confiderable quantity of clectricity in the air; and notice
will be given when it is properly charged, cither by Mr. Can-

® Phil. Trant, Vol. 57. p. 451,
ton's
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ton's balls, hung to it; or by fuch a fet of bells as will be deferib-
ed hereafter.

To make thefe experiments in perfect fafety, the ele@irificd wire
fhould be brought within a few inches of a conduting rod, that
ferves to guard. the houfe, that the redundant eleciricity may pafs
off that-way, without ftriing any perfon that may happen to ftand
near it | The condutor to guard the houfe fhould confift of one
rod, between one fourth and one balf of an inch thick, ifit be of
iron, but fmaller if it be brafs or copper, terminating upwards in
afharp point, about four or five feet above the higheft part of
the building 5 jand below, it fhould, if poffible, be continued to
fome well or running water. Otherwife it thould be funk fe-
veral feet into the ground, at the diftance of fome yards from the
building. It is of no confequence whether this conducting rod
be faftened on the infide, or outfideof the houfe, or how many
bendings are made in it.

Ir the cletrician be defirous of making experiments upon the
eleiricity of the atmofphere to greater cxa@nefs, he muft raife
akite, by means of a ftring in which a fmall wire is twifted.
The extremity of this line muft be filk, and the wire muft ter-
minate in fome metallic conductor, of fuch a form as fhall be
thought moft convenient. Mr. Romas's cxperiment will per-
haps convince my reader, that it may be dangerous to raife this
kite at the approach of a thunder florm s and upon this occafion
the common apparatus above deferibed for drawing cledricity
from the clouds will, probably, anfiwer his purpofe well
enough.

Bur, with the following apparatus, I fhould apprehend no
great danger in any thunder ftorm. Let the firing of the kite
[a. fig. 3. PL. i.] be wound upon a reel [4] going through a flit
in a flat board, faftencd at the top of it; by which more or lefs
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of the firing may be let out at pleafure.  Let the reel be fixed
to the top of a tinor copper funnel [¢] fuch as wasdeferibed
above ; and from the funnel let a metallic rod [d] with a large
knob be projected, to ferve for a conductor. This funnel and
reel muft be fupported by a faff [¢] the upper end of which, a
Teaft, muft be well baked; and the lower end may be made
fharp, to thraft into the ground, when the kite is well raifed.

T fafety of this apparatus depends upon the chain [ /] faf-
tened to the ftaff, by @ hook a little below the funnel, and drag-
ging on'the ground : for the redundant lightning will ftrike from
the funnel to the chain, and fo be conduciedas far as any onc
chufes, without touching the perfon who holds the ftafE.

SpARKS may be taken from the conductor belonging to this
apparatus with all fafety, by means of a fmall rod of baked wood
[e- fig. 4.] furnithed with a fmall funnel (6]anda brafsrod [2]
and a chain connected with it : for the lightning which ftrikes
the rod, will pafs by the fuiinel and the chain, without touch-
ing the perfon who holds the rod.

Mr. HarTMAY, in the conftruétion of his apparatus for ob-
ferving the clegricity of the atmofphere with fafety, makes ufe
of long filken firings to fupport his metallic rod. - Thefe, therc-
fore, require a large fhed, faftened to the rod above them, to
keep thent dry. And, left the rain that falls upon this fhed
fhould carry offall the elericity, he makes a channel all round,
which receives the rain; and thence he conveys it, under the fhed,
into an-infilated receptacle. * But T cannot help thinking this
complex apparatus unneceffary, efpecially if a folid ftick of glafs
and fmall cover be ufed, inftead of the filken frings and large fhed.

* Anmerkungen, &c. p. 35.
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for making experiments 5 for no fuch things were wanted in his
time: but it may be eafily accommodated with them all. 4
conductor may hang from the cieling, a rubber may be fupported
by a fpring fixed under the globe; and a table placed near the
machine, may receive the apparatus neceffary for making expe.
siments. The inconveniences of this conftrution are, that the
operator cannot well turn the wheel himfelf. A fervant is there.
fore neceffary, who muft fit to his work. The machinc admits
only of one globe, or cylinder, which muft have two necks;
though it admits of a confiderable variety of fuch, and itis by
no means portable.

Tae Abbé Nollet's machine [Plate iv. fig. 2.] refembles te
greateft number of the electrical machines that were ufed about
the time that the Leyden phial was difcovered. Thefe were the
machines, heavy and unwieldy as they feem, that were gee.
rally carried from place to place, when eledrical experiments
made @ gainful bufinels, and would bear the expence of the
conveyance.

Iy thofé early times, cle@iricians had no idea, that it wss
poffible to make the globe revolve too fwiftly. They, thercfore,
made their wheels exceeding large, and the frame of the ma-
chine proportionably ftrong.  The globe was gencrally rubbed
by the hand, the condultor was a bar of iron, or generally2
gun barrel, fufpended in filken lines from the top of the room,
and the apparatus was difpofed on an adjoining table.

Tusse machines are now univerful'y laid afide, being mow
fit for a large laboratory than a private ftudy.  Befices th
ceffarily require an affiftant, and do not admit of half the var
in the difpofition of the principal parts of the confirudtion

which the varicty of experiments now demands.
Asou the time that Mr. Boze's beatification was ¢
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ele@ricians were very defirous of exciting  very great power of

icitys «though, having no method of accumulating, or pre-
ferving it, it was difperfed as foon as raifed.  The machine re-
 prefented in Plate v. fig. 1. was a contrivance of Dr. Watfon’s,
whirl four Jarge globes at a time, and unite the power of them

1K

i

ttxtmmo'r help regretting that no fuch machines as_thefe are
contrutted at this day, when, by means of eletrical batterics; {o
great a power might be preferved, and employed to the greateft
purpofes. I wifh the Do&or would refit the machine here de-
feribed, if it be yet in being, and conftruét a battery proportion-
ed'to it.  But I fhould rejoice more to fee a machine moving by
wind or water, turning twenty or thirty globes, and charging
ical batteries adequate to them. I make no doubt but that
3 ﬂ‘un charge of two or three thoufand fquare feet of coated glafs
would give a fhock as great as a fingle common flath of light-
ning. They arc not philofophers who will fy, that nothing
could be gained, 2nd no new difcoveries made by fuch a power.
. fig. 2. exhibits a machine which Mr. Wilfon con-
firu@ed, ahom the time above-mentioned. It is much more
commodious than any that had been contrived before, as all the
parts are brought within a moderate compafs ; fo that the fame
perfon, may turn the wheel, and conduét the experiments. ~ One
of the moft complete machines, and one that had the greatet
power of any that I have feen, except my own, is of this con-
ftruction.

Its inconveniences are, that it admits but little varicty of
globes or cylinders, and both thefe and the rubber are not. fuf~
ficiently diftant from other bodies. The rubber is notinfulated,
and the conduétor is unfteady. This machine has a frame ftand-
ing upon the ground, but the general conftruction may be pre-

ferved,
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ferved, and the machine be made to ferew to a table. Some T
have feen which, by this means, were made very  portable;
and a box was contrived in the infide, to contain the apparatus.

O the more modern conftru@ions (of which there is an end~
lefs variety) the more clegant are thofe in which the globe is
turned by tooth and pinion. ~This -reduces the wheel work,
contained in the box e PL vi. fig. 1.] to an exceeding. fmall
compafs, and:gives thé workmen an opportunity of making the
machine all in brafs, very clegant, and portable. But I objectto
them, as liable to accidents, which clectricians in general cannot
eafily repair ; and L would with philofophers to beas independent
as poffible of all workmen. - Of this more elegant kind of ma-
chines, is that made by Mr. Nairne, a drawing of which may
be feen in this -plate.  The conduéor belonging to machines
of this conftruétion is generally hung in filk, fupported, cither
by wooden pillars, in a frame, as in the figure annexed, or by
two brafs arms extending from the machine.

Trpse machines are certainly very commodious for ferew-
ing to a table. They require no affiftant, and they admit of
the experiments being made ina fitting pofture; which isa
great recommendation of & machine, to thofe perfons who chufe
%o do things with Tittle trouble, and who are fond of a ftudious
fedentary life. This conftrution admits of very little variety
in the fize or number of globes, and hardly of a glafs veflel of
any other form. But the greateft inconvenience attending it,
is the upright pofition of the globe and rubber, whereby cvery
thing put upon it is apt to flip down; and the rubber is not
infulated.

Ar Mr. Martin's T have feen a machine, in which a cylin-
der was made to revolye between two brafs pillars, by means
of a wheel and pinion, concealed in a neat box, In this con-

firuttion
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ion the axis of the cylinder, and the rubber, was horizon-
in which refpect it is preferable to that mentioned above
if the machine were placed upon a table, the handle feem-
0 be too high to admit of its being ufed in a fitting pof-

‘the machine reprefented in plate vi. fig. 2. and which was
ented by Mr. Read, mathematical inftrument maker at the
drant in Knighttbridge, Hydepark 5 a cylinder fiands perpen-
ar to the horizon, fupported by a brafs bow, which re-
s the upper end of the axis; and motion is given to it by
neans of a pulley, ‘at the lower end of the axis, and a wheel,
lies parallel o the table. The conductor [] is furnifhed
th points to collect the fire, and it is ferewed to the wire of
& coated jar, [4] Randing in a focket, between' the cylinder and
‘the whecl.  One machine of this kind I have feen, in which
the cylinder and the wheel were not feparated by the conduc-

" Tus conftrudion is peculiarly ufeful to phyficians and apo-
thecaries ; and, with Mr. Lane’s ele@rometer [¢] anncxed to

it, (the figure of which he has given me leave to infert in the

drawing anncxed, taken from his own machine) as many fhocks

a8 are requifite may be given, of precifely the fame, and any
degree of force, without any change of pofture, cither.in- the|
patient, or the operator ; who has nothing to do but turn the

wheel, without fo much as touching any other pact of the ap-

paratus.

Waen this machine is ufed for fimple ele@rification, and
other purpofes where the fhock is not required ; the coated jar
muft be taken away, and another jar, without any coating, put
in its place. By this means the conductor is fixed, which is a
very great advantage, and which few machines are poficfled of.

Sff2 But
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But thefe machines, befides that they admit no variety of globes
or cylinders, and no infulation of the rubber, require a motion of
thearm, which I fhould think not quite eafy.

Tz ingenious Dr. Ingenhaus bas conftructed a machine in
which friction is not given to any kind of hollow glafs vefie
whatever ; but to a circular plate of glafs, generally about nine
inches in diameter.

Tuts plate turns vertically, and rubs againft four cuthions,
each an inch and a half long, placed at the oppofite ends of the
vertical diameter. The conduétor is a brafs tube, has two
horizontal branches coming from it, reaching within about
‘half an inch of the extremity of the glafs ; fo that each branch,
takes off the eledtricity excited by two of the cufhions.

Trs conftruction is original and ingenious, but the cufhions
cannot eafily be infulated, and a plate of glafs is much more
Tiable o injuries than a globe, or evena cylinder.

Iy the firft edition of this work, I mentioned one Mr. Ramfden
as the inventor of this conftruction ; a miftake, which he him-
felfled me into.

Mg. WesLey’s people, I believe, generally ufe amachine in
which two cylinders are turned by the fame wheel: but one
that I faw, in the poffeffion of a very intelligent perfon of that
perfuafion, had the cylinders and rubbers fo confined in a cheft,
that, though it might do very well for medical ufes, it was
very ill adapted to the purpofes of philofophy.

Bur the machine which I would advife a philofopher to con-
ftruét for his ownufe, is that of which a drawing is given Plate vii.
This conftruction is the refult of my beft attention to this fubject.
Ihave ufed it above fix months (how much I leave the reader
to imagine) without feeing the leaflt reafon to make any altera-
tion of confequence in it; and believe it to have almoft all the

advantages,
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iges, which an cletrical machine, defigned for the
can have. The reader - will, therefore, allow me to be
longer in the defeription of it than T have been of the
{2 FRAME confifts of two frong boards of mahogany [ 4]
e fame length, parallel to one another, about four inches
5 and the lower is an inch on each fide broader than the.

In the upper board is a graove, reaching almoft its
ength. . One of the pillars [4] which are of baked wood,
veable, being let through the upper board, and firmly
in the lower, while the other pillar flides in the groove
mentioned, in order to receive globes or cylinders of dif-
fizes; but it is only wanted when an axis is ufed. Both
illars are perforated with Jo/es at equal diftances, from the
to the bottom ; by means of which globes may be mounted

or lower according to their fize ; and they are tall, to ad-
e ufe of two or more globes at a time, one above the other.
of a moderate fize may be ufed, if two be fixed on one axis:
nd the wheel has feveral grooves for that purpofe:

Ir a globe with only one neck be ufed, asin the plate, a
BRAss ARM with an open focket [¢] is neceffary to fupport the
axis beyond the pulley ; and this part is alfo contrived to be put

igher or lower, together with the brafs focket in which the
axis turns. The axis [4] is made to come quite through the pil-
lar, that it may be turned by another handle, without the wheel,
if the operator chufes. The frame; being ferewed to the table,
may be placed nearer to, or farther from the wheel, as the length
of the firing requires, in different ftates of the weather. The

WHEEL is fixed in a frame by itfelf, [] by which it inay have
any fituation with refpect to the pulley, and be turned to one
fide,
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fide, fo as to prevent the ftring from cutting itfelf.  The hinder
part of this frame is fupported by a foot of its own.

Tae RussER [ f] confifts of a hollow picce. of copper, flled
with horfe hair, .and covered with a bafil kin. It is fapported
by a focket, which reccives  the cylindrical axis of @ round and
flat picce of baked wood, [g] the oppofite part of which is infert-
ed into the focket of a bent ftecl fpring. [4] Thefe parts are ea-
Gy feparated 5 fo that the rubber, or the piece of wood that
ferves to infulate it, may be changed at pleafure. = The seric
admits of a twofold alteration of pofition. It may be either flip-
ped along the groove, or moved in the contrary direction ; fo 35
to give it every defirable pofition with refpect to the globe or cy-
Tinder ; and it is, befides, furnithed with a ferew, (7] which
‘makes it prefs harder or lighter, as the operator chufes.

Tue prIvME conpucTor [£] isa hollow veflel of polithed cop-
per, in the form of a pear, fupported by a pillar, and a firm ba-

fis of baked wood, and it receives its fire by means of a g
arched wire, or rod of wery fift brafi, [1] eafily bent into any
fhape, and raifed higher or lower, as the globe requires; and it
is terminated by an open ring, in which arehing fome fbarp poirt-
ed wires [m] playing lightly on the'globe when it is in motion.
The body of the conduttor is furnithed with Aoles, and fic
for the infertion of metallic rods, to convey the fire wherever
it is wanted, and for many other purpofés convenient in a courfe
of ‘elecrical experiments. - The conduclor is, by this means,
fteady, and yet may be eafily put into any fituation. It collects
the fire perfedily well, -and (what is of the greateft confequence,
though but little attended to) retains it equally every where.

Waen pofitive elediricity is wanted, a wice, or chain, a is
reprefented in the plate [#] connefis the rubber with the table, ot
the floor.  When negative eledtricity is wanted, that wirc s

d
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d with another condu@or fuch as that reprefented
] while the conductor in Plate vii. is conne@ed, by
wire or chain, with the table. If the rubber be made
free from points, the negative power will be as ftrong
In this machine 1 do not know which is the
onger of the two.

“fhort, the capital advantages ‘of this machine are, that
effels, orany other cle@ric body, of any fize or form,

veral of them at the fame time, if required.. All the
tial parts of the machine, the ghle, the frame, the wheel,
ubber, and conduéior, are quite feparate; and the pofition
hem to one another may be varied in every manner poffible.
rubber has a complete infulation, by which means the
ay commiand either the negative or the pofitive pow-
may change them in an inflant. The conduétor is

b it is furnithed, or by the conjunction of other conductors,
er to give larger fparks, &c. The wheel may be ufed or
ot Ktplca(urc, {o that the operator may either fit, or ftand to
‘%v@rk ashe pleafes; and he may, with the utmoft eafe, both

the wheel and his apparatus.
e machine rep d in (Pl viii] is on the
eneral principles with the laft. It is inferior toit in one
that it admits only of globes or cylinders with one neck,
e far preferable to any other; and it s much more
commodious for ufe, as it doth not require any ftrong table like
the other. . It confifts of a pillar of mahogany [4] ftanding up-
right on three feet. This pillar divides in two places, to receive
a wheel [4] in the lower part of it, and in the upper part a pulley
[e] which is turned by a leathern ftrap [] tightened by mcansf
o
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of a fimall buckle. In the center of the pulley is a ftrong iron
fpindle, turning in two firm ‘brafs fockets, faftened to each
fide of the pillar. Inone of thefe fockets the extremity, of the
fpindle turns upon a center, by means of a piece of iron [1]
ferewed into it, while the other is held tight by a brafs clafp,
which may be made to hold it clofer, or more loofely, at plea-
fure, by means of a ferew. [£] The iron fpindle is made hol-
Tow in the form of a parallelopiped, in order to reccive a picce
of brafs or iron, in which the brafs cap that holds the globe [g]
terminates. Thefe are exactly fitted to one another, and by this
means any globe may be taken out, and another put into the
machine with very little trouble, if thefe parts be always made
to the fame pattern.

Tue Russex [4] s feparated from the fpring [/]by a plte
of glafs [j;] which effectually infulates it; but the chain [{]
connets them together when pofitive eledtricity is wanted, as in
the ufual method of elerifying. The fpring may be made to
prefs more or lefs, by means of a ferew ; [/] and it may be raifed
higher or lower, to fuit globes of different fizes, by means of 2
contrivance which is not reprefented in the plate.

‘THE PRIME CONDUCTOR #, #, o, is the fame as in Pl
vii, From the fame board which fupports it arifes another pil-
lar, at the top of which is Mr. Lane’s ele@rometer ; the knob
of which [ 4] may be placed as near to the knob oppofite to iton
the prime condu@or [7] as is defired, by means of the graduated
part. (] But the whole of this may be taken away when it is
not wanted.

WiseN negative clericity is defired, the chain [£] muft be
removed from the rubber, and hung upon the prime conduter,
1o as to conne& it with the table ; and a fhort brafs rod, witha
knob at the end of it, muft be fcrewed into a fmall focket, which

will
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will be found in the rubber above the plate of glafs. This brafs
rod will then ferve for a negative prime conduétor ; for, in this
fituation, when the wheel of the-machine is turned, this rod,
being infulated (together with the rubber, through which all the
ele@iric fire paffes to the globe) will reccive fparks from whate-
ver is prefented to it, and thercfore elerify negatively.

As it requires fome dexterity and experience to turn the ma-
chine, ftanding on three feet only, without thaking it; fmall plates
of brafs, upon which the edges of heavy weights, made of lead or
iron, may be placed, are faftened fo two of them; but a large
board may be firmly ferewed under all the feer, or various other
methods may be ufed, whereby the pillar, which fupports the
machine, - may ftand as firm as a perfon chufes.

Ttt PART
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Riii A R iF s wei iR

PRACTICAL MAXIMS For THE USE OF Younc
ELECTRICIANS.

As the chapter 1 am now entering upon s profeffedly
defigned for the ufe of young ele@ricians, it is hoped
that the proficient will excufe my inferting a few plain and trite
maxims; which, though they be fuperfiuous with refpect to
him, may not be fo to all my readers. The greateft elericians
(who are generally thofe who have had the feweft inftructions)
may remember the time when the knowledge of a rule or max-
im, which they would perhaps {mile to fee ina book, would
have faved them a great deal of trouble and expence; and it is
hoped they will not envy others acquiring wifdom cheaper than
they did. In a general treatife, cvery man has an equal right
. toexpect to find what he wants; and it is for the intereft of
the feience in general, that every thing be made as eafy and
inviting as poffible to beginners. It is this circumftance only
that can increafe the number of ele@ricians, and it is from the
increafe of this number that we may moft reafonably expet im-
provements in the fcience.
Wiuen
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 Watex the air is dry, particularly when the weather is frofty,
and when the wind is North, or Eaft, there is hardly any elec-
trical machine but will work very well. If the air be damp,
Iet the room in which the machine is ufed be well aired with a
fire, and let the globe and every thing about it be made very
dry, and it may be made to work almoft as well as in the beft
ftate of the air.

‘Wren atabe is ufed, the hand fhould be kept two or three
inches below the upper part of the rubber; otherwife the clec-
tricity will difcharge itfelf upon the hand, and nothing will
remain upon the tube for cle@irical purpofes.

"A LitTiE bees wax drawn over the furface of a tube will
greatly increafe its power. When the tube is in very good
order, and highly excited, it will, at every firoke, throw off
many pencils of rays from its furface, without the approach of
any condudlor, except what may float in the common atmof-.
phere.

It has been the cuftom of many elericians to line their
globes with fealing’ wax, or fome other electric fubftance, in
order to make them act with more cafe and vigour. Mr. C. L.
Epinafle gives the following receipt for an eleétric compofition
for this purpofe. Take four pounds of Venice turpentine, one
pound of rofim, and one pound of bees wax. Boil thefe overa
gentle fire, ftirring them now and then, for four hours ; at the
end of which tir in one quarter of a pound of vermilion, Then
alittle of the mixture being taken out and left to cool, will be
hard and brittle, a token that it is fit for ufe. Having well
heated your globe o cylinder, pour the melted mixture into it,
and turn it about, {o as to fpread it evenly over the infide fur-

Tttz face,
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face, to the thicknefs of a fixpence; and let it cool very gradu-
ally. *

T maxe no doubt but that this cle@ricliningis ufeful in fome
cafes, as it was remarkably in_two. large globes of my own, the
hiftory of which I have given p. 5555 but in the cafeof fmall
globes, T cannot help thinking that Mr. L. Epinafle expeds
00 much from it.

To increafe the quantity of ele@iric fire from a globe, moift-
en the rubber a little from time to time; or rather moiften the
under fide of a loofe piece of leather, ‘which may occafionally be
put upon the rubber.  But the moft powerful exciter of clectri-
ity is alittle amalgam, which may be made by rubbing toge-
ther mercury and thin picces of lead or tinfoil in the palm of
the hand.  If the rubber thould be placed perpendicular to the
horizon, it will be neceffary to ufe: a little tallow to make i
ftick. With this excellent refource, almoft all fiates of the
weather are equal to an ele@rician.

A LITTLE time after frefh amalgam has been put upon the
globe, and often at other times, if there be any foulnefs upon
the cufhion; and fometimes when there is none, there will be
formed upon the globe fiall black fpots, of a hard rough fub-
flance ; which grow continually larger, till a confiderable quan-
tity of that matter be accumulated upon the furface. This muft
be carefully picked off, or it will obftruct the excitation, and in
2 great meafure defeat the cle@irical operations.

Wiy the amalgam has been ufed for fome time, there will
be formed upon the rubber a thick incruftation of the fame kind
of black fubftance which is apt to adhere to the globe, This in-
eraftation is a very great improvement of the rubber. For when
once a confiderable body of this matter is formed, and it is @

* Phil. Tranf, Vol. 57. p. 186,
little
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Tietle mioiftencd, or feraped, as much firewill be produced, as if
frefh amalgam were ufed : fo tha it feems to fuperfede the fur-
‘ther e of the amalgam.
~As the eleric matter is only collected at the rubber, itis ne-
ceffary that it have a communication with the common mafs of
“the carth, by means of good conduors.  If, therefore,  the
¢able on which the machine ftands, orthe floor of the room in
swhich it is ufed; be very dry, little or no fire will ‘be got, be
the machine ever forgood: - In this cafe it will be neceffary to
connie® the rubber, by means/of chains or wires, with the floor,
the ground, or even the next water, if the neighbouring ground
be dry. This Dr Franklin informs me he was frequently oblig-
ed to do in Philadelphia.

Wit the ele@ricity of a globe is very vigorous, the elediric
fire will feem to dart from the cufhion towards the - wire of the
conductor:’ T have feen thofe lucid rays (which are in pare vifi-
ble ih day light) make the circuit of half. the globe, and reach
the wires : and they will frequently come in a confiderable num-
ber, at the fame time, from different parts of the cuthion, and
seach within an inch or two of the wires.  The noife attending
this beautiful phenomenon exadly refembles the crackling of bay
leaves in the fire. Frequently thefe lucid arches have radiant
points, often four or five in different parts of the fime arch.
Thefe radiant points are intenfely bright,” and appear very beau-
Gfal. Tt is peculiarly pleafing to obferve thefe circles of fire
e from thofe parts of the cufhion where the smalgam or moif-
ture has been put, or which have been lately feraped.  Single
points on the rubber will then feem intenfely bright, and for a
long time together will feem to pour out continual torrents of
flame. 1f one past of the rubber be preffed clofer than another,
the ‘circles will iffue in that place more frequently than ‘in any

other,
WasN
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Waen the condudtor is taken quite away, circles of fire. will
appear on both fides the rubber, which will fometimes meet,
and completely encircle the globe.  Ifa finger be brought within
balf an inch of the globe, in that fate, it is fure to be frack
wery {martly, and there will often be & complete arch of fire
from it to the rubber, though it be almoft quite round the globe.

T {maller the condudor is made, the more fire may be col-
Je€ted from it : for there is lefs furface from which the fire may
efcape.  Butin charging a phial, if the wire be placed clof: o
the conduor, the difference will be inconfiderable, whether
{maller ot larger condu@or be ufed, till it begin to_be, charged
pretty high: for, till that time, the conduor will not have
acquired any confiderable atmofphere.

Ir the conductor be made perfectly well, and the air be dry,
there will never be any lofs of fire from any part of it. For when
the whole farface has received as high a charge as the machine
cangive to it, it will, in all places alike, perfectly refift all
facther efforts to throw more upon it, and the circulation of the
fluid by the rubber will be ftopped, being balanced, as it were,
by equal forces. . Or if it lofe in all places alike, the diffipation
mut be invifible. This maxim almoft adumits of ocular demon-
ftcation.  For when the rubber is perfecly infulated, and the
conducor has an opportunity of difcharging itfelf, the rabber will
take fparks from a wire placed near it very faft; but when the
condudor has little opportunity of emptying itfelf, it will teke
fewer of thofe fparks.

To form a juft eftimate of the clekrical power of any machine,
and to compare different machines in this refpedt, take two
wires with knobs of any fize, and fix one of them at the conduc-
tor, and the other at fome certain diftance from it, about an
inch, or an inchand a half; and when the wheel is tumed,

count
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‘count the number of {parks that pafs between them during any
given time. Fix the fame wires to any other conductor, belonging
1o any other machine (but the fame condu@or would be more
exact) and the difference between the number of ftrokes in any
given time will afcertain the difference between the ftrength of
the two machines.

! Tue larger the conductor is made, the fronger fpark it will
give: for the more extended the eledrified furface is, the
greater quantity of the eleéric atmofphere it contains, and the
more fenfible will be its effe@t when it is alk difcharged at once.
The condudor, however, may be made folarge, that the necef-
fary diffipation of the clectric matter from its furface into the air
will be equal to the fupply from the machine, which will confti-
tute the Maximum of the power of that machine, and will be
different in different ftates of the air.

A ceRTAIN degree of friction s neceffary to give a globe its
greateft power. A number of globes increafes the power, but
the increafe of friction will make it more difficult for' 2 man to
excite their power. A few trials with a number of globes would
enable any man to judge of the maxinum of his firength in exci-
ting cle@ricity. I fhould imagine, from my own. experience,
that no perfon could excite much more ele@ricity from any num-
ber of globes, than he could from one;; fuppofing him to con-
tinue the operation an hour, or even only half an hour together..

Wien a long condu@or is ufed, the longeft and the frongeft
fpark may be drawn from the extremity of it, or from that part
which is the moft remote from the globe.

Tue largeft and moft pungent fparks are drawn from any con-
dudor along an electric fubftance. ~Thus if the conduétor be
fupported by pillars of glafs or of baked wood, the longeft fparks.
will be taken clofe to the pillar.

Ir
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Ir the condudtor bendinwards in any place, .o as to-make the
furface concave, a peculiarly large, ftrong, and undivided fpark
may be drawn from that place. . Where  the furface is conves,
the fpark is more apt to be divided and-weakened.

Ir a fmooth cork ball be hung in'a long filken ftring, and
clectrified pofitively, it will always be repelled by pofitive, and
attra@ted by negative ele@ricity. But the! ftrongéft repulfion will
be changed into attration at 4 certain diftance.

Ir two pith palls hung by linen threads, and diverging with
pofitive lecricity,  be infulated, though in confiection with con-
dudors of confiderable length, the approach ofa body eleérificd
pofitively will irft make  them feparate, and then (if the clec-
tricity of the balls be fiall, ‘and- that of the approaching body
great) it will, at a certain diftance, | make them approach; and
at length come into contact with it.  Sometimes the:divergence
previods to the convergence is very flight, and, without great
attention, is apt to be overlooked.

Ir the balls have a free communication with the earth, for
inftance, if they be held in the hand of a'perfon ftanding on the
ground, and (a5 in the former cafe) they be made to- diverge
with pofitive ele@ricity, in ‘confequence of being held within
the influence of a'body eledtrified” negatively, the approach of
pofitive ele@ricity will make them converge, and negative clec-
tricity will make therh diverge : the eleric ‘miatter, of the ap-
proaching body, in'the former cafe,  repelling that of the balls,
and thereby, 'as it were, unelerifying them's - wheréds, in'the
latter cafe, the negative ele@ricity of an approaching body
draws it more ‘powerfully info’ the threads, and ‘makes them
diverge more:This method- of judging ‘is, therefore, excel-
Tently adaptéd to afcertain thé kind of cletricity in the atinof-

phere,
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phere, or of a charged jac ar battery, 'the balls. being held in
the hand of a perfon ftanding on the carth or the floor,

! To difcover  fmaller degrees of ele@ricity than -the balls can
fhow to advantage, ufe a very fine thread, ortwo of them. If
infalation be neceffary, faften it to a ftick of baked wood. But
themoft accurate meafre of eleciricity T have yet hit upon, is &
fingle thread of fill“as'it coies from: thé worm. ' When the
end'of this has received a fimall degres of electricity, it will re=
tain it a confiderable time, and the flighteft ele@ric force will
give it motion. 'Before any experiments be made, let it be
arefully obferved how long, 'in any particular fituation; it will
retain the degree of clectricity that is intended to be given toit;
and let allowance be made for that in the courfe of the experi~
ments. 1t will retain elediricity much longer, if a fmall piece
ofdown from a feather be faftened to it, but it will not acquire
the virtue fo foon. And it will be mioft eafy to manage, if two
or three threads of filk be ‘ufed, and the piece of down be fo
adjufted to them, that it all but juft profer a perpendicular
fituation, and not abfolutely float in the air at random. This
clectrometer, is not liable to the inaccuracies of thofe that have
a fenfible weight: for as there is always a (phere of attraction
within a fphere of repulfion, the weight of the clecrified body
willallow another to pafs the boundary of thofe two fpheres,
without a fenfible obftruction; but the body Iam deferibing:
immediately retires, with all its {pheres of attraction and repul-
fion about it.

TrE force of the ELECTRIC sHOCK- is in proportion to the
quantity of furface coated, the thinnefs of the glafs, and the
power of the machine. That this laft circumftance ought to be
taken into confideration is evident : for different machines will
charge the fame jar very differently. With one machine, for

Uuu inftance,
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inftdnce, ‘it may be made to difeharge itfelf, when it cannot
with another. y

Tug globe which charges the faftett, -or whofe eledirical
power is greateft, charges alfo higheft.  Therefore a number of
globes will not only charge fafter, but alfo, probably, higher
than a fingle globe.

Tie moft effectual method of charging a jar is to conned: the
outfide by means of wires, with the rubber, while the wirc
proceeding from the infide is in contaét with the conducor. In
this manner the infide of the jar will be fupplied with the very
fame fire that left the outfide.  In this cafe alfo the jar will re-
ceive as high a charge as it is capable of receiving, though the
rubber be infulated, and have no communication but with the
outfide coating; fo that, in the cafe of charging, there can
be no occafion for the direions given above, when the table,
the floor of the room, or the ground are very dry.

Tig greateft quantity of fire that a jar will hold is not always
the quantity it will contain when it is coated juft fo low as not
to difcharge itfelf. In this cafe, indeed, the part that s coated
s charged as high as it can be, but then a confiderable part of
the furface is not charged at all, or very imperfe@ly. On the
other hand, if the jar be coated very high, it may be made
to_difcharge itfelf with as fmall an explofion as one chufes.
“The cxac® maxinum of the charge of any jar is not eafy to afcer-
tain.

Tup greatelt cffort in a jar to make a difcharge feems to be
about half & minute, or a minute, after it is removed from the
conduéor 3 owing, perhaps, to non-cleétric duft or moifture
attrated by and adhering to the glafs, between the outfide
and infide coating; {0 that if there be any apprehenfion of s

. difcharging

VVA.BHSC




1 ELECTRICITY. s15

difeharging, it(If, it is advifable to difcharge it before it has
flood charged at all.

Waex a thin jar is difcharged, it is advifable not to do it by
placing the dilcharging rod oppofite to. the thinneft part, It
will endanger the burfting of the jar in that place.

‘T more perfons join hands to take a thock. the weaker it
is.

Ir two jars, of the fume thicknefs, be ufed together, the
fironger of them will receive no higher a charge than the weak..
er.. If one of them, for inftance, be coated (o high as that it
will difcharge itkelf, cither with or without burfling, after o
few turns of the wheel ; the other. will always be- difcharged
along with it, though it was capable of being charged ever fo
high by itielf. The method, therefore, of eftimating the force
of a number of jars, s to confider cach of them as. capable. of
containing no more fire thun the weaket in the company. It
follows from hence, that if a fingle jar in a large battery have
the {imalleft crack in the coated part of it, not one of them s
capable of being charged in conjunction with it.

Inlarge batteries, it is advifable to coat the jars pretty high,
the diffipation of the cleciric matter from fo great a furface when
the charge is high being very confiderable. The batte ry might
be made (o large, as that, after a very moderate charge, the
machine would be able to throw no more fire in than was exhal
ed, a5 we may fay, from the furface. This would be the
MAXIMUM OF THE POWER OF THAT MACHINE IN CHARGING,

I order tojudge of the firength of a charge (which, in large
batterics, is a thing of confiderable confequence) prefent Mr.
Canton’s balls to the wires, from time to time. A comparifon
of the degree of their divergence, compared with the actual ex-

Uuuz plofion,
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plofion, will foon enable the operator to tell how high his bat-
tery is charged, and what will be the force of the explofion.

Ix comparing different explofions by their power to mele
wires, let it be obferved, that, in wires of the fame thicknefs,
the forces that melt them will be in the proportion of the
Tengths ; and in wires of the fume length, in the proportion of
the fquares of their diameters.

Do not expedt that the explofion of a battery will pierce
number of leaves of paper in proportion to its force in other ref-
peds. - That depends upon the height of the charge much more
than the quantity of coated furface. Thave known an explofion
which would have melted @ pretty thick wire not able to pierce
the cover of a book, which  {mall common jar would have done
with afe.  IF it had been pierced with the explofion of the bat-
tery; the hole would have been larger in proportion.

Let no perfon imagine that, becaufe he ean handle the wires
of a large battery without fecling any thing, that thercfore he
sy fafely touch the outide coating with one hand, while the
other is upon them. T have more than onice received fhocks that
T fhould not like to receive again, when the wires fhowed no fign
of a charge; even two days after the difcharge, and when papers,
Books, my hat and many other things had lain upon them the
greateft part of the time. If the box be tolerably dry, the refi-
duum of the charge will not difperfe very foon. T have known
even the refiduum of a refiduum in my batteries to remain in them
feveral days. - For prefently after an explofion, I feldom fail to
difeharge the refiduum, which, in fome cafes, i very confide-
2able, for fear of a difagreeable accident.

A smary fhock pafling through the body gives a fenfation
much more acute and pungent than alarge one. I cannot boaft,
Tike Dr. Franklin, of being twice firuck fenfelefs by the ele@ric

fhock;
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fhock ;' but I once, inadvertently, received the full charge of
twojars, each containing three fquare fect of coated glafs. The
firoke could not be called painful, but, though it paffed through
my arms and breaft only, it fcemed to affeét every part of my
body alike.  The only inconvenience I felt from it was a laffi-
tude, which went off in about two hours.

Mr. WiLcKE was ftruck down fenfelefs, by accidentally re-
celving, from his head o his feet, the charge of a large chymi-
cal receiver. He thought, that if he had received a fhock five
times as large, he fhould never have written the account of
it *

* Remarks on Fraaklin's Leties, p. 362.

PART
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Pt Rseelit-s VAL I

A pescripTioN oF THE Most ENTERTAINING EXPERI-
MENTS PERFORMED BY ELECTRICITY.

LECTRICITY has one confiderable advantage over moft
other branches of fcience, as it both furnithes matter of

for phi and of entertai for all perfons
promifcuoufly. Neither the air pump, nor the orrery ; neither
i in ics, optics, or iin 5 nor thofe

in all other branches of Natural Philofophy ever brought toge-
ther fo many, or {0 great concour(es of people, as thofe of clec-
tricity have done fingly. Elegrical experiments have, in almot
every country in Europe, occafionally furnifhed the means of
fubfiftance to numbers of ingenious and induftrious perfons, whofe
circumftances have not been afiluent, “and who have had the ad-
drefs to turn o their own advantage that paffion for the marvel-
lous, which they faw to be fo ftrong in all their fellow creatures.
An emperor need not defire a greater revenue than the fums
which, have been received in hillings, fixpences, threepences,
and twopences, for exhibiting the Leyden experiment.

Anp if we only confider what it is in objects that makes them

capable of exciting that pleafing aftonifhment, which has fuch
charms
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charms for all mankind; we thall not wonder at the eagerncfs
with which perfons of both fexes, and of every age and conditi-
on, run.to fec ele@rical experiments. Here we fee the courfe
of nature, to all appearance, entirely reverfed, in its moft fun-
damental laws, and by caufes feemingly the flighteft imaginable.
And not only are the greateft effets produced by caufes which
feem to be inconfiderable, but by thofe with which they feem
to have no connedtion.  Here, contrary to the principles of gra=
vitation, we fee bodies attracted, repelled, and held fufpended
by others, which are feen to have acquired that power by nothing
but a very flight friction; while another body, with the very
fame friction, reverfes all its effects. Here we foe a picce of
cold metal, or even water, or ice, emitting ftrong fparks of
fire, {0 as to kindle many inflammable fubftances s and in wacu
its light is prodigioufly diffufed, and copious; fo as exa@lly to
refemble, what it really is, the lightning of heaven. Again,
what can feem more miraculous than to find, that a common
glafs phial or jar, (hould, after a little preparation (which, how-
ever, leaves no viible efiect, whereby it could be diftinguifhed
from other phials or jars) be capable of giving a perfon fuch a
violent fenfation, as nothing clfe in nature can give, and even
of deftroying animal life ; and this fhock attended with an ex-
plofion Jike thunder, and a flath like that of lightning 2 Laftly,
what would the antient philofophers, what would Newton him-
{elf have faid, to fee the prefent race of ele@ricians imitating in
miniature all the known effecs of that tremendous power, nay
difarming the thunder of its power of doing mifchicf, and,
without any apprehenfion of danger to themfelves, drawing
lightning from the clouds into a private room, and amufing
themfelves at their leifure, by performing with it all the experi-
ments that are exhibited by clerical machines.

So
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So far are philofophers from laughing to fee the aftonifiment
of the vulgar at thefe experiments, that they cannot help view-
ing them with equal, if not greater aftanifhment themfelves. In-
deed, all the cle@ricians of the prefent age can well remember
the time, when, with refpet to thefe things, they themfelyes
would have ranked among the fame ignorant flaring vulgar.

Besipes, fo imperfo@ly are thefe firange appearances under-
fiood, that philofophers themfelves cannot be too well acquainted
with them 5 and thercfore fhould not avoid frequent opportuni-
ties of feeing the fame things, and viewing them in cvery light.
Tt is poffible that, in the moft common appearances, fome cir-
cumftance or other, which had not been attended to, may ftrike
them ; and that from thence light may be reflected upon many
other eletrical appearances:

Waerne philofophers may think this confideration worth
attending €0 or not, I fhall, for the fake of thofe ele@icians who
are young crough, and, as it may be thought, childifl enough,
to divert themfelves and their friends with cle@rical experiments,
deferibe a number of the moft beautifal and furprifing appearan-
€es in elediricity ; that the young operator may fiot be at a lofs
what to exhibit when a company of gentlemen or ladies wait up-
on him, and that he may be able to perform the experiments
to the moft advantage, without difappointing his friends, or
fretting himfelf.

To make this bufinefs the eafier to the young operator, T thall
confult his convenience in the order in which T fhall relate the
experiments, beginning with thofe which only require fimple
ele@rification, then proceeding to thofe in which the Leyden
experiment is ufed, and concluding with thofe in which recourfe
muft be had to other philofophical inftruments in conjunétion
with the eleérical machine.

BIEEPTON
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SECTION I

ENTERTAINING EXPERIMENTS IN WHICH THE LEYDEN PHIAL
18 NOT USED,

HE phenomena of clectrical attraction are thown in as
T plealing a manner by the tube, as they can be by any
methods that have been found out fince the later improvements
in eledtricity. It is really farprifing to fee a feather, or a picce
of leaf gold firft attracted by a glafs tube cxcited by a flight
fiidtion, then repelled by it, and held fufpended in the air, or
driven about the room wherever the operator pleafes; and ther
furprife s increafed by fecing the feather, which was repelled
by the fimooth glafs tube, attracted by an excited rough. tube,
ora ftick of fealing wax, . &c. and jumping from the one to the
other, till the cledricity of both be difcharged. Nor is the
obfervation of Otto Guericke the leaft pleafing circumftance,
viz. that in turning_ the tube round the feather, the fame fide
of the feather is always prefented towards it.

But fince eletrical fubftances part with their ele@ricity but
fowly, the more rapid alternate attrations and repulfions. are
fhown to the beft advantage at the prime condu@or. Thus pre-

Xxx fent
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fent a number of feeds of any ‘kind, grains of fand, a quantity
of brafs duft, or other light fubftances in a metal difh (or rather
ina glafs cylindrical veffel flanding on a metal plate) to another
plate hanging from the conduéor [as at # and o PL. ii.] and the
light fubftances will be attradted and repelled with inconceiv-
able rapidity, {o as to exhibit a perfeét fhower, which, in the
dark will be all luminous.

Suspenp one plate of metal to the conductor, and place a
metal ftand, of the fame fize, at the diftance of a few inches
exa@tly under it, and upon the fland put the figures of men,
animals, or whatever clfe fhall be imagined, cut in paper or
leaf gold, -and pretty tharply pointed at both extremities; and
then, upon ele@rifying the upper plate, they will perform a
dance, with amazing rapidity of motion, and to the grea di-
verfion of the fpectators.

Ir a downy feather, ora picce of thiftle down be ufed in this
manner, it will be attracted and vepelled with fuch aftonithing
celerity, that both its form and motion will difappear; all that
is to be difcerned being its colour only, which will uniformly
#ill the whole fpace in which it vibrates, *

1r a picce of leaf gold be cut with a pretty large angle at one
extremity, and a very acute one at the other, it will need no
Tower plate, but will hang by its larger angle at a fmall diftance
from the conductor, and by the continual waving motion of its
Tower extremities, will have the appcarance of fomething ani-
mated, biting or nibling at the condu@or.” It is therefore called
by Dr. Franklin the golden fifs.

To the dancing figares above-mentioned, it is very amufing to
add a fet of BLECTRICAL BELLS.  Thefe confift of three fmall

* Lovet, pr28,
bells,
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bells,  the tivo outermoft of which are fufpended from the. con~
du@or’ by 'chaing, ‘and that in’ the middle by a filken fring,
while a chain connedts it with the floor; and two fmall knobs
of brafs, to ferve infiead of clappers, hang by filken firings, one
between each two bells. In confequence of this difpofition, when
the two outermoft bells, communicating with the conductor, are
clerified, they will attract the clappers, and be ftruck by them.
The clappers, being thus loaded with ele@ricity, will be repell-
ed, and fly to difcharge themfelves upon the middle bell. ~Af-
ter this, they will be again attrated by the outermoft bells;
and thus by firiking the 'bells alternately, a continual ringing
may be kept up as long as the operator pleafes.’ In the dark, ‘a
continual flafhing of light will be feen between the clappers, and
the bells; and when the ele@rification is very ftrong, thefe
fathes of light will be fo large, that they will be tranfmitted by
the clapper from onc bell to the other, without its ever coming
into atual contact with either of them, and the ringing will, con-
fequently, ceale.  When thefe two experiments of the bells and
the figures are cxhibited at the fame time, they have the appear-
ance of men or animals dancing to the mufic of the bells s which,
if well conduéted, may be very diverting.

Ir a picce of burnt cork, about the bignefs of a pea, cut into
the form of a fpider, with legs of linen thread, and a grain or
two of lead put in it, to give it more weight, be fufpended
bya fine filken thread, it will, like a clapper between the two
bells, jump from an clerified to an unelerified body and back
again, or between two bodies poffefled of different eleiricities,
moving its legs as if it were alive, to the great furprize. of per-
fons unacquainted with the conftruétion of it. This isan Ame-
rican invention, and is defcribed by Dr. Franklin. *

# Letters, p. 17
Xxx2 SEVERAL
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SevERAL very béautiful experiments, which depend on ele@ri-
cal repulfion, may be fhown to great advantage by bundles of
thread, or of hair, fufpended from the'conduétor, or prefented to
it They will fuddenly ffart up, and feparate upon being elec-
trified, and infiantly collapfe when the ele@ricity is taken of.
If the operator can manage this experiment with any degree of
dexterity, the hair will feem to the company to rife and fall at
the word of command. :

Ir a large plumy feather be fixed upright on an elerificd fland,
or held in the hand of a perfon cle@trificd, it is very pleafing to
bferve how it becomes turgid, its fibres extending themfelves
in all dire@ions from the rib; and how it fhrinks, like the fen-
fative plant, when any uncle@rified body touches it, the point
of a pin or needle is prefented to it, or the prime condutor
with which it is conneGted.

Burr the effe@s of cle@rical repulfion are fhown in a more fur-
prifing manner by means of water iffuing out of acapillary tube.
1f a veflel of water be fapended from the condudor, and a ca-
pillacy fyphon be put intoit, the water will ifiue flowly, and in
the form of large drops from the lower leg of the fyphon; but,
upon cle@rifying this little apparatus, inftead of drops, there
will be one continued ftream of water; and if the elecErification
be ftrong, & number of fireams, in the form of a cone, the apex
of which will be at the extremity of the tube;; and this beautiful
thower will be luminous in the dark.

Lastry, Mr. Rackitrow’s experiment (as it is generally call-
ed) is & ftriking inflance of cledirical attraction and repulfion,
and, at the fame time, cxhibits a very pleafing fpectacle. Elec-
trify @ hoop of metal, fafpended from the prime conductor (oF
fupported with {mall picces of fealing wax, &c.) about half an
inch above a plate of metal, and parallel to it. Then place &

round
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rotnd glas bubble, blown very light, ‘upori the plate, near the
hoop, and it will be immediately attracted to it, In confequenice
of this, the part of the bubble which touched the hoop will ac-
quire fome ele&ric virtue, and be repelled; and, the electricity
not being diffufed over the whole furface of the  glafs,  another
part of the furface will be attracted, while the former goes to .
difcharge its cledtricity upon the place.  This will produce a
revolution of the bubble quite round the hoop, as long a5 the
electrification is. continued, and will be either way, juft as it
happens to fet out, or as it is driven by the operator. If the
room be darkened the glafs ball will be beautifully illuminated.
Two bubbles may be made to revolve about the fame hoop, one.
on the infide, and the other on the outfide; and either in the
fame, or contrary diretions. 1 more hoops be ufed, a greater
number of bubbles may be made to revolve, and thus a kind of
planetarium or orrery might be conftru@ed, and a_ ball hung over
the center of all the hoops would ferve to reprefent the fun in the
center of the fyftem. O the haops might be made elliptical,
and the fun be placed in one of the foci. N.B. A bell or any
metallic veflel inverted would ferve inftead of a fingle hoop.

Ary the motions above-mentioned are the immediate effect of
cle@irical attraction and repulfion. 'The following amafing ex-
periments are performed by giving motion to bodies through the
medium of air, i. c. by firft putting the air in motion. Let the
eleirician provide himfelf with a fet of vanes, made of gilt paper
or tinfel, each about two inches in length and one in breadth.
Letthefe be ftuck in a cork, which may be fufpended from a
magnet by means of a needle 5 and then, if they be held at a
fmall diftance on one fide of the end of a pointed wire proceed-
ing fiom the conduétor, they will be turned round with great
rapidity by the current of air which flows from the point. If

the
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the vanes be removed tothe othér fide of the point, the’ motion
will prefently ftop, and begin again with the fame rapidity .in 4
contrary diretion ; and thus the motion may be changed at plea-
fare.  This experiment may be diverfified by vanes cut in the
form of thofe of a fmoke jack s when, “being held over the end
of a pointed wire, turned upwards, and clecrified, they will b
turned round 'very fiwifcly, by the curret of air fowing upiwards.
If they be held under a point projecting ' downwards, they will
be turned the contrary way. :

Ox'the top of a finely pointed wire, rifing perpendiculerly
from the condudor, Tet another wire fharpéned at each end be
made to'move freely as on a center.  If it be well balanced, and
the points be bent horizontally, in oppofite direions, it will,
when ele@rified, turn very fwiftly round, by the reaction of the
air againft the current which flows off the points. Thefe points
may'be flearly concealed, and horfes or other figures placed upon
¢hic wires, o as to turn round with them, and look as if the one
purfited the other.  This experiment Mr. Kinnerfley calls the
BLECTRICAL HORSE RACE. ~If the number of wircs proceeding
from the fame center be increafed, and different figures be put
upon them, the race will be more complicated and diverting. 1f
this wire which fupports the figures have another wire fincly
pointed rifing from its center, another fet of wires, furnithed
with other figures, may be made to revolve above the former,
and either in the fame, or in a contrary direion, as the. opers-
tor pleafes.

Ir fuch a wire, pointed at each end, and the ends bent in
oppofite dire@ions, be farnifhed like a dipping needle with a
fmall axis fixed in its middle, at right angles with the bending
of the points, and' the fame be pliced between two infulated wirc
firings, near and parallel to cach other, fo that it may turn on

its
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itsaxis Frecly upon and: between thehns it will, ‘when clecri-
fied, have a progreflive as well as circular motion; from one end
of)itheitiwires' that mppurnt o the mh:r, andothis even up a
confidetable afeent.
% A off Beautifil appeaciades’nhayll el cxbibid by
afis Gf ele@tical’ LiGA T, even in the open air; bif ilic room be
ekl “Brithes ‘of Tight ffom points cle@rified pofitively, “and
ot iiadé| very fhatp, or from the edges of metallic plates, di-
i o very Beautiful manner, and may be excited to @ great
mgzh, by prefénting to them a finger, or the palm of the hand,
Wwhich they 141 Tike fft Tanbent flamcs, ‘which have not
t Teaft pungency, nor give @ difigreéable fénfation of any Kind.
1t is alfo amuling to obferve the difference theré s between
Prafhes of Tight from pointed bodies ele@rified pofively, or
negatively.

In the ele@rical horfé ‘face above-mentioned, ' finall flame
‘will Be feen in the'dirk at‘every point of the bent wires; fo that,
if the ‘operator can contrive to make' the wire terminate in the
horfe’s tail, it will feem to be all on fire. And if a circular
Plate of tctal be cat o the fhape of a ftar, fo that every point
fhay be at the fifhe diftance from the center, ‘and the ‘center be
imade t6'tlirn freely on a point, like!‘the wires in the preceding
experiment, a fmall flame will be feen at cvery point; ‘and if
the flar be turned round, it will exhibit the' appearance of a lu~
id circle, " withoit any difeontinuanice of the light:

T the elegtiic fparks be taken from”a brafs ball, at the extrex
ity of a'long brafs od; ‘infetted into the prime ‘condultor,  they
Will'often be'feveral inches long, " and ‘iffue ‘in‘a‘great varicty of
crooked dire@tions, exactly refembling the courfe of lightning, and
&hibiting a very amufing {pediacle. A friend of Dr. Franklin’s
fuppofes that the fpark is thrown out of a ftrait courfe by the

denfity
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denfity of the air increafed by the ation and reation of the two
fluids, which are repulfive of one another. *

As the motion of elecric matter is, to the fenfes, inftanta-
neous, a variety of beautiful appearances may be exhibited by a
number of fmall ele@ric fparks, difpofed in various forms.
“This may be done by means of a board and 2 number of wires,
in the followingmanner. Let two holes be made through the
board, abouta quarter of an inch on each fide of the fpot where
afpark is defired. Let the extremities of the wires neatly round-
<d, come through thefe holes, and be brought near together,
exa@ly over the place; and let the wires on the back fide of the
board be fo difpofed, as that an cle@ric fpark muft take them
all in the fame circuit.  When they are thus prepared, all the
points will appear luminous atonce, whenever a fpark is taken
by them at the prime condudtor. In this manner may beautiful
seprefentations be made of any of the confiellations, as of the
great bear, Orion, &c; and in this manner, alfo, may the
outlines of any drawing; as of figures in tapeftry be exhibit-
ed.
Trg Abbé Nollet has taken a great deal of pains to make the
appearance of letters, and other figures, by means of eledtic
fparks, and as it is impoffible to make the fparks follow one ano-
therin a complete circle, on the fame fide of any flat furfice,
he miakes ufe of plates of glafs, and places one half of the cir-
cle, &c. on one fide of the plate, and the other half on the ather
fide, connedling the pieces,that are neareft one another, but on
different fides of the glafs, by wires brought round it The
defeription would be 100 tedious for this place, but the execution

* Franklin's Letters, new edicion, p.167. -t Lettres, Vol. 3. p.28i.
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will bz vry  eafy, to any perfon who has but a little know-
ledge of cledtricity.

T force of an cleduric fpark in fetting fire to various fub-
flances was one of the fielt experiments that gave an sdlat to
clediricity, and itis fHll repeated with pleafure.  Spirits of wine
a little warmed arc commonly made ufe of for  this purpofe.
The experiment will not fail to fucceed, if a pretty ftrong fpark
be drawn, in any manner, or direction whtever, through any
part of it; and this may cafily be done many ways, if it be cone
tained in 2 metal fpoon with a pretty wide mouth. A candle
newly blown out may be lighted again by the electric fpark
paffing through the grofs part of the fmoak, within half an inch
of the fuff; though it is perhaps blown in again by the motion
given to the air by the force of the explofion.  Alfo air produ-
ced by the effervefcence of fiecl filings with oil of vitrol diluted
with water, and many other fubftances, which throw out an
inflammable vapour, may be kindled by it.

Tu ftrong phofphoreal or fulphurcous fmell, which may be
perceived by prefenting the noftrils within an inch or two of any
ele@rified point, makes a curious experiment, but it does not
give a pleafing fenfation.

LasTy, the moft entertaining experiment that can be per-
formed by fimple cle@rification, is when one or more of the
company ftand upon an infulated ftool, holding a chain from
the prime conducor. In this cafe, the whole body is, in reality,
. part of the prime conductor, and will exhibit all the fame ap-
pearances, emitting {parks wherever it is touched by any perfon
fianding on the floor. If the prime conductor be very large, the
fparks may be too painful to be agreeable, butif the conductor be
finall, the electrification moderate, and none of the company
prefent touch the eyes, or the more tender parts of the face of the

B Yy perfon
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perfon ele@rified, the experiment is diverting enough to all
parties.

Mos of the experiments above-mentioned may alfo be per-
formed to the moft advantage by the perfon ftanding upon the
ftool, if he hold in his hand whatever was direfted to be faftened
to the prime conductor.  Spirits of wine may be fired by a fpark
from a perfon’s finger as cffe@tually as in any other way. Care
mutft be taken that the floor on which the ftool is placed be free
from duft, but it is moft advifable to have a large fmooth board
for the purpofe. §

SECTION
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SECTION 1.

ENTERTAINING EXPERIMENTS PERFORMED By MEANS
or THE LEYDEN PHIAL.

N O elegtrical experiments anfiwer the joint purpofe of pleas
fure and furprife in any manner comparable to thofe that
are made by means of the Leyden phial. All the varieties of
cle@rical attraction and repulfion may be exhibited, cither by
the wire, or the coating of it; and if the knobs of two wires,
one communicating with the infide, and the other with the
outfide of the phial, be brought within four or five inches of
one another, the ele@rical fpider above-mentioned will dart
fiom the one to the other in a very furprifing manner, till the
phial be difcharged. But the peculiar advantage of the Leyden
experiment is, that, by this means, the ele@rical flafh, report,
and fenfation, with all their effects, may be increafed to almoft
any degree that is defired.

Waen the phial, or the jar, is charged, the fhock s given
through a perfon’s arms and breaft, by direting him to hold a
chain communicating with the outfide in one hand, and to
touch the wire of the phial, or any condu@or communicating

Yyye with

VYVA.BHSC



532 EXPERIMENTS witn  Parr VIL

with it, with the other hand. Or the fhock may be made to
pafs through any particular part of the body without much af-
fecting the e, if that part, and no other, be brought into the
circuit through which the fire muft pafs from one fide of the phi-
al to the other.

A creaT deal of diverfion is often occafioned by givinga per-
fon a fhock when he does not expect it; which may be done by
concealing the wire that comes from the outfide of the phial under
the carpet, and placing the wire which comes from the infide in
fuch a manner in a perfon’s way 5 that he can fufpe@ no harm
from putting his hand upon it, at the fame time that his feet
are upon the other wire. This, and many other methods of
giving afhock by furprife, may eafily be executed by a litie
contrivance ; but great care thould be taken that thefe fhocks
benot ftrong, and that they be not given to all perfons promif-
cuoufly:

Witz a fingle perfon receives the fhock, the company is di-
verted at his fole expence ; but all contribute  their fhare to the
entertainment, and all partake of it alike, when the whole com-
pany forms a circuit, by joining their hands ; and when the ope-
rator dires the perfon who is at one extremity of the circuit to

~hold a chain which communicates with the coating, while the
perfon who is at the other extremity of the circuit touches the
wire. Asall the perfons who form this circuit are ftruck at the
fame time, and with the fame degree of force, it is often very
pleafant to fec them ftart at the fame moment, to hear them
compare their fenfations, and obferve the very different accounts
they give of it.

Ta1s experiment may be agreeably varied, if the operator,
inftead of making the company join hands, direct them to tread
upon each others toes, or lay their hands upon each others heads;

an
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and if, in the latter cafe, the whole company fhould be ftruck
to the ground, s it happened when Dr. Franklin once gave the
fhock to fix very fout robuft men, the inconvenience arifing
from it will be very inconfiderable. “The company which the
Doétor ftruck in this manner neither heard nor felt the ftroke,
and immediately got up again, without knowing what had hap-
pencd.  This was done with two of his large jars (each contain=
ing about fix gallons) not fully charged. *

Tus moft pleafing of all the furprifes that are given by the
Leyden phialis that which Mr. Kinner(ley contrived and called
the mAGIC PICTURE, which he deferibes in the following man-
ner. Having  large metzotinto, with a frame and glafs (fp-
pofe of the king) take out the print, and cut a pannel out of it,
near two inches diftant from the frame all round. If the cut be
through the picture, it is not the worle. With thin pafte, or
gum water, fix the board that is cut off on the infide of the glafs,
prefling it fmooth and clofe, then il up the vacancy, by gild-
ing the glafs well with leaf gold, or brafs. Gild likewife the
inner edge of the back of the frame all round, except the top
part, and form a communication between. that gilding and the
gilding behind the glafs 5 then put in the board, and that fide
is finifhed. Turn up the glafs, and gild the forefide exactly
over the back gilding s and when it is dry, cover it, by pafting
on the pannel of the picture that has been cut out, obferving to
bring the correfpondent parts of the board and picture together,
by which the picture will appear of a picce as at firft, only part
is behind the glafs, and part before. Laftly, hold the picture
horizontally by the top, and place a little moveable gilt crown:
on the king’s head.

® Franklin's Letters, new edition, p. 524 +10.p. 390

VVA.BHSC



534 EXPERIMENTS witn Parr VI

Ir now the picture be moderately eletrified, and another per.
fon take hold of the frame with one hand, fo that his fingers
touch its infide gilding, and with the other hand endeavour to
take off the crown, he will reccive a terrible blow, and fail in
the attempt. - The operator who holds the picture by the upper
end, where the infide of the frame is not gilt, to prevent its
falling, feels nothing of the (hock, and may touch the face of
the picture without danger, which he pretends to be a teft of his
loyalty. Ifa ring of perfons take a thock among them, the ex-
periment is called the coNsPIRATORS.

As the ele@ric fire may be made to take whatever circuit the
operator fhall pleafe to dire@, it may be thrown into a great va-
sicty of beautiful forms. Thus, if a charged phial be placed at
one extremity of the gilding of a book, and the difcharge be
made by a wire which touches the other extremity, the whole
gilding will be rendered luminous. ~ But if feveral pretty ftrong
fhocks be fent through the fame gilding, they will foon render
it ineapable of tranfmitting any more, by breaking and fepara-
ting the parts too far afunder. Alfo the elecric conftellations and
figures, mentioned above, may be lighted up much more ftrongly
by a charged phial than by fparks from the condutor; only, they
cannot belighted up f often in this way.

O the fame principle that the wires of phials charged differ-
ently will attrac and repel differently, is made an BLBCTRICAL
waEEL, which Dr. Franklin fays, turns with confiderable
frength, and of which he gives the following defeription. A
fiwall upright fhaft of wood paffés at right angles through a thin
round board, of about twelve inches diameter, and turns on a
fharp point ofiron, fixed in the lower end ; while a firong wire
in the upper cnd, pafling through a fmall hole in a thin brafs
plate, keeps the fhaft traly vertical. About thirty rads, of equal

Length,
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Iength, made of fafh glafs, cut in narrow flips, ifiue horizontal-
Iy from the circumference of the board; the ends moft diftant
from the center being about four inches apart. On the end of
every one a brafs thimble is fixed.

Ir now the wire of a bottle, eledirified in the common way,
be brought near the circumference of this wheel, it will attract
theneareft thimble, and fo put the wheel in motion. That
thimble, in pafiing by, receives a fpark, and thereby being
electrified, is repelled, and fo driven forwards, while & fecond
being attracted approaches the wire, receives a (park, and is driven
after the firft; and foon, till the wheel has gone once round ;
when the thimbles before ele@rified approaching the wire, in-
fiead of being attradled, as they were at firlh, arc repelled,
and the motion prefently ceafes.

Bur if another bottle, which had been charged through the
coating, be placed near the fame wheel, its wire will attrat the
thimble repelled by the firft, and thereby double the force that
carries the wheel round ; and not only taking out the fire that had
been communicated by the thimbles to the firft bottle, but ‘even
robbing them of their natural quantity,  inftead of being repelled
when they come again towards the firft bottle, they are morc
firongly attracted ; fo that the wheel mends its pace, ill it goes
with great rapidity, twelve or fificen rounds in a minute, and
with fuch firength, that the weight of 100 Spanifh dollars, with
which we once loaded it, did not in the leaft feem to retard its
motion.  This is called an przeTRICAL JAcK, and if a larga
fowl wasdpitted on the upper fhaft, it would be carried roun
before a fire, with a motion fit for roafting.

Bur this wheel, continues the Doctor, like thofe driven by
wind, moves by a foreign force, to wit that of the bottles

THE SELF MOVING WHEEL, though conftrudted o the fume

principles
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principles, appears more furprifing. It is made of a thin round
plate of window glafs, feventeen inches diameter, well gilt on
both fides, all but two inches next the edge.  Two fmall hemif-
pheres of wood are then fixed with cement to the middle of the
upper and under fides, centrally oppofite ; and in each of them a
“thick ftrong wire, eight or ten inches long, which together
makes the axis of the wheel. It turns horizontally, on a point at
the Tower end of its axis, which refts on a bit of brafs, cemented
within a glas falt cellar. ~ The upper end of its axis pafles
through a hole in a thin brafs plate, cemented to a long and
ftrong piece of glafs ; which keepsit fix or eight inches diftant
from any non-eleéric, and has a fmall ball of wax or metal on
its top, to keep in the fire.

In a circle on the table which fupports the wheel, are fixed
twelve fmall pillars of glafs, at about eleven inches diftance,
with a thimble on the top of each. On the edge of the wheel
is a fmall leaden bullet, communicating by a wire with the
gilding of the upper furface of the wheel ; and about fix inches
from it, is another bullet, communicating, in like manner,
with the under furface. When the wheel is to be charged by the
upper furface, a communication muft be made from the under
furface to the table.

Waex itis well charged, it begins to move. The bullet
neareft to a pillar moves towards the thimble on that pillar, and,
pafiing by, cle@rifics it, and then puthes itfelf from it. The
fucceeding bullet, which communicates with the other furface
of the glafs, more ftrongly attraéts that thimble, on dccount of
its being ele@rified before by the other bullet, and thus the
wheel increafes its motion, till the refiftance of the air regulates
it. It will go half an hour, and make, one minute with ano-
ther, twenty turns in a minute, which is 600 turns in the whole,

the
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the bullet of the upper furface giving in cach turn twelve fparks
to the thimbles, which makes 7200 fparks, and the bullet of the
under furface receiving as many from the thimble, thofe bullets
movingin the time near 2500 feet.  The thimbles are well fixed,
and in [ exat a circle, that the bullets may pafs within a very
fmall diftance of each of them.

Ir inftead of two bullets, you put eight, four communicating
with the upper furface, and four with the under furface, placed
alternately (which cight, at about fix inches diftance, complete
the circumference) the force and fiwiftnefs will be greatly increaf-
ed, the wheel making fifty turns in a minute, but then it will
fot continue moving o long.

Tuzse wheels, the Doctor adds, may be applied perhaps to
the ringing of chimes, and moving light made orrerics. *

A puiaL makes the moft beautiful appearance when it is
charged without any coating on the outfide, by putting the hand,
or any condudtor, toit, for then, at whatever part of the jar
the difcharge is made, the fire will be feen to branch from it in
moft beautiful ramifications all over the jar, and the light will
be fo intenfe, that the minuteft of the branches may be feen in
open day light.

Tae difcharge of a large electrical battery is rather an awful
than a pleafing experiment, and the effects of it, in rending va-
tious bodies, in firing gun powder, in melting wires, and in
imitating all the effects of lightning, never fail to be viewed
with aftonithment. In order to fire gun powder, it muft be
made up into a fmall cartridge, with blunt wires inferted at
each end, and brought within half an inch of each other, through
which the fhock muft pas: or a very fmall wire may be drawn

* Frankins Letes, .18, .
Zig through
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through the center of it, and the explofion will be made by its
melting. A common jar will eafily ftrike a hole through o
thick cover of a ook, or many leaves of paper, andit is curious
to obferve the bur raifed on both fides, as if the fire had darted
both ways from the center.

A coxsipERABLE number of experiments with an ele@rical
battery, fome of which exhibit fine appearances, will be par-
ticularly deferibed in the laft part of the work.

SECTION
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SECTION I

ENTERTAINING EXPERIMENTS MADE BY A COMBINATION
OF PHILOSOPHICAL INSTRUMENTS.

IN order to exhibit fome of the finet ele@irical experiments,
the operator muft call to his aid other philofophical infru~
ments, particularly the condenfing machine, and the air pump.
Ir the fountain made by condenfed air be infulated, and be
made to emit one ftream, that fiream will be broken into a thou~
fand, and equally difperfed over a great fpace of ground, when
the fountain is eledrified ; and by only laying a finger upon the
condudor, and taking it off again, the operator may command
cither the fingle ftream, or the divided ftream at pleafure. In
the dark, the eletrified ftream appears quite luminous.
Tur greateft quantity of cledtric light is feen in vacus, Take
a tall receiver very dry, and in the top of it infert with cement
4 wire not very acutely pointed. Then exhautt the receiver, and
prefent the knob of the wire to the conductor, and every fpark
will pafs through the vacuum in a broad ftrcam of light, vifible
through the whole length of the recciver, be it ever o tall.
This ftream often divides itfelf into a varicty of beautifal rivulets,
Zzz2 which

VVA.BHSC



540 EXPERIMENTS witn Parr VII

which are continually changing their courfe, uniting and divid-
ing again, in amoft pleafing manver. If a jarbe difcharged
through this vacuum, it gives the appearance of a very denfe
body of fire, darting dire@ly through the center of the vacuum,
without ever touching the fides; whereas, when a fingle fark
paffes through, it generally goes more or lefs to the fide, and 2
finger put on the outfide of the glafs will draw it wherever 2
perfon pleafes. If the vefel be grafped by both hands, every
fpark is felt Tike the pulfation of a great artery, and all the fire
makes towards the hands. ~This pulfation is felt at fome diftance
from the receiver; and in the dark, a light is feen betwixt the
hands and the glafs.

Avz this while the pointed wire is fuppofed to be ele@rified
pofitively ; if itbe elecrificd negatively, the appearance is re-
markably different. Infiead of ftreams of fire, nothing is feen
but one uniform luminous appearance, like a white cloud, or
the milky way in a clear flar-light night. It feldom reaches the
whole length of the veffel, but is gencrally only likea lucid ball
at the end of the wire.

Avery beautiful appearance of eleétric light in a darkened
room may alfo be produced by inferting a fimall phial into the
neck of a tall receiver, fo that the external furface of the glafs
may be expofed to the vacuum. The phial muft be coated on
the infide, and while it is charging, at every {park taken from
the conduor into the infide, a flath of light is feen to dart, at
the fame time, from every part of the external furface of the jar,
fo 2 quite to fill the receiver. Upon making the difcharge, the
light is feen to return in a ‘much  clofer body, the whole com-
ing at once.

Burt the moft beautiful of all the experiments that can be ex-
hibited by the eleric light is Mr, Canton’s AURORA BOREALIS,

of
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of which the following is but an imperfe& defcription. Make
a torricellian vacuum in a glafs tube, about three feet long, and
feal it hermetically, whereby it will be always ready for ufe.
Let one end of this tube be held in the hand, and the other ap-
plied to the conductor, and immediately the whole tube will be
illuminated, from end toend; and when taken from the con-
duétor, will continue luminous without interruption for a con-
fiderable time, very often above a quarter of an hour. If, after
this, it be drawn through the hand either way, the light will be
uncommonly intenfe, and without the leaft interruption from
one hand to the other, even to its whole length. After this
operation, which difchargesit in a great meafure, it will fill
flath at intervals, though it be held only at one extremity, and
quite &Il 5 but if ic be grafped by the other hand, at the fame
time, in a different place, ftrong flathes of light will hardly ever
fail to. dart from one end to the other; and this will continue
twenty four hours, and perhaps much longer, without frefh ex-
citation. Small and long glafs tubes exhaufted of air, and bent
in many irregular crooks and angles, will, when properly elec-
trified in the dark, beautifally reprefent flathes of lightning.

I suatz conclude this defeription of entertaining experiments
with an account of the manner in which Dr. Franklin and his
friends clofed the year 1748. The hot weather coming on, when
cletrical experiments were not {o agreeable, they put an end to
them for that feafon, as the Doctor fays, fomewhat humouroufly
in a party of pleafure on the banks of the Skuylkil. Firlt, fpi-
sits were fired by a fpark fent from fide tofide through the river,
without any other condu@or then the water. A turkey was
killed for their dinner by the electrical thock, and roafted by the
ele@rical jack, before a fire kindled by the ele@rified bottle,
when the healths of all the famous electricians in England, Hol-

land,
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land, France, and Germany, were drunk in ele@rified bum-
pers, under a difcharge of guns from the eletrical battery, *

Harry would the author of this treatife be to fee all the
great cledricians of Europe, or even thofe in England, upon
fuch an occafion, and efpecially after having made difcoveries in
eledtricity of equal importance with thofe made in Philadelphia
in the year referred to.  With pleafure would he obey a fum-
mons to fuch a rendezvous, though it were to ferve the illuftri-
‘ous company in the capacity of operator, or even in the more
humble office of waiter. = Chearfulnefs and focial intercourfe do,
both of them, admirably fuit, and promote the true fpirit of
philofophy.

* Frankliv’s Letters, p. 3.

PART
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PoA R T VI,

NEW EXPERIMENTS IN BLECTRICITY, MADE GHIEFLY
IN THE YEAR 1766.

SHALL, in the laft part of this wotk, prefent my reader

with an account of fuch new experiments in electricity as this
undertaking has led me to make. I hope the perufal of this
work may fuggeft many more, and more confiderable ones to my
readers, and then I fhall not think that T have written in
vain.

To make this account the more ufeful to fuch perfons as may
be willing to enter into philofophical invettigations, I fhall not
fail to report the real views with which cvery experiment was
made, falfe and imperfe@ as they often were. I was always
greatly pleafed with the extreme cxanefs and fimplicity of Mr.
Grey, and fhall, therefore, imitate his artlefs manner. And
though an account of experiments drawn up on this plan be lefs
caleulated to do an author honour as a philofopher; it will,
probably, contribute more to make other perfons philofophers,
which is a thing of much more confequence to the public.

Maxy modeft and ingenious perfons may be engaged o at-

tempe
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« tempt philofophical inveftigations, when they fee, that it requires
no more fagacity to find new truths, than they themfelves are
mafters of ; and when they fee that many difcoveries have been
made by mere accident, which may prove as favourable to them
as to others.  Whereas it is a great difcouragement to young and
enterprifing geniufes, to fee philofophers propofing that firft,
which they themfelves attained to laft; firft laying down the
propofitions which were the refult of all their experiments, and
then relating the fats, as if every thing had been done to verify
a true preconceived theory.

Tats fynthetic method is, certainly, the moft expeditious way
of making a perfon underftand a branch of fcience; but the
analytic method, in which difcoveries were actually made, is
moft favourable to the progrefs of knowledge.

1 uave, indeed, endeavoured to make the whole preceding
hiftory of eledkricity ufeful in this view, by not contenting my-
felf with informing the reader what difcoverics have been made;
but, wherever it could be done, acquainting him 4ow they were
made, and what the authors of them had in view when they
made them. In general, this has not been difficult to do, the
facts being recent, and moft of the perfons concerned now liv-
ing. And perhaps, in no branch of fcience has there becn lefs
owing to genius, and more to accident ; {o that no perfon, who
will give a little attention to the fubjet, need be without hopes
of adding fomething to the common flock of electrical difcove-
ries. Nay it would be extraordinary, if, ina great number of ex-
periments, in which things were put into a variety of new fitu-
ations, no new fac, worth communicating to the public, fhould
arife.

Tue method I propofe will, likewife, give the moft pleafure
to thofe perfons, who delight in tracing the real progrefs of the

human
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human/mind, in'the invefligation of truth, and the acquiftion
of knowledge; ‘as T hiope it will carry. with it fufficient evidence
of its own authentisity. . For this progre(s,. we may affure our-
felves; has, inall cafes, been by eafy fieps, even when it has
been the moft rapid.  Wercit pofible to trace the  fucceflion of
ideas in'the mind of Sir Ifiac Newton, ‘during the time that he
made his greateft difcoveries, ‘T make no doubt but our amazeo
ment at the extent of his genius Wwould 4'litele fubfide.’ But if;
when a man publifhes difcoverics, he, either through defign,
or through habit, omit the intermediate fteps by which he him..
{eIf arrived at them ; it is no wonder that his fpeculations con-
found others, and that the generality of mankind ftand amazed
at bis reich of thought.  If a man afcend to the top of a build-
ing by the help of a common ladder, but cut away moft of the
fieps after e has done with them, leaving only every ninth or
tenth fiep 5 the view of the Tadder, in the condition in whicn he
has been pleated to exhibit it, gives us a prodigious, but an un-
jult idea of the man Wwho could have made ufe of it. But if he
had intended that any body thotld follow him, he fhould haye
left the ladder as he conftruéted it, or perhaps as he found it, for
it might have been & mere accident that threw it in his way.  1¢
is poflible he had even better have deftroyed it entirelys a5, in
fome cafes, @ perfon would more eafily make a new ladder of his-
own, than repair an old and damaged one.

Tiat Sir Ifaac Newton himfelf owed fomething to a cafual
turn of thought, the biftory of his aftronomical difcoveries jn.
forms us; and where we fee him moft in the character of 4 ex-
perimental philofopher, s in his optical inquities (though the
method of his treatife on that fubject is by no means purely ana-
ytical) we may eafily conceive that many perfons, of equal pa-
tience and induftry (which are not called qualities of the under-

4A ftanding)
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fanding) might have done ‘what he did. And were it pofiible
to fee in what manser he was firft led to thofe fpeculations, the
very fteps by which he purfued them, the time that he fpent in
making experi and all the 1 and i i
ones that he made in the courfe of them ; as our pleafure of one
kind would be increafed, our admiration would probably de-
creafe. -Indeed he himfelf ufed candidly to acknowledge, that
if he had done more than other men, it was owing rather to a
habit of patica ¢hinking, than toany thing elfe.

T po not fay thefe things to detract from the merit of the great
Sir Ifaac Newton; but I think that the interefts of fcience have
fuffered by the exceflive admiration and wonder, with which
feveral firft rate philofophers are confidered; and that an opinion
of the greater cquality of mankind, in pointof genius, and
‘powers of underftanding, would be of real fervice in the prefent
age. -Tewould bring more labourers into the common field ; and
fomething more, at leaft, would certainly be done in confe-
quence of it For though I by no means think that philofophi-
cal difcoveries are at a ftand, I think the progrefs might be
quickened, if ftudious and modeft perfons, inftead of confining
themfelves to the difcoveries of others, could be brought to en-
tertain the idea, that it was poffible to make difcoveries them-
felves.  And, perhaps, nothing would tend more cffe@ually to
introduce that idea, which is at prefent very remote from the
minds of many, in which it ought to have a place, thana faith-
ful hiftory of the mannerin which philofophical difcoveries have
a@ually been made by others.

Tuat this fidelity has been preferved in the following narre-
tive, I make no doubt of its being its own voucher. Its imper-
fections will be a fufficient evidence. The fame fidelity will alfo
oblige me torelate feveral facts as appearing new to myfelf,

which
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which;the.courfe of the proceding hiftory will fhow to have been
difcovered by others, though I was not then aware of it, Of
{uch after difcoveries, however, I have mentioned only thofe
which, it will be feen, I have purfued fomething farther than
the original authors, having attended to circum@tances overlooked
by them s or, at leaft, having made the cxperiments with much
more exacnefs s fo that the reader may expec: fomething really
new under every article.  And the experiments which prove the
fame thing will be found confiderably different from thofe of
othiers, and:to furnith additional atguments of the fame general
propofitions. - This repetition of old difcoveries, and this yariety
in the experiments by which they were made, were both occa~
fioned by a fituation which is more or lefs .common to, every
cle@rician in England 5 - whercby we arc ignorant of agreat dqx
of what has been done by others.

Ix the following narrative will alfo be found an account not
only of experiments which are complete, which: exhibit_ fome
new faét, and from which fomething relating to the general
theory of cleétricity may be deduced ;- but alfo fome that arc in-
complete, which!produced no new appearance, -and from which
nothing pofitive could be concluded. - If ele@ricians in general
had done this, they would have faved one another a great deal
of ufelefs labour, and would have had more time for making, exr
periments really new, and which might have terminated in con-
fiderable' difcoveries. - Befides; if things be really put into. ney
fituations,  though nothing poftive can be inferred from the ex-
periment, at leatt fomething negative may 5 and this cannot, be
fiid to be of noimportancein feience ; nor friétly, fpeaking to
be no new truth. A fufficient number of thefe experiments may,
in many cafes;’ lay 4 foindation for probable and pofitive con-

clufions.
4A2 I MAKE
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T MAKE no apology forleaving (o atifiy of thiefe ‘experiments
ithperfect, and for publifhing this'account of them “before  they
have been purfued fo far as it/ may,  pethaps, be thought they
deferve. I rather think the generality of philofophers ought to
make an apology to the public, for delaying the communication
of tlieir experimeiits and difcoveries fo 1ong as! they have done.
It is poffible T may never have any more Icifure or opportunity
to purfuethem, and others may better command both ; whereby
the diféovéries will be fooner brought to their maturity, and the
‘progrefs of this branch of philofophy accelerated: - The genuine
fpirit of philofophy is; furely, ‘not that  of mechanicks, who
miake the moft of every little improvement in their arts, and ne-
ver divulge them, till they can'make no more advantage of them
themfelves, ' 1f T could ‘this ‘day  communicate to any fellow-
labourer 4 hint, which it was more probable he could immedi-
ately piirfue t6 advantage than my(elf, T would ot defer it il
to-morrow. ' Nor do T think it is any great boatt of a philofo-
phical indifference to fame to' make this declaration. The grest
Sir Ifiac'Newton feems to have had ‘no’idea ‘of 'the purfuit of
fame: “He deferted the communicdtion” of his important dif-
coveries throngh real modefty, thinking it impertinent to trouble
the public ‘with any thing imperfedt. * I make no pretenfions
to that kind of ‘modefty 5 whethier it be of a true or 2 falfe
Kind, T'think it manifeflly injurious to: the proirefs of know-
ledge:  Like! thofe: who contended in'orié of the games of antient
Greece, I fhall immidiately deliver my torch'toany perfon who
cancarry- it with'more dexterity. - If othersdo'the fame, it may
comeiato my hands sgain, feveral times, before we reach the

goal.
Iromay) be fid, “that T ought;. at leaft, - to have waited till
Thad feen the connection of my new experiments with thofe
that
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that were made before, and have fhown that they were agree=
able to fome general theory of elericity. But when the facts
are before the public, others areas capable of thowing that con-
nection, and of deducing a general theory from them as myfelf.
I but the moft inconfiderable part, of the temple of {cience be
well laidout, or a fingle flone proper for, and belonging o it
becollected ; though at prefent it be ever fo much detached
from the reft of the building, its connection and relative import-
ance will appear in due tirhe, when the intermediate parts fhall
be completed. Every fatt has a real, though unfeen connec-
tion with every other fact: and when all the facts belonging to
any branch of fcience are collected, the fyftem will form itfelf.
In the mean time, our guefling at the (yftem may be fome guide
10 us in the difcovery of the fats; but, at prefent, let us pay
no atention to. the fyltemin any other views and let us mu-
tually ‘communicate “every ‘new fact we: difcover, - without
troubling ourfelves about the fyftem to. which it ‘may be redu-
ced.

! Imsink I fhall give the moft diftinét view of the  few things
that I have obferved, in the fhort courfe: of my electrical expe-
siments, if I relate them pretty nearly- in the order in which
they ocourred, only taking care not to intermix things of a very
different nature. The earliett date i my experiments is the
beginning of the year 17663 when, in confequence of forming.
an acquaintance with fome gentlemen who have diftinguithed
themfelves for their difcoverics in cle@ricity, and of undertaking
to write the preceding hiftory, my attention was firlt turned
towards making fome original experiments in this part ‘of Na-
‘tural Philofophy, which had ferved for my occafional amufement
fome time before.

SECTION
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SECTION L

ExpERIMENTS ON EXCITATION, PARTICULARLY OF TUBES
IN WHICH AIR IS CONDENSED, AND OF LARGE GLASS
GLOBES.

INDING by my own experiments, and. thofe of others,

that a glafs. tube, out of which the air was exhaufted
difeovered no fign of ele@ricity outwards, but that all its cf
fets were obferved on the infide; I imagined that, if the ir
syas condened in the tube, it would operate more ftrongly on
the outfide ;. fo that an additional atmofphere would give it 3
double virtue.  But the tefult was the very reverfe of my cx-
pecations.

Somerime in the month of January,” when the weather
was dry and frofty, I took aglafs tube, fuch as is generally ufed
for cle@rifying, about two feet and a half in leagth, and an
inch in diameter, It was clofed at one end, and by means of 2
brafs cap at the other, I fitted 2 condenfing engine to it; sad
swhen the tube was very dry, and in excellent order for muking
experiments, I began to throw in more air. At every firoke of
the pifton I endeavoured to excite the tube, but found is vir-
tue diminifhed. It was obliged to be brought nearer than be-

fore
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fore to attra&t light bodies, and gave lefs light when rubbed in
the «dark ; 'till, as near as I could judge, Ihad got one addi~
tional atmofphere into the tube; when its power was fcarce
difcernible. Letting out the air by degrees, I obferved it gra-
dually recovered its power. It attracted light bodies ata greater
diftance ;. it gave louder fnappings and more light in the dark ;
and when the additional air was wholly let out, its power
was: immediately as great as it had been before any air was
thrown in. This I tried feveral times with the fame fuc-
cefs.

CoMMUNICATING thefe experiments to Dr. Franklinand Dr.
Watfon, they fuggefted to me, that the non-excitation of the
tube above-mentioned might be owing to moifture introduced
along with the air, and adhering to the infide of the tube. This
conjecture was rendered more probable by another cxperiment T
had made in the mean time.

REPEATING my attempts to excite the tube above-mentioned,
I found that, after very hard rubbing, it began to aét alittle ;
and that its virtue encreafed with the labour. Thinking it
might be the warmth which produced this effect, I held the
tube to the fire, and found that when it was pretty hot, it
would a& almoft as well as when it contained no more than its
ufual quantity of air. I conjectured that the warmth might ex-
pel the moifture from the fides of the glafs, or make the enclofed
air capable of holding a greater quantity of water in a ftate of
perfect folution.

WirLine to determine whether the additional quantity of air
with the moifture it occafioned,  acted in all refpects like a non-
cle@ric coating, I tried the experiment with condenfed air,
that Dr. Defaguliers did with fand. After condenfing the air,
and finding the excitation of it impoffible, asufual, I let the air

faddenly
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fuddenly out,  to fee whether the tube would then thow any f-
fect of the preceding friction; but it had not acquired the fimall-
eft degree of eledricity’s though the firft ftroke of the rubber,
immediately afterwards, made it give (parks to'the finger at the
diftance of two and three inches.  Perhaps the dégree of moitture
it had contraged was very flight, and expelled by the act of ex-
citation.

Urox being defired to repeat this experiment with a particu-
lar view to the moifture ; I obferved that not the leaft cloudine(s
could be perceived to adhere to the glafs, at the time that it was
abfolutely incapable of excitation. When one part of the tube
was made warm, and the other left cold, the fame ftroke of the
rubber would excite the warm part, without in the leaft affecting
the reft.  But il the cold part of the tube appeared not in the
leaft more cloudy than that which was warm ; and the moment
the air was let out, the firft ftroke of the rubber made the whole
ftrongly clectrical.

WILLING to afcertain whether the condenfing of air necefliri-
Iy introduced more moifture in a glafs veffel than the air could
hold in perfeé folution, I conftruéted a glafs condenfer in fuch
a2 manner, that I could charge and difcharge fmall phials in the
infide of it; concluding, that if the additional air brought more
additional moifture, it would be impoffible to charge a phial at
all in thofe circumftances ; whereas, if the air was free from
moifture, it would make the phial hold a greater charge, double
in two atmofpheres, treble in three, &c. Accordingly, I charg-
ed a tube about three quarters of an inch in diameter, and
coated about eight inches, in the glafs veflel, containing about
two atmofpheres ; and it received a much greater charge than it
could be made to take in the open air, and as near as could be
judged, by the report and flath, twice as great. At laft the

. tube
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tube burft by a fpontancous difcharge, after being charged and
difeharged ¢hree or four times, in the condenfed air. It is not at
all probable, that it could have been broke by any charge it
could have held in the open air. This experiment feemed to
determine, that there was no very great degree of moifture in-
troduced into the glafs veflel by the condenfation of air.

I arTexwARDs found that experiments on condenfed ait had
been made by Mr. Du Faye and  others, but not with all the
circumftances above-mentioned.

Some of my electrical friends are of opinion, that the reafon
why a tube with condenfed air  in. it cannot be excited is, -that
the denfe aic within prevents the eleric fluid from being forced
out of the infide of the tube, without which nore can be forced
into the outfide ; and that heating the tube makes the air withe
in lefs electrical, and the tube alfo 3 in confequence of which,
it more cafily parts with the fluid on ‘one fide, and admits it o
the other. But upon this principle how can a flid ftick of glafs
‘be'excited ?

IviacniNG that 2 greater quantity of ele@iric fire would be
produced from the friction of larger globes than thofe of the ufis-
al fize, I provided myfelf on the 24th of April 1766, with.a globe
feventeen inches and a half in diameter. It had only one neck,
and was made exceeding well; only being rather too large for
the mouth of the furnace, a fmall coal had fruck to its equatori
al diameter, which, when it was ftruck off, made 2 fmall hole
init,  This, in fome meafure, disfigured the globe, but I never
imagined it could prevent its excitation in any great degree ;
that I fill indulged hopes of acquiring, by its means, a pro-
digious power of elecricity. But what was my furprize when,
after I'had got it mounted in the beft mianner poffible, and after

4B trying
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trying, for hours together, every method of friction, in the
moft favourable circumflances for excitation, I could fearce get
the appearance of fire from it ; ‘the fparks from the prime con-
ducor being barely vifible.

AcquatNTiNG Dr. Franklin with my difappointment, he ad-
vifed me to get the firft coat of the globe taken oft with emery ;
4s it ‘had often been obferved, that many globes would not
‘work well, till after a confiderable time, when the glafs-houfe
coat, as it may be called, is worn off.  This operation I accord-
ingly performed ‘wpon it, and incredibly laborious it proved;
which greatly. increafed my difappointment, when. I found that
it had all been labour in vain, for the globe had no more elec~
trical power than before.

Disparine of making any thing of this globe, Ilaid it afide,
and, on the 22d of May, gotanother, about fourtcen inches in
diameter. In blowing this globe, every circumftance that [
could imagine had, in the leaft, contributed to my iil fue-
cefs with the former, was carefully avoided. The former was
‘made late in the week, when the metal had been long in fufion;
becaufe T had been told, that globes made in that ftate of the
metal were aliways the beft for elerical purpofes. This was
blown early in the week, when the workmen fay the metal is
moft tranfparent, ‘and freeft from all kinds of imperfoction.
The forther was warmed, in the courfe of making it, in a place
in which wood and coals were frequently thrown, to keep up
the heat. | This was kept free from the fames of any fewel what-
ever. ' Nothing could' be finer. than' the metal of this globe,
nothing more perfeét in its form. It was alfo very well mount-
ed, and I did not doubt of fuccefs. But, after all, this globe,
if pofiible,  gave lefs fire than the former. T had recourle 1o

cvery method of excitation' that 1 had ever heard of,  or could
myfelf.
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myfelf imagine, but all in vain. The thing looked like en-
chantment.

Witrtst Lwas thinking over every thing that I could imagine
might poffibly be the caufc of my ill fuccefs with thefe globes, T
recolle@ed, that another globe, which T had got made for a
friend, in the fame fate of the metal with my laft, and only an
inch and half lefs in diameter, atted exceeding well; and_ that
there was no other apparent difference between them, but that
his had two necks, and an axis quite through it ; whereas mine
had only one neck, and no axis at all. Willing to try every.
thing, I refolved to get the brafs cap of my globe pecforated, and
a fmall wire introduced, to ferve inftead of an axis. - This was
dones but, in making the perforation, it happened, unfortu-
nately, as I then thought, but the moft fortunately in the world
as it proved, that a lump of hard cement, about the bignefs of
afmall wallnut was pufhed into theinfide of the globe. ~ Viexa~
tious as this circumflance was, I was impatient to try my new
experiment, and immediately began to whirl the globe, with
this fuccedanium of an axis, though the cement was all the while
rateling, and fouling the infide.

I map not whirled the globe long, in thefe circumftances,
before I plainly perceived that its power increafed. After fome
time, it was pretty confiderable, and I did not doubt but it was
owing to the axis ; nay I had formed a pretty plaufible theory,
to account for an axis being neceffary to a globe of fuch a fize.
Willing, however, to verify the fa, and afcertain my new hy-
pothefis, I took out the wire; but, to my. farprife, found the
virtue of the globe not at all diminifhed. On the contrary, it
continued increafing, and by the time that the cement was well
broken, and difperfed, fo as to have given a kind of lining to
theglobe, its power was exceeding ftrong, and it adted as well

4Ba2 as
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as any globe Thad ever feen. Tn this flate, T obferved, that
afer exciting any part of the furface, the fmall pieces of cement
in the infide, to the diftance of about two inches, would jump
from the finger, or any conduttor, prefented on the outfide.

Havine, in this unexpe@ted manner, madea perfect curc of
this fmaller globe, I remounted the larger, and confidering, that
the cement could probablyack only as any other elegiric lining,
T introduced into it fome pounded fulphur, mixed with fome
flower 'of brimftone; and found that, as foon as there was
enough to render it femi-opaque, it acted very well.

In this ftate, the appearance of the globe’ was, in feveral
refpects; very remarkable. The part that was rubbed had none
of the falphur upon it, except thofe places where the polifh had
been, in fome meafure, taken off by the emery, in the firt
operation. - Thefe being circular,  the brimftone lay upon them,
Tike the belts of Jupiter. ‘The hemifphere oppofite to the neck
had twice as much fulphur upon it as the other ; and, in both
hemifpheres, the fulphur lay thicker, as it receded from the
equatorial diameter.

I ArTERWARDS put as much’ more fulphur into it, which
doubled the Tining equably every where 5 but left two o threc
great heaps, in particular parts of the equatorial diameter, where
it was rubbed, and where I could perceive no defe@ of polifh.
Whitling the globe, upon this, I found the virtue almoft quite
gone, and even the amalgam could not revive it. Endeavouring
to take the fulphur out of the globe, I broke a great hole into it ;
and alfo the new globe was broken the fame day, by a lump of
hard cement, in the infide, falling from the top to the bottom.
“Thefe accidents rendered my cxperiments incomplete.

T rreN propofed to get another large globe, with one neck,
and a large hole in the oppofite fide ; by means of which I could

cafily
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cafily put different fubftances into it, and take them out again,
in order to find the caufe of the appearances. above-mentioned.
But apprehending this courfe of experiments might prove a little
to0 expenive,  and after all, terminate in nothing, Lunwillingly
defifled. {

I HaD afterwards, however, an opportunity of trying a few
experiments upon:a glafs (pheroid,  about twelve inches. in dia-
meter, in one end of which I had got a pretty large hole made,
through  which I could introduce my hand into the infide, and
which, when it was whirled, I could leave open or clofed at
pleafire. | The other end was furnifhed with a brafs cap and pul-
ley, o adaptit to the machine.. The experiments I made with
it could not afcertain what I wanted to difcover, namely the rea-
fon of the non-excitation of the large globes in the circumftances
above-mentioned 5 becaufe this fpheroid was excited without
any ele@ric lining. - But, however, it is poffible, that the reader.
may think them, on other accounts, worth communicating.

I FirsT put my handkerchief, and various other non-elec-
tric fubftances, into the infide; and obferved, that while they
kept in one picce, and did not difperfe to different fides of
the globe at the fame time, the excitation was very little im-
peded ; but when my handkerchief, &c. opened, and fpread over
the furface of the fpheroid, the excitation was nearly ftop-
ped.

I Pyt a quantity of quickfilver into it; and while the moti-
on of the fpheroid was moderate, and allowed the quickfilver to-
remain at the bottom, or to afcend but a little height on one
fide, the excitation was much impeded; and fill more if it
fpread further, over a confiderable part of the infide furface,
though without partaking of its motion. But when the motion
of the fpheroid was rapid, and entirely communicated to the

quickfilver
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quickfilver, fo that they had no motion with refpe to one ano-
ther, the virtue always revived 4 little ; but fll the excitation
swas inconfiderable.

Pounpep glafs, and other elerics had no fenfible effect;
neither had any number of quills, or a great quantity of dow-
ny feathers; though they inflantly difperfed themfelves, and
covered all the equatorial parts of the fpheroid.

I stiart add to this fetion, on the fubjec of excitation, that
1 once whirled a very thin globe, about fix or feven inches in
diameter, which was made to weigh aif, and not one fourth
part fo thick as a common Florence flafk. Tt was' excited very
powerfully by a piece of leather which had been foaked in 2
mixture of tallow and bees wax, ‘and into which a quantity of
amalgam had been worked. With this globe I could make
my common jar difcharge itfelf over more than five inches of
the external farface, which I reckon to be a confiderable proof
ofiits power. It feems to follow from this experiment, that the
thinnefs of glafs globes, o tubes; is by no means any obftruc-
tion to their ele@ric power.

I the courfe of thefe experiments I had read Mr. Bergman's
account of his curing a globe by a lining of melted fulphur, and
had propofed to try that in the laft place, on account of the
difagreeable operation s but found it fuperfeded in the manner
deferibed above.

SECTION
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SECTION II

ExPERIMENTS wiici prove 4 CURRENT OF AIR rrom
THE POINTS OF BODIES ELECTRIFIED EITHER POSITIVELY
OB NEGATIVELY.

URING a courfe of eleclrical experiments; made to divert

fome of my friends, one/of the company happened to-pre-
féhit a pointed | wire to my hand, ‘as 1 was flanding upon. the
flool; when I was furprifed to petceive a-cool blalt proceeding
from it; though, according to Dr. Franklin's theory, ' the cur-
seiit of the fluid went from my hand to the point. 1 then pre-
fented my rioftrils to the point, and per¢eived the famme ftrong
phofphoreal fmell, as'if the point had beén elé@irified pofitively.
Thefe fas made me entettain fome doubts about the dire@tion of
the current, and the principles of Dr. Franklin's theory, and
led me to the following courfe of experiments ; which proveno-
thing againt that theory, but etablifh a real current of air from
the points of all cletrified bodics.

To afcertain the courfe of the eledtric fluid, T began with
difcharging large thocks through a quantity of water, in which
duft was floating 5 and T eleétrified pointed wires, inferted into

clofe
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clofe receivers full of fimoke; &c. but thefe determining nothing,
I, atlaft, recolleted, that, of all things, flame is the leaft fen-
fibly affeed with electrical attration or repulfion, but moft
cafily with the leatt breath of air; and did not then doubt, but
that the current of air would be in the direétion of the fluid,
being, as it were, impelled by it. .

Witk thefe views, on the 25th. of February, 1 prefented the
flame of a_candle o a pointed wire, elecrificd negatively, as
well as pofitively. The blaft was fo ftrong (in both cafes alike)
as to lay bare the greateft part of the wick, the flame being
driven from the point; and fometimes a pretty large candlc
would be actually blown out by the blaft. But, in all cafes, the
effeét was the fame whether the electric fluid iffued out of the
point, - or entered it.

Pracing theflame, between two points,  one of wvhich com-
municated with the prime_condudor. ele@rified. pofitively, and
the'other, with the floor, - the flame was blown from, that which
communicated -with: the, conductor upon,the other, but not to
fo great a diftance as if the other had been away. . Changing the
points, -the effet was. il the fume, whether that which com-
smunicated with the condugtor was the more (harp,  or the, more
blunt of the two, the flame always receding from it,

Reversin this experiment, and making one of the points
communicate, with. the rubbes, and the other with the floor,
the former always blew, the flame towards the latter, . Tt was evi-
dent, however, that the point which communicated with the
Hoor blew likewife s, for it counteracted the other, and would,
swhen brought near the flame, raife it almoft perpendicular, when
it had been blown quite afide by the other.

Pracixe the flame between two points, one of which com-
smunicated with the rubber, and the other with the condudor,

it
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it was equally affeted by both, being always blown from the
point which was neareft to it.

Iz was very obfervable, that, notwithftanding the current of
air from the points affeted the flame fo remarkably ; yet a fmall
portion of it, when it was brought very near the point, would
be firongly attracted by it, at the fame time that the greateft
part of the flame was, by the current of air, blown the contrary
way. This effet was always the fame, whether the point was
eledtrified pofitively or negatively; though, I fancied that the
negative point attracted the flame more fenfibly than the other.

To make the points blow more {trongly, in a direct line, T
fometimes inclofed them in fmall tubes of glafs,

ArTERwARDS I diverfified this experiment in the following.
manner. I charged the infide of a fmall jar pofitively ; then
fetting it upona glafs ftand, in contact with pointed wire, I placed
the flame of a candle within an inch of the point, and touched
the wire of the jar, with a brafs rod which I held in my hand.
At every touch the flame was blown firongly from the point.
Sometimes it would be blown out ; but another point, being held
oppolite to it, would fupport the flame; and more frongly, if
that point was joined with the rod with which I touched the
wire of the jor. Charging the jar negatively in the infide, all
the effedts were the very fame.  Difcharging the jar through the
points, with the flame in a right line between them, it was dif-
turbed, but not blown to one fide more than the other.

To take off all the effet of elerical attraction and repulfion,
and Teave the current of air to act fingly, I interpofed picces of
brafs wite communicating with the carth, between the points of
the wire and the flame ; and found the blaft to be rather increafed
than diminifhed thereby.

HaviNe communicated thefc experiments to Dr. Franklin, he

TG adyifed




562 A CURRENT OF AIR ParT VIIL

advifed me to try the force of this current upon paper vanes, fuch
as he has defcribed in his letters: for, with. him, they feemed
to turn one way or the other indifferently, juft as they happened
to fet out.  Accordingly I took a cork, and ftuck into the fides
of it thirteen vanes, each being halfa card, well dried, and each
proceeding from the center of the cork. Into the cork I fuck s
needle, by which T fufpended the whole on a magnet.

Trzse vanes I held two or three inches from the point of a
wire, communicating with the outfide coating of the jar, placed
upon an ele@ric fand, in the manner deferibed above s and ob-
ferved, that whenever T took a fpark from the wire communi-
cating with the infide, the vanes were ftrongly blown upon, and
made to turn, as if the current of air had flowed from the point;
at the fame time that, according to Dr. Franklin’s theory, the
ele@ric fluid was entering it. If they were made to turn the
contrary way,  the eurrent foon ftopped them, and never failed
0 bring them back, and make them move as before.

Wiz wires communicating with the floor were placed be-
tween the vanes and the point, to take of all the electrical at-
tracion and repulfion, the vanes flill moved as brifkly as ever.

Wen the jar was charged pretty high, the motion might be
made fo fwift, that the feparate vanes could hardly be diftin-
guithed, as the whole fet turned round.

T morEoVER obferved, that the vanes were tarned very brifk-
1y, not only when held near the point, butalfo when held any
where within the diftance of fix or feven inches from the fides
of the wire, which I made fometimes of a confiderable length.
“The ftrearn would turn the vanes one way on one fide of the
wire, and the contrary way on the other; and being removed
quickly to the different fides, the direion of their courfe might
e changed feveral times, in the difcharge of one fmall jar.

ImaDE
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TADE points to projedt two ways at the fame time, and ob-
ferved,” that the ftream was the fame from both, and alfo when
the points were m!e to projet at right angles from one another.
In this pofition of the wires, it was amufing to obferve, that the
wvanes would move one way, when held near one of the wires;
and immediately turn about and move the contrary way, if re-
moved near the other.

HrrrerTo Thad made my vaiies of exceeding dry paper, in
order tomake them lefs affected by cleérical attraction and re~
pulfion, that fo the current of air might be the more indifputables
but Mr. Canton defiring me to try vanes that were conductors,
I firft dipped my paper vanes in water, and afterwards made a
fetof tinfel, of the fame form with the other. Thefe vanes,
being conductors of eledricity, promoted a freer current of the
ele@ric matter, and confequently, occafioning a greater motion
to be given to the air, they whirled about with more rapidity
than the former.  When they were inflated, they were affetted
juft as the dry paper vanes had been.

‘WitH thefe vanes, I diverfified the experiment in a manner
which fhowed the famenefs of the current, notwithftanding the
change of electricity, ina clearer manner than before. T infu-
lated a jar, with a wire projecting from the coating, and held
the tinfel vanes near the cxtremity of it. Al the time the jar
was charging, the vanes turnéd with great rapidity, as if by a
blaft from the point. Keeping thejar, the pointed wire, and the
vanes in the fame fituation, the gradual difcharge of the jar,
made by now and then touching the wire which communicated
with the infide, made the vanes ftill turn the fame way, and, as
far as could be perceived, with the fame force.

To diverfify this experiment, I placed a charged jar upon @
fiool which had glafs feet, a pointed wire projecting from the

4Cz2 coating,

VVA.BHSC



564 A CURRENT OF AIR ParT VIIL

coating, a quantity of brafs duft before the point, and a brafs
chain communicating with the ground on the other fide of the
duft. In this fituation, cvery attempt to difcharge thejar threw a
confiderable quantity of the duft from the poinf, being raifed about
feven or eight inches, and blown to a confiderable diftance.
Removing the pointed wire from the coating of the jar, and con-
necing it with the chain, the fame attempt to difcharge it blew
the duft upon the jar. Ufing two points, one at the jar, and
the other at the chain, the duft was difturbed, and raifed up,
but not blown one way more than the other. Fine flour anfwered
nearly as well.

Lastry, Imade the experiment of the current with vanes in
the form of a fmoke jack, which anfwered as well as the others.
They were moved when held more than a foot above the point,
and likewifc at a confiderable diftance below it, when it was
turned downwards.

AFrTER thele experiments, I read in Mr. Wilfon's treatife on
eledtricity, that the vanes would not turn in vacuo. This I tri-
ed, and found it to be true, and at the fame time I found, they
would not turn in a clofc receiver, not exhaufted, where the aic
‘was confined, and had not a free circulation.

‘THe current of air from the points of bedies, elerified plus
or minus, is not more difficult to be accounted for on Dr. Frank-
lin’s hypothefis of pofitive and negative clericity, than any
other cafe of elerical repulfion. ~ The particles of the atmof-
phere, near the points of eledrified bodies, having, by their
means, become pofiefied of more or lefs than their natural {hare
of the ele@ric fluid, muft, according to the rule above-men-
tioned, retire to places where they can difcharge or replenifh
themfelves, as occafion may require. Ifit be afked why the
patticles of the atmofphere do not, in the fame manner, recede

from
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from all the parts of the clorified body, as well as from the
points; it is anfwered, that, as the preffure of the atmofphere
will prevent avacuum, and as ele@rical attraction and repulfion
are moft powerful at the points of bodics, on account of the
eafier entrance or exit of the fluid at the points (upon what-
ever principle that cffect depends) the cle@rified atmofphere
(whether negative or pofitive makes no difference) muft fly off
atthe points preferably to any other places, and the weight of
the atmofphere will force the air of the neighbouring places upon
the flatter parts of the elecrified condutor, notwithftanding the
real endeavour it may have to recede from it.

SECTION
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SECTION IIL
ExpERIMENTs oN MEPHITIC AIR, anp CHARCOAL.

HAVE related feveral inftances of felf-deception in other

perfons : to thow that I do not mean to fpare myfelf, Tmall
now relate one of my own. However it is a miftake that I fhould
not have troubled the reader with, had it not terminated in areal
difeovery.-

Havine read, and finding by my own experiments, that a
candle would not burn in air that had paffed through a charcosl
fire, or through the lungs of animals, or in any of that air which
the chymifts call mephitics 1 was confidering what kind of
change it underwent, by pafling through the fire, or through
the lungs, &c. and whether it was not poffible to reftore it to
its original flate, by fome operation or mixture. For this pur-
pofe, I gave a great degree of inteftine motion to it; I threw a
quantity of eleétric matter from the point of a conductor into it,
and performed various other operations upon it, but without any
effeét.

AmoNG other random experiments, Idipped a charged phial

into
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_into it but; though I'conld not perceive that it produced any
effeét upon the air, T was furprifed to find, upon taking out the
phial,  that it was wholly difcharged. Timagined, however, at
that time, that the difcharge was owing to fome imperfecion in
the manner of making the experiment, ‘which I could not eafily
remedy. i

ArterwArps, concluding, from fome experiments of imy
own, ‘and others of Dr. Macbride that this mephitic air was not

. any thing that had ever been common air, butaa fluid /i generds,
that had feveral properties very' different from thofe of common
air; T thought of réfuming/my: experiments, to: afcertain whe-
ther it was not different from common air with refpet to clec~
tricity ;' mephitic air being perhaps a conductor, as common air
was a non-conduétor. y

ActorpingLy, fome time in the month of January 1766, T
filled a receiver, whichi was open at the top, and ‘which held
about three pints, with!lair from my lungs; andy with every
‘precaution I couldthink of, dipped s fmsll charged phial into it;
and, ‘upon taking it out after continuing there abont two feconds,
found i¢ quite difcharged, juft as might have been cxpefted from
dipping it into water. I repeated the experiment feveral times,
and-always with the fame fuccefs. Left I'thould have difcharged
the. phial, fome way or other, in pafling the neck of the re~
ceiver; 1 ‘changed the air, and  then!introduced the charged
phial as’‘before,“feveral | times;' but never found it in'the
Teaft difcharged. | Hence I coneluded, " that, in the former cafe, it
muft have been difcharged by the quality of the air in the re~
ceiver.

As ‘thero fill remained fome fufpicion, ‘that the phial ‘might
have heen difcharged by the mojfure which .was mixed with the
dir ag expired frommy lungs (though I did not doubt but that

what
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what moifture there was in it was quickly attracted by the fides
of the glafs veflel, o as to leave the center free from it, and ima-
gined that no quantity of moifture which the air could be fup-
pofed to contain could be able to difcharge the phial fo quickly) T
immediately repeated the experiment, with air which I thought
could ot be fuppofed to contain any moifture.

I'rirep the fame recciver with air from the center of a char-
coal fire, and dipping the charged phial into it, as I had done
before, found it as effectually difcharged as in the former
cafe. Trepeated thisexperiment alfo a great number of times,
and always with the fame fuccefs. Upon changing the. air alfo
and then introducing the phial, I found it not difcharged. There
feemed, therefore, to be no doubt, but that air in which flame
would not fubfift was a conductor of electricity.

T was confirmed in this opinion by placing a coated phicl in
a'receiver filled with mephitic air, and finding that it was abfo-
Lutely impoffible to chargeit in the fmalleft degree, in that fituz-
tion; though it was charged very well, the moment I took it
out of that air, without any wiping; which feemed to thow,
that the incapacity of charging had not been owing to apy moift
vapours that adhered to the glafs.

T was alfo confirmed in my opinion of the conducting power
of mephitic air, by confidering, that all metallic bodics, which
are the;moft perfec conductors we know, confift of a vitrifiable
carth, and ‘what the. chymifts call pblsgiflon, or probably as I
then thought nothing more than this fame mephitic air ia a fix-
ed ftate.

In this confidence of having made a complete difcovery, and
one of fome importance, after having repeated the above-men-
tioned experiments, and many others to the fame purpolc, &
great number of times ; L once happened to change the mephitic

for

VVA.BHSC




sec. IIL MEPHITIC AIR. - 569

for common air in my receiver, without wiping the infide of the
glafs, which had been my ufual method, though I had done
it ‘with no other view than more effectually to change the
air's butnow,  though the air was fufficiently changed, by mov-
ing the receiver feveral times up and down, I had no fooner -
dipped the charged phial into it, than I found it difcharged, in
the fame manner as it had been done in the mephitic air, The
difcharge had, after all, been made by the moifture on the in-
fide. To afcertain this, I moiftened the infide of the receiver
with a fpunge, and found that o phial could remain charged in
it for the leaft fpace of time. This {howed, that the experi=
ments above recited were ambiguous. i
Dr. FRANKLIN, to whom I had communicated thefe experi~
ments, recollected them when he was this Jaft fammer at Pye-
niont, wherca lirge body of mephitic air always lies ipon the
fusface of the medicinal fpring (for this airis cvidently fpecifical=
Iy heavier than common air, and:does not eafily mix with it) but
not having a proper apparatus, and the company there making
experiments inconvenicnt, he did nothing that was decifive ;
though, from the little that he had an opportunity of doing; he
imagined it was not/a condutor : and I have fince found that
this fuppofition was juft. A charged phial may be dipped into
a body of mephitic air, refting on the firface of formenting vat,
without being difcharged. If two equal phials, however, be
¢qually charged at the fame time, and one of them be plunged
into the mephitic air, and the other kept out of it; the latter
will always retain the charge longer than the former, which
will fometimes retain it but'a very (hort time; owing, as F
fuppofe, to the majflure, which is readily abforbed by the mephi
tic air. ‘This circumftance accounts for the antiquity of my
former experiments. I alfo found inflammable air to be the
: 4D fame
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fame as common, or mephitic air, with refpet to the power of
conduting cleuicity.

Taese experiments on mephitic air, deceitful as they were,
1ed, however, to a difcovery, which may pofiibly. throw fome
new light upon fome of the moft fandamental principles of clec-
tricity.

Frnoine that T could make nothing of mephitic air itflf (for
1 had endeavoured to procure it in a variety of ways, but without
fuccefs) I confidered that it was from cbarcoal that I procured
itin the greateft quantity, and thought I would try charcoal
itfelf in fubflance. = Accordingly, on May the 4th. 1766, I tried
the charcoal, in a variety of ways and ftates ; and found it to be,
what I had fufpeéted, an excellent condudtor of electricity.

PRESENTING  picce of charcoal to the prime conduétor, toge-
ther with my finger, or a piece of brafs wire, I conftantly ob-
ferved, that the electric fpark ftruck the charcoal before either
of the other condu@ors, 'if it happened to- be advanced ever fo
Tittle before them. Having a very rough furface, the charcoal
did not take a denfe fpark from the conducor, till it was made
alittle fmooth, and brought within about half an inch ; when,
to.all appearance, it did quite as well as any picce of metal, there
being a conftant ftream of denfe, and white elecric fire between
the conducor and it. I tried the charcoal in every ftate of heat
or cold, and found no alteration of its conduéting power.

I PLACED a great number of picces of charcoal, not lefs than
twelye or twenty, of various fizes, in a circuit, and difcharged a
common jar through them s when, to all appearance, the dif-
charge was as perfedt, as if fo many pieces of metel had been
placed in the fame manner.  Two of the pieces, about the mid
dle of the circuit, I placed about an inch and a half from one a-
nother ; but, upon the difcharge, the fpark pafled the interval
very full and firong. A piece of charcoal alfo matle the difcharge
at the wire with one fpark, but the report was not {0 loud as

when
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when the difcharge was made with a piece of metal. It was ob-
fervable, that a black grofs fmoke rofe from between each of the
pieces of charcoal, at the moment of the difcharge ; but the ig-
nition was momentary, and the fire could not be perceived on
the charcoal.

To make the experiment of the conducting power of charcoal
in the moft indifputable manner, I took a piece of baked wood,
which I had often ufed for the purpofe of infulation, being an.
excellent non-conductor, and putting it into a long glafs tube,
I thruft itinto the fire, and converted it into charcoal. In this
operation, a very great quantity of grofs fioke rofe from it, fo
that, feeming to part with more of its moifture, one would
have expected it would have come out a better non-conductor;
but, upon trial, its cleiric property was quite gone, and it was
become a very good conduor.

Tue experiments above-mentioned were firft made with wosd
cbarcoal, of which I found pieces of very different degrees of
conduing power; but the moft perfeét conducors T have found
of this kind are fome picces of it charcoal. Thefe feem to be,
in all refpects, as perfect conductors as metals, They receive a
ftrong bright {park from the prime conductor, though feldom at
above an inch diftance, on account of the roughnefs on their
furface, which cannot be taken off; and in dilcharging a jar
through them, or with them, no perfon can imagine any dif-
ference between them and metal, either in the colour of the
eleétric fpark, or the foud made by the explofion.  When they
are broken, they exhibit an appearance which very much refem-
bles that of broken fteel. ~There is however a great varicty in
the electrical properties of different pieces of . this kind of char-

coal; and for want of proper opportunity T have not yet fucceed-
ient certainty, the circumftances,

edin afeertaining, with fuff
in the preparation, &c. on which this varicty depends.
4Dz I wouip
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‘T wouLp have preferred the examination of wood charcorl on
‘many accounts; particularly, as the fame fabftance is, in this
eafe, converted from a perfeft eleric  to a perfect conduttor;
and all the degrees of conduting power may be found in diffc-
rent fpecimens of it; whereas pit coal is itfelf a conductor,
though an imperfet one: but not having dny opportunity, I pro-
cured fpecimens of all the varieties I could imagine in the fame
heap of pit charcoal, with refpe® to their nearnefs or diftance
from the furface, &c; but though I examined them with all
the care and attention that I could apply, ‘and in every method
that T could think of, ‘the differences were fo exceedingly finall,
if ‘any, that T could not fix upon any circumitance that I could
depend uponfor the caufe of them.

Evex common cinders from an open fire, of the kind of corls
which we generally burn, I find to be very little inferior to
charcoal ; which is fuffered to flame, but covered very clofe &
foon as it is well burnt, and before any afhes are formed.  Cozls
and cinders from a common fire, being a very commodious fub-
jedt for experiments, T did not fail to make a5 many upon them
*as I could imagine would be of any ufe; except that I had no
opportunity of trying a fuflicient variety of coals. I took feveral
aut of the fire after they had done blazing, fome of which I
covered with afhes, fome I quenched in water, and fome Lleft
1o cool in the open air. I alfo reduced fome of the coals to
cinders in a glafs veffel, without fuffering them to flame ; and [
treated in the very fame manner various picces of oak, cut from
the fame plank; but when I examined them, I found their dif-
feronces, with refpet to their power of conduding clectricity,
very inconfiderable, if any. I thought the cinder of a coal
which we call kennel, and which is remarkable for flaming
much while it burns, o be a better conductor than a cinder from
s
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acommon coal : but the differénce might be owing to its more
uniform texture, and {moother furface. Charcoal made of coals
which' yield a firorig fulphureous fmell when they are burnt,
and of which the charcoal itfelf is not quite divefted, was, toall
appearance, as good a conduétor as that of the other kind, which
is more' efteemed. i

In this courfe of experiments 1 found myfelf much at a lofs
for a fufficiently accurate method of afcertaining the difference
of ing fubft: and I wifh that icians would en-
deavour to find fuch a meafure. One! of the beft that T am ac-
quainted with, and which I applied among othets on this oc-
cafion, is by the refiduum of difcharges, meafured by Mr. Lane’s
electrometer. Itis well known, that the worfe the conduétors
are that form the circuit, the greater refidaum will be left in a jar
after a difcharge; and Mr. Lane’s cleGrometer, which mea-
fures an explofion, will likewife meafure the refiduum. To
apply this method with accuracy, T put pieces of charcoal, &c.
of the fame length into the circuit, I ufed the very fame chain
in every experiment, and the fame difpofition of every part of
the apparatus ; Talfo made the explofions exa&tly equal, and af-
ter every difcharge compleated the circuit by the chain before T
took the refiduum ; and laftly, I was careful to take up the fame
time in each operation, which T repeated very often. This
method of meafuring the condudting power of fubflances T leara-
ed of Mr. Lane.

Iy the profecution of thefe experiments on charcoal, I burned
a piece which I had found to bea moft excellent conductor, firft
between twa crucibles, and then in the open fire, and tried it at

different times ill it was almoft burneda way; but contrary, to
my expe@ations, I found its property very little diminifhed. I
was, likewife, farprized to find that o whether of wood coal,

or
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or pit coal hardly conduéed at all. - I made five or fix inches of
the foot of pit coal part of the eleiric circuit, which compleat-
ed the communication between the infide and outfide of a charg.
ed jar for feveral feconds; and yet found the charge not much
diminifhed. A piece of wood foot, which is a firm fhining
fubftance, which does not foil the fingers, and which feems
to break in a polifh in feveral places, would hardly condu any
part of a charge in the leaft fenfible degree. When rubbed
2gainft my hand, or my waiftcoat in frofty weather (though it
was difficult to find any part of it that was large and fmooth
enough for the purpofe) I more than once thought it attratted
the thread of trial. - The fauff of a candle would not conduét a
fhock, though it was placed in the middle of the circuit, and it
was eafily fet on fire by the explofion of a fmall jar.

Byt notwithftanding my want of fuccefs, I make no doubt,
Dut that any perfon of tolerable fagacity, who has an opportu-
nity of making experiments in a laberatory, where he could
reduce to a coal all kinds of fubftances, in every varicty of
‘method, might very foon afcertain what it is that makes char-
coal a condudor of elecricity. In all the methods in which I
could make charcoal, the fume of the bodies was fuffered to
efcape; but let trials be made of fubftances, reduced to a coil
without any communication with the open air, or where the va-
pours cmitted from them thall meet with different degrees of
refiftance to their efcape, afcertained by attual preflure.

CraRcoAr, befides its property of conduting electricity,
is, on many other accounts, a very remarkable fubftance ; being
indeftru@ible by any method, befides burning in the open air ;
and yet it feems not to have been fufficiently ftudied by any chy-
mift. A proper cxamination of it promifes very fair, not only
to afcertain the caufe of its condu@ing, and, perhaps, of all

conduting
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conducting powers; but to be an opening to various other im-
portant difcoveries in chymiftry and Natural Philofophy ; and
the fubjedt feems to be fairly within our reach.

Pir coar, and probably all other fabftances, at the fame
time that they lofe much of their weight, increafe confiderably
in their bulk in the operation of charring. Does it not feem to

- follow from hence, that its conduting power may pofiible be
owing to the largenefs of its pores, agrecable to the hypothefis
of Dr. Franklin, that clecric fubftances have exceeding fmall
pores, which difpofe them to break with a polifh.

OR, fince the calces of metals, which are ele@ric bodies,
become metals, and conductors, by being fufed in contact with
charcoal ; are not metals themfelves conduors of eledricity, in
confequence of fomething they get from the charcoal ?

Turs courfe of experiments, howeyer, evidently overturns one
of the earliet, and, hitherto, univerfally received maxims in
ele@ricity, viz. that water and metals are conduors, and all
other bodies non-conductors: for we have here a fubftance,
which is clearly ncither water, nora metal, andyet a good con-
ducor.

SECTION
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SEQT[O-N v.

ExperiMENTs ON THE CONDUCTING POWER oF various
SUBSTANCES.

INDING fome contrariety of opinion among’ ele@ricians

about the nature of 1ce, fome faying it was a conductor of
ele@&ricity, and others a non-condadtor, fo as even to be capable
of being charged like glafs, T 'tdok the opportiirity of a pretty fe-
vere froft, in the month of February, to affite ‘niyfelf of the
fad.

Tv order to this, T'took a large piccé of ice, wathed it very
clean, and feraped off all the fharp points about it. After this,
when it was again perfe@ly frozen, infulated it, .at night, in
the open air, whither I had carried my machine on purpofe, at
the fame time that it was freezing intenfely.

‘Waey, by drawing a feather over its furface, I found it to be
perfedly dry, I cleéirified it, and fetched large fparks, not lefs
than an inch in length, from all parts of it. I charged a jar at it,
almoft as well as at the prime conduétor; I alfo difcharged the
jar through it, and along the farface of it, in feveral places ;
that I had no doubt, but thatice was, nearly, as good a con-

ductor
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dudtor of elecricity as water.  To try the fame to more advant
tage, I took a charged jar into the open fields s and, by means
of a great length of chain, difcharged it along a large furface of
ice on a pond, whilft the furface was very dry, and the froft
continued very intenfe. But the ice being not fo good a con-
duétor as metal, if the chain communicating with the outfide
of the jar happened to lie five or fix inches from the knob of the
wire communicating with the infide,  the fire would ftrike to the
chain, along the furface of the ice, without entering it.

Sxow is evidently not fo good a conductor as. icc; probably
becaufe its parts do not lic in contact with one another, as thofe
of ice. A

Finpin alfo that elediricians were not perfedly agreed about
the conducting power of 4ot glafs, and that the methods which
had been ufed to prove it were liable to objection ; fince, when
the electricity was communicated along the outfide of the glafs,
it might be fid that the hot air, and not the hot glafs was. the
condutor ; it occurred to me, that the following cxperiment
would determine this affair, in 2 more fatisfaory manner than
ithad hitherto been done.

I PRocuRzd a glafs tube, about four fet long; and, by
means of mercury in the infide, and tinfoil on the outide, T
charged about nine inches of the lower part of it. Then carcfully
flipping off the tinfoil, and pouring out the mercury, I heated the
charged part of the glafs red hot; and found, upon replacing
the coating, that it was difcharged.

Inaps the experiment a fecond time, with the fame fuiccefs ;
© that I had no doubt, but that glafs, when red hot, was per-
vious to the cledtric fluid. It could not have gone round from

4E the
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the infide to the outfide, without going over a furface of fix feet
of glafs, the greateft part of which was kept very cold, and all
exceeding dry.

Taar the charge had not been loft by changing the quick-
Slver was evident : for when I repeated. that part of the experi-
ment, without heating. the glafs, the charge was found to be
very little diminifhed. .

Some time after, when I was preparing fome baked wood for
the purpofes of infulation, I found, that if I ufed them foon after
they were taken out of the oven, they would not anfiver my pur-
pofe at all.  The elegricity went off by them to the floor. But
when they had ftood, in the very fame fituation, il they were
cold, they infulated very well.

Uron this, I made a piece of baked wood, which I had for-
merly ufed for infulation, pretty hot; and when it was fo hot,
that T could hardly hold it in my hand, it took a flender fpark
from the conduor, about an inch long; but it would not dif-
charge a jar at once. It did it however ilently, pretty much
like moift wood.

T confideration of the condudting power of charcoal, and
the manner in which it is made, namely, by burning inflan-
mable fubftancesin a clofe place, and generally without flaming,
Ted' me to make a few experiments on the condudting powt
of the effluvia of flaming bodics, at the very time of their emit-
fion: for whatever thofe effluvia be, they feemed in fome meafure
to contain the condu@ing principle. That fubftance, or prin-
ciple, or whatever it be called which can only be exhaled in
flame, and notin fmoke, does in this cafe make a body a con-
du@ors whereas if it be fuffered to efcape, the conduding
power is diminifhed.

THE
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" Tue condu@ing power of the flame of a candle was obferved
very carly 5 ‘but it was not compared with that of other things,
and it had by fome been fuppofed to be nothing more than the
heat i to the neij ing air. The it
T am going to recite feem to overturn this hypothefis, and to
eftablifh that mentioned above.

Maxcn the 14th. a fmall charged phial held not longer than
a fecond within two or three inchesof the flame of a candle,
either above or below it, where the heat was altogether incon-
fiderable, and the rarefation of the air in a manner nothing,
was totally difcharged. The event was the fame when I ufed
the flame of a wax candle, or the flame of fpirits of wine.
When it was held much nearer to a red hot poker, it was not
difcharged near fo foon; and when it was held exceeding near
10 a picce of red hot glafs, it was not difcharged at all, except
by one explofion, feemingly conducted by the hot glafs. ~ Similar
experiments were made by placing the candle, the poker, and
the hot glafs near the prime condu@or. It was alfo found,
that the fmall phial ab foned could not be difcharged in
the focus of 2 concave mirrour.

Bur the finall jar above-mentioned was difcharged in thefe
experiments filently ; and though they feemed to be clearly in
favour of the conducting power of the effluvia, which pafs off in
flame, there was nothing very firiking in them but after-
wards, when I had conftracted an electrical battery, I repeated
the experiments in 2 much more firiking and convincing man-
ner.

Decemser the 15th. Ibrought the flame of a candle between
two brafs knobs, one communicating with the infide, and the
other with the outfide of the battery ; and obferved, that as the

fame advanced towards them, it began to be put into a quiver-
4E2 ing
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ing motion, excedding quick, and was frongly drawn both
ways towards each knob, leaving the wick bare at the top; and
as foon as the flame was quite between the rods, the battery
difcharged at once, at the diftance of three inches and an half.
This is a very fine experiment. . The interpofition of the flame
between the two brafs rods is like putting fire to a train of gun-
powder, which explodés immediately.

Waen I advanced the ignited wick of a candle, juft blown out,
towards the rods, it was ventilated exceeding brifkly s and when
it was put between them, when feparated to about the diftance
of an inch, the difcharge was made, and the candle blown in
again.

To compare the condudting power of flame with that of other
bodies, which had more heat but lefs cffluvia, I put a red hot
poker between the two rods, but it did not promote the dif-
charge of the Battery till they were brought within about an
inch and an half of one another ; o that the explofion was made
at about twice the ufual diftance, allowing for the fpace occu-
pied by the poker itfelf; and yet the aic in the neighbourhood
of the poker was more than ten times hotter. than in the neigh-
bourhood of the candle, confidering the diftance at which they
were held from the rods. Both fides of the hot poker were
marked with an imperfec circle, like thofe that were imprefied
on each of the knobs ; an account of which will be given here-
after.

Trien interpofed a piece of red hot glafs, which has as great
a heat as the iron, but emits lefs effluvia; but it did not pro-
mote the difcharge till the brafs rods were brought within an
inch of one another, which was o near, that the glafs almoft
touched them both.

VVA.BHSC
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AsT was di ing the ing the pafiage
of the elecric explofion over the furfaces of various bodies, as
will be mentioned hereafter, I accidentally difcovered how ex-
ceedingly poor a conductor is oif of every kind ; infomuch that I
think it ought rather to be claffed among eletric fubftances ;
though before that time, I imagined that oil did not differ very
much from water, with refpect to its conducing power. I had
been led into the miftake by fome experiments of Mr. Wilfon,
who has fome where advanced the propofition above-mentioned;
and argues that the tourmalin is poflefled of a fixed kind of elec-
tricity, incapable of being conducted away, becaufe it retains
the feparate power of cach of its fides, though furrounded with
melted greafe; whereas I find, that nothing of an oily nature
will condudt eledtricity.

LAvING a chain, which communicated with the outfide of my
battery, in a difh of melted tallow, Ibrought a brafs rod com~
municating with the infide towards it, in order to make the dif-
charge, by tranfmitting the explofion over the furface without
entering it ; when I was furprifed to find, not only that the
electric matter would not take the furface, but that, though it
attracted a column of tallow at the diftance of about three quarters
of an inch (which was thicker in proportion as the rod was
brought near the furface) and though I continued amufing my-
felf with this column of tallow a confiderable time; in which ftate
it formed a complete communication between both fides of the
battery, yet the charge was very little diffipated. I repeated this
experiment, with the fame event, with oil of olives, the thin-
neft oil of turpentine, and even ether. A plate of common oil
of olives connected the infide and outfide of the battery for near ten
minutes, without my being able to perceive that the charge
more diffipated, than it would have been without that communi-

cation.
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cation.  Ether is the lighteft fluid in nature next to air; yet,
being properly an oil, it proved no better a conductor than the
moft tenacious. I was moft furprifed that the ether did not
take fire by this treatment, as nothing is more inflammable ;
and if the eleétric matter can pafs through it, nothing fires fo
foon.
Frowm thefe i and thofe ab i on ice,
I concluded, that fluidity, as fuch, contributes nothing to the
conduéting power of fubftances, feparate from the heat which
makes them fuid. To complete my experiments on oils, T filled
phials with all kinds of oils, according to their chymical diftinc-
tions, including the fineft effntial oils, the ftrongly empyreumatic,
and thofe that are termed mineral, as o/ of amber ; and found
them all incapable of giving a fhock. But I found that this
method of trying the conducting power of fubftances, viz. by
inclofing them in phials, and endeavouring to give fhocks by them
is very inaccurate, fhowing them to be better conduors than
they really are. Pounded glafs, flour of brimftone, and other
elecric fubftances gave a confiderable fhock ; but a bottle con-
taining nothing but air gave a greater fhock than any of them ;
though the wire inferted into it was very blunt, and was kept
in the center of the botdle. Finding, ‘by thefe experiments,
that oil plainly conduéted much lefs than air, I endeavoured to
charge a plate of oil like a plate of glafs 5 and for this purpofe [
perforated a glafs Galver, and thereby gave a coating of tinfoil to
both fides of a quantity of oil poured into it ; but the brim of the
falyer would not contain enough to give it a fufficient thicknels
otherwife, I make no doubt, but that a fhock might be given by
it better than by air.
I suact juft mention upon this fubjed, what I lately obferv-
ed, and do not know whether it has been noticed by any writer,
that

VVA.BHSC



Sec. IV. or VARIOUS SUBSTANCES. 583

that ice of oil, contrary to ice of water, is fpecifically heavier than
the fluid fubftance, and finks in it. *

FinpING fo great an agreement, with refpec to ele@ric pro-
perties, in this whole chymical clafs of bodies, Ibegana kind of
courfe of chymical cle@ricity ; but had not leifure, or opportuni=
ty to purfuc it as it deferved. The few hints that I collected may
poffibly be of fervice to future inquirers; and for this reafon I
fhall note them juft as they occurred, though they contain little
that is remarkable.

Avx faline fubflances that T examined proved, in geneal, pret-
ty good conduétors. T tried moft of them by making the dif-
charge of the battery through them when infalated ; which ap-
pears to me to be a very good method, indeed the only one that
can well be depended upon.  In difcharging the battery with a
picce of alum, the explofion was attended with a peculiar hiffing
Doife, like that of a fquib.  Rock Jal conduéted pretty well, but
not quite fo well as the alum. The electric fpark upon it was
peculiarly red. Sa/ ammoniac exceeded them both in its conduct-
ing powers, but it would not take the leaft fenfible fpark; o
that it feemed made up of an infinite number of the fineft points.
Volatile fut ammoniac T only tried in a phial, when it gave a fmall

* Ories perfons, 1find, have made experiments, which fhow how imperfe@ a conduc-
torcil is. The following proofs of this are exceeding curious and pleafing. . F. Cigaa,
Doftor of Medicine in Tarin, obferved eletical attraétion and sepulfion between condufling
Gabllances plunged inoil.  Nollee's Letters, Vol. 3. p. 168.

Mosteus Viuierrs, optician at Licge, filled a difh of metal with oil, and when he
had elefirified the difh, he plunged a needle into the oil, and received a very firong fpark
2sfoon as the poin of it came within a fmall diflance of the difh. A fmall cork ball being
made to fyim in this oil, upon the approach of the thicker end of the falk of a lime,
plunged to the botiom, snd immediately rofe agaia to thetop.  Nollets Letters,

Val. 3. p. 312,
fhock.,
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fhock.  Salt petre did not condu fo well as fal ammoniac. En-
deavouring to make the clecric cxplofion ‘pafs over its furface,
it was difperfed into a great number of fragments in all direti-
ons with confiderable violence, fome fiying againtt my face.
Selenitic.falt conduéted a fhock but poorly. Fitrislated tartor
gave a fmall thock. bite Sugar feems to be an exception to
this rule: for it may be fairly faid to be no conduor; as the
charge of the battery would hardly pals through it in the leatt
degree.

Tus metallic falts ingeneral conducted better than other neu-
trals = Blue and green vitrial conduéted very well, though they
would not tranfmit a thock.

Taat ores in which the metal is really in a metalline fute
fhould be very good conduttors might naturally be expetied.
Thusa picce of gold ore from Mexico was hardly to be diftin-
guifhed, in this re(pect, from the metal it(elf; and a piece of -
ver orc from Potofi, though mixed with pyrites, ‘conducted very
well. But even ores in which the metal is mineralized with ful-
phur and acfenic, as the ores of lead and tin, and cinnabar the
ore of quickfilver were little, if at all inferior to them. The
cinnaber that I tried was faitious; but there can be no doubt
of its being the fame as the native. When I made the explofion
of the battery pafs through it, it was rent into many pieccs, and
the fragments difperfed in all directions. - Ores, however, that
contain nothing but the earth of the metal conduct clecricity but
Titele better than other flones ; though I thought that all the fpe-
cimens of iron ore that I tried conduéted better than marble. *

# X rieo that Mr. Boze, very carly, thought it was ealy to diftinguifl the ores of metal
from other earthy fubflances, by feans of their greater condulting power.  Gelchichte,

Vol. 1. p. 293,
T ExAMIN-
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I examiNep fome black fand that came from the coaft of Af-
sica, which is a good iron ore, and part of which is affeGed by
the magnet as much as ftecl filings ; and found it to conduc elec-
tricity, but not a fhock. Separating with a magnet all that
would be eafily attrated by it (sbout one fixth of the whole) it
conducted a fhock very well. The reft would hardly conduct at.
all.

Trovcn I think I may venture to fay, that the true and
proper ores of the more valuable metals might be known by their
property of conduting eletricity, I cannot fay that clediricity
will furnifh any rule to afcertain the value of the different ores
of the fame metal. 1 tried two picces of copper ore, one the
moft valuable that is known, and another of only about half
the value;  but they were hardly to be diftinguithed from one
another in their conducing power.

Brack ladina pencil condu@ed a fhock feemingly like metal
orcharcoal. A {mall Tump of it took as full and ftrong a fpark
from the prime condu@or as a brafs knob.

Avx. the lony fubflances that T tried conducted very well, though
dryand warm.  Even a picce of polithed agate, though femi-
pellucid, received the electric fpark into its fubftance; though
it would pafs over about three quarters of an inch of its futface
o reach the finger that held it, and it difcharged the battery
but flowly. ' Limgflone, and fime juft buent were equally imper-
fe€t conductors, hardly to be diftinguifhed from one another.
Lapis bamatites, and touchflome both conducted pretty well; as
did a piece of gypfum, and plaifler of Paris, only the latter,
having a fmoother furface, took a ftronger fpark. A piece of
Jate, fuch as is commonly ufed to write on, was a much beteer
conduor than a piece of free ftone, which conduced very poorly.
Marbles alfo conduéted confiderably better than free flone. I

4F found
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found very little difference among any of the fpecimens of marble
that I tried, in which was a piece of Egyptian granite. A piece
of Spanifh chalk, which is a zak, conduted pretty much like
marble.

A LARGE piece of white fpar, with a tinge of blue, and femi-
tranfparent, would hardly conduc in the leaft degree. I took
prety ftrong fparks from the prime condu@or while it was in
contadt with it.

A prxce of pyrites of a black colour took fparks at a confider-
able diftance from the prime conduor, like fome of the inferior
picces of charcoal.  Another piece of pyrites, which had been
part of a regular {phere, confifting of a fhining metallic matter,
did not conduc near fo well, though much better than any other.
ftony fubftance. . It was a kind of medium betwixt a ftone and
an ore.

A precs of affgfles from Scotland, juft as it is taken from
its bed, would not condu. It was in contact with the conduc-
tor, while I took fparks at the diftance of half an inch witha
‘moderate elerification.

OF Jiguid fubflances, ail of vitrial conduéted pretty well, and
the moft highly re@ified Jpirit of wine gave a fhock much like
water, but perhaps not quite fo well.

Tuzs courfe of experiments on the condu@ing power of fub-
flances, according to their chymical claffes, would, probably,
be very ufeful, if purfied with care. Thofe mentioned above
were generally fingle experiments, which are not fo much to'be
depended upon.

Tuens are fome other mived fulflances whofe condudting pow-
er T have tried, and becaufe I think it would not be eafy to fay,
a priori, to which of the two clafies they belong, I fhall jut

mention
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mention the refult of my experiments upon them, nearly in the
order in which they were made.

Dy glue, which is an animal fubflance, is a conduor of
electricity, but does not conduct a fhock. i

PouxpED glafi mixed with the white of an egg, and which
had ftood till it was perfe@tly dry, was a condutor. Ihad put
it upon fome broken jars, thinking that the compofition would
be an electric fubflance, and that it would make the jars hold
charge again.

Painz, made of white lead and oil, very old, and dry, prov-
ed a conduéor. I tried it in a china veffel which had been
firmly pieced with it. A pare of the veflel, through which
there was no crack, would receive a charge very well 5 but a
piece in which there was a crack, and which had been filled
with this cement, could not be charged at all.

4F2 SECTION




588 Tuz DIFFUSION or Parr VI

SECTION V.

ExperiMENTs oN THE DIFFUSION 'OF ELECTRICITY
OVER THE SURFACES OF GLASS TUBES, CONTAINING A NEW
" METHOD OF GIVING THE ELECTRIC SHOCK.

T had been obferved by many ele@ricians, that new globes
are often difficult to excite; but Ihave made fome experi-
ments, which prove this fa, and other differences between new
and old glafs, in @ more diftiné manner than any thing elfe I

have yet met with; but they leave the caufe ftill unexplained.
Tae moft remarkable property of new flint glafs is the eafy
diffufion of clecricity over its furface. I have feveral times got
tubes made two or three yards long, terminating in folid rds.
Thefe I have taken almoft warm from the furnace, in the fincft
weather poffible, having immediately infulated them, and hang-
ing pith balls at one extremity, have always found, that they
would feparate the moment that the wire of a charged phial was
applied to the other end. This I had reafon to think would be
the cafe at almoft any diftance at which the experiment could be
made. - I have even charged a phial very fenfibly, when it was
held clofe to the glafs, at the diftance of a yard from the wire of
a charged phial, held clofe to another part of it, the coatings of
both.

VVA.BHSC
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both phials being held in my hands. When the fame tubes were
4 few months older; T found that the elecric vittue could not be
diffafed along their farfaces farther than about half a yard.

Some tubes, which I have tried the day they were made, I
have found impoffible to be excited in the leaft degree, even with
the ufe of oiled filk and amalgam, for an hour together; when
a fingle ftroke of the fame rubber has rendered other tubes high-
Iy eletrical, and two or three have made them to emit fponta-
neous pencils. The fame new tubes, upon being much rubbed,
have begun to be excited, and in a few days have acted pretty
well.

Bur that the firlt coat of new glafs is, in fome meafure, a
condutor of electricity, was moft evident from fome experiments
which I made with long and very thin tubes, which were blown.
fome time in the month of March. ~ Thefe, to amufe myfelf, [
coated in different places, and the diffufion of clecricity, from
+the coated part to that which was not coated, appeared to me
very extraordinary. T think my reader will not be difpleafed if
1 relate a few of the particulars.

I pROCURED a tube, open at both ends, about a yard in length,
but of very unequal width. About three inches of the middle
part of it T coated on both fides; and charging it, by means of a
wire introduced at one of the ends 3 I perceived, not only that
the part through which I had introduced the wire was ftrongly
eleétrical on the outfide, but that at the oppofite end, where
there was neither coating nor wire, the fire crackled under my
fingers, as I deew the tube through them, and a flame feemed to

ifiue continually out at both the ends, while it was at reft and
charged.  N. B. One end of this tube was broken, and rough,
the other was fmooth.

1 PROCURED another tube, about an inch in diameter, and
very
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very thin. Tt was about three fect and a half in length, and
clofed at one end. About nine inches below the mouth, I coated
three inches of it, both on the infide and outfide. This part T
charged, ‘and then obferved the whole tube, to the very extre-
mity of it, to be ftrongly clectrical, crackling very loud when
T drew my hand along it, and giving fparks, as from an excited
tabe, at about the diftance of an inch, all the way.

To give the reader a better idea of thefe expetiments, I have
given a drawing [PL.1. fig. 7.] of one of the tubes with which
they were made, It s open at onc cnd, and the part [o] is
coated.

Asrer drawing the whole tube through my hand; all the
ele@ricity on the outfide was difcharged; but, upon putting my
finger within the mouth of the tube, an effort to difcharge itfelf
feemed to be produced, which fhowed itfelf by a light freaming
vifibly from the coating, both towards the finger and likewife as
vigoroufly towards the oppofite end of the tube. After this L.
found all the outfide of the tube loaded with elericity as before,
which might be taken off, and revived again many times, with
the fame original charge s only it was weaker every time.

HoxpixG this tube by the coated part, and prefenting the
uncoated outfide, near the clofe end of the tube, to the prime
condugor, the infide became charged as well as the outfide;
and, upon introducing a wire, a confiderable explofion was
made.

Tus difcharge made the outfide ftrongly eleckrical, and by
taking this eleétricity off, the tube was charged again very fen-
fibly.

Howpive it by the uncoated part, and prefenting the coated
part to the conductor, the infide became charged as before.

HavixG firft perfectly difcharged this tube, I clofed the open

end
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end with cement, nmade of bees wax and turpentine,  an'inch or
more in thicknefs ; but ftill, by applying the outfide of the
tube (either the coated or the uncoated part): to 'the conduétor,
I found it manifeftly charged, but not quite  high as when the
end was left open, though the difference was not great.

1 provipED myfelf with another tube, about an inch and a
quarter wide, and three feet long; but it was drawn out one
foot more very fmall ; and another foot at the extremity was
(olid, fo that it wasin all five fect long, I coated about four
inches of this tube, two feet Below the mouth of it. . The balls
being hung at the extremity of this tube; or rather of the folid
rod in which it terminated, " they feparated the moment I began
to charge the coated part. The difcharge brought them toge~
ther, though not immediately, but a fecond difcharge would ge~
serally do it.

Tue refiduums of any of thefe tubes, of which fo fmall a part
gvas coated, were very confiderable. I thought that all of
them might be equal to the firft difcharge. In the laft mention-
ed tube, there was a refiduum after a great number of difcharges,
T believe twenty or thirty.

ImaGINING that the diffufion on the furfaces of the tubes
above-mentioned depended upon the newnefs of the glafs, T pre-
ferved them fix or feven months ; having obferved by examining
them at proper intervals in the mean time, that this property,
and others depending upon it gradually leffened ; and before
this time it was quite gone. There was no diffuion. of electri-
city over their furfuces, and they were as cafly excited as other
tubes, at the fame time that they reccived a very good charge.

At length, by fome accident or other, all the tubes on which
Thad made thefe experiments were broken, except one, which
was clofed at one end, and which,.indeed, was the moft remark~

able
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able of them all.  Upon this tube, in the month of November,

I began to renew my experiments, comparing it with others

which I got made at that time, in order to afcertain on what

circumftances this diffufion of ele@ricity depended. Thefe

fhall diftin@lly relate, noting the time when each experiment

‘was made, and every other-circumftance which I can, imagine
. could poflibly have any inflbence in the cafe.

Novemser the 13th. I once more endeavoured to repeat the
experiments above-mentioned with the old thin tube, with as
much care and precaution as poffible, but without the leaft fuc-
cefs. At the fame time I charged two other thin. tubes, one
clofed, and the other open, after they had been made,about fix
weeks, but without being ufed in the mean time, and they an-
fwered exa@ly as the former tube had done, when it was new.
The charge from a fmall coated part diffufed itfelf all over the
tube; fo that at the diftance of a yard from the coating, it gave
fparks to the finger of an inch in lengtb, and in-all refpecis ex-,
hibited the appearaiice of a tube freth excited. On this occafion
1 fickk obferved, what afterwards drew my -attention in a more
particular manner, that when my finger was brought to the tube
about two inches above the coating [as at 4. PL i. fig. 7.] it dif-
charged a great quantity of that diffafed clectricity; and my
whole arm was violently fhocked.

Novemszr the 1gth,  Afeer heating the old ‘tube, and ea-
deavouring to repeat the former experiments,  both while very
wartn, and after it was cold again, but to as little purpofe as
before ; I took it to the glafs houfe, and got it made red hot all
over, fo that it would eafily bend any way 5 and as foonas it was
cold, I tried the old experiments, and found that it had com-
pletely recovered its former property. Charging a fmall coated
part, the ele@ricity was diffufed to the end of the tube, over

three
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three feet of dry glafs, and it gave fparks at the diftance of an
inch in any part of it, exa@ly as if it had been excited with the
beft rubber. - When it was drawn through my hand, wherchy
that diffufion was taken off; it prefently returned again ; and
the extremity of the tube would get loaded while its commiunie
cation with the coating had been cut off, by my hand being con
flantly held on the middle of it.

Tarso obferved, that the middle part of this tube, which had
been oftencft heated, in melting the whole over again, one half,
ata time, had a much fronger diffufion than the other parts.
It was no fooner taken off, than it appearcd again, fo that it -
gave a continual ftream of fire.

TuE quantity of rgfduum after a difcharge of this tube was
prodigious, fo that the outfide coating would, immediately after,
give almoft a conftant fiream of fire to any conduétor prefented
1o it, for a confiderable time.

Tas tube was now, as it had been at the firft, abfolutely in-
capable of being excited with the beft rabber.

JaNuaRy the 6th. 1767. Examining all the tubes with
which I had made the experiments of the diffufion, T found that
property cither quite, or very nearly gone. - One of them I re-
flored by heating it red hot. - Another I heated only at the end
moft remote from the coating; but there was no diffafion upon
it, when the coated part was charged; the part which had not
been made red hot intercepting it.

Novemser the 24th. - In order to determine whether this
property of diffufion depended in any meafure upon the fimooth~
nefs of the furface, I made a circular part of one of the thin
tubes, about half a yard beyond the coated part, quite rough
with emery, about three inches in length 3 but this did not pre-
vent the diffufion in the leaft; both that rough part, and the

4G {mooth
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fmooth glafs beyond it were as much loaded with the eletricity
as the reft.

I Trex took the polith offa line the whole length of the tube,
from the coating to the extremity of it; but fill the effect was
the fame : and I make no doubt would have been fo if I had
‘made all the furface rough.

1n order to afcertain whether this property depended upon
the thinnefs of the tubes, I got one made of a twelfth of an inch
thick, and ufed it immediately ; the diffufion was very fenfible,
and it was incapable of being excited. ~ This, however, was not
always the cafe with tubes of fo great a thickne(s.

Novemszr the 25th.  Willing to carry this experiment a lit-
1le further, Igot another tube four feetlong, and of the eighth
of an inch thick. I coated afmall partof it in the fame manner
as I had done the others, namely about three inches, at the
diftance of nine inches below the orifice, and obferved the
diffufion to be very remarkable in proportion to the charge it
received, which was very moderate. It could not be fenfibly
excited in the leaft degree; except that, in the dark, an ex-
ceeding {mall light was vifible near the finger, when it touch-
ed any part of it, immediately after excitation; but not the
leaft fnapping could be perceived, nor any thing felt with the
finger.

To find whether this property depended upon the kind, as well
as the newnefs of the glafs, I afterwards, coateda part of a very
thin glafs of the common bottle metal, but I found no diffufion
wponitatall. It was what is commonly called a finging glafs
T would have purfued this experiment by trying the fame glas
in other forms, and by trying other kinds of glas, butIha
no opportunity.

1 opservED, inall the tubes which had the diffufion, that

in
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in drawing my hand from the extremity of them towards the
couting, after they were charged, {0 as to take off the diffafion,
there was a confiderable noife at the orifice, as if the tube had
been gradually difcharging itfelf, and this operation did appas
rently leffen the charge.

Iy the dark- the electric fire feemed to. pour perpetually from
the open end, or both the ends, if they were both open; and
whenever I drew my hand over it, the fire fireamed from the
coating towards my hand in a very beautiful manner.

It was very remarkable, that, the firft time I charged any
of thefe tubes after they had ftood a while, the diffufion was the
moft confiderable, and that it leffencd. every fucceffive charge s
till, at laft, it was exceeding fmall; but after the tube had
fiood a few hours uncharged, is was as vigorous as ever. :

Dscemper the 1ft. I, for the ficft time, took particular o~
tice, that, in charging a thin tube, and afterwards holding the
coating in one hand, and drawing my other hand, fo as o grafp
the tube; beginning at that end which was moft remote from
the coating; that fometimes, when my band came near the
coating [as at 4. Pl i. fig. 7.] Ireceived a very confiderable fhock
through both my arms and in my breaft, exactly like what s fele
from the Leyden phial.

Tug fame day, I felt a fimilar thock from another thin tube ;
and what was more remarkable, I did not receive it till the third
time of drawing my hand over the tube, having miffed the ftroke
the two firft times ; though I moved my hand, as near as I could
judge, in the fame manner. This thock wWas not very great,
but fenfible in both arms.

Decemser the 3d. Ireceived another fhock, the third time
of drawing my hand over the tube, and much more violent than
the latt; it affecting both my arms and breaft. At this time I
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obferved very exadlly, that my hand was near two inches and
an half from the coating, and that a firong light was vifible
under my hand, and extended to the coating. The diffufion ot
this time had not been very great, and the tube feemed to be
about half difcharged after the fhock.

AT that time I could not think of any plauible theory to ac-
count for this thock ; but prefently after I accidentally received
another fhock, in fome refpects fimilar to this, the theory of
which I have been fo happy as to inveftigate, and which may
throw fome light upon this.

Decemser the 21ft. T made a- torrecellian ‘'vacuum in a tube
about a yard in length [PL i. fig. 8.] and holding one end of it
in my hand, I prefented a part ncar the other end to the prime
condu@or ; and obferved, that, while the elecric fire was pour-
ing along the whole length of it, I felt fome. peculiarly fiart
twitches every now and then in my hand, juft fuch as arc felt
when a thin uncoated phialis held in the hand, while it is charg-
ed at the prime conductor, but more pungent. On removing
the tube from the prime conduor, it threw out fpontancous
{parks from the place whereit had touched the conductor, exact-
1y like thofe which iffue from the wire of an over'charged phi-
al; but they were longer, and much more beautiful. Then,
bringing my other hand near the place where the tube had
touched the conduéor, I received a very confiderable fhock in
both my arms and breaft, exadlly like that which I had receiv-
ed before from the thin tubes; and, as with them, the fhock
was rather ftronger in the hand which was brought to the tube
than in that which held it. If, without bringing my other
hand to the tube, I only prefented it to the table, or any other
conductor, it would throw out from the fame place feveral ftrong
fparks, attended with a flath of light, ‘which filled the whole

Length
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length of the tube. Thefe fparks refembled thofe which iffuc
from the wire of a charged phial, when it is prefented to the
like imperfeét conductors, and at the fime time held in the
hand.

I APTERWARDS obferved, that the ftrongeft fhock which
this tube could give was felt when onc hand continued in the
place where it held the tube, in order to chargeit, and the other
was made to touch the tube, an inch or two above it [asat ¢ Pl.
i. fig. 8.] and at the inftant of the ftroke a very denfe fpark of
cletric fire was feén darting the whole length of the tube.
When three perfons befides myfelf joined hands, it thook all our
arms greatly.

T tube could not be difcharged by putting one hand fo near
the other, unlefs that part of the tube had been brought to the
conducor in charging it; and if any particular part of the tube
only, had been brought ta the conductor, the difcharge could
not be made without touching that part,

Witen the tube had given a fhock from any one place, it
would give one or two more fmaller fhocks, from other
places.

T experiments T made with this tube being certain and
invariable, and the fhock I reccived from. the other tubes pre-
carious, I gave more particular attention to this, in order to af-
certain the nature of this fhock ; thinking that, if I could ac
complifh this, it would affift me in the inveftigation of the o-
ther.  Accordingly, I coated about fix inches, near each end of
the tube, [ @ and 4 PL. i. fig. 8.] leaving the fpace of about half
ayard of uncoated glafs between the coatings ; and obferved,
that when I held one of thefe coatings in my hand, and prefent-
ed the other to the prime condugor, it always received a con-
fiderable charge, ‘and was difcharged in onc bright fpark at the

diftance
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diftance of above an inch, and fometimes two inches, if, befides
the coated part, I had likewife prefented the uncoated part
to the prime condudor; and fometimes the uncoated part would
difcharge itfelf by a bright flath to the lower coating, leaving
the coated part charged as before.  If T held the wbe by the
middle, where there was no coating, and prefented one of the
coatings to the condu@or, it received a pretty good charge.

1 raex ftood upon sn-infulated ftool, and prefenting one of
the coatings to be charged, while I held the other ; I obferved,
¢hat it received not more than one fourth part of the charge it
had before ; upon which I immediately concluded, that the lower
coating muft have been charged negatively, whilft: the upper
was charged pofitively. This was quite confirmed by obferving,
that fparks could be drawn from my body, while I ftood upon
the ftool prefenting the'tube to be charged, but no longer than
till the tube had received its full charge; and ‘that then the
explofion was as great as it had been when Iftood upon the
floor.

Wiew Tinfulated the tube, by placing itin a glafs vefiel, it
was fill Iefs capable of taking a charge than when I ftood upon
a ftool and held it, this method making a more perfec infulati-
on. Ifany condudor was prefented to the lower coating while
the other was held to the prime condu@or, fparks ifficd from
it very plenti till it had got a charge; when
thofe fparks entirely ceafed, and the tube, upon trial, gavea
very great explofion.

Tagss experiments make the theory of this new method of
giving the cleéric fhock pretty obvious. The eleric matter
thitown upon the upper coating repels an equal quantity from
the infide of the tube oppofite to it; which, pafling frecly
through the vacuum, (as is vifible in the dark) is accumulated

on
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on the infide of the other extremity of the, tube, and thereby
repels a quantity from the lower coating : (o that the two coat-
ings being in oppofite ftates, though on the fame fide of the
tube, the fame kind of thock is given by them, as if they had
been on oppofite fides.

Bexva fully fatisfied with the experiments made by thefe two
coatings, and the theory of them, Iamufed myfelf with coating
the middle part of the tube in various ways.

Wax the three coatings were about the fame fize, and
placed at equal intervals; which ever of them was held in the
hand, the other two were charged and difcharged feparately,
If the coating of one of the ends was held in the hand, and the
other two were charged, the greateft explofion was from that
which was difcharged firft.  If thofe two coatings. were. placed
near one another, they were both difcharged by the attempt to
difcharge cither of them, and a flath of light was feen betwixt
them both. In this cafe the explofion was fometimes made at
the diftance of two inches and a half.

W the middle coating was made very large, and placed
contiguous to the upper, the explofion was Iefs; a fpontancous
difcharge being foon made to the lower coating.

Waex the middle coating was taken away, it often happened
that, in drawing the whole tube over the prime conductor, be-
ginning at the upper coating; when it came to the lower, by
which I held it, a fpark would dart to it from all the uncoated
part of the tube, which difcharged the electricity of that part,
while the upper coating fill retained its praper charge.

W this fpontancous difcharge was not made, the explofion
might be made at twice, once at the naked glafs, near the lower
coating, and again at the upper coating. If the difcharge was
firft made at the upper coating, there remained very little for

the

VVA.BHSC



6oo EXPERIMENTS RELATING TO Part VIII,

the lower part of the tube. And if the explofion was made
about the middle of the tube, the whole was difcharged at once,
and in a very beautifal manner.

1 musT leave my reader to compare the theory of this fhock
with that given by the long and open tubes, as I am not able
to do it to my entire fatisfaion without more experiments;
which, as T obferved, are precarious, and which I had not lei-
fure to attend to.

As this courfe of experiments was begun by an accidental ob-
fervation of the different ele@iric propertics of new and old glafs,
I fhall (after this long excurfion, which I little forefaw) conclude
with an experiment or two relating more immediately to the ori-
ginal fubject of them.

ImaciNiNG that the difference between new and old glafs
might be owing to the Targer fuperficial pores of the former,
which made it approach to the nature of a conduor, and which
contracted with time; I thought it might poffibly be deter-
mined by the experiment of the metallic tinge, the wider pores
receiving it better than the fmaller; and T was not difappointed
in my expectations. November the 1gth. T feveral times laid
two glafs tubes, one a very old one, and the other quite new,
clofe together, with a piece of leaf gold or copper between
them ; and though I varied the difpofition of them in every way
that I 'could think of, and changed the  tubes for others; Ial-
ways found the new glafs to receive a much fairer, more
beautiful, and indelible impreffion than the old glafs. Twice
the quantity of the metal was in all the cafes ftruck into it.

SECTION
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SECTION VL

EXPERIMENTS TO VERIFY SEVERAL PARTICULARS of SIG-
NIOR BECCARIA’s THEORY or ELECTRICITY ;
BARTICULARLY CONCERNING THE ELECTRIC MATTER
CARRYING INTO ITS PATH LIGHT SUBSTANCES TO ASSIST
ITS PASSAGE. 9 >

EING greatly firuck with Signior Beccaria's theory cona

cerning the paffage of the cle@ric matter from the carth to
the clouds, previous to a thunder ftorm, and thinking his expe-
riments to prove the power of eletricity to condu into its path
Tight fubflances that could aflift its paflage not quite fatisfactoty,
T endeavoured to afcertain the fak in a better manner, and fhall
Iay before my readers the refult of my experiments.

Novensex the gth. I difcharged frequent fhocks, both of 4
common jar, and another of three fquare fect, through trains
of brafs duft, laid on 2 frool of baked wood, making interrup-
tions in various parts of the train 3 and always found the brafs
duft feattered in the intervals, fo as to conneét the two disjoined
ends of the train; but then it was likewife feattered nearly as
much from almoft all other parts of the train, and inall dire@ti~
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ons.  The feattering from the train itfelf was, probably occafion-
ed by fmall clectric fparks between the particles of the duft;
which, caufing a vacuum in the air, drove all that light matter
to a confiderable diftance. But the particles of the duft which
were ftrowed in the intervals of the train, fome of which were,
at leaft, three inches, could hardly be conveyed in that manner.

Waen fimall trains were laid, the difperfion was the moft
confiderable, and a light was very vifible in the dark, illami-
nating the whole circuit. It made no difference, in any of thefe
experiments, which way the fhock was difcharged.

‘WaeN 1aid a confiderable quantity of the duft at the endsof
two pieces of chain, through which the fhock paffed, at the dif-
tance of about three inches from one another, the duft ‘was al-
ways difperfed over the whole interval, but chiefly laterally ; o
that the greateft quantity of it lay in arches, extending both
ways, and leaving very little of it in the middle of the path. It
is probable,  that the electric power would have fpread it equab=
Iy, but that the vacuum made in the air, by the paffage of the
fluid from one heap of duft to the other, difperfed it from the
middle part.

I puex infulated ajar of three fquare feet, and upon an adjoin-
ing glaGs ftand laid a heap of brafs duft; and at the diftance. of
feven or cight inches a brafs rod communicating with the outfide
of the jar. Upon bringing another rod, communicating with
the infide, upon the heap of duft, it was difperfed in a beauti-
ful manner, but not one way more than another. Howeyer,
it prefently reached the rod communicating with the outfide.

Maxin two heaps, abaut eight inches afunder, I brought
one rod communicating with the infide upon one of them, and
another rod communicating with the outfide upon the other.
Both the heaps were difperfed. in all direétions, and foon met

prefently
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prefently after which the jar was difcharged, by means of this
difperfed duft, in one full explofion. When the two heaps
were too far afunder to promote a full difcharge at once, agra-
dual difcharge was made through the {cattered particles. of the
duft. §

Wsx one heap of duft was laid in the center of the fland,
and the two rods were made to approach on each fide of if,
they cach attracted the duft from the fide of the heap next to
them, and repelled it again in all directions. When they came
very near the heap, the difcharge was made through it, without
giving itany particalar motion.

Av, thele experiments thow that light bodies, pofiefied of a
confiderable {hare of ele@ricity, difperfe in ail direétions, car~
rying the electric matter to places -not abounding with it; and
that they fometimes promote a fudden difcharge of great quan-
itics of that matter from places where it was lodged,  to places
where there was a defe of it. But an accident led me to a
much more beautiful, and perhaps a more fatisfadtory. manner
of demonfrating the laft part of this propofition, than any that
Ihit upon while I was purfuing my experiments with that
defign.

Decemser the 11th,  Hanging a drop of water upon the
Knob of @ brafs rod communicating with the infide of my bat-
tery, in order to obferve what varicty it might occafion in
the circular fpots, which will be mentioned hereafters I was
greatly furprifed to find the explofion made all at once,  at the
diftance of two inches.

1, AFTeRwARDS, put fome brafs duft upon a plate of metal
communicating with the infide of the battery, and making the
difcharge through the duft, it exploded at the diftance of an inch
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and'a half. The duft rofe towards the diftharging rod, and
from thence was difperfed in all direétions.

“Trese experiments are the more remarkable, as they demon-
firate fo great a difference between the diftance at which the
‘battery may be made to difcharge at once, by the help of thefe
light bodies, and without them. ~The difcharge of the battery
by the knobs of brafs ‘rods, in' the open air, is at the diftance
of about half an'inch ; but, by this means, ‘we fee it made at
three or four times that diftance.

Unvess 4 perfon try the following experiment, he will hard-
ly conceive the extreme probability of the clouds and the rain
being poffefied of an eledric virtue, in order to their uniform
difperfion, according to Sigoior Beccaria's theory.  Put a quan-
tity of brafs duft into a coated jar, and when it is charged, in-
vertit, and throw fome of the duft“out. Tt is very pleafing
10 fee with what exa@ uniformity it will be fpread over any fla
furface, and fall juft like rain or ow. Tn no other method can
it be fpread fo equably.

I is taken for granted by Signior Beccaria and others, that
perfons are fometimes killed by lightning without being really
tonched by it, a vacuum of air only being fuddenly made near
them, -and the air rafhing out of their lungs to fupply it; and
with fo much violence, that they could never recover their
breath.  As a proof of this, he foys, that the lungs of fuch per-
fons are found flaceid ; whereas, when they are properly killed

by the cle@ric fhock, the lungs are found inflated. This ac-
' count always appeared to me highly improbable, It determined
me, however, to make a few experiments, in order, if poffible,
1o afeertain the fack with fome degree of exatnefs,  The refult

was as follows.
DrcempEr
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- Dgcemner the 18th. T placed that part of an’egg thell in
which is a bladder ofair within an inch of the place:where I made
the explofion of the battery, on the furface of fome quickfilver ;
when the bludder was inftantly burft, and the greatcft part of it
tof quite away. < The (hell was quite dry; fo that the bladder
could not firetch in the leaft. 4

It is évident from this experiment, that there is a fenfible ex-
panfion of the neighbouring air, to fll a vacuum ‘made by he
ele@ric explofion; but that this is fo confiderable as to occafion
the faffocation and death of any animal, is; T think, very impro=
Dable from the following fagts. :

1 pu a cork as flightly as' poffible in the ‘mouth of a fmall
phial; but, though I held it exceeding near the place of the ex»
plofion, it was not drawn out. 0

I A the explofion pafs over the frface of a moift bladder,
firetched on the mouth of o galley pot 3 but it produced no fenfi-
ble effeé upon it. Talfo held atone fime the bill of a robin red
breaft, and at another time the nofe of a moufe near, the ele@ric
explofion, bt they didnot feem to be at all afeted by it. In
order to examine the ftate of the lungs, Tkilled fmall animals
Dby fhocks difcharged both through the brain, and through the
lungs; but when they were dificfted there appeared no differ-
ence. The lungs were in the very fame ftateas when they. were
killed in another manner.

To thefe mifcellancous experiments, intended to. verify feve-
sl pasticulars of Signior Beccaria’s theory of elefiricity, I fhall
add a fmall fet, which, though they were begun before I had
feen that author, are in fome refpects fimilar to his curious eX=
periment of difcharging a plate of glafs hanging by a filken ftring
without giving motion to it ; his being defigned to afcertain the
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effe® of the difcharge upon the glafs, and mine: refpeting the
conducting fubftances that formed the circuit.

Otiroser the 7th. To determine, if poffible, the direction.of
the eledtric fluid in an eléétric explofion, I hung feveral brafs
balls by filken firings, and difcharged fhocks through them,
when they were as much at reft as I could' make, them; but I
could not perceive that any motion was, given to them by the
ftroke. - Afterwards, 1 difcharged a jar a great number of times
through mall globules of quickfilver, laid on a {mooth  picce of
glafs 5 but could not perceive that they were driven one way
more than another, though they were often thrown into difor-
der; probably by the'repulion of the air,” occafioned by the va-
cuum of the explofion.

1 Taex placed four cork or pith balls, at equal diftances, upon
a'ftool of baked wood, witha piece of chain at the fame diftance
from the outermoft balls 5 ‘and obferved,  that, upon every at-
tempt to make a difcharge, the two middle balls were driven
clofe together, while the two outermoft were each of them at-
tracted to the piece of chain that was next to it. Then, laying
a great number of bits of threads in the fime manner upon the
ftool, feveral of the pieces that lay near the chain ftuck to them,
and a great number of thofe that lay in the middle were driven
togetherin a heap.

Tae attraction to the chains Lattribute to the clericity given
to them by their connection with the jar, which would be great-
Iy encreafed by the attempt to make an explofion; and the
crowding together of the pieces in the middle of the circuit, I
attribute to the current of air blowing them together from both
the extremities of the chain. Thus part of the flame of a can-
dle next to an elerified point will be attracted by the power of

elegricity,
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eledtricity, while the reft of the fame will be repelled from it by
the current of air.

Tagse experiments led me to make a difcharge through an
infulated bell, in order to obferve in what manner it would be
affected by the eledric hock only, when it was not touched by
any thing clfe. Accordingly, I made the difcharge of the bat-
tery through it feveral times; and by each explofion it was
made to ring, as loud as it could be made to do with a pretty
fmart ftroke of ones finger nail.

1 atso made a difcharge of the battery through the external
coating of a glafs jar, but without touching it with the difcharg-
ing rods ; and it plainly produced the fame tone, as when it
was rung by percuffion.

SECTION
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SECTION VIL

VARIOUS EXPERIMENTs RELATING To CHARGING axp
DISCHARGING GLASS JARS AND BATTERIES.

S feveral things have occurred, in the courfe of my expe-

riments, relating to charging and difcharging both com-
mon jars and large ele@rical batteries, which T have not feen in
the writings of any electricians; and as fome of the fa&s are
not eafily accounted for, I fhall mention a few of the more re.
markable of them, juft as they happened.

Ararz the 28th. As I was amufing myfelf with charging
three jars of the ordinary fize, while they ftood upon a metal
plate on the table, with their wires at different diftances from
the fame prime conducor, which was fixed on pillars of baked
wood; I obferved, that whenever one of the jars, which ftood
next to the conductor, difcharged itfelf, the others would dif-
charge themfelves t00; though they were far from having re-
ceived their full charge, being placed at a greater diftance from
the common condutor, and confequently having taken but
few fparks, in comparifon of that which ftood the neareft.

A vARIBTY of experiments feem to fhow, that, while a jar
Continties charged, the electric matter is continually infinuating

itfelf
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itfelf farther and farther into the fubftance of the glats, fo that
the hazard of its burfting is the greateft fome time after the
charging is over.

May the 26th. After having charged forty one jars together,
each containing about & fquare foot of coated glafs, I let them
ftand about a minute and a half, while I was adjufting fome part.
of the apparatus, in order to make the difcharge ; when they ex-
ploded by the burfting of one of the number. I obferved alfo,
that the jar which was burlt was at a confiderable diftance from
the place where I faw the flafh at the wires. It was alfo broke
through in two different places.

For the fame reafon, thereis no being fure that jars, which.
have ftood one difcharge, will bear another equally high. Iam
confident that feveral of mine have burft with a much lefs charge
than they had acually held before.

June the 2gth. A jar of an ordinary fize, which had been
in conftant ufe for feveral months, and which had difcharged
itfelf more than a hundred times without any injury, at length
burtt, as I was difcharging it at the prime conductor. The hole
was at a different place from that at which the difcharge was
made, but this does not always happen. The tip of my little
finger happened to lie very lightly on the place, and T felt it was
burft by a fmall pricking, as of a pin, though the explofion at
the conductor was nearly equal to that of any other difcharge.
The coating of a jar contiguous to onc that is burft is always
melted by the explofion.

Jung the 25th. A fmall thin phial, which had been charged
fingly as high as it could bear, fo as to have difcharged itfelf,
and alfo in conjun@ion with four others of its own fize, burlt by
a fpontancous explofion, when it was charged in conjun@ion
with a battery. A
Vit Tuap
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1 1ap never heard of a jar burfting in more than one place, or
more than one jar in a battery burfting at the fame time s but I
have often found, to my coft, that this event is very pofiible.
Tn this cafe, there muft bea difcharge at-more places than one
at the fame time : and, befides, it feems to follow from it, that
whenever there is a folicitation, as wemay fay, to difcharge at
one place,  the effort to difcharge at every other placeis encreaf-
ed at the fame time.

It has frequently happened with me, that jurs have been
Burft at the inftant that T was making the difcharge in the com-
mon way ; and when I have come to charge them again, they
have appeared to be burft, in fome place of the battery where I
siever expeded it. ‘Two inftances of this kind happened in the
explofion mentioned above; but the moft remarkable fa&t of
this kind happened the 31(t. of May, when a battery of about
forty jars, each containing a fquare foot of coated glafs difcharged
itfelf.

Uron examination, I found that fix of the jars were burft, one
had the tinfoil coating on the outfide quite melted, in a circular
fpot about half an inch in diameter; and in the infideit was
burned quite black, near an inch and an half. A fecond was
melted, on the outfide, about three quarters of an inch in dia-
meter, and the black fpot in the infide was two inches. A third
had ‘one hole made in the form of a ftar, more’ {mall cracks
Yike radii proceeding from a center then could be counted. ~And
there was hardly one of the jars that was burft with a fingle hole.
Some were burlt in feven or cight different places, of which
fome were very remote from others ; but generally there was
one principal hole, and feveral fimaller, but independent ones, in
the neighbourhood of it, as within half an inch, an inch, or two
inches from it.

Jose

VA.BHSC



Sec. VIL ELECTRICAL EXPLOSIONS. 611

Jons the 14th. The above:mentioned battery difcharged
itfelf oncemore ; when three jars were burft, and one of them,
befides its principal hole, had a circular row of fractures, quite
round the hole, at the diftance of about halfan inch. This ap~
pearance ftruck me as fomething very remarkable, but fome light
may perhaps be thrown upon it by a fubfequent courfe of expe=
riments. Each of the fmaller fractures wasabout a tenth of an
inch in length.

Novemuen the 17th. Having charged both my battaties, one
of them, at that time, of thirty one fquare feet, and the other
of thirty two, I made the explofion ; when one jar in each batte~
ry was afterwards found to be broken. They broke at the inftant
of the difcharge, fo that I did not fufpet what had happened.
Both the batteries had frequently borne a much higher charge.
In one of the fmaller jars, the coating, befides being burfk op-
pofite to the hole, was rent about an inch and an half along a
crack that was made from it.

‘WHEN jars difpofed in batteries have been burft in this manner,
1 have never failed to obferve one circumftance which appears
to me truly remarkable. It is, that though, in this cafe, feve-
ral paffages be opened for reftoring the equilibrium of the elec-
tric fluid, yet the whole feems to pafs in the circuit that is form-
ed for it externally. Atleaft, the effec of the explofion is mot
fenfibly diminifhed, upon any fubftances that arc cxpofed to it.
This I had a fair opportunity of obferving when I was tranfmit-
ting the explofion of the battery through wires of different me-
tals. I found that the utmoft force of the battery would do little
more than melt a piece of filver wire on which I was trying it,
and yet it was, at one time, totally difperfed by an explofion,
in making which three jars were broke in different parts of the
‘battery.

412 Tue
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Tat moft rematkable fracure I remember, ‘was of a jar an
eighth of an inch thick, and which was therefore, for a long
time; thought to be too thick forufe. This jar, however, which
had never held but a moderate charge, burft fpontancoufly ; when
there was found in it one hole like what is commonly obferved,
from which extended two cracks that met on the oppofite fide
of the jar, fo that it came.in two parts: ' but, befides this, there
were two other holes, barely vifible to the naked eye, ‘at fome
inches diftance from the principal hole, and confiderably diftant
from one another. Yet thefe holes, when examined with a
microfcope, were plainly fractures, like others made in the fame
manher, having a white fpeck in the middle.  One of them was
above the external coating, but not above the internal.

I map frequently been much furprifed at the great diftance at
which feveral of my jars would difcharge themfelves, one of five
inches being very common. This induced me to try at what
diftance T could make that fpontancous difcharge.

FepruARY the 21ft. T gota jar, cight inches and a half in
depth, and three in diameter.  Finding it difcharged itfelf very
eafily,  when coated in the ufual manner, that is, about four
inches from the top; I cut the coating away, till T had brought
it within two inches and a quarter from the bottom when it
il retained the fame property ; and, at length, it burft by a
difcharge through a white fpeck of unvitrified matter, an inch
and three quarters above the top of the coating.

I Taex procured a jar made blue with zaffre, feven inches and
a half high, and two inches and an half in diameter. I coated
of it only one inch and a quarter from the bottom, and yet it
difcharged itIf very readily. Tafterwards, by degrees, cut the
coating down to little more than half an inch from the bottom,
and fill the difcharge ;untinucd to be made as before. This

property
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property itretained till the month of O&ober ' following, . when
it was broke by an accident.

. Lave another blue jar, of ncarly the fame fize with the
former, which is almoft full of brafs duft, but has no.coating at
all on the outfide. . Yet, if I fet this jar upon the table, in.con-
ta@ with a fingle piece of brafs chain,  going quite round it, and
lying upon the table, it will difcharge itfelf the whole length of
the glaG. N. B. The manner in which the uncoated part. of
thefe jars becomes charged exhibits an' exceeding beautiful ap-~
pearance, efpecially in, the dark ; the fire flathing from  the: top
of the coating, .in the, form of branches of trees, firft on onc fide
of the glafs, and then on the other, and: growing larger and
larger till they go over the top.

I uave made fome experiments, to try how thick a plate of
glafs may be charged, but I have not been able to afcertain this
circumftance with any degree of exa@nefs : I only found,. that
1 was not able to give the leaft charge to a plate of glafs half an
inch thick, when it was not warmed. It was the bottom ofa
Targe glafs tumbler 5. but meeting with it only upon a journey at
the houfe of an ingenious cle@rician, I had no opportunity of
making many experiments upon it. I imagine that warming it
would have made it capableof being charged. = Glafs of a quarter
of an.inch thick will hold a pretty good charge.

Mz, KinNERsLEY’s experiments, p. 400, leaving me no rea=
fon to doubt, but that Florence flafks were capable of receiving
a charge like any other thin glafs, which might be made a con-
duétor by heat, I imagined I could foon conftruét a very ftrong
and very cheap ele@rical battery out of them. Accordingly T
procured a few, for a fpecimen, but was greatly farprized to
find that the ele@ricity went through them, when quite cold,
like -water_ through.a fieve, ‘without making any fiaGure in

them:
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them : for they continued to hold the fame fmall charge, which
was different in different flafks. Mentioning this difappointment
to Mr. Canton, he informed me, that he had met with the fame,
and that the permeability of this kind of glafs to the ele@ric fluid
was owing to {mall unvitrified parts which may be feen in them.
1 thought it might be of ufe to publith this fat, s it may pre-
vent other petfons from being difappointed in the fime expeCta-
tions.

As glafs had generally been charged when it was fmooth, and
&lettrics which had the property of rough glafs, when excited,
were exceeding difficult to charge; I had the curiofity  to ‘try
what might be donie with rough glafs itlelf. - Accordingly, T firft
made part of a jar rough, connecing the infide with the outfide
coating;; thinking that the roughnefs might poffibly promotea
fpontaneous difcharge; butI found it was not made in that place
preferably to any other. I afterwards took the polith’ from all
that part of the outfide’of a jar that was ‘above the'‘coating, but
it was charged and difcharged exa@ly ds before.  Latly T made
a plate of glafs rough on both fides, taking off all its polifb, and
found that it received a charge as well a5 a finooth plate.

Taemanner in which tubes' and plates of glafs have broken,
when I have failed to ftrike a'metallic tinge into them, by the
difcharge of an ele@rical battery, have fometimes been attended
with circumitances which I cannot eafily account for. : The fol-
Towing are the fads.

Decempsr the 3d. Endeavouring to fix'a metallic tinge upon
a flat piece of glafs, it was broken by’ the explofion, paralle] to
the line along which the metal lay, at about an inch diftance, but
mot where the tinge itfelf was.

‘In attempting to give a metallic tinge to a part of a long glals
tube, it broke, though not in the place where the' tinge was

made
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made, but onthe oppofite fide, which was fhattered all to
picces.  The leaf gold had been bound tight to the glafs, under
apiece of pafteboard, which  covered the gold, but not all the
tube. | Another tube alfo was broken'in large fragments where
the metal had been put on, but into fmall fplinters on the oppo=
fite fide 5 and for the fpace of fix or feven inches further, it was
not broken at all on the fide of the metal, but very much on the
other fide.

Ar another time, in attempting the fame thing with another
glafs tube’s the end of it, which was near a foot diftant from
the place where the metal was laid, and which was a little
cracked in an oblique direétion, broke offin a round piece,

As few experiments have been publithed about melting wires,
and procuring globules of metal by clecrical difcharges, and as
feveral things have occurred in my attempts that way, which
perhaps have not occurred to other perfons, T fhall mention a few
of the moft material circumftances. They will, at leaft, ferve
as adirecion to thofe who may be difpofed to attempt the fame
thing.

I map frequently attempted to procure thofe beautiful glules
of metal, mentioned, p. 276, fome of which I had feen with M.
Canton; and for that purpofe had made the difcharge through
fmall wires laid in the bottom of china bowls, &c. but always
without fuccefs. At length, T thought of inclofing the wires fn
fimall tubes ; and this expedient fully anfiered my purpofe : for,
November the 1ath. difcharging a battery of thirty two fquare
feet through an iron wire inclofed in a fmall glafs tube, I found
innumerable globules of the metal, of very different fizes. The
whole picce melted was about two inches. ~Breaking the glafs
tabe, I found the infide furface uniformly covered with thofe
globules, and a black duft, both fixed into the glaG; fo that

they
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they could not 'be feparated, without tearing ‘away part of the
glas.

THINKING to avoid this inconvenience, L fixed the fmall wire
in thie center of a glafs tube, of; at leaft,  aquarter of an inch in
diameters but, upon the  difcharge, this tube, though much
wider than the former, was uniformly covered with the globules,
and the black duft, ‘which ftuck very fatt toit, though the me-
tal did nor feem to have penetrated into the fubftance of the glafs.
When the tube was. broken; I feraped off part of the black
lining, and the part next the glafs looked like a thin plate of the
metal.

IvaGINING that the melted metal would not adhere fo clofely
t0 a conducting fubftance, s it had to the glafs, I inclofed the
wire in a paper tubea quarter of an inch wide.  Upon opening
it after the difcharge, it was found uniformly covered with that
black duft, and the iftain was every where indelible. Sparks of
fire had been feen three feet from the place of difcharge, but no
part of the metal could be found.

I TrEN confined the wire clofer, wrapping it tight in paper.
Upon the difcharge, a great number of fparks were feen, for a-
bout a fecond of time, a quarter of a yard from the paper, which
was burned through in feveral places. - Very few picces could be
found ; but thofe were pretty large and irregular. I now found,
that, in order to produce thefe globules, the charge muft be
moderate, that when the charge was very high, the whole fub-
{tance of the wire was difperfed in particles too fmall to be found;
and, on the other hand, when the charge was not fufficient, the
metal was melted into fragments too large to form themfelves
into regular globules.

‘WiTH the fame battery I once melted a picce of iron wire one

" feventicth of an inch in diameter, when a piece of it was thrown
quite
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quite acrofs the table, to the diftance of about fix feet ; where it
fell upon a bureau, then tumbled down to the ground, and con-
tinued glowing hot all the time. At other times, fparks from
melted iron have been thrown three yards, in oppofite directions,
from the place of the fufion, and continued a fenfible fpace of
time red hot upon the floor.

At another time T had a very fine opportunity of obferving
what part of the conductors which form an eleéric circuit are
moft affeéted by the explofion : for, upon difcharging a battery
of fifty one fquare feet through an iron wire nine inches long,
the whole of it was glowing hot and continued fo for fome fe-
conds; the middle part growing cool firft, while both the ex-
tremitics were fenfibly red. Upon examining it afterwards, both
_the extremities were found quite melted ; an inch or two of the
part next to them were exceeding brittle, and crumbled into
fimall picces upon being handled ; while the middle part remain-
ed pretty firm, but had quite loft its polith, fo that it looked
darker than before.

4K SECTTON
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SiEAC T 11O, NGy 4 VLT

ExrERIMENTS o8 ANIMALS.

ST have conftructed ;an cledtrical battery of confiderably

greater force than any other that I have yet heard of, and

as I haye fometimes expofed animals to the fhock of it, and have

particularly attended to feyeral circumftances, which have been

overlooked, or, mifapprehended by others ; it may not be impro-

per to relate a few of the cafes,  in which the fadts were, in any
refpec, new, or worth notice.

Juns the 4th. I killed a rat with the difcharge of two jars,
each containing three fquare feet of coated glafs. The animal
died immediately, after being univerfall Ifed, at the in-
ftant of the firoke. After fome time, it was carcfully diffected 5
but there was no internal injury perceived, particularly no extra-
vafation, cither in the abdomen, thorax, or brain.

June the 19th. Ikilled a pretty large kitten with the difcharge
of a battery of thirty three fquare feet; but no other effedt was
obferved, except thata fed fpot was found on the pericranium,
where the fire entered. I endeavoured to bring it to life, by
diftending the lungs, blowing with a quill into the trachea, but
to no purpofe. The heart beat a fhort time after the ftroke,
but refpiration ceafed immediately.

Junz
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June the 21ft. Tkilled a'fmall fhrew with the difcharge of a
battery of thirty fix fquare feet, but no other effeé was perceiv=
ed, cxcept that the hair of the forchead was finged, and in part
torn off. ~ There was no extravafation” any where, though the
animal was fo fmall, and the force with which ‘it was killed fo
great.- This fa&, and many others of a fimilar nature, ‘make me
fufpe@ fome miftake, in cafes where larger animals are faid ‘to
have had all their blood veflels burft by a much inferior force.

In all the accounts that I'have met with of animals killed by
the eleétric thock, the vi&tims were either {mall qaadrupeds, or
fowls; and they.are all reprefented as killed fo fuddenly, that it
could ot be feen how they were afféced previots to their expi
ration. In fome of my experiments, the great force of my bat=
tery has afforded me a pretty fair opportunity of obferving in
what mariner the animal fyftem is affected by the electric fhock,
the aniihals which I have expofed to it being pretty large; fo
thata better judgement may be formed of their fenfations, and
confequently of the immediate caufe of their death, by external
figns. 1 do ot pretend to draw any conclufion myfelf from the
following facts. I have only noted them as carcfully as T could
for the ufe of phyficians and anatomifts.

Jone the 26th. T difcharged a battery of thirty eight fquare
feet of coated glafs, through the head, and out at the tail of &
full grown cat, thice or four years old. - At that inftant, fhe was
Violently convulfed all over. After a fhort refpite, there came
on fmaller convulfions, in various mufcles, pamculnrly on the
fides ; which ter d in a violent at-
tended with a rattling in the throat. This commucd five mi-
nutes, without any motion that could be called breathing, but
was fucceeded by an exceeding quick refpiration, which conti=
nued near half an hour. Towards the end of this time, fhe was
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able to move her head, and fore feet, foas to puth herfelf back-
wards on the floor : but the was not able to move her hind feet
in the leaft, notwithftanding the fhock had not paffed through
them. While the continued in this condition, I gave her a fe-
cond ftroke, which was attended, as before, with the violent
convalfion, the fhort refpite, and the convalfive refpiration; in
which, after continuing abouta minute, ‘fhe died.

Being willing to try, for once, the effect of a'much greater
{hock than that which killed the cat upon a large animal, I gave
an explofion of fixty two fquare feet of coated glafs to a dog of
the fize of a common cur. ~ The moment he was ftruck, which
was on the head (but, not having a very good light, I could not
tell exa@ly where) all his limbs were extended, he fell back-
wards, and lay ‘without any motion, o fign of life, for about 2
minute.. Then followed convulfions, but not very violent, in all
his limbs ; and after that a convulfive refpiration, attended with
a fmall rattling in the throat.  In about four minutes from the
time that he was ftruck, he was able to move, though he did
not offer to walk till about half an hour after; inall which time,
he kept difcharging a great quantity of faliva; and there was
alfo a great flux of rheum from his eyes, on which he kept put-
ting his fect 5 though in other refpedts he lay perfectly liftlefs.
He never opened his eyes all the evening in which he was firuck,
and the next morning he appeared to be quite blind, though
feemingly well in cvery other repect.

Havine difpatched the dog, by fhooting him through the
hinder part of his head, I examined one of his eyes (both of
which had an uniform bluith caft, like a film over the pupil) and
found all the three humours perfecly tranfparent, and, as far as
could be judged, in their right flate; but the comea was

throughout




Sec. VIII. ON ANIMALS. 621

throughout white and opaque, like a bit of griftle, and remark-
ably thick.

Beroxg this experiment, I had imagined, that animals firack
blind by lightning had probably a gutta ferena, on account of
the concuffion which is feemingly given to the nervous fyftem
by the cleétric thock s whereas this cafe was evidently an in-
fammation, occafioned by the explofion being made fo near the
eyes, terminating in a fpecics of the albugo; but which I fuppofe
would have been incurable. One of the eyes of this dog was
affected a little more than the other; owing, probably, to the
froke being made a little nearer to onc eye than the other. T
intended to give the ftroke about an inch above the eyes.

In order to afcertain the effects of cledricity on an animal
body, I, aftcr this, began a courfe of experiments on the con-
duéting power of its conftituent parts ; and for fome time ima-
gined that a_picce of fpinal marrow of an ox conducted fenfibly
worfe than the mufcular flefh; but after a great number of trials
with pieces of fpinal marrow from various animals, and pieces
of mufcular fleth, of the fame fize and form, and in various
fates of moifture and drynefs, I gave up that opinion as falla-
cions; but I cannot help wifhing the experiments were refam-
ed with fome more accurate meafure of conduding power than
hath yet been contrived.

Beino willing to obferve, if poffible, the immediate effect
of the elecric fhock on the heart and lungs of animals, I gave,
June the sth. a fhock from fix fquare feet to a frog,. in which
the thorax had been previoufly laid open, o that the pulfation
of the heart might be feen. Upon receiving the ftroke, the
lungs were inftantly inflated; and, together with the other
contents of the thorax, thrown quite out of the body. The
heart, however, continued to beat, though very languidly, and

there
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there was no other fign of life for about ten minutes.  After
that, a motion was firft perceived under its jaws ; which was pro-
pagated, by degrees, to the mufeles of the fides; and 'at laft
the creaturc feemed as if it would have come to life, if it had
not been fo much mangléd.  The ftroke entered the head, and
went out at the hind feet.

June the 6th. T difcharged ‘a battery of thirty three fquare
fect through the head and whole extended body of another frog.
Immediately upon receiving the ftroke, there was, as it were,
a momentary diftention of all the mufcles of the body, and it
remained fhrivelled up in'a moft furprifing manner. ' For about
five minutes there appeared no fign of life, and the pulfation of
the heart could not be felt with the finger. But afterwards,
there firft appeared a motion under the jaws, then all along the
fides, attended with convulfive motions of the other parts, and
in about an hour, it became, to all appearance; as well as ever.

Tue fame day, I gave the fame ftroke to tsvolother frogs.
They were affected in the fame manner, ‘and perfely recovered
in lefs than three hours.

Tuese fadts furprized me very much, I attribute the reco-
very of the frogs partly to the moifture, which always feems to
cover their body, and which might tranfmita good part of the
fhock ; and partly to that provifion in their conftitution, where-
by they can fubfift a long time without breathing. To afcertain
¢his, T would have given the’ fhock to toads, ferpents, fithes,
&c. and various ‘other exanguious animals, but I had not an
opportunity. ~ Befides, it is paying dear for philofophical difco-
veries, to purchafe them at the expence of humanity.

SECTION
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BAE CTIIHROMN WX

ExperiMeNTS oN THE CIRCULAR SPOTS MADE ON PIECES
©OF METAL BY LARGE ELECTRICAL EXPLOSIONS. -

IN the courfes of experiments with which Ifhall prefent the
reader in thisand the two following fections, I can pretend
1o no fort of merit. T was unavoidably led to them in'the ufe of
avery geat force of cledricity. ~ The firft new appearance was,
i all the cafes, perfecly accidental, ‘and engaged meto purfue
the train; and the refults are fo'far from favouring any particular
theory or hypothefis of my own, that 1 cannot perfedly recon—
cile many of the various phenomena to afy Hypothefis.

From the fitft of my giving any particular attention to elec-
trical -experiments, T entertained a confufed notion, that a per-
{on " would ftand the beft chance for hitting upon fome new
difcovery, by applying a greater force than had hitherto beer:
wled, - Confidering the prodigious number of electrical machines
that were in the hands of fo many ingenious men,  in different
parts of the world, Iimagined that all that could be done in
Jittle had been tried ; and that the ufual experiments had been
diverfified and combined in almoft every method poffible; where=

ot
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as, fince ele@rical machines, I obferved, had, of late years,
been gradually reduced into lefs and lefs compafs, a great power
of elericity would be almoft a new thing, and might therefore
fapply the means of new experiments. Even Dr. Franklin's
force, 1 confidered, was fmall, in comparifon of what might
cafily be raifed, and without a very great cxpence.

Wirs thefe general and random expectations, I kept gradu-
ally increafing my quantity of coated glafs, till I got a battery
of thirty, forty, fixty, and at length near cighty fquare feet;
and the reader will, in fome meafure, have feen already, that
1 was not wholly difappointed in it. The following courfes of
experiments are more remarkable inflances of the advantage I
derived from this power of cle@tricity.

Tue firft remarkable fac that I was by this means led to dif-
cover, is that of the circles with which pieces of metal that re-
ceive elecrical explofions are marked. I fhall faithfully relate
all the circumftances, and varieties in which it has been exhibit-
ed, and the obfervations I have made upon it ; and this I cannot
do better than by writing the narrative, in the order in which
the appearances occurred.

June the 13th. 1760. After difcharging a battery, of about
forty fquare fect, with afinooth brafs knob, I accidentally ob-
ferved upon it @ pretey large circular Jpot, the center of which
feemed to be fuperficially melted, in a great number of dots,
larger near the center, and fmaller at a diftance from it. Be-
yond this central fpot was a cirele of black duft, which was cafi-
Iy wiped off 5 but, what I was moft ftruck with was, that, af-
teran interruption of melted places, there was an entire and
exadt circle of fhining dots, confifting of places fuperficially
melted, like thofe at the center. The appearance of the whole,
exclufive of the black duft, is reprefented, Platei. fig. 5. No. 1.
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Jusg tlie 14th. I took the fpot upon fmooth pieces of lead; arid
filver. It was, in both cafes, like that on the brafs knob, only
the central fpot on the filver confifted of dots. difpofed  with the
utmoft exadnefs, like radii from the center of a circle, cach of
which terminated a little fhort of the external circle.

ExamivinG the fpots with a microfcope, both the fhining
dots that formed the central fpot; and thofe which formed the
external circle, appeared cvidently to confifk of cavities, refem~
bling thofe of the moon, as they appear through a. telefcope,
the edges proje@ing fhadows into them, when they were held in
the fun. 2

T moft beautiful appearance of this kind was exhibited by
a fpot, which I took on a gold watch cafe. Befides the cavities,
there were, in feveral places of the {pot, hollow fubbles of the
metal, which muft have been raifed when it was in a ftate of
fufion.  Thefe looked very beautiful when examined with & mi~
crofcope in the fun, and were eafily diftinguithied from the cavi-
ties, by having their radiant points (which were very remark=
able, and dazzling to the eye) on oppofite fides to thofe of the
cavities, with refpect to the fan. The whole progrefs feems to
have been firft a fufion, then an attraction of the liquid metal,
which helped to form the bubbles s and lafily the burfting of
¢he bubbles, which lcft the cavities. N. B. By this explofion
half an inch of a fteel wire, one feventieth of an inch in diame~
ter, was melted, and: entirely difperfed. Tn. the difperfion,
fparks of i¢ were feen red ot, above half a yard from the place
where the wire had lain. This circumfance I have frequently
obferved fince. 1 have alfo feen fuch fparks fly from large brafs
knobs, at the inftant of feveral explofions.

I roox the fpot upon polithed pieces of feveral metals, with
the charge of the fame battery, and obferved that the.cavities in'
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them were fome of them deeper than others, s I thought, in
the following order,  beginning with the deepett #in, kiad, brafs,
gold,’ fleel, “iron, copper, filver.

 T'wiLr not be very pofitive as to the order of fome of the me-
tals, butfilver was evidently not affected a fourth part: fo'much
as gold, and much lefs than any of the others.  The circles were
marked asplain, but the impreffioh was more. fuperficial.  Qu.
Is this owing to'the heat being fooher diffufed equably through a
picce/of filver,  than: through the fubftance of any other metal ?

I THOUGHT there might poffibly be fome difference in the cir-
cles on metals which had been a long time in a folid form, and
thofe which had been lately fluid ;- and to’ afcertain it, I made
the explofion between a piece of lead juft folid after melting,
and another fiooth picce,  that I had kept a confiderable time,

‘The piece: of frefh lead was melted more than the other, but
there wasno other difference between them.

Tue femi-metals, as bifmuth and zink, received the fame
impreffion as the proper metals; being melted about as much as
iron.

1.mape three difcharges between a picce of highly polithed
fieel, and a piece of very fmooth iron ; and in all the cales
thought the fteel was more deeply melted than the iron. T men=
tion this experiment more particularly, on account of the fingu-
lar, and beautiful appearance of the circular fpot upon the fteel
in two of the difcharges. A circular fpot, of about an cighth
of an inch in diameter, was uniformly melted, and pretty well
defined ; and there was a fpace round this- central fpot, of the
fame breadth, uniformly filled with {mall melted places ; but in
one of them twice as large as/in the other. They exhibited the
exac appearance of a planet furrounded by a denfe atmofphere;

fuch as, I think, T remember fecing the figures of, in the plates
of
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of Burnet's:theory of the carth. . The other circle upon the fteel
was a common one.

Wi the kitten above-mentioned was killed,  there was no
circular fpot, o any fufion on the brafs knob. I have always
found it the moft perfect, when the circuit has been: compofed,
of the beft conducors; and had the feweft intervals. f

Juxs the 1gth. Hanging the cafe of one watch upon the brafs
knobs communicating with the infide of the battery, and receiv=
ing the explofion from it upon the cafe of another wateh, which
was fometimes of the fame, and fometimes of a different metal,
and meafuring the circles afterwards; I found. them to be very
nearly of the fame diameter. |+ The fiall varicties. feemed o be
accidental 5 or at leatt did not depend,  cither. upon the metal,
or the direction of the ele@ric fluid. . But I thought it pretty
evident, from'a great number),of experiments, that the metal
which communicated with the outfide of the battery, and which
I held in my hand to take the explofion, was marked the more-
diftin@ly of the two.

It feemed that, when the battery was charged very high, the
central fpot was  the moft irregular, many_ of the dots which
compofed it {preading into the outer circle, and fome dots ap-
pearing beyond the outer circle, and. very much effacing it; fo
that the beft way to procure a diftint circle, is to take a mode~
rate charge of a very large battery. . This. may be the reafon
why the outer circle cannot be perceived, -when only fmall jars
aroufed 5 the circamiference of the circle being very fmall, and
the charge generally too high. In a very weak charge, itistoo
faint to be perceived: - 1 have fometimes, however, feen a very
diftinét circle made by only two jars, cach containing. half a
fquare foot of coated glafs.

‘D diameter of the. {pot {eems; to depend upon the quantity

4L 2 of
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of coated glafs; but in what proportion, I'have not yet accu-
rately afcertained.

T save obferved a good deal of variety in the external circles.
Sometimes they have confifted of pretty large dots, difpofed at
nearly equal diftances, in an exat ciccles which, in the fpaces
betwixt each large dot, was completed by finallér dots,  vifible
only by a microfcope. - But, ‘generally, the external circle con-
fifts of a fpace full of dots, placed irregulary, but fo that a line
drawn through the midft of them' makes a pretty exa&t circle
round the central {pot.

PresenTLY after I had obferved the fingle circle, I imagin-~
ed that, whatever was the caufé of the appearance, it was not
improbable, but that two or more concentric circles might be
procured, if 2 greater quantity of coated glafs was ufed, or per-
haps if the explofion was received upon metals that were more
eafily fufed than brafs. ' Accordingly, June the 2yth. taking the
moderate charge of a battery, confiting ‘of about thirty cight
fquare feet, upon a piece of tin, I firft obferved a fecond outer
circle, at the fame diftance from the firft, as the firft was from
the central fpot. It confifted of very fine points hardly vifi-
ble, except when held in an ‘advantageous light; but the ap-
pearance of the whole was’ very beautiful, fuch us is reprefent-
ed, Plate . fig. 5. No. 2.

June the 28th. 1 got another double circle, on a flat pewter
fandifh, much’ plainer than the fofmer, - the outer- being about
the fame diftance from the inner; as the inner was from the
outfide of the central fpot.

Havine hitherto found the circles the moft diftin@ on me-
tals that melt with the leaft degroe of heat, T foon aftcr procur-
ed a piece of that compofition which melts in boiling water; and
having charged fixty fquare’ feet of coated glafs, T received the
explofion with it, and found, what I was endcavouring to get,

three
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three concentric circles s the outermoft of which was not quite fo
far from the next to it, as that was from the innermoft.  All the
fpace within the fieft circle was elted ; but the fpace was very
well' defined, and by no means like a central fpot, which in
this cafe was quice obliterated. The appearance of thefe thres
concentric cicles is reprefented, Platei. fig. ‘5. No. 3.°

Iuave feveral times fince found parts of three: concentric
circles upon brafs knobs, when I have ufed no more than thirty
fquare fect of coated glafs.  They feem to_be more eafily per-
ceived, when the knobs are a little tarnithed: for then the
fmall dots, in which the metaliis melted, are more eafily dif-
tinguithed, cfpecially when they are held in a proper light with
refpect to the fun. b

I MaDE many attempts to make thefe circles larger than I had
ufisally found them upon picces of metal, chiefly by means’ of
worfe conductors ; thinking that the eleftric matter not being (o
well conduced, and paffing with lefs rapidity, would fpread
wider. This was probably the cafe, butthen it is likewife pro-
bable, that I wanted force to make fuch an impreffion vifible.
For this purpofe, however, I reccived the explofion between two
pieces of raw flefh, two potatoes,  two moift bladders, and things
of a fimilar nature, ‘but without any effe@ whatever; no mark
at all, or, at leaft, nothing regular remaining upon them. When
T took the explofion upon a picce of wood charcoal, it feemed to
be melted, and run in fmall heaps, ‘within the fpace of about
the ufual diameter of a circular fpot ;5 and when I'took it upon a
piece of pit charcoal, a piece foemed to bs ftruck out of it, and
a hole was left in it; but there was no regular circle upon either

of them ; nor was there any fenfible ignition in either cafe.
A oné time Tlaid a piece of /fead ore feraped very fmooth
upon the wires of the battery, and took the explofion with &
picce
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piece of tin ore feraped in the fame manner s but though I exa-
mined the places with a microfcope, I could not be fure  that
there was any part melted,. much lefs any regular ciccular fpot ;
but there lay on both of them a yellow matter, like falphur,
round the place where the explofion was taken, and a very difa-
greeable  fmell ‘was excited. ' This probably arofe from a
mixture of the falphur of the lead ore, and. the arfenic of the
tin ore.

I rcervep the explofion in vacuo, at the diftance of about
three inches; but found no regular circular fpot, owing, pro-
bably,  to the two interruptions I was obliged, in this cafe; to
make in the circuit, ‘one in the air, and the other within the
receiver ; by means of which the effec of both would be: weak-
ened, the whole force being, as it were, divided between them:
for in all fuch cafes, though both the explofions were made in
the open air, ‘I found the circles lefs perfect.

ArTERWARDS, I contrived to.make the explofion in one ad-
ditional atmofphere of condenfed air, but the circles were {mall-
er, and lefs diftiné than the other two circles, which I was
obliged, at the fami time, to make at the other interruption of
the circuit; in the lopen air. The denfer air would  probably
confine the ele@ric matter within a narrower compafs; in the
fame manner as the common air prevents that diffufion of it which
is remarkable in vacuo.

‘Tue diftance at which the difcharge was made | occafioned no
difference in. the diameter, of thefe circular fpots. When, by
putting a drop of water upon the brafs rod communicating with
the infide of the battery, I made the difcharge at the diftance of
two inches, the fpot was juft the fame as if it had been received,
as ufual, at the diftance of half an inch, i. e. about a quarter of
an inch in diameter.

I ALwaAYs
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T arwavs found that if the explofion ‘was obliged to pafs
through any bad conduétor before it reached the metal,  the im-
prefiion it made upon it was contracted, and decper than if it had
been received immediately by the metal. This was evident
when paper, a piece of bladder, or varnifh were put upon. the
brafs rods with which the difcharges were made; though a very
thin coating of vamifh or moifture:did not. entircly prevent. the
appearance of the circles.

In making a courfe of experiments with bad. conductors, and
in ufing various methods to promote the difcharge of the battery
at greater diftances than ufual, T was peculiarly ftruck with fome
phenomena which occurred in the ufe of water.

1 puT a drop of water, about a quarter of an inch in diameter,
upon the brafs rod communicating with the infide of the battery,
and took the explofion direly over it. The difcharge was made
at the diftance of about an-inch, and the-extremity of the drop
was marked with a moft beautiful circle, exceedingly well defined
on the infide, and. vanifhing gradually outwards, like a fine
fhade in drawing. = But what firack ‘me moftin the appearance
was, that, in this circle, ‘there was no central fpot.

Nor knowing what this new circumftance ‘was owing to, T
swetted a piece of fmooth copper, which lay upon: the wires of
the battery, and taking the explofion ‘upon ir, I only found a
long fireak at the edge of the wetted place, well defined on the
fide of the water, but vanifhing gradually on the oppofite fide, as
in the former cafe. In this, and other fimilar ‘experiments, I
obferved that the ele@ric matter avoided the water, and would
go a greater way in the air, in order to come at the metal.

I 2uen laid more water upon the copper, butfo as only to
moiften it ; for the furface, ‘being convex, would notallow it to
lic in any great quantity; and upon taking the explofion, I found

no
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no cirele, but feveral beautifal circular fpots melted very decp,
one of which was much larger than the reft. Thefe cxperiments
feem to thow, that the ele@ric matter meets with a confiderable
refiftance in paffing through water, which confines its excurfion
more than the air; and that, by fuch a condenfation, its force
is greatly increafed, fo as to leave deeper impreflions upon the
‘metal than when it had paffed only through the air, in like man-
ner, if two pieces of metal be placed, nearly in conta@, or if
they be light, and one of them lie upon the other ; the impref-
fion made upon both of them, by the difcharge of the battery
pafling through them, will be confiderably deeper, than it
would have been if the elecric matterhad not been confined to
{o fmall a compafs as the points in contact.

To account for the formation of thefe concentric circles, no-
thing feems to be neceffary, but the fuppofition of the elafticity
of the electric fluid, whereby its  particles repel one another.
For then, fuppofing a quantity of eleétric, matter to iffuc from
one piece of metal to another, through the air, it will endeavour
to fpread, but will be confined in its paffage by the furround-
ing cletric medium, and the firong astraction of the oppofite
metal.  If this piece of metal have a flat furface, or one that is
neatly fo, the fluid will be attracted by it pretty cqually, within
2 centain fpace 5 fo that the mutual repulfion of its particles will
have room to exert itfelf, and produce a divifion of the whole
quantity ; and as this repulfion is'the famein all direGions, the
effe@ muft be its throwing it(elf into a circle, or feveral con-
centric circles, on its entering the oppofite piece of metal, and
confequently melting it, in that form. - For the fame reafon the
circles themfelves will confift of feparate dots, each of which
might have been caufed by the fluid in another hollow circle,

but
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but being fo fmall, the fufion of the metal could not fhow that
circumftance.

O the circles heing formed in this manner, I have been in
2 manner an eye. witnefs, when Ihave prefented a flat piece of
metal to a large prime conductor firongly cletrified, and have
{een the large fparks, five or fix inches long, divide about the
middle, and ftrike the metal in a circle, about an inch in diame-
ter; generally witha central fpot, but fometimes without one.

Tue manner in which feveral of the jars, mentioned in a form-
er fe@ion, were broken feems to be analogous to the formation
of thefe circles. - I mean, thofe that were pierced with a number
of fimall holes in the neighbourhood of the principal one; but
more efpecially that which was broke with an intire circle of
{imall and independent fractures round the principal hole.

T remarkable ftory of the five peafants of whom the firft,
third, and fifth were killed by lightning, as they were walking
in a right line ;. and which  was mentioned before, as analogous
fo.a fac ‘obferved by Mr, Monnier, will perhaps be thought
more analogous to this. - For fuppofing the diameter of the con-
centric circles formed by lightning to be fufficiently great, and
the central fpot to fall upon the third perfon, the two on each
fide of him would efcape, by being in the firft interval round the
central fpot; while the two who walked firt and laft would fall
into the circumference of the firft circle. But other facts lead
me to-think,  that all thefe cffeéts may have been produced by a
conftant ftream of ele@ric matter, in a progreflive motion, the
§iefk part of which being difcharged upon any objedt, the fircam
is weakened when it meets with the fecond, but is accumulated
again when the third comes in its way, and o altemately, as
Jong as the ftream and the line of objeéts continues. This ac-
count feems to be rendered more probable by the number of ob=
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jo&s that have been fruck in’ this manner, particalarly in a cafe
which is related by Dr. Wallace in his account of the Orkney
ilands, p. 78. ¢ Tn the year 1680 he fiys, « the lightning
< entered a gentleman’s cow-all where were twilve cows ftand-
‘e ing fide by fide, as they ufed to'be, and killed every other
one; that is, it killed the firft, and miffed the fecond; it
« killed the third, and miffed the fourth ; ‘and o of the reft, fo
< that fix were killed, and fix remained alive'and untouched.”

CovmuNICATING this experiment to Mr. Price, he fuggelted
to me, that the circles called fasiry rings,” which confit of grafs
of détper greeh in pafture fields, and which have by fome been
imagined to be occafioned by lightning ' might be analogous to
the circles above-mentioned, but that they want a central fpot:
1 have fince examined one of thefe rings. It was about a yard
in diameter, the ring itfelf about a quarter of a yard btoad, and
equally fo'in the whole circumference ; but there was no‘appear-
ance of any thing to correfpond to the central fpot.

T nAave fince met with a curious artiele in the Philofophical
Franfactions, relating to thofé fiiry  circles, communicated: by
M. Jeflop, which confirms the fuppofition of their being occa-
Honed by lightning, and with which T'fhall therefore  conclude
this feion.

< T 1iavE often been puzzled to give an accounit of thofe phe-
<« nomena, which are commonly called fairy-circles. 1 have feen
<« many of them, and thofe of two forts; one fort bare, of feven
“ or eight yards diameter, making a'round path fomething more
< than a foot broad, with green grafs in the middle; the others
« like them, but of feveral bignefies, and encompafied with a
< circumference of grafs, ‘about the fame breadth, much frefher
< and greener than that in the middle. But my worthy friend
« Mr. Walker, gave me full fatisfaction from his own experience;

it
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« it was his chance one day, to walk out among fome mowing
< grafs (in which he had béen but a little while before) after a
«¢ great ftorm of thunder and lightning ; which feemed by the
« noife and flathes to haye been very near him : he prefently
< obferved a round circle, of about four or five yards diameter,
< the rim whereof was about a foot broad, newly burnt bare, as
< the colour and brittlenefs of the grafs roots did plainly teftify.
« He knew not what to aferibe it unto but the lightning, which,
< befides the odd capricios remarkable in that fire in_particular,
« might without any wonder, like all other fires, move round,
< and burn more ih the extremities than the middle. After the
« geafs was mowed, the next year it came up more freth and
« green in the place burnt, than in the middle, and at mowing-
< time was much taller and ranker.” *

* Phil. Tranf.sbridged, Vol. 2. p. 18z,

iM2 SECTION
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SE:C/T 10 Nl X,

EXPERIMENTS oN THE ErFECTs of TuE ELECTRICAL
EXPLOSION DISCHARGED THROUGH A BRASS CHAIN,
AND OTHER METALLIC SUBSTANCES,

FROM the very firft ufe of ‘my battery, T had obferved 2
very black Jinoke or duf to arife upon every difcharge, cven
when no wire was melted, and the brafs chain I made ufe of
was of a confiderable thicknefs. Of this circumftance, however,
T only made a flight memorandum, as what I could not then ac-
count for, and paid no particular attention to it; till on the
13th of June 1766, 1was ftruck with another cafual appearance,
as I was intent upon the experiments relating to the circles
above-mentioned.

Tosserve, that a piece of white paper, on which lay the
chain I was ufing to make the difcharge, was marked with 2
black flain, as if it had been burnt, wherever the links had
touched it. Vet I could not then think that it could be burnt
by fothick a chain. Iimagined the chain muft have been dirty,
and the dirt have been (haken off by the ftroke. Still however
1 neglected the experiment fill, obferving a very friking ap-
pearance of the fame kind, on the 1ft. of September following,

I
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I was determined to attend to the circumftances of it a little
more particularly than I had done.

1 mape my chain very clean, and wrapping it in white paper,
1 made a difcharge of about forty fquare fect through it, and
found thic ftain whercver it had touched the paper.

Sosts time after, T wrapped the paper, in the fame mannery
round a picce of brafs wite; but, making a difcharge through it,
T no flain. - To afcertain whether this appeatance depended
upon the difcontinuity of the metallic circuit; on the 13th. of
the fame month, Iftretched the chain with a confiderable weight
aid found the paper, on which it lay as the thock pafied through
it, hardly marked at all.

Frnpin that it depended upon. the difcontinuity, I laid the
chain upon white paper, making each extremity faft with pins
ftuck through the links ; and when I had made the difcharge,
abfeved that the black ftains were oppofite to the body of tbe wire
that formed the chain, and not to the iutervals, as Ihad fome-
imes fufpeéted.

Seerespen the 18th, Obferving that a prtty confiderable
quantity of blacle matter was lefc upon th paper, on €very dif-
charge with the fame chain; T imagined it muft have loft weight
by the operation, and to afcertain this circumftance, 1 took
another chain not fo thick as that 1 had ufed before. It was
e fect four inches long, and weighed cxallly one ounce, fe-
venteen penny weights, four grains. After the difcharge, T
found it had loft exaétly half a grain of its weight. The fhock
had only paffed through a part of it, the reft lying on a heap.
1 then difcharged the fame fhock through its whole length, and
weighed it, found it had loft juft another half grain. By re=
peated experiments I found, aftcrwards, that the fureft way to
firike off part of itsweight, Wwas o ‘make the fhock pafs through

a fmall




638 EXPLOSIONS THROUGH Parr vir,

afiall part of its length, and that when a confiderable length
was ufed the event was uncertain.

N. B. Tuzse and all the following experiments, except
where the contrary s expreffed, were made with a battery of
thirty two fyuare foet, that force appearing to be fufficient, and
the charging of it not taking up much time. At the time of both
the above-mentioned difcharges, ‘an iron wire of one feventieth
of an inch in diameter was made red hot, but, was not melted.

O3sERVING how deep a ftain was made by the links of a thick
brafs chain, I had the curiofity to try what would be the con-
fequence of fending a thock through a piece of charcoal.  Ac-
cordingly I took 2 fmall picce, about half aninch: in length,
and found that, in the difcharge, it was all blown to duft. - The
pafteboard on which it lay was torn, the charcoal being forced
into it, o that the impreflion appeared on the other fide. The
blacknefs was fpread to a great diftance, and the. tinge every
where indelible.

SePTEMBER the 21ft. “In making the mark above-mentioned,
on part of the fheet of paper, on which I had written an account
of the experiment to Dr. Franklin, I happened to lay.the chain
{0 as to make it return at a fharp angle, in order to imprefs the
form of a letter on the paper; and obferved that, upon the dif-
charge, the part of the chain that had been doubled was dif-
placed, and pulled about two inches towards the reft of the chain,

_ At this I was furprifed, as I thought it lay fo, as that it could
notdlide by its own weight. Upon this I repeated the experiment
with more accuracy. I firetched the whole chain along a table,
laging it double all the way, and making it return by a very
fharp angle. The confequence always was, that the chain was
fhortened about two inches, and fometimes more 5 asifa fud-
den pull had been given to it by both the ends.

CONSIDERING
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Consiperine that this pull muft have been given to it by
the feveral links fuddenly repelling one another, at the inftant of
the explofion, I'compared the links with the black marks. that
were made by them upon the table, and found that each link
bad been pulled from the place on which it had lain, and moft
of ally’ at the greaté(t diftance from the place of the explofion.

Convincep that the chain had been fhortened by the mutual
repulfion of the links, 1'endeavoured to meafure with exactnels
how much the thortening was, in a given length of chain. To
do this, I meafured two feet four inches of the chain, as it lay
upon the table, in one’ ftraight line, without any return, one
end being fixed and the other moveable; and found that, upon
difcharging fixty’ four fquare feet through it, it was fhortened a
quarter of an inch in its whole length. Ihad contrived that the
fuddennefs of the motion fhould not throw one part of the chain
upon the ‘other.

SuspecTING that the black fimoke, which rofe at every dil-
charge, might come, not from the chain, but from the paper,
or the table on which it lay, and which was probably burnt by
the conta& of it; I let the chain hang freely in theair; but, upon
making the difcharge, T obferved the fame black grofs fmoke
that had before rifen from the paper or the table. It was there-
fore part of the metal itfelf, which had been converted into that
black duft. =

To give my reader a better idea of the mark made upon white
paper by a chain, through which the eledtric fhock is tranfmit-
ted; T laid 2 chain upon the original drawing of Plate I. for the
engraver to copy as exadlly as he could; and he has fucceeded
pretty well. The breadth of the fpots are about the mean thick-
nefs of the wire of the chain, and [4, 8] marks the place to

which
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which that part of the chain which was returned was thrown
back, by the fudden repulfion of the links.

I nap before obferved the ele@ric fparks betwixt each link to
be moft intenfely bright, fo as, fometimes, to make the whole
chain appear like one flame in thedark; but the appearance of
the chain, at the inftant of the fhock, as it hung frecly in the
air, was exceedingly beautiful ; the fparks being the largeft and
brighteft at the bottom, -and fmaller, by degrees, towards the
top, where they were fearcely vifible ; the weight of the lower
links having brought them fo much nearer together.

SEPTEMBER the 26th. Being flill in fome doubt whether the
blacknefs that was left on the paper came from the burning of
the paper, or fome thing that was thrown from the chain ; T once
more hung the chain freely in air, and put under it, but fo as
not to touch it, a piece of white paper, on which I alfo laid a
few pieces of down, to obferve whether they would be. affected
by any cleétric attraction or repulfion. | On making the difcharge,
the down was all difperfed, and the paper was marked with a
black ftain, near thelength of aninch; which was the diftance
at which the two parts of the chain hung from one another, a
little above the paper.  Some parts of the ftain were deeper than
others, the whole mark confifting of four different fpots of a
deeper black, joined by fainter fireaks, anfwering to four links
of the chain, which hung nearly parallel to the paper. The
ftain could not be wiped off with a handkerchief, though it was
not {o deep as when the chain had touched the paper. . Thus I
was fatisfied, that a confiderable part, atleaft, ofthe blacknefs
had come from the chain. 8

SeeremeR the 27th.  Willing to afeertain more exaly
what part of the chain, the folid links, or the interyals, was moft
affected by the thock; I dipped itin water, and laying it quitc

wet
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wet upon a picce of white paper, difchargeda thock through it:
Part of the water was thrown into my face, being feattered in all
dire@ions, and all the chain left inftantly and pecfectly dry. The
papef was very much fained for the fpace’ of an inch broad,
wherever the chain lay ; not equably, but asif it had been hand=
led with dirty fingers.! ‘The flain was indelible, and where
the chain was returned, a- hole: was ftruck quite through the
paper. q0

To determine whether -the paper, in the above-mentioned
inftances, had really been burnt, as wellas ffained. 1laid a part
of the chain, at the time of the laft difcharge, upon three ‘half
crowns'; and found they were all melted, in'the places where
the chain had touched them. * The marks made by the fufion
were about the breadth of the chain, and fo deep that nothing
but a tool could efface them. i

To determine, if poflible, more fenfibly what it was- that
#nade the black tinge, Tlaid the chain upon my hand; When I
had's moderate charge ; ‘and it was marked juft like the  paper.
I felt a kind of pricking or burning at the inftant of the explofi-
6n; and the painful fenfation continued a fmall fpace of time.

T 3ApE no doubt but that with a heat that ‘melted metals, T
cbild eafily contrive to fire gunpowder'; ‘but, though Tlaid the
chain upon the grains, and rammed the powder about the chain
put through  quill, T could not fucceed. Tn the firft cafe,  the
powder was difperfed 3 and in the fecond,  the quill: was burft,
ahd there was a fmell, as after an explofion of gunpowder, ‘but
10 a@ual firing of it.

Hrruerto I'had always put the chain in conta@ with bodies
that were conducors. T was now willing to try what would be
the confequence of laying it in contaét with eleGrics. ~ Accord-
ingly, 1 dipped the chain in melted rofin, till it had got a cont=

4N ing
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ing of @ confiderable thicknes, - Whe it was quite fiff, 1 laid
it carefully, without bending, upon: white paper, and made;the
difeharge through it. The rofin was inftantly difperfed from all
the outfide of the chain, itbeing left as clean as if none had ever
been put on. That with which the holes in the chain had been
filled; having been impelled in almoft all dire&ions, was beaten
to powder; ‘which, however, - hung'together, but was perfectly
opaque ; whereas it had been quite tranfparent, before this firoke.
1 felt fome of the rofin fly in my face. The ftain upon the paper
was very deep, containing a good deal of rofin, and feveral holes
swere feruck through the paperon which it was laid. Ahalfcrown,
on which part of the chain had lain, was melted, and fo decp-
1y ftained with the rofin, that it could not eafily be cleaned.

I nexr laid the chain upon a piece of glafi 5. and. confidering
how both the half crown and the rofin had been affected, ex-
pedted it would have been broken to picces ; but inftead of that,
the glas was marked in the moft beautiful manner, wherever
the chain had touched it; every fpot the width and colour of
the link.  The metal might be feraped off the glafs at the out-
fide of the marks ; ‘but in the middle part it was forced within
the pores of the glafs; at leafk nothing I could do, would force it
off.  On the outfide of this metallic tinge was,the black duft,
which was cafily wiped off.

I save fince given the fame tinge to glafs with a filver chain,
and fmall pieces of other metals ; but could not do it with
large pieces. They were melted where they touched one ano-
ther, but the glafs was not tinged.

OcrosEr the 7th. I had the curiofity to try, whether I could
not give a tinge to glafs with quickfilver. In order to this, 1 laid
fome globules in a right line, - and laid a thin picce of glafs upon
them, to flatten them, and bring them nearer into contadt with

one
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one! dnotlier. - Both -the - flips of glafs were fhattered in. a
thoufand- pieces, and difperfed all; over. the.room, feveral of
them flying in my face ; though no pact of the quickfilver could
be found, except what adhered to fome fragments of the glafs,
to which it had. given a kind, of uniform whitenefs ;. but no
diftin@ globules could be. feen, and it was eafily wiped off, fo.
that no part of it was fixed in the glafs. My, head ached all
the remainder of the day, which I attributed to the fumes of
the mercury.

SepreMsEr the 28th. Having dipped the chain in water, and
found it inftantly difperfed, I wifhed to fee what would be the
effeét of difcharging a fhock through a chain quite covered with,
water. ingly, little imagining the q I laid
the chain upon a piece of white paper, in the bottom of a china
difh, and poured in water juft fufficient to cover it Alfo, under
one part of the chain, and in the water, I put a half. crowny
Upon the explofion;  the water was blown about the room, to a
great diftance, the half crown was melted in two places, . the
difh broken into many picces, and the part- that lay immedi=
ately under the chain into very fmall fragments, The paper was
a little ftained, and the water, I could perceive, had been a
little fouled by the black duft:

BrinG certain that the dith muft have been broken by the
concuffion givén to the water by the ele@iric. fpark under it, in
the manner in which Signior Beccaria’s tubes were  broken
(though I had not feen his work at that time, but had feen the
experiment at Mr. Lane’s #) T had the curiofity to try what
would be the effect of making a difcharge through the chain
hanging frecly in water. I therefore got a tin vefiel, holding a

# See his account of it, Phil. Tran. Vol. 57. p. 455
4N2 quart,
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quatt, and'letting the chain hang' three inches and a half below
the furface of the water, made the difeharge. The ele@ric fparks
appeared intenfely bright in the water, all along the chain;
fome of the water was thrown out, and the vefiel appeared to
have been prefled with fome force upon a book, ‘which I had
put ‘under it, a vifible impreffion” being ‘made wpon it. ThE
veffel muft have received a great concuffion : for ‘the duft had
been fhaken from the bottom upon the book, though T had car-
ried the veflel up and down the room, without perceiving that
any duft adhered to it.

T was willing to repeat’ this experiment with fome variation
of circumftances, ‘and faftened a picce of fmall filver wire to
two picces of ftrong brals wire, and plunged the whole an inch
or two under the furfice of the water. Upon the difcharge, the
filver wire was melted, at leaft fnapped afunder; the veflel had
been prefied downwards more violently than‘before, a confider-
able ‘quantity of the water was thrown about the table, and
fome was dafhed perpendicularly’ upwards, againt the top of
the room ;. where there were five wet places, each about the
bignefs of a half crown. T have fince frequently melted wires
under water.

Seprevser the 2gth. T made a difcharge through threc
pieces of the fame chain, each being a different circuit.  They
all left their imprefiion upon the paper, and nearly equal. ~ Alfo
three out of four picces made pretty equal marks, but the fourth
failed intirely. -

Ar another time, a chain, which' communicated with the
outfide of the battery, but which made no part of the circuit,
made the black ftain on a piece of white paper on which it acci-
dentally lay, almoft as decp as the chain that formed the circuit.
1 was then melting a picce of wire, which had the fame effedt

as
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a5 ufing a’bad condu@or. The fame thing has frequently hap-
pened fince.

Novemser the 12th. I puta chain through a glafs tube, (o
wide as that it could only touch one fide; and upon the dif-
charge, obferved four fets of marks, made ‘by the metal being
driven into the glafs; as if four chains had been in the tube,
and all had received the {hock. ‘Two of the rows, on one of
which I imagine the chain had lain, were better marked than
the other two, but all were very plain,

T laft thing that engaged my attention with refpect to this
courfe of experiments, was that black duff which T have obferved:
1o be difcharged from the brafs chain, and other pieces of me=
tal. As it was fo extremely light as to rife like a cloud in the
air, fo as fometimes to be vifible near the top of the room ; T
concluded that it could not be the metal itfclf, but probably the
calv, ot the calx and phlagifion, in another kind of union than:
that which conftitutes a metal ; and that the ele@ric explofion’
reduced metals to their conftituent principles as effectually as
any operation by fire could do it, and in much lefs time. I
was confirmed in this opinion by finding, in the firft place, that
this black duft colleéted from a brafs chain would not conduét
ele@rricity, which is known to be a property of the calees of me-
1als, and alfo by the refult of fome of the following experiments.

Constperin this black duft as a proof of calcination, and
obferving it to be produced when T made the explofions for the
circular fpots between gold and filver watch cafes,  as was relat-
ed above s I began to think [ had made a calcination of thofo
metals, whichall the chymilts fay is impofible : but the fol-
Jowing experiments convinced me, that it could only be the
alloy that was in them which had yielded the black duft or calx.

SensisLs that my experiments with thefe metals would con=

clude
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clude nothing, unlefs I got the {pecimens quite pure, I firft pro«
cured a fmall quantity of grain gold, which I was informed was
the pureft that the goldfmiths know, and difcharged an explofion
of the battery through a train of the picces, an inch and a half
inlength, laid on a piece of white paper. Only two of the
larger grains could be found after the explofion. Two leaves of
paper were burnt, or torn through in feveral places, and more
would probably have been torn in the fame manner, if I had
ufed more.  But what I principally attended to was the tinge
that was given to the paper, with a view to which T had made the
experiment. The paper was ftained near an inch on each fide of
the train, with black intermixed with red, making an odd motley
appearance.

‘Wirrn the fame view, I laid a fimilar train of bits cut with a
knife from a piece of as pure filver as I could procure. They were
difperfed, and the paper burnt through, in the fame manner as
with the gold ; and the {pace of about an inch on each fide of the
train was ftained with black intermixed with a deep yellow,
which was confiderably different from the tinge made by the fu-
fion of the gold.

Tae blacknefs in thefe tinges convinced me, that there had
been a calcination of fome part of the metal ; but I was convinced
it muft have been fome alloy, by an experiment I prefently after
made with a piece of leaf gold; which, I believe, is generally
the pureft that can be got. A fmall flip of this I put through a
quill, letting a part hang out at each end 5 and when I had made
the difcharge through it, I found the quill tinged with a beau-
tiful wermillion red, without the leaft intermixture of black.
When I difperfed a flip of leaf brafs in the fame manner, the
greater part of the tinge was black, with a little brown mixed
with it in a few places.

In
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In order to afcertain whether the black duft was a pure calx,
or contained a portion of the metal, I procured a fmall quantity
of it, by fending an explofion through fome picces of iron wire,
fometimes put into. a'quill, fometimes laid upon white paper,
and fometimes upon glafs, or inclofed in glafs tubes; but could
never be quite fare that there was any part of it that was not
affected with the magnet, which the mere calx would not have
been. . But the black duft could not be the pure metal, for then
it would either have been bright immediately after fufion, or
have given a blue colour, which is the proper production of iron.

Som of the experiments with the brafs chain, related in this
fecion, are fimilar to one of Mr. Wilfon's, mentioned p. 95,
concerning bodies placed without the eledric circuit being af-
fected with the explofion.  As tothe caufe of this, and the other

b ioned, I have no j worth com-

municating to the public.  Lhave only purfued the analogy of
faéts, and that not very far. | Others may compare them, purfue
them farther, and afcertain their caufes.

Mg. Caxtox has fince clearly proved the calcination of pure
goldand Glver by the heat of cledirical explofions, producing
numberlefs moft beautiful globules of tranfparent glafs, and alfo
others tinged with all the varieties of colour from thofe metals.
He has alfo made it probable, that the black duyff mentioned in
this fecion, is the calx, or glafs of the metal, reduced to fmall-
er particles than the laws of optics require to produce colaur.

SECTION
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SLE! C2T 1O N X

ExPERIMENTS oN THE PASSAGE OF THE ELECTRICAL
EXPLOSION OVER THE SURFACE oF soME CONDUCT~
ING SUBSTANCES, WITHOUT ENTERING THEM.

OBSERVED, in relating the experiments on ice, that, in

my attempts to afcertain its condu@ing power, I fometimes
faw “the flath of the eletrical explofion firike dire@ly to the
chain, along the furface of the ice. But as this paffage on the
furface was produced only by a common jar, it was not much
greater than the diftance at which the difcharge was ufually
made, and the appearance did not frike me. But afterwards
thie fame phenomenon occurred in the ufe of my battery, where
the paflage over the furface fo far exceeded the ufual diftance of
a common difcharge, that it engaged my attention in a very
particular manner, and produced fome pleafing. experiments ;
which I fhall recite in the manner, and nearly in the order in
which they happened.

Decemser the 11th. Thinking to make a circular fpot on 2
piece of raw fleth, I took a leg of mutton, and laying the chain
that communicated with the outfide of the battery over the thank

of
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of it, took the explofion on the outward membrane, about feven
inches from the chain; but was greatly furprifed to obferve the
elegtric fire not to enter the flefh, but to pafs, in a body, along
the furface of it, to come to the chain.

THINKING that this effet might be occafioned by the fatty
membrane on which the explofion was taken, I again laid ‘the
chain, in the fame manner, over the fhank, and took the explo-
fion-upon the fibres of the mufcles, where they had been cut
from the reft of the body; but fill the fire avoided entering the
fleth, made a circuit of near an inch round the edge of the joint,
and pafied along the furface, to come to the chain as before,
though the diftance was near eleven inches.

InaciNiNG this ffec was promoted by the chain Iying lightly
~on the furface of the fleth, and therefore not really in contadt
withit; I'took another lexplofion, when the hook of the chain
was thruft into the flefh ; on which the fire entered the mutton,
and, s Theld it in my hands, both my arms were vidlently
dhocked up to my {houlders; whereas, in the cafes of the elec-
tric fire pafiing over the furface of the flefh, my fingers, hap-
pening to touch the chain, were only affected with a flight prick-
ing, or fuperficial burning, ‘which has been explained ibefore.

Tuzs phenomenon being fo remarkable, and the battery by
this means difcharging at a diftance about twenty times greater
than it could ufually be made to do, T thought to try other fub-
fances,  of a condutting power fimilar to that of raw flefh ; and
of thefe, water was the moft obvious. Accordingly, the next
day, T1aid a brafs rod communicating with the outfide of the
battery very near the furface of a quantity of water (to refemble
the chain lying upon the furface of the flefh, without being in
conta& with it) and, by means of another rod furnifhed with
knobs, made a difcharge on the farface of the water, at the dif-

40 tance
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tance of feveral inches from any part of the rod ; when the elec-
tric fire firuck down' to the water, and, without entering it,
pafled vifibly over its furface, till it arrived at that part of the
rod which was neareft to the water, and the explofion was ex-
ceeding loud. - If the diftance at which I made the difcharge ex-
ceeded feven or cight inches, the clectric fire entered the water,
making a beautiful Qar upon its furface, and yielding a very dull
found. |

T refemblance between this paffage of the cle@iric matter
over the furface of the water, and that which Dr. Stukeley fup-
pofed to fweep  the furface of the earth, when a’ confiderable
quantity of it is difcharged to the clouds during an earthquake,
immediately faggefted to me, that the water over which it pafied,
and which was vifibly thrown into a tremulous motion, muf
receive a concuffion, refembling that which is given fo the waters
of the fea on fuch an occafion.

To try this; myfelf, and other perfons who were prefent, put
_our hands into the water, at the time that the ele@rical flath
above-mentioned paffed over its furface ; and we felt a fudden
concuffion given to them, cxadly like that which is fuppofed to
affec fhips at fea during an carthquake. - This percuffion was
felt in various parts of the water, but was firongeft near the place
where the explofion was made.

Arrerwarps, I made theexplofion of a jar, containing three
fquare feet of coated glafs, at fome diftance below the furface
of the water, foas to be vifible in ‘the water, and we felt the
fame concufiion that we had: done before, when the fire of the
battery paffed over the furface, only much weaker. The fiafh
of ele@ric fire in the water does certainly difplace fome of it,
and thereby give a fudden concuflion to the reft; and the fimi-

Larity
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Tarity of the effect is a confiderable evidence of a fimilarity in the
caufe.

. I armeRwARDS made the fire of a jar pafs through the water,
making a (pace of about a foot part of the circuit 5 when, put=
ting our hands in its paffage, they were affected, but in avery
different manner from what they were before: for this evi-
dently affeced the nerves andmufeles of the hand internally,
and -occafioned a fmall degree of .the fame. kind of convulfion
which is felt by the ele@ric thock itfelf; whereas the other was
a mere percuflion, affedting the furface of the hand.. Both
fenfations were, indeed, felt moft fenfibly at the furface. of the
water, though jour hands were, in fome meafure, affeted by
both as low as we could put; them. 3

Berno willing to experience what kind of 2 fenfation this pal-
fage over the furface would occafion, I laid a chain in contad
with the outfide of a jar lightly on my finger, and fometimes
kept it:at a fmall diftance, by means of a thin piece of glafs ; and,
if T made the difcharge at the diftance of about three inches, the
cle@ric fire was vifible on the furface of the finger, givingit a fad-
den concuffion, which feemed to make it vibrate to the very
bones and when it happened to pafs on that fide of the finger
which was oppofite to the ee, the whole feemed perfedly tranf~
parent in the dark. If I took the diftance much larger, the fire
entered the finger, occafioning a very different fenfation from
the former. The one was like a blow, but of a very peculiar
kind, whereas the other is well known to be a convulfion.

1 paex ventured to put my fingers upon a picce of the fpinal
marrow of an ox, while the explofion of the battery was pafiing
over it, when I felt only a flight pricking, or percuffion on each
fide of my finger 5 and the fenfation continued for fome time.
“This fenfation did not extend at all beyond the place of percuflion

402 but
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but afterwards, putting two of my fingers on the fume piece
of fpinal marrow, when the charge of the battery was confider-
ably ftronger, T reccived a concuffion which affeted my whole
hand, but it was with a kind of a vibratory motion.

Preasep with this refemblance of the earthquake, T endea-
voured to imitate that great natural phenomenon in other refpects ;
and it being frofty weather, I took a plate of ice, and placed two
fticks, about three inches high, on their ends, fo that they
wwould juft ftand with eafe ; and upon another part of the ice [
placed a bottle, from the cork of which was fufpended a brafs
ball by a fine thread.  Then, making the electric flath pafs over
the furface of the ice, which it did with a very loud report, the
nearer pillar fell down, while the more remote ftood; and the
ball, which had hung nearly ftill, immediately began to make
vibrations about an inch in length, and nearly in a right line
from the place of the flafh.

T arterwarps diverfified this apparatus, erecting more pil-
Tars, and fufpending more pendul c. imes upon blad-
ders ftretched on the mouth of open veffels ; and at other times,
on wet boards fwimming in a veffel of water.  This laft method
feemed toanfwer the beft of any ; for the board reprefenting the
earth, and the water the fea, the phenomena of them both du-
fing an earthquake may be imitated at the fame time; pillars,
&c. being ereéted upon the board, and the electric flah being
made to pafs either over the board, over the water, ot over them
both.  This makes an exceeding fine experiment.

‘Wiex I firft made this experiment of the electric flath pafling
over the {urface of the water, I thought ic neceflary, that neither
the piece of metal communicating with the outfide, nor that
communicating with the infide of the jars fhould touch the water
immediately before the difcharge.  But I afterwards found, that

the
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the experiment would anfiver, though cither, or even both of
them were dipped in the water: for in this cafe the explofion
would fill prefer the furface to the water itfelf, if the diftance
was not very great ; and would even pafy at a greater diftance
along the furface, when there was a nearer paffage from one rod
to the other in the water.

JusT before the difcharge, both the rods were obferved to at-
tract the water very firongly. It was thrown upon the rod com-
municating with the outfide when it was laid near half an inch
above the furface. When I put a drop of water on the rod com-
municating with the infide, the difeharge was made at the dif-
tance of about two inches from the furface of the water, the fire
firfk defcending perpendicularly, and then paffing along the fur=
face; and if the rod communicating with the outfide had a drop.
of water upon it, it might be placed higher over the water than
if it had not. At the time of the explofion, this drop was elon-
gated, and promoted the difcharge very confiderably.

My attention was next drawn to the kind of impreflion which
was made upon the water by the paffage of the elefric fluid in
this manner. To afcertain this, I firft placed a fhilling level
with the water, to receive the explofion before it paffed along
the furface ; and obferved that it was melted, but only about
half as much as I imagined it would have been in the common
way. There was no regular circular fpot. ~ And I could never
perceive that the brafs rod which communicated with the outfide:
of the battery was at all melted by the explofion.

Jupano from the concuffion given to the whole body of the
water over which the thock pafied, I thought that the trace of
it might poffibly be preferved on the furface of foft pafte 5 and
accordingly 1 made the explofion pafs over the furface of fome,

and:
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and plainly obferved, that the part under the pafiage was de-
prefled ; the ele@ric matter having repelled it.  The imprefiion
was not decper where the explofion firft fell than in any other
part of the track.

To diftinguifh more accurately between the effect of the clec-
tric matter when it probably enters the water, and when it only
pafles over the furface, I fpread a little ‘water, exceeding thin,
upon the furface ofa fmooth picce of flate; but, though the
explofion paffed over the furface, with its ufual violence, I could
not perceive that it had occafioned the leaft’ degree of evapora-
tion 5 which Signior Beccaria found to be the. confequence of
making the electrical explofion through water in fuch circum-
fances.

Wass the explofion paffed over the furfice of he plte of
ice, in the experiment of the carthquak the
ice feemed to be melted, both where the chain had been laid,
and alfo along ‘the tract over which the: explofion had paffed.
But this melting, if it was fuch, was not uniform; but look-
ed as if a chain with {mall links had been laid hot upon it;
and the impreffion was not at all deeper where the explofion was
firft received. '

Wausx the explofion paffed over the furface of a green leaf,
the leaf was, rent in two direcions ; the longer in the track of
the explofion,  and the other at right angles to it.

1 seveRAL times made the explofion on the farface of fow,
when it always difperfed a confiderable quantity ‘of it, making
a hole near two inches deep, and. almoft as broad as long; for
it could not be made to pafs at a greater diftance than about three
inches.

Twas not alittle furprifed to find that I could not make this
electrical explofion pafs ‘equally over the furface of fubftances
which were conduétors in nearly the fame degree; and for a

long
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long timeimagined, that this property was peculiar to water,
or to bodies that conduded by means of the water they contain-
ed. I could never make it pafs the furface of any kind of char-
coal ;. though all the degrees of conduing power may be found
in different pieces of it: and I was the more confirmed in my opi-
nion, by obferving, that, though the explofion paffed perfedly
well over the furface of a fmooth board, that had been juft wet-
ted, and immediately wiped as clean as poffible ; yet two hours
after, when the board was quite dry, it would not pafs at all in
the fame place. It alfo pafied with great violence over the fur-
face of a bladder which had been moiftencd about a quarter of
an hour before, and then feemed to be quite: dry ;. but would
not pafs in the leaft degree two or three hours after. In the
former cafe, the explofion had left a mark where it had pafled
over, darker than the reft of the furface, a kind of polifth which
was on it being taken off: in the latter cafe, as the dry bladder
condudted very imperfe@ly, the fire of the charge fpread in a
beautiful manner, covering a fpace of about an inchin diameter.

Turs elecrical explofion would not pafs in. the leaft degree,
over the furface of new. glas, notwithftanding its property of
diffufion above-mentioned feemed to promife that it might.
Neither would it pafs at all over the furface of alum, rock falt,
£l ammoniac, blue or green vitriol, or  piece of polifhed agates
though thefe are all conductors of a middle kind, like water;
and feveral of them had very fmooth furfaces. It alfo refufed
the furface of dry wood, and dry leather, even the fmootheft
cover of a book.

Bur I found that T had concluded too foon, that this paffage
of the elecrical explofion was peculiar to the furface of water,
by finding, firft, that it pafied over the furface of a touch-ftone,
and then over a picce of the beft kind of iron ore, exceeding

{fmooth
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fmooth on fome of its fides. This piece is about an inch thick,
and about three inches in its other dimenfions. The full charge
of a jar of three fquare fect would not enterit. It was diverting
to obferve how the elerical explofion would make a circuit,
round its angles, when it was made in a place remote from the
Jjar. Itlooked like a thing invulnerable,

Turs electrical explofion pafled over the furface of oil of vi-
triol with a dull found, and a red colour, which was the only
appearance of the kind that I have yet met with. In a
other cafes, if it paffed at all, it was in a bright flame, and with
a report. peculiarly loud. It paffed over the furface of the
moft highly redtified fpirit of wine without firing it ; but when
T took too great a diftance, the elediric fire entered the fpiri,
and the whole plate was in a blaze in 2 moment.

I once fancied that the. fluidity of water was in a great meafure
the caufe of this phenomenon ; but I found Tcould not make it
pafh over the furface of quickfilver or melted lead; though neicher
of the fods with which thedifcharge was made touched the metals,
A dark impreflion was made on the furfaces of both the quick-
filver and the lead, of the ufual fize of the circular fpot ; and
remained very vifible, notwithftanding the flate of fufion in
which the metals were.

So far was the ele@rical explofion from paffing over the fur.
face of any metal, that T obferved; if the diftance through the
air, in order to a paffage through the metal, was ever £, litdle
nearer than the diftance along 'the farfaces, it never failed to
enter the metal 5 fo that its entering the furface of the metal,
and its ‘coming out again feemed to be made without the Jeaft
obftradtion. 1If as much water was laid on a fmooth piece of
brafs as could lie upon it, it would not go over the furface of
the water, but always ftruck throught the water fito the metal,

But
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But if the metal lay at any confiderable depth under the water,
it would prefer the furface. It even pafied over three or four
inches of the furface of water as it was boiling in a brafs pot
over the fire, in the midft of the fleam and the bubbles, which
{feemed to be no hinderance to it.

Aximar fluids, of all kinds that I have tried, feemed ina
peculiar manner to favour the paffage of the clectrical explofion
over their farfaces, and the report of thofc explofions was mani=
feltly louder than when water. was ufed in the experiment.
This I remarked more particularly when I made ufe of milk,
the whiteand yolk of an egg, both frefh broken, and after it
had flood a day or two, and had, contracted a hard pellicle. . In
all the experiments with the egg, it was obferved, that no pe=
culiar impreffion was made in the place where the electric matter
firft came upon the furface.

It was very remarkable, that the report made by all thefe
explofions,’ in which. the ele@ric matter pafled over the furfaces,
was confiderably louder than when thie difcharge was ‘made be-
tween two picces of metal ; and. they were obferved by perfons
at fome diftance out of the houfe, and in a neighbouring houfe,
very much to refemble the fmart cracking of a whip ; and indced
it.would not be very cafy to,diftinguith them. But the found
made by thefe explofions,  though by- far the loudeft that T ever
heard of the kind, fell much fhort of the report made by a
fingle jar, of no very great fize,  of Mr, Rackfirows; who fays
that it was as loud as that of a piftal.

It was pretty evident, that the diftance at which the fire pafi-
ed over animal fubftances was greater than it could be made on
the furface of water; pacticularly in the firft experiment of the
leg of mutton.. - It alfo pafied about ten inches oyer the furface
of a picce of {pinal marrow taken from an ox.

4P 1 was
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T was much ruck with a beautiful appearance which oc
red in the courfe of thele experiments, though it was of a di
ent nature from them. When the eleérical explofion does not
pafs over the furface of water, but enters the fluid, it makes a
regular ftar upon it, confifting of ten or a dozen rays ; and, what
is moft remarkable, thofe rays which ftretch towards. the brafs
fod that communicates with the outfide of the battery are always
Tonger than the reft; and if the explofion be made at fuch a dif-
tance, as to be very néar taking the furface, thofe rays will be
four or five times longer than the reft; and'a line bounding the
whole appearance will be a beautiful ellipfis, one of whofe foci
is perpendicularly under the brafs knob with which the difcharge
is made.

It will be in vain to attempt thefe experiments without a
confiderable force. Nothing atall, to any purpofe, can be dons
with a common jar; fince the explofion of it will hardly pafs
over the furface of any conduor farther than it will difcharge
through the air. The charge of a jar containing three fquare
feet of coated glafs will not make any confiderable appearance
upon the water; and as far as I can judge, the diftance at which
the explofion will pafs along any furface is in proportion to the
frength of the charge. ~ For this reafon I make no doubt but
that I could have p all the experil b i
to much greater advantage, if I had applied a greater force, but
that would have required more time, and a. moderate force was
fufficient to afcertain the facts.

N. B. In thefe experiments, 1 put the difcharging rod
through a handle of baked wood; by which means, I could
with fafety lay one end of it upon the wires of the battery, and
make the explofion with the other, on what fubftances I pleafed.

SECTION
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SECTION @ XIL

Experivents oN THe TOURMALIN.

ATIGUED with the inceflant charging of the eleGrical
battery, and ftunned with the frequent report of its explo-
fion; I was defirous of fome refpite from thofe labours, and
with pleafure took up the gentle and filent TouRMALIN. And
T make no doubt but that my readers, who muft have fympathized
withme, will be equally pleafed with the change.
It was in the month of Auguft 1766, that, being in London,
1 received from Dr. Heberden, who is glad t encourage every
attempt in philofophical inquiries, his fet of tourmalins ; among
which was that fine one which had pafed through the “hands of
Mr. Wilfon and Mr. Canton, and of which a defeription is given
in the 31t vol. of the Philofophical Tranfactions, p. 316. But
notwithftanding T had this valuable ftone fo long in my poffef-
fion, it was not till the latter end of December that I began to
make any experiments with it, having, in the mean time, been
engaged in other elerical purfuits. ~ At length, however, hav-
ing brought my other experiments to the ftate in which the read-
4P2 e
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er hath feen them, I was defirous of being an eye witnefs of the
wonderful properties of this ftone, and of purfuing a few hints
which had occurred to me with refpect to it. ~The refult of my
experiments T fhall lay before the readér, after having informed
him in what manner, and with what precautions they were
made.

Tue methods I ufed to apply heat to the tourmalin were va-
rious, but they will be fufficiently explained in the particular
experiments. To afcertain the kind of elecricity, I always had
near me a ffand of baked wood, from the top of which projeced
various arms for different purpofes. ~Three of them were of
glafs, to two of which were faftened threads of filk, as it comes
from the worm, fupporting light pieces of down; from the
other hung a fine thread, about nine or teninches long; while
a brafs arm fupported a pair of M. Canton’s pith balls. At the
other extremity of this arm,” which was pointed, I could place
a charged jar, to keep the balls conftantly and equably diverging,
with pofitive or negative eledricity. - Sometimes I fufpended
the balls, not infulated, within the influence of large charged
jars. And laftly, T had always at hand a jine thread of trial not
infulated, and hanging freely, to obferve whether the ftone was
eledrical or not when I began any experiments, and fometimes
to meafure the ftrength of the power which it had acquired.

Berore I began any experiments, Inever failed to try how
Tong my ele@rometers would retain ele@ricity, and in what de-
gree. If the thread would retain the virtue for a few. minutes,
T generally preferred it, when I wanted to communicate the
elegricity of the tourmalin 5 becaufe it would catch it in a mo-
ment. If the thread would not retain the virtue long enough,
or if I wanted a lefs variable degree of eledricity than the thread

could retain, 1 had recourfe to the fearbers, which never failed
to
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fo retain the virtue that was communicated to them for feveral
hours together. T have often found them pretty frongly cleétri-
fied, after remaining untouched a whole night, though there
had been no fire in the room. They might be touched without
any fenfible lofs of their ele@ricity ; but they received the vir-
tue very flowly.

T reader muft obferve, that by the pyfitive or negative fide
of a tourmalin, in the following experiments, I always mean
the fide which is pofitive or negative while the ftone is cooling.
Alfo, when I mention ze tourmalin without any diftin&ion, T
always mean Dr. Heberden's large one, the convex fide of which
is pofitive in cooling, and the flat fide negative.

Tue confideration of Mr. Wilcke's experiments on the pro-
dugtion of fpontancous eledtricity, by melting one {ubftance
within another, firft made me conjedture, that the tourmalin
might collegt its electricity from the neighbouring air. . To al-
certain this circumftance I made the following experiments, which
feem to prove that my conjecture was juft. It was with a view
to ¢his experiment that I firft exprefled a defire to have a tourma-
lin in my poflefiion. I afterwards found that Mr. Wilfon had
made an experiment mentioned p. 301, which is, in part favour-
able to this hypothefis, though he fuppofed the eledtricity to
permeste the ftone, {0 that one fide might have been fupplied
from the other. But the following experiments will fhow, that
the fuppofition of the permeability of the tourmalin to the elec-
tric fluid is altogether unneceffary to account for any of the ap-
pearances it exhibits.

Ox the ftandard bar of 2 moft excellent pyrometer made by
Mr. Ellicott, laid a part of a pane of glafs, and upon the glafs
Dr. Heberden's large tourmalin.  The bar was heated by a fpirit
lamp placed underncath it; and I treated the tourmalin in this

manner,
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manner, to afecrtain with exactnefs when the heat was increaf
ing, decreafing, or ftationary. ~In this difpofition of my appa-
ratus I obferved, that, whenever I examined the tourmalin, the
glafs had acquired an ele@ricity oppofite to that of the fide of
the ftone which had lain pon it, and equally firong. If, for
inftance, I prefented the flat fide of the ftone o a feather ele@ri-
fied pofitively, as the heat was increaing, it would repel it ac
the diftance of about two inches, and the glafs would attra@ it
at the fame, or a greater diftance s and when the heat was de-
creafing, the ftone would attrac it, and the glafs repel it at the
diftance of four or five inches. It made no difference which fide
of the glafs Lprefented; both fides attracting or repelling tho
fame feather with cqual ftrength. When I faftened a fhilling
with fealing wax upon the glafs, the events were always the
fame. The elecricity of both the thilling and the glafs was al-
ways oppofite to that of the ftone. I was furprifed to obferve
how foon the eledtricity, both of the ftone and the glafs, would
change when it came to the turn; for in lefs than a minute 1
have fometimes found them the reverfe of what they were before.
TuERE was, however, in the cafes in which I laid the convex
fide of the tourmalin upon the flat furface of the glafs, or thilling,
one exception to the rule above-mentioned ; viz. that, in cooling,
the glafs and thilling were pofitive, as well as the ftone.  This
T imagined to be owing to the ftone touching the furface on
which it lay in fo few points, that it colleéted its elericity
from the air, and imparted it to the body on which it lay; and
this ion was confi periment. For getting a
mold made for the convex fide of the frone in plaifter of Paris,
and heating the tourmalin in the mold, faftened to aflip of glafs,
T always found the mold and the glafs poffeffed of the ele@ricity
contrary to that of the ftone, and equally firong.  When they
were
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swete cooling, the mold feemed fometimes to be more frongly
negative than the ftone was pofitive ; for, at one time, when the
frone repelled the thread at the diftance of about three inches,
the mold attracted it at the diftance of near fix.

Havine made the experiments above-mentioned with the
tourmalin placed upon glafs, or conducting fubftances, laid upon
the glafs, 1 had the curiofity to try what would be the confe-
quence of heating and cooling the ftone in contat with other fub-
fances, both eleétrics and conductors. And thefe experiments
brought me gradually to the difcovery of a method of reverfing
a1l the experiments that have hitherto been made upon the tour=
malin, making that fide which is pofitive in heating or cooling
1o be negative, and that which is negative to be pofitive; fo
that the kind of cle@ricity ghall be juft what the operator fhall
dite@, by the application of proper fubftances to the ftone.

1 pEG AN thefe experiments with fubflituting another tourma-~
lin inftead of the piece of glafs above-mentioned ; and when only
one of the tourmalins was heated, they were both affected juft as
the tourmalin and glafs had been. If, for inftance, the negative
fide of a hot tourmalin was laid upon the negative fide of a cold
one, this latter became pofitive, as & piece of glafs would have
been in the fame circumftances.

Wite T heated both the tourmalins, though they were faien-
ed together with cement, they both acquired the fame power
that they would have done in the open air. In thefe cafes, as
the ftones could not be made to touch one another in a fufficient
number of points, nothing could be concluded from the expe~
riments. The fame objection lay againft heating or cooling.
the tourmalin upon rough glafs; when I always found them both,
to be affe@ed 2s they would have been if the glafs had been:
fmooth.

THis:
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‘Tuis confideration -made me think of cooling the tourmalin
in conta@ with /aling wax, which might be made to fit the ftone
as exa@ly as poffible, though it were ever fo irregular. ~ Accord-
ingly I half buried the negative fide of a tourmalin in hot fealing
wax ; and when it was cold, turning it out of its waxen cell,
found it pofitive (contrary to what it would have been in the
open air) and the wax negative. - The other fide of the tourma-
lin, which was expofed to the open air, was affe@ted in the fame
manner as it would have been if the oppofite fide had been ex-
pofed to the air too, fo that both fides were pofitive in cooling.
As the negative fide of the tourmalin became pofitive by cooling
in wax, I'had no doubt but that the pofitive fide would be fo, as
1 a@ually found it. .

I wourp have afcertained the ftate of the different fides of the
tourmalin when it was beating in wax, but I found it extremely
difficult to do it with fufficient certainty. = It cannot be known
exactly when the ftone begins to cool in thefe circumftances : be-
fides, in this method of treatment, it muft neceflarily be fome
time in the open air before it can be prefented to the eleérome-~
ter; and the ele@ricity of the fides in heating is by no means fo
remarkable as it s in cooling. In the attempts I did" make
with the pofitive fide of the tourmalin buried in wax, I generally
found it negative, but once or twice it fcemed to be pofitive.

Waex I cooled the tourmalin in guickfver, contained in a
china cup, it aliways came out pofitive, and léft the quickfilver
negative ; but this effect could not:be concluded to be the con-
fequence of the application of the one to the other, becaufe it
is almoft impoflible to touch quickfilver with the tourmalin
without fome degree of friction ; which never fails to make both
fides ftrongly pofitive, though it be quite cold, and efpecially

if the ftone be dipped deep into it.
aT
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It then occurred to me, that the tourmalin would not be apt
to receive any friction from fimple preffure againft the palm of
my hand ; and " this being a conduéting fubftance communicating
with the earth, the circumftances of the experiment would be
new, and might poflibly produce new appearances. The event
‘more than anfwered my expeations : for in heating or cooling
the tourmalin in contac with the palm of my hand, each fide
of the ftone was affe@ed exa@ly in a manner contrary to what
it would have been if expofed to the open air. In’ this cafe,
though the pofitive appearances may be fufpected to be ambigu-
ous, on account of the difficulty of avoiding fome fmall degree
of friction, in removing the flone from the hand; yet the nega-
tive appearances are, by that very circumftance, rendered the
more indifputable, and therefore remove  the objection from! the
pofitive ones.  For the greater fatisfaction of my reader, I'fhall
relate thefe experiments exacly as they were made.

I rasTENED the convex fide of Dr. Heberden’s large tourma-
Tin to the end of a ftick of fealing wax, and when it was quite
cold, T prefled the flat fide of it pretty hard againft the fofteft part
of the palm of my hand. ~ Immediately upon this, prefenting it
to an cle@rified feather, it appeared to be ftrongly negative,
contrary to what it would have been if expofed to the open- air;
and it continued negative till it had acquired all the heat it could
get from my hand, when its power decreafed, though it was
fenfibly negative to thelaft. Perceiving'no alteration, 'Ilet the
flone cool in the open air; when, according to Mr. Canton’s
rule, it grew more ftrongly negative, till it was quite cold.
Thus the fame fide of the ftone was made negative both in heat-
ing and cooling.

Hearing the fame flat fide, by holding it near a red hot
poker, and then juft touching it with' the palm of my hand

+Q (when
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(when I could not bear it to réft a moment) it became pofitive.
Letting it cool in the air,’ it wasnegative, and touching it again
with my hand it became pofitive,  Thus I made the fame fide of
the ftone alternately pofitive and negative for a confiderable time;
and at length, when I conld beat to keep it upon'my hand, it
_acquired a ftrong. pofitive cle@ricity, which. continued till it
was brought to the heat of my hand.

To complete thefe experiments, I removed the wax from
the convex fide, and faftened it to the flat fide of the ftone:
Then warming. the convex fide, by preffing it againt the palm
of my band, it became pretty ftrongly, pofitive, contrary to what
it would have been if heated in the open air, and continued po-
fitive in a fmall degree after it had got all the heat it could from
myhand. Letting it cool in- the open air, it grew, according
1o Mr. Canton’s rule, - more ftrongly pofitive, and continued fo
till it was quite cold. - Thus the fame fide of the ftone was made
pofitive both in heating and cooling.

1 rrex heated the. convex fide, by holding it near a red
hot poker, and prefling it againt the palm of my hand, as foon
as I could bear it, it became (contrary to what it would have
been in the open air) prtty {trongly negative;; though it be ex-
tremely difficult to get a negative appearance from this fide. It
cannot always be catched when it is heating in the open air.
Care, however, muft be taken, left a flight attraition of the
ele@rified feather, by a body not clerified, be miftaken for
negative elericity.

Having made the above-mentioned cxperiments, to fee how
the tourmalin would be affecied by being heated or cooled in
contac with various fubftances, to which only one of its fides
was expofed at;once 3 I'made! others in which the flone was

entirely forrounded by them, [t appeared very evident, from
Mr.

VVA.BHSC



See. XII. THE TOURMALIN. 667 *

Mr. Canton’s experiment, mentioned p. 305, that it could an-
fwer no purpofe to inclofe it in fabftances that were conduttors:
for though the two ele@ricities fhould be generated, the equili-
brium would inftantly be reftored between them. I therefore
made ufe of ele@ric fubftances only, and began with oi/ and tallow,
both covering the tourmalin with them when it was hot, and
alfo heating it in boiling oil. But this treatment produced no
new appearance, the elecricity of the fone being only a little
leffened. The event was the fame when a tourmalin was co=
vered with cement made of bees wax and turpentine.

Ar lat T made a fmall tourmalin very hot, and dropping
melted fealing wax upon it; covered the  flone all over, o the
thicknefs of abouta crown picce 5 and found it to act nearly;
if not quite as well through this coating of wax, as if it had
been expofed to the openair, - T take it for granted, that the ins
fide of the cafe of wax next to the ftone was poffeffed of the
electricity oppofite to that of the flone, at the fame time  that
the outfide was the fame with it. A pretty deception may be
made by means of this experiment: for if a tourmalin be con-
cealed in a ftick of fealing wax, the wax will feem to have ac»
quired the properties of the tourmalin.

HraTive the flone, or letting it cool in vacas might eafily
be imagined to have the fame effe@ as heating or cooling it in
conta with conduding fubftances s Thad the curiofity, however,
to try the experiment, by letting it cool in an exhaufted receiv-
er, in which I had a contrivance to bring a thread of trial near
it, o withdraw it at pleafure. The ftone was fet upright on
jts edge, by means of bits of glafs which it touched but in'a
fow points. The confequence was, that the virtue of the ftone
feemed to be diminifhed about one half; owing, perhaps, -to
dhe vacuum not being fufficiently perfeét. - For the fame reafon,

4+ Q2 the
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the tourmalin has but little virtue immediately upon being taken
out of boiling water, o after being heated in flames

Oz time I fixed a thin piece of glafs, with a finall coating
upon it, oppofite and parallel to the flat fide of the tourmalin,
and at about a quarter ofan inch diftance from it, in an exhauft-
ed receiver; to obferve whether the electricity would be tranf-
mitted from the glafs to the ftone through the vacuum: but
though the glafs was cle@rified, it was fo flightly, that I could
not be certain of what kind it was.

In order to afcertain the circumfances relating to the change
of the eleétricity of the tourmalin with more exacnefs than
could be done by heating and cooling the ftone in any of the
ufual methods, I laid it upon the ftandard bar of the pyrometer,
and communicated heat to it by a (pirit lamp placed underncath
it. The refult of thefe experiments was in general agreeable to
Mr. Canton’s rules; buta few circumftances occurred in this
method of treating it, which could not be determined in any
other ; and therefore it may be worth while juft to mention
them. I generally heated the bar, which is of iron, eight inch-
es long, till the index moved feventy degrees, cach of which
correfponds to one 7200th. part of an inch ; and obferved, that
whichever fide of the ftone lay uppermoft, it was extremely dif-
ficult to afcertain the nature of its electricity all the time the heat
was increafing ; though, in order to do it, I held over it an clec-
trified thread, about two inches in length, faftened to a ftick of
fealing wax, which juft fupported it in an horizontal fituation.
It was evident, however, that it was ele@rified, by its attracting
a thread'of trial at the diftance of about a quarter of an inch;
but if I took the ftonc off the bar, and immediately prefented
the fide that had lain upon it to an ele@rified thread or feather,
T always perceived the convex fide to be negative, and the flat

fide
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fide pofitive in the fame circumftances ; but not half o much as
they were in the contrary ftate by cooling. In this cafe, the two
powers were very diftinguifhable by the finall thread above-men-
tioned, as the ftone lay upon the bar; and alfo by bits of down
faftened to filk threads.  One of thefe, which had touched the
convex fide of the flone,  as it lay uppermoft upon the bar,
could not be made to touch it again in lefs then five hours and a
half.

To fee what would be the effect of keeping the tourmalin in
the very fame degree of heat a confiderable time together, I liid
it upon the middle past of the bar, heated by two_ fpirit lamps,
one atcach extremity, and making the index move forty five de-
grees, 1 keptitin the fame degree of heat, without the leaft
fenfible variation, for above half an hour together 5 and obferv-
cd, that the upper fide, which was the convex one, was always
cle@rified to a fmall degree, attratting 2 fine thread at the dif-
tance of about a quarter of an inch. If in that time I took it off |
the bar ever fo quick, and prefented it to an ele@rified feather ;
the flat fide, which lay upon the bar, was negative, and the
upper fide very flightly pofitive ; as appeared by its only not at-
tradting the feather. - When I put a picce of glafs betwixt the
ftandard bar and the tourmalin, and kept them likewife in the
fame degree of heat, for the fame fpace of time, the refult was
the fame as before, and the glafs was flightly electrified, ina kind
oppofite to that of the ftone.

In heating the tourmalin upon the pyrometer, one of its fides
was neceflarily made much hotter than the other. This incon-
venience I avoided in the following method of treatment, which,
though not {o accurate in fome refpedts, has peculiar advantages
in others. By means of two rough places in the flone, I tied it
in a filk thread, which only touched the extreme edge of it on

both.
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both fides. Being in this manner perfectly infulated, Icontrived
to make it hang in the air, at any diftance from a fire, or can-
dle, &c; and by twifting the ftring, I could make it prefent
both its fides alternately, fo as to heat it very equally.

Wiew, in this manner, T had made it fo hot, that T could
hardly bear to handle it, Ilet it remain in the fame fituation a
quarter of an hour, in order to be fure that it was heatéd equally
throughout.  Then, with a bundle of fine thread, held fome
time before in the fame degree of heat, I took off the eletricity
which the ftone had acquired in heating, and continuing it in
the fame fituation, I found it acquired extremely little, if any
electricity.  Sometimes, when I thought it had acquired a lit-
tle (which might be occafioned by the variation of heat in the fire)
it was fo fmall, that I could not determine of what kind it was,
This fully fatisfied me of the juftnefs of Mr. Canton’s obfervation
that it is not heat, but the circumiftance of changing its degree
of heat that gives ele@ricity to this ftone.

Ir the flone be heated pretty fuddenly, I have fometimes found
that it may be handled, and prefled with the fingers feveral
times before the elericity it acquires in heating will be chang-
ed, though it begins to cool the moment it is removed from the
fire. -
I this fame method of treatment, I verified Mr. Canton’s ob-
fervation, that when the tourmalin is heated, and fuffered to
ool again, without cither of its fides being touched, the fume
fide will be pofitive or negative the whole time of the increafs
and decreafe of the heat. But, as he obferves, p. 226, in his
experiments on hot air, the flone muft, in this cafe, be heated
only to a fimall degree. T'alfo proved the converfe of this propo-
fition s for, beginning where [ left the flone in the laft experi-
ment, and removing it farther from the fire, both fides acquired

a
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a firong ele@ricity, as ufual ; and bringing it again nearer to the
fire, T obferved that both the fides not only retained the eleckricity
they had acquired in cooling, all the time it was heating, but
a confiderable time after it had remained in the fame degree of
heat.

1 caxxor, however, entirely acquiefce in the reafon that Mr.
Canton gives for this appearance : for if the furrounding air would
conduét the ele@ric fluid from the pofitive fide of the ftone to the
negative, I {hould think it would be in the fame fituation as in
the experiment Mr. Canton made upon it furrounded with water,
P- 306, and that ncither fide would difcover any eletricity at all.
When the heat is three or four times greater than is fufficient to
change the eledricity of the two fides, the virtue of the flone
is the firongeft, and appears to be fo when it is tried in the
very neighbourhood of the fire. In the very center of the fire,
the ftone never fails to cover itfelf with afhes, attradted to it
from all fides, and from this property it acquired its name in
Dutch.

It requires, indced, fome time for the ele@ricity of the fides.
to change from one flate to the other ;- and therefore the time of
the fenfible change is not always at the time of its beginning to
cool, but thefe two circumftances will be brought nearer toge-
ther the hotter the ftone is made, becaufe then the efforts (of
whatever kind they are) to acquire any particular fpecies of eleg~
tricity will be the moft vigorous, and fooner produce their effect 5
o as to be more able to overcome obftacles to it, fuch as muft
arife from the contrary ele@ricity with which the ftone is poffefl-
ed. Thus, if cither fide of the ftone be in a ftate to acquire ei-
ther kind of ele@ricity, and a quantity of the contrary clectricity
be communicated to it by friction, or ab extra, that foreign
eledricity will be either only weakened, or loft, or changed’s

and
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and thefe in a longer ora fhorter fpace of time, according to the
vigour, as we may fay, with which the ftone is made to exert
itfelf to counterat that influence. But I have great reafon to fuf-
pec my own opinion, when it is different from that of fo accu-
rate and excellent a judge of this. fabject as Mr. Canton.

It is a fac, however, that the ftone often changes its electri-
city very flowly ; and the elericity it acquires in cooling never
fails to remain many hours upon it, with very little diminution.
Tt is even poffible that, in fome cafes, the eleciricity acquired by
heating may be o ftrong, as to overpower that which is acquired
by cooling 5 o that both fides may (how the fume power in the
whole operation.  And I am very certain that, in my hands,
both the fides of Dr. Heberden's large tourmalin have frequently
been pofitive for feveral hours together, without any appearance
of cither of them having becn negative at all. Perhaps the flat
fide of this ftone, which is pofitive in heating, might continue
fo according to Mr. Canton’s obfervation; and the elericity of
the convex fide might have changed, as it very often does, too
foon for me to obferve it. This fa&, however, has happened
o often with me, and is fo very remarkable, that I think I oughe
not to omit the mention of it, let the caufe be what it will.

Ti15 appearance happened fo conftantly when I firft began to
make experiments with the tourmalin, that I had concluded the
Duc de Noya had reafon to affert, contrary to pinus, that
both fides of the tourmalin in all cafes acquired pofitive eleri.
city; and I fhould have acquiefced in that opinion, had it not
been for the friendly remonftrances of Dr. Franklin and Mr.
Canton; in confequence of which I renewed my experiments,
and at length found other appearances. At the time above-men..
tioned, I generally heated the tourmalin by prefenting each fide
alternately to a red hot poker, or a piece of hot glafs held at the

diftance
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diftance of about half an inch; and fometimes I held it in the
focus of a burning mirror ; but T have fince found the fame ap-
pearance when I'have heated it in the middle of an iron hoop
‘made red hot. ' The ftone, inall thefe cafes, was faftened by
its edge to a ftick of fealing wax. ~This appearance I have ob-
ferved to happen the oftenct when the iron hoop has been ex-
ceeding hot, fo that the outfide of the ftone muft have been
heated fome time before the infide; and I alfo think there is the
greateft chance of producing this appearance when the convex:
fide of the ftone is made the hotter of the two. When I heat the
large tourmalin in this manner, I feldom fail to make both fides
pofitive till the ftone be about ‘blood watm: - I then generally
obferve a ragged part of the flat fide, towards one ‘end of the
fone, ‘will become negative firft, and by degrecs the reft of the
flat fide; but very often one part of the flat fide will, in this
method of treatment, be frongly pofitive half an hour after the
other part is become negative. :
Tt account of the appearance is made the more probable by
the manner in which the ftone was affe@ted when only one of its
fides was heated at one time. For when the convex fide only
was heated, the ftone often continued a long time with both its
fides pofitive, generally till it was not fenfibly warm. But, in
this cafe, before the convex fide became pofitive, it would
fometimes be negative two or three minutes. On the other
hand, when the flat fide only was heated, it would be pofitive
along while, and the convex fide negative ; but the flat fide
becoming negative a confiderable time before the convex fide
ceafed to be fo, both fides would continue negative till the frone.

was nearly cold.
ExTreMELY forry I am for the article with which I muft clofe
¢his fection. In the firft of the above-mentioned courfes of ex-
4R periments
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periments, that fine tourmalin, which ‘has been fo often men-
tioned in the courfe of this work,  flipped out of my hands ; and
thouigh it fell only from the height of my breaft, upona boarded
floor, two pieces. were broke off from one of its ends. The
ftone, however, is more disfigured than injured by the accident:
for the larger of the fragments weighs but ten grains, and the
fmaller only one, while the reft of it weighs four penny weights
fixteen grains. I cannot perceive that its virtue isat all leflened.
Mr. Wilfon obferves, that there were feveral cracksinit; and
for that reafon I had been careful never to expofe it to any great
degree of heat.

It is broke with eight or ten different faces, each of which
hath a moft exquifite polifh; but there is no appearance-of any
Jfirata or lamine in the internal feructure of the flone. A piece
of glafs or pitch might be fuppofed to break in the fame manner.
The larger of the fragments has confiderable power, and the
two fides have the fame different powers that they had when they
were part of the entire ftone.

SECTION
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SECTION XIL

FExperiMENTs 1N wHicH RINGS, CONSISTING OF ALL THE
PRISMATIC COLOURS, WERE MADE BY ELECTRICAL
EXPLOSIONS ON THE SURPACES OF METALS.

T was a difcovery of Sir Ifaac Newton, that the colours of
bodics depend upon the thicknefs of the fine plates which
Compofe their furfaces. He hath fhown that a change of the
thicknefs of thefe plates occafions a change in the colour of the
body, rays of a difierent colour being thoreby difpofed to be
tranfmitted through it, and, confequently, rays of a' different
colour reflected at the fame place, fo as to prefent an image of
2 different colour to the eye. A variation in the denfity occafi-
ons a variation in the colour, but ftill 2 medium of any denfity
will exhibit all the colours, according to the thicknefs of it.
Thefe obfervations he confirmed by experiments on phates of
air, water, and glafs. He likewife mentions the ‘colours
which arife on polifhed fteel by heating it, as likewife on belt
metal, and fome other metalline fubftances, when melted and
poured on the ground, where they may cool in the open air, and
he afcribes them to the feorie, or vitrified parts of the metal,
4R2 which
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which he fags moft metals, when heated or melted, do con-
tinually protrude, and fend out to their furfaces, covering them
in the form of a thin glafly fkin.

Trrs great difcovery concerning the colours of bodies, depend-
ing upon the thicknefs of the fine plates which compofe their
furfaces, of whatever denfity thofe plates may be, I have been fo
happy as to hit upon a method of illuftrating and confirming by
means of eletrical explofions. A number of thefe being receiv-
ed on the furface of any piece of metal, change the colour of it
0 a confiderable diftance from the fpot on which they were dif-
charged, fo that the whole circular fpace is divided into a num-
ber of concentric rings, each of which confifts of all the. prif-
matic colours, and perhaps as vivid as they can be produced in
any method whatever.

It was not by any reafoning a priori, but by mere accident,
that T was led to_the difcovery of thefe colours. Having occafion
o take a great number of explofions, in order to afcertain the
Tateral force of them; Iobferved that a piece of brafs, through
which they were tranfmitted, was not only melted, and marked
with acircle by a fufion round the central fpot, but likewife
tinged beyond the circular fpot with a greenifh colour, which I
could not cafily wipe out with my finger. Struck with this new
appearance, I replaced the apparatus, and continued the explo-
fions, till, examining with a. microfcope, I plainly perceived
all the-prifmatic colours, in the order of the rainbow. * The dia-
meter of the red, in this.inftance, was one third of an inch,
and of the purple near one fourth. The diameter of the whole
coloured fpace in the fubfequent experiments, in which I
generally ufed thirty or forty explofions, was near an inch.

+ BLeasep with the firft experiment, I prefently diverfifid in
a
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a great variety of ways, the refult of which I fhall comprife in
the following obfervations.

1. Wsx a pointed body is fixed oppofite to a plain furfacc,
the nearer it is placed, the fooner the colours appear,  the clofer
do they fucceed one another, and the lefs fpace they occupy. It
feems, however, that when the point is at fuch a diftance, that
the eleéric matter has room to expand, and form as large 2 cir-
cular fpot as the battery will admit, this coloured fpace is as
large asit is capable of being made; but fill the colours appear
later, in proportion to the diftance beyond that. When the
point is fixed exceeding near, or made to touch the furface, the
colours appeas at the firfk explofion, but they fpread very irregu-
larly, and make no diftin& rings.

2. Tap more accutely pointed is the wire, from which the
elegiric fir iffues, or at which it enters, the greater is the num-
ber of rings. A blunt point makes the rings larger, but fewer.
1t is likewife much later beforc they make their appearance at a
given diftance.

5. In making thefe rings, the firft sppearance s a dulky red.
about the cdge of the central fpot; prefently after which (gene-
rally after fous o five ftrokes) there appears a circular fpace, vi-
fible only in an oblique pofition to the light, and looking like a
fhade on the metal.  This expands very little during the whole
courfe of the explofions. It feems to be an attempt, as it were,
at the firft reds for, by degiees, as the other colours fil the

greater partof that fpace, the cxtreme edge o it becomes a decp

er brown.
4 Arren a few more explofions, & fecond cireular fpace is

matked, by another fhade beyond the firlt, being one cighth or
one tenth of an inch in breadth, which I have never obferved to
change its appearance, after cver fo many explofions.  This

(hade,,
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fhade, by fucceeding the firft, which becomes gradually of a
brown or light red colour, feems to be an attempt at the fainter
colours, which intervene between the reds.

5 Atz the colours make their firft appearance about the edges
of the circular fpot. More explofions make them expand towards
the extremity of the fpace firft marked out; while others fucceed
in their place s till, after thirty or forty explofions, three diftinét
rings appear, each confifting of all the colours.  If the explofions
be continued farther, the colours become lefs beautiful and
diftingk, the red generally prevailing, and fuffufing the reft.

-~ 6. Tue innermoft, 7. e. the laft formed colours, are always
the moft vivid, and thofe rings are likewife clofer to one another
than the reft.

7. Tuese colours may be brufhed with a feather, or a finger
may be drawn over them, without injury; but they are cafily
peeled off, with ones nail, or any thing that is tharp. The in
nermoft are the moft difficult to erafe.

8. Tue firlt rings are fometimes covered with a quantity of
black duft, pact of which, however, may be wiped off, with a
feather, and the colours will appear under it.

9. It makes no difference whether the ele@ric matter iffue
from the pointed body upon the plate, or from the plate upon
the pointed body, the furface oppofite to the point being marked
exa@ly alike in both cafes; alfo the points themfelves, from
which the fire iffues, or at which it enters, are coloured to a
confiderable degree, about half an inch.  The colours, alfo, re-
turn here as upon the plate.

10. Tur more circles are made at the fame time, the more de-
licate, Ithink, the colours will be, whereas the furface is torn,
as it were, by violent explofions, and the colours appear rough
and coarfe. But this roughnefs is only perceived on fieel. On

filver,
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Glver, tin, and polifhed brafs, the colours were always equally
free from' that coarfenefs.

1. A porssEp furface is not neceflary for thefe colours, for
they appear very well, though they do not make fo beautiful an
appearance on the rough furfaces.

12, Tause coloured rings appear equally well on all the me-
1als that T have tried, viz. gold, filver, copper, brafs, iron, fteel,
Jead, and tin. T have not tried any of the femi-metals, but 1
have no doubt of their anfwering as well as the proper metals.

13. Wrn the pointed wire was made to incling to the plene
on hich the colours were made, the circular fpot was quite
round, and the center of it in a perpendicular let fall from the
point upon the plain furface ; but the colours were projected in
an oblong form, the center being in the pointed wire continued.

Uson fhewing thefe coloured rings to Mr. Canton, I was
agrecably furprized to find, thathe had likewife produced all the
prifmatic colours from all the metals, but by a different opera-
tion. He extended fine wires, of all the metals, along the fur-
face of pieces of glafs, ivory, wood, &c. and when the wire
was exploded, he always found them tinged with all the colours.
They are not difpofed in {0 regular and beautiful a manner 25 in
the rings 1 produced, but they equally demonfirate, that none
of the metals, thus exploded, difcovers the leaft preference to
one colour more than to another. A variety of other very extraor-
dinary appearances occured in the courfe of Mr. Canton’s expe-
siments in melting wires, but I forbear to mention them, as I
hope he will foon favour the public with & communication of
them himfelf.

In what manner thefe colours are formed, it may not be eafy
to conje@ture. In Mr. Canton’s method of producing them, the
metal, or the calcined and vitrified parts of it, feem to be dif-

perfed:
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perfed in all directions from the place of explofion in the form of
fpheres, of avery great variety of fizes,tinged with all the varicty
of colours, and fome of them fmaller than can be diftin@ly feen
by any magnifier. In my method of making thefe colours,
they feem to be produced in a manner fimilar to the production
of colours on fteel, and other metals by heat, 7. e. the furface is
affected, without the parts of it being removed from their
places, certain plates or /amine being formed, of a thicknefs
proper to exhibit the refpetive colours.

SECTION
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SiE.C:/T IIO/N + XIV-

ExperiMeNtTs oN THE LATERAL FORCE or ELEC-
TRICAL EXPLOSIONS.

EING informed, in accounts of damages done bylightning, of
perfons and things being removed to a confiderable diftance,
without receiving any hurt; I was excited to try whether I
could produce fimilar effeéts by ele@ricity.  All the other known
effets of lightning had been frequently imitated by the appli-
cation of this power, but I do not know that this effect has ever
been fo much as taken notice of by any ele@ricians. The ex-
periments I prefently found to be very cafy, and I think it not
difficult to afcertain the caufe, and the manner in which this
firiking effect is produced.

Ir pieces of cork, powder of any kind, or any light bodies
whatever, be placed near the explofion of a jar or battery, they
will not fail to be moved out of their places, upon the inftant of
the difcharge. If the explofion of a large battery be made to
pafs over the furface of animal or vegetable fubftances, in the
manner defcribed above, and large corksbe ftrewed along or near
the part intended for it, itis furprizing to obferve with what vio-

48 lence
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Ience they will be driven about the room. This difperfion is in
all dire&ions from the center of the explofion, and it makes no
difference whether the rods, between which it is made, be harp
pointed or otherwife.

Tue effe@ of this lateral force is very remarkable in attempts
to fire gun powder in eledirieal explofions. If the gun powder
be confined ever fo clofe in quills or cartridges, and they be held
faft invices 5 yet, when the explofion is made in the center of
them, it will fometimes happen (even when a wire has been
melted in the midft of the powder, and the fragments have been
feen red hot, for fome time, in different parts of the room)
that the powder has not been fired, or only a few grains of ir,
the reft being difperfed with great violence, part of it flying
againft the faces of perfons who affifted in making the experi-
ments. This circumftance, together with the charcoal being
a conduttor of ele@ricity, makes it fo extremely difficult to fire
gun powder by eledtrical explofions; and it s evidently owing
to this lateral force, that parts of the melted wire fly fo many
ways, and to {0 greata diffance from the place of explofion.

‘Turs lateral force is exerted, not only in the neighbourhood
of an explofion, when it is made between pieces of metal in the
open air, but alfo when it is tranfmitted through wires that are
not thick enough to condud it perfectly; .and the fmaller tho
wire, and the more complete the fufion, the greater is the dif-
perfion of light bodies placed near it. At one time, when the
wire was not melted, but turned blue by the explofion (in
which cafe it generally affumes a dufky red, which lafts but
for amoment) there was a fmall difperfion from every part of the
wire, but by no means fo great as it would have been if it had
been melted, or only heated to a greater degree.

By a confiderable number of trials, I found, that a greater

force
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force of explofion would move light bodies at a greater diftance,
but the fmaller the bodies were, the lefs was this difference ; fo
that 1 imagined, that if they had no weight at all, they would,
probably, be moved at the fame diftance, by the explofion from.
any quantity of coated furface, charged cqually high but there
was a great difference in the weights removed by different forces
ut the fame diftance.  Placing the fume piece of cork at the
fame diftance from the place of explofion, I found that the dif-
charge ofone jar removed it one fourth of an inch, two jars
one inch and one fourth, three jars one inch and three fourths,
and four about two inches, fo that I do not wonder a very heavy
bodies being moved from their places, and to confiderable
diftances, by ftrong flafhes of lightning.

Tuat the immediate caufc of this difperfion of bodies in the
ncighbourhood of electrical explofions isnot their being faddenly
charged with a quantity of electric matter, and therefore flying
from others that are cqually charged with it is, I thinlk, evident
from the following experiments and obfervations. I mever ob-
ferved the leaft fenfible attra@ion of thefe light bodies to the
brafs rods through which the explofion pafied, or to the electric
matter paffing between them, previous to this repulfion, though
1 ufed feveral methods, which could not have failed to fhow it,
if there had been any fuch thing. Sometimes I fufpended them
in fine flken ftrings, and obferved that they had contracted no
elediricity after they had been agitated in the manner deferibed
above. Sometimes I dipped them in turpentine, and obferved that
no part of it was found ficking, either to the brafs rods themfelves,
or to any part of thetable betwixt them and the place where the
light bodies had been laid. I even found that the explofion of a
battery, made ever fo near to abrafs rod, did not fomach as difturb
the equilibrium of the elecric fluid in the body itfelf; for when
1 had infulated the rod, and hung a pair of pith balls on the end

452 oppofite
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oppofie to that near which the explofion paffed, I found tha
the balls were not in the leaft moved at the time of explofion ;
which they would have been, if part of the electric fluid natural
to the body had been driven, though but for a moment, towards
the oppofite end. "I alfo obferved that the effe was the fame
when the explofion was made to pafs through one of the knobs
of the infulated rod. This lateral force was evident through thin
fubftances of various kinds, interpofed between the explofion
and the bodies removed by it; as paper, tin foil, and even glafs;
for when fome grains of gun powder were put into a thin phial
clofe ftopped, and held near the explofion of a battcry, they
‘were thrown into manifeft agitation.

I Tuererore think it moft probable, that this lateral force is
produced by the expulfion of the air from the place where the
explofion is made. For the ele@tric matter makes a vacuum of
air in its paffage s and this air, being difplaced fuddenly, gives
a concuffion to all the bodies that happen to be near it.  Hence
the removal of the light bodies, and the agitation communicated
to the thin fubftances, and ta the air, and the light bodies placed
beyond them.

Tue only objeétion to this hjpothefis is, that this lateral force
is not fo much lefs in vacuo as might be expected, when the air
is fuppofed to receive the concuffion firft, and to communicate
it to other bodies; but it muft be confidered, that the moft
perfeét vacuum we can make with a pump is not free from air.
1 have tried to make this experiment in a torricellian vacuum,
but could not fucceed at that time. Befides, as the elecric
matter of which an explofion confifts muft take a wider path in
vacuo, if not equally fill-the whole fpace, it may affect a body
in its paffage, without the intervention ofany air. In condenfed

air,
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aie, - this lateral force was not, as faras T could percéive, much
encreafed. i y

WiLLING to feel what kind: of an impulfe it was that alted
upon badies,” when they were driven away by this lateral force
of elecuricity, 1 held my finger near the path of an éxplofion of
‘the battery,  pafing ove thc furface of a green leaf, when I felt
o firoke, (as of fomething  puthing againft my finger.. Several
corks, placed in the fame fituation; wege driven to a confiderable
diftance bythe fame explofion.

RecorLECTING that this power, which I now call the lateral
Sfurce of eltirical explofns, uft be the fame with that which
pives the concufion to water, mentioned in my exp i to
imitate an earthquake, and to vegetable and animal fubftances,
over the furface of which it paffes; and being determined to
make a more fatisfactory trial of it then I had ventured to do be-
fore, Ilaid a green leaf upon the palm of my hand, intending to
malke the cxplofion pafs over the leaf but the leaf was burft,
"ot torn to pieces, and the explofion paffing over my: hand geve
it a violent jar, the effe of which remained in 2 kind of ting-
ling for fome time.

Lastoy, in order tojudge the more perfectly of this force, T
Jsid  chain communicating with the outfide of the battery upon
my bare arm above the wrift, and bringing the difcharging rod
ear the flefh, within about two inches and an half of the chain,
1 made the explofion pafs over that quantity of the futface of the
fkin. Had I taken a greater diftance, I was aware that the explo-
fion would have entered the flefh, which, T was fenfible, would
have given a painful convulfion to the mufcles through which it
pafled. In this cafe, the fenfible effet was very different from
that, being the fame cxternal concigfion 35 before, and T have
fometimes thought, that the fenfation is not difagreeable. How-

ever
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ever the haies upon the flin were all finged, and curled up along
the whole path of the explofion, and for the fpace of about
half an inch on each fide of it alfo the papille pyramidales of the
1kin were raifed, as when a perfonis thivering with cold. This
was alfo. the cafe in every part of the arm which the chain
touched, and even that part of it which was not in the circuit.
Both the path of the explofion, and the place on which the chain
had lain, had a rednefs, which remained ill the next day.
Sometimes the fleth has contratted a blacknefs by this experi-
ment, which has remained for a few hours,

SECTION
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SECTION XV

VARious' EXPERIMENTS ON THE FORCE OF ELECTRICAL
EXPLOSIONS.

AKING the explofion of a battery pafs over the {uface of

a green cabbage leaf, I obferved that it left a track, near
2 quaster of an, iach. in breadth, exceedingly well defined, and
diftinguifhable by & difference of colour from the reft of the leaf.
Along this pathalfo the firmnefs of texture in the leaf was entirely
deftraged, that part becoming quite exible Jikea picce of cloth.
Prefently after it turned yellow, grew withered, and became
perfedly brittle.

Wrtaine to try the effect of this explofion pafiing along the
furface of other fubftances, Ilaid a picce of common window
glafs on the path, preffed by a weight of fix ounces; but it was
fhattered to pieces, and totally difperfed, together with the leaf
on which itlay. Placing the black fide of a picce of cork wood
upon it, prefled by a weight of halfa pound, the leaf was not
rent, but the cork was furrowed all the way, 2 trench being
madeinit, about half an inch in breadth, and a quarter of an
fach in depth. Laying the fiooth cut fusface of the piece of

cork,
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cork, it was furrowed all the way as if it had been cut with a
file, but not near fo deep as before. Many of the finall picces
which had been rubbed off in the explofion, remained in the
farrow.  Alfo the fubftance of the cork feemed to be fhattered,
and it was eafily rubbed off, a little way into it.

I mapE this explofion on the furface of fome red wine in a
{mall difh, and kept a part of the fime quantity expofed in 3
fimilar manner, but I could perceive no difference between them
after feveral days.

Tae track of an ele@rical explofion on the furface of the cab-
bage leaf being fo well defined, fuggefted an experiment to af-
certain whether there was any fenfible momentum in the eleciria
fluid, when it is rufhing with violence from one fide of a battery
to the other.  For this purpofe I made the explofion pafs over
the leaves when they were cut in right and acute angles ; fo that
the fhorteft path, from the infide to the outfide’ of the battery,
was to turn clofe at the angle; and obferved, that it was not
diverted from its courfe in the leaft degree by the rapidity of its
own motion, but that it had turned exa@ly at the angle; and
kept as clofe to the oppofite fide, as if the motion had begun at
the angle. The ele@ric matter had however’ been evidently
attracted by the veins of the cabbage leaf, having purfued them a
little way, at leaft having fenfibly affeed them, wherever it
met with them in its paffage.

TH1s experiment fuggefted another, intended to determine
whether the force of an explofion was at all diminithed by being
diverted from a right lined courfe, and made to turn in a great
number of angles.  To do this, I firft found, by a great number
of trials, what length of a fmall iron wire T was able to melt
with a battery of about twenty fquare fect, in the middle of a
circuit of about three yards of brafs wire, confiderably thicker

than
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than the iron, and ftretched in two right lines, fufpended on
filken ftrings. The length of the iron wire melted in thefe cir-
cumftances was about three inches. T then took the fame brafs
wire, and, fixing pins into a board of baked wood, twifted it
about them, making it turn in a very great number of acute
angles; and I put three inches of the fame iron wire in the mid-
dle of this crooked circuit, that I'had done in the ftraight one,
fo that the eleétric matter in the explofion was obliged to make
a great number of turns at acute angles, before it could come
£o the iron wirc; but I always found that the fame length of
jron wire was melted in thefe circumftances, as in the other,
and not the leaft difference was perceived in the force.

Bur though the form of the wire through which an explofion
pafled made no difference in its force, I found a very remarkable
difference occafioned by the length of the circuit, in wires of the
fame thicknefs, and which, I own furprized me very much.

In order to afcertain the practicability of firing mines by ele€tci-
el explofions, T took twenty two yards of fmall brafs wire (but
fo thick, however that I could not have melted the leaft part of
it, by the force of any battery I have ever conftruted) and ex-
tending it along a dry boarded floor, with a fiall picce of ifon
wire, and a cartridge of gun powder about it, in the place that
was moft remote from the battery ; I found that, upon the dif-
charge, the wire was not melted, nor the gun powder cxplod-
ed; alfo the report was very faint. In other circumftances a
charge of the fame battery was able to melt more than mine
inclies of this iron wire, and this fame cartridge was eafily fired
near the battery, conneéted with fhorter pieces of the fime brafs
wire; fo that the diminution of force muft have been owing to
the length of the circuit.

In the place of this fmall brafs wire, 1 fubflitated an iron

i wire,
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wire, one fifth of an inch thick ; when about halfan inch of the
{mall iron wire was exploded ; fo that the force was not leflened
fo much in a circuit of the thick iron wire, as it had been in one
of the fmall brafs wire. In order to judge how much of the
force might be loft by nearer circuits, confitting of lefs perfect
conductors, I joined the middle of the circuit made by the iron
‘wire with water, in' which both the wires were immerfed. The
effect was, that the {mall iron wire was only made red hot, but
not exploded as before. 2

Beine fenfible how much depended upon avoiding all lefler
circuits, whereby part of the fire of an explofion might return
tothe battery, without reaching the extremity of the circuit,
where Lintended the whole of its force to be exerted ; in the re-
maining experiments, I infulated half the circuit of iron wire.
‘There was no occafion for infulating the whole circuit: for if
there was but one paffage 0 or from the middle of it, there
could be put one fromor £5it. In this method it was eafy to
afcertain what lofs of force was occafioned by the length of the
circuit, as every other circumftance was carefully excluded.
And it prefently appeared to be very confiderable; for though
I could melt nine inches of the {mall iron wire at the diftance of
fifteen yards from the battery, when I tried twenty yards, I
found that I was juft able to make fix inches of it red hot. The
battery in thefe experiments was in the houfe, and the wires of
which the circuit confifted were conveyed by filken ftrings into a
garden adjoining to the houfe.

MenTI10NING this lofs of force, occafioned by the length of
the circuit, in eleétrical explofions to Dr. Franklin, he told me
that the fame obfervation had occurred to him, and that he alfo
had been difappointed in an attempt to fire gun powder at a dif-
tance from his battery.

STRUCK
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Srruck with this appearance, T endeavoured to afcertain the
quantity of this obftruction; by trying what other courfes the
elettric fire would chufe, preferably toa long metallic circuit.
In the firft place, taking about a yard of the fmall brafs wire
mentioned above, I difpofed it in the manner deferibed [fig. 9.
PI. i) conneting one of the ends with the outfide of the battery
and the other with the infide. In the firfk place I brought the
parts [a] and [4] (near the two extremitics) into contat, and,
upon the difcharge, found there had been a fufion in that place,
and that a great part of the fire had taken the fhorter circuit,
though it had been obliged to quit the wire in one place, and
enter in agein in another.  Afterwards I removed the parts [a]
and[4] to a fimall diftance from one another, and, upon the explo-
fion, obferved a ftrong fpark pafs between them. Removing
them to_greater and greater diftances, 1 found the explofion
chofe to pafs above one third of an inch in the air, rather
than make the circuit of the continued wire. Ufing a longer and
fmaller iron wire, the paffage through the air exceeded half an
inch. 1 then took four or five yards of iron wire, one tenth of
" inch thick; when the paffage through the air was fll half
an inch; and taking three yards and a half of a wire that was
one fifth of an inch thick, the fpark in the air was half an
inch, and fometimes near three quarters of an inch. Making
ufe of only half the length of this wire, the paffige through
the air was only half that diftance, or one fourth of an, inch.
When I kept the place of near contaét about the middle of this
wire, and made the explofion at the extremities of the whole
wire, T was obliged to bring them about s, near again, 1 &
1o Titile more than one eighth of an inch before the paffage
‘would be through the aic s {0 that the force of the whole explos
fon maft have been greatly weakened by its. pafling through fo

4Tz A vl «
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much of the wire. Laflly, I'tooka pair of kitchen tongs, the
legs of which were two fect in length, and the fnalleft part of
them above half an inch in diameter ; when the circuit was made
about one fixth of an inch in the air (for at that diftance from one
another the ends of the tongs had been fixed) rather than through
four feet of that thick iron.

NorwirssTaxnin this paffage of the explofion through the
air, at the fame time that a metallic circuit was open for it, it
was evident that the whole of the force did not pafs this way,
nor indeed the greateft part ofit. For when I extended a fimall
iron wire between [4] and [4,] I could only make about half an
inch of it red hot, whercas, when therc was no other metallic
circuit, T was able, with the fame battery, to explode more
than two inches of it.

As the eletric fire meets with fo much obftra@ion in pafiing
through a circuit of iron of this thicknefs, I make no doubt, bug¢
that it is confiderably obftructed in pafiing through metallic cir-
cuits of any thicknefs whatever ; and that it would profer a paf-
fage through the air, if they were made even of no great length.
Tn this method, the different degrees of conducting power in dif..
ferent metals may be tried, ufing metallic circuits of the fame
Iength and thicknefs, and obferving the difference of the paffige
through the air in each. N. B. A common jar anfivers as well
in thefe experiments as a large battery.

I is evident, from many experiments, that the whole fire of
an explofion does not pafs in the fhorteft and beft circuit, but
that if inferior circuits be open, part will pafs in them at the
fame time. Of this I made the following fatisfatory trial. I
took an iron chain, and laid it upon a table, in contact with a
charged jar; fo that the parts of it made two circuits for the dif-
charge, which I could vary at pleafure; and I obferved that,

- when
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when one of the circuits was but halfan inch, and the other more
than halfa yard; yet, if the charge was high, it always went
in them both, there being confiderable flafhes between the links
 the remoteft part of the chain, If the charge was weak, it
paffed in the fhorter circuit only-

Ir is evident that when the wires of a battery are not in clofe
contad, there muft be fome Tofs of force in the difcharge; but
this never appeared to me to be fo confiderable, as Mr. L. Epi-
naffe feems to have imagined. # 1In order to afcertain this by
experiment, I firft found, by repeated trials, what length of an
jron wire, of a certain thicknefs, I was able to melt with
a battery confifting of twenty jarss conftruted in the manner
defcribed above. It was about two inches and a half. I then
foldered all the wires together, and alfo foldered one rod to
them all, inftead of a chain which I had ufed before, fo that I
avoided near @ hundred fparks, in cach of which fome force had
been loft; but 1 did not find, after many triels, that the power
of the battery was fenfibly diminithed. T fll could not melt
three inches of the fame wire.

» Phil. Tranf. Vol 57. pt: 1. p- 186:

SECTION
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SECTION XVI
MISCELLANEOUS EXPERIMENTS.

I OsservaTioNs oN ThE ELECTRIC SPARK TAKEN
THROUGH SEVERAL PIECES OF METAL.

ARCH the 24th. 1766. I obferved that an eleéric fpark
M taken from the prime condu@or itfelf was not near fo
ftrong and pungent, as one taken through a picce of metal infu.
Iated, and interpofed betwen my finger and the conductor.

THE effe@ was the fame whatever was the form of the in-
terpofed piece of metal. And, in this manner, whatever was
prefented received a full and firong fpark : whereas a great part
is commonly diffipated, in pencils or fars, even whon pretty
Large brafs knobs are profented to the prime conductor it flf, if
the excitation be very powerful; unlefs both the conductor
and knob have one precife degree of convexity, adapted to one
another.

ON fingle brafs ball made the fpark as firong as the interpo-
fition of a long piece of metal, or of many picces.

WHETHER one, 2 few, or a great number of picces were
ufed, it feemed that the interyals taken together muft be equal.

Bur
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Bur thefe.intervals taken- together will be larger when the
pieces are placed in aright line, than when  they are laid in @
curve.

WiteHER one body, or anumber of them be interpofed; if
a fpark be folicited it will not ftrike the firft, unlefs itcan, at the
fame time, firike all the reft.

Avx, thefe experiments fucceed, in the fame manner, with the
explofion of a charged jar.

Soms of the above-mentioned circumftances, I afterwards
found, had been taken notice of by Signior Beccaria.

{I. A DECEPTION RELATING TO THE DIRECTION OF THE
ELECTRIC SPARK.

As I was once amufing myfelf with taking long fparks
from a lurge prime conductor of polifhed copper, and confider—
i the deceptions that le€iricians had fallen into with refpect
to the direction of the cle@ric matter; I could not help being
fruck with one deception, which the evidences of my fenfes
would never have re@ificd s and which fhowed very clearly,
how litfle the evidences of the fentes is to be depended upon
in fuch cafes. T obferved, that, whether T made this large
condutor give, or take the ele@ric fire (for I could make it
do cither at pleafure, and with the fame force) [kl fancied
thata fpark taken with a brafs ball above the condator de-
foended to it, and that a fpirk taken below it defcended from
it; but fparks taken laterally feemed to have no one certsin

diretion.
r.
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HIL AN EXPERIMENT INTENDED To ASCERTAIN WHETHER
EEECTRICAL SUBSTANCES, IN THEIR NATURAL STATE, CoNw
TAIN MORE OF THE ELECTRIC FLUID THAN CONDUCTORS,

THINKING to afeertain Dr. Franklin's hypothefis, concerning
the effential difference between condu@ors and non-conduors,
T made a pretty large picce of glafs ‘red hot (in which ftate
had proved it to be a real. conductor of electricity) and placed it
upon a fimooth picce of copper, infulated ; fuppofing that, if
electric fubftances had naturally a much greater fhare of the elec.
tric luid than condutors, this picce of glafs, in pafling from
a conduting to a non-condudting flate, muft exhauft the copper
of its natural (hare of the cledtric fluid, and leave it clectripn
negatively. But I could perceive no kind of cledtricity, either
in the copper, or the glafs, duting the whole time ofits coaling.

Som time after, I found that Mr. Cigna had endeavoured
to afeertain the fame thing, by reducing ice into water; but jou
and water are both condutors of electricity.

IV. Tue MUSICAL TONE or VARIOUS DISCHARGES
ASCERTAINED.

As the couste of my experiments has required 4 great variety
of cledrical explofions I could not help. obferving a great varity
in the mafical tone made by the reports. This excited my cu.
riofity to attempt to reduce this variation to fome meafure.
Agcordingly, November the 17th. by the help of a couple of
fpinets, and two perfons who had good ears for mufic, T endea-

voured
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voured to afcertain the tone of fome ele@ric explofions ; and ob-
ferved, that every difcharge made feveral firings, particularly
thofe that were chords to one another, to vibrate: but one note
was always predominant, and founded after the reft. As cvery
explofion was repeated feveral times, and three of us feparately
took the fame note, there remained no doubt but that the tone
we fixed upon was, at leaft, very near the truc one. The refult
was as follows. b

A JaR containing half a fquare foot of coated glafs founded.
F fharp, concert pitch. Another jar of a different form, but
equal furface, founded the fame.

A Jar of three fquare feet founded C, below Ffharp, A
battery, confifting of fixty four jars, cach containing halfa fquare
foot, founded F below the C.

Tz fame battery, in conjunétion with another of thirty one
jars, each containing a fquare foot, founded C fharp. So that
a greater quantity of coated glafs, always gave a deeper note.

Dirrrrences in the degree of a charge in the fame jar made
little or no difference in the tone of the explofion; if any, a
higher charge gave rather a deeper note.

Frou thefe experiments it will be eafy for ang perfon to com=
pare the quantity of fquare feet of coated glafs, with the lengths
of mufical firings giving the fame note. - For this purpofe, I
could eafily have found more terms of the feries; but I am
afraid philofophers in general will think it trifling enough to
have found fo many. I do not expedt that clerical explofions
will ever be introduced into concerts of mufic; or that thefe ex-
periments will be of any ufe to meafure the extent of the clouds
from which a clap of thunder proceeds. But true philofophers
will not abfolutely defpifeany new fact or obfervation, though
ithave no immediate, or apparent ufe.

4+U V.
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V. EXPERIMENTS ON THE EFFECTS OF GIVING A METALLIC
TINGE To THE SURFACE OF GLASS.

It has long been a queftion among cle@ricians, where the
elediric matter that conftitutes the charge of a plate of glafs lics ;
whether within the pores of the glafs, or only upon the furface ;
and fome experiments I have made will perhaps be thought to
throw fome light on this difficult fubject.

I coNstpERED that the common coating of a jar s not in actual
contact with the glafs, but that the metallic tinge, which is
given to glafs by an clectric explofion of the metal upon its fur-
face, s probably in contaét with it, if not lodged in. its pores.
1 therefore gave a coating of this kind to both fides of a plate of
glafs; and at firft imagined that the glafs coated in this manner
did receive a charge, as well as if it had been coated in the com-
mon way ; for it gave a real fhock 3 but I very well remember, at
that time, being a little furprifed to fee the eleétric fire run over
the furface of that coating, a thing not poffible in the common
way. However, not fufficiently attending to that circum@ance,
1 was purfuing the experiment, and trying whether, by com-
bining this picce of glafs with a large battery, and making the
difcharge of both upon this metallic. tinge, I could not melt pare
of it, and thereby fetch it out of the glafs ; as that method would
haye melted, and abfolutely difperfed a confiderable part of
the coating of & common jar. But I was prodigioufly furprifed
tofind, that, though the connetion of this metallic tinge with
the battery was complete, the difcharge could not be made by
bringing the difcharging rod upon it; though within three quar.
ters of an inch of another brafs rod, that formed the communi.
cation between this plate of glafs and the battery. This convin-

ced
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ced me that the metallic tinge did not anfiver the purpofe of a
coating ; and I prefently fatisfied myfelf, that a picce of uncoat=
ed glafs would receive juft fuch a charge as the tinged glafs had
done.

To afcertain this matter ftill further, I ftruck a tinge of this
kind along two oppofite fides of a glafs tube, about half a yard
in length ; and holding it with my hand in conta@ with a part
of this metallic tinge, found that it was excited juft like another
tube: for when I difcharged the clericity of any part of the
tube where the tinge was ftruck, it did not at all difcharge other
parts of the tube, whither the fame tinge extended. ~ Alfo the
cleétric fapping from the tinged part of the glafs could not be
diftinguifhed from the fnapping at other places ; except that,
fometimes, where the gold lay thicker than ordinary, a denfer
ftream of electric matter was vifible on its furface, and ran in
feveral {mall ftreaks, in different directions, from the place where
the fpark was taken.

Tats experiment {eems to fhow, that a coating of metal ex~
ceedingly near the furface of the glafs is not at all affected either
by the excitation or charging of it; and feems to confirm the
hypothefis of the eleétric fluid not entering the pores of the glafs.

As the giving this metallic tinge to both fides of a plate of glafs
is not very cafy, the reader will not, perhaps, be difpleafed to
be informed in what manner I fucceeded in it. After fatiguing
myfelf a long time in endeavouring to firike a piece of leaf brafs
into the two fides of a plate of glafs, to ferve inftead of a coating:
(having always broken the glaf in fixing either the firft or fecond
coating) T at length put two other picces of glas, one on each
fide of that to which I intended to give the tinge, with pieces
of leaf brafs between them both; and making one explofion
through both of them at the fame time, the upper and the lower
piece of glafs. were fhattered to picces, but the middle piece

4Uz (being.
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(being equally affected on both fides) remained whole, and the.
coatings were nearly as I withed them.

VI. AN EXPERIMENT INTENDED To ASCERTAIN WHETHER
FERMENTATION CoNTRIBUTES To THE PRODUCTION
OF ELECTRICITY. i

Serreusea the 3d. In order to determine whether any of the
electric fluid was ditcharged from, or acquired by bodies in g
Rate of formentation s 1 hung a pair of pith balls at the extremity
of a piece of wire communicating with 2 quantity of feel ilings,
fermenting with ol of vitriol, inclofed in a glafs veflel, Bur
they never feparated in the leatt,

VIL. AN EXPERIMENT INTENDED TO ASCERTAIN WHETHER
EVAPORATION coNTRIBUTES To THE PRODUCTION oF
ELECTRICITY.

Drcrasen the 26th. T put a finall quantity of water upon o
thin picce of glafs, and made it all fuddenly evaporate by 3 red
hotiran held under it but the glas bad acquired no degree of
cleicity. The weather was frofly.

VII. AN EXPERIMENT INTENDED TO ASCERTAIN WHETHER
FREEZING pe ACCELERATED OR RETARDED BY ELECTRI~
FICATION,

JaNUARY the 6th. 1767. T expofed two difhes of water in the
openair, while it was freczing intenfely, and clecrified one of
them.
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them pretty ftrongly ; but could perceive no difference in the
time, cither when it began to frecze, which was in about three
minutes, or in the thicknefs of the ice when both had been
frozen fome time.

HapreNiNG to caft my eyes into the ficlds, out of the window,
through which I had put the board which I ufed for the purpofe
of this experiment, I obferved, on cach fide of the clecificd
wire, the fame dancing vapour, which is feen near the furface of
the carth in a hot fummer’s day, or ncar any heated body that
occafions an exhalation of vapours.

IX. THE EXAMINATION OF A GLASS TUBE, WHICH HAD
BEEN A LONG TIME CHARGED AND HERMETICALLY SEALED.

DeceMBER the goth. Iexamined a glafs tube, about three
feet in length, one half of which I had charged in the month of
March preceding, and then fealed hermetically ; but could not
perccive that it was excited in the leaft degree, either by heating
or cooling. The difference in the refult of this experiment from:
feveral of Mr. Canton’s, related p. 280, I attribute to the thick-
nefs of the glafs of my tube. Mr. Canton charged {mall balls ex-
ceeding thin. [ alfo obferved that there was no perceivable
difference in the excitation of the charged or uncharged part of
this tube, and that both parts acted exceeding well.

I arTERWARDS opencd this tube, and pouring a quantity of
Teaden fhot into it, found it to contain a very good charge. Tt
gave me one confiderable fhock, and feveral fmall ones; as T
made no ufe of an outward coating, but only difcharged it by
grafping it in feveral places by my hand.

X
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X. THE WEIGHT REQUISITE TO BRING SOME BODIES INTO
CONTACT ASCERTAINED Y THE ELECTRICAL EXPLOSION.

I is plain from optical experiments, and alfb from a variety
of other confiderations, that bodies of no great weight lying upon
one another, are not in actual contatt. As the fame thing is
demonttrated by an eleétric (park being viible between picces
of metal Iying upon one another, and other effects of elediricity
(particularly the fufion of the parts through which it goes out of
one body and enters another, notadually in conta® with it) I
was deficous to determine, by this criterion, what weight was
fufficient to bring bodies into actual contact. With thefs views,
1 began with laying twenty fimooth thillings upon one another,
and making the difcharge of the battery through them ; thinking
that the fafion would difappear, when the weight was fufficient
to prefs them into contact. But I found that the whole column
was not fufficient ; for every piece was melted on both its fides,
fo that every two contiguous fides had fpots exactly correfpond.
ing to one another. The deepeft impreffions were made near the
top of the column, but they did not diminifh with exact regu-
larity. Perhaps finall particles of duft might prevent fome of
them from coming fufficiently near one another.

Arterwarps, I gradully increafed my weights, till T found
that about fix pounds was fufficient for my purpofe. The
fufion was vifible under that weight, but never under above
half 2 pound more, though I repeated the experiment feveral
times.

I b fome fufpicion, that the largencfs of the explofion might
have occafioned a momentary repulfion, feparation, and confe-
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quent fufion of thefe picces of metal, though prefied by fuch
a weight, butT found I was not able to produce any fufion ;
under a greater weight than that above-mentioned, though,
inftead of thirty two fquare feet of coated glafs, I ufed above
fixty.

XI. THE EFFECT OF THE ELECTRICAL EXPLOSION TRANS-
MITTED THROUGH VARIOUS LIQUORS.

Issnieve it s generally fuppofed, that ale, and other li-
quors are turned four by lightning, and I was defirous of afcer-
taining whether that fack (if it be one) was owing to the liquors
being properly firuck with the lightning, or to the fate of the
air, &c. during the thunder ftorm. In order to this, T provided
myfelf with a glafs tube, ninc inches long, and about a quarter
of an inch in diameter, and by inferting a wire into one end
of it, which was ftopped with fealing wax, could eafily tranfmit
an cle@rical fhock through any fubftances contained in it.

By this means, November the 13th. T began with difcharging
the explofion of the battery through this tube, filled with frefs
Jinall beer, and obferved a confiderable quantity of fixed air, or
fomething in the form of bubbles, to afcend init; but when T
tafted it, T could perceive no difference between it and that out
of which it was taken. No doubt the cfcape of fo much air
would tend to make it grow ftale fomething fooner.

T raex difcharged feveral large fhocks through a tube filled.
with red wine, but, after two or three days, could perceive
no alteration in its tafte, or other fenfible qualities. In this
difcharge, the cleciric matter did not immediately firike the

wine,




704 MISCELLANEOUS Parr VHL

wine, but a metal rod, which jult touched its furface; but T
afterwards gave it two or three more fhocks, in which the wine
itfelf was made to receive the explofion, but there was no vari-
ation in the cffects,

I passep the fhock through a tube filled with milk, in both
the methods above-mentioned ; but it was fvcet three days af-
ter,  Alfo a tube filled with fie/h ale received feveral Targe thocks
without undergoing any fenfible change of propertics.

In all thefe explofions I held the tube in my hand, without
feeling any thing of the fhock.

1 azs0 made the cle@ric fpark vifible a great number of times
ina fmall quantity of frrup of visets, without producing any
change of colour, or other fenfiblc qualities.

XIL OBSERVATIONS ON THE COLOURS OF ELECTRIC LIGHT.

FINDING it advanced in the writings of feveral eletricians
(who mut have copied it from one another, without ever re-
peating the experiment, though it may be done fo foon) that
ele@iric light contained no prifmatic colours ; I had the curi-
ofity to try fo extraordinary 2 fat, and immediately faw both
‘the fallacy of the experimont when it was firft made, and the
caufe of it. Holding'a prifin before my eyes, while the lec-
tric fparks were taken at the prime conductor, I obferved as
beautiful prifinatic colours as any that are exhibited by the image
of the fan; but when the light was a little diffufed, as in thofe
red or purple parts of a long fpark, as it is called, the colours
were not fo vivid, and lefs eafily diftinguifhed from one another;
and when the light was fill more diffufed, through a vacuum,

the
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the prifin made no fenfible alteration in the appearance of it.
‘Thus the middle part of any Jarge object appears of its natural
colour through a prifm : for though the rays be really feparated;
they are immediately confounded with others from different parts
of the fame object; fo thatits natural colour muft neceffarily be
the refult.

As the flames of different bodies yield very different propor-
tions of the prifmatic colours, I have often thought of attempt-
ing to afcertain the proportion of thefe colours in electric light,
and compare it with the proportion of colours from light procur-
ed in various other ways. This may poffibly determine what
that heterogeneous matter is, that is roufed into action by the
rapid paffage of the ele@ric fiuid, and which is the caufe of the
light, the fmell, and perhaps other fenfible qualities of elecri=
city; but I have not had leifure to purfue the inquiry.

Tue electric fpark, taken in the middle of a phial filled with
inflammable air, is always of a red or purple colour, and can-
not be made to look white ; but the larger the explofion is, the.
nearer it approaches to white.

T suarr clofe this article with juft mentioning another de-
ception, which fome perfons may poffibly lic under, with refpeét
to what is called the length of the eleéiric fpark. 'When ajar is
difcharged, it may be imagined, that a body of fire is feen ex~
tending from the infide to the outfide ; whereas it is pretty cer-
tain, that that appearance is occafioned by the very rapid motion
of a fingle ball of fire; in the fame manner as a lighted torch,
with po_greater motion than a man’s arm can give to it, will
feem to make an entire circle of fire. That the fire of an elec
trical explofion confifts of a ball, or cylinder, of no great length,
feems pretty evident from one of the experiments with the cir-
cles, p. 630, in which the diameter of the circle was the fame,

+X whether
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whether the explofion was taken at the diftance of half an inch,
orof two inches ; and alfo from the experiments of its paflage
over furfaces, in which it was fometimes made twenty times
longer than ufual, without any fenfible diminution of its thick-
nefs.

XIII. OBSERVATIONS ON THE SMALL WIRES THAT COLLECT
ELECTRICITY FROM THE EXCITED GLOBE.

HavinG made ufe of feveral brafs wires, about two inches and
ahalf long, to colle the eleiric matter from my globe; I ob-
ferved, after a month or two, that about half an inch of the ends
of them, which touched the globe, had contracted a blacknefs,
particularly on the fide which lay next the globe. I then took
them off the ring o which they had hung, and rubbing them
carefully, obferved, that the fame friction which made the reft
of the wire quite bright, made but little alteration in this acquir-
ed blacknefs. Recolle@ting, at the fame time, S. Beccaria's
theory of magnetifi, inftead of replacing the wires, T hung
two very fine needles in theit place; and December the 2oth,
after about two months, in which I had made the moft ufe of
the machine, T examined them, and found that blacknefs at
their points, but could not be fure that they had acquired any
degree of magnetifm. They had, indeed, a very finall degree 5
but I had not cxamined them fo very accurately before T hung
them on, as Idid afterwards. The experiment deferves to be
repeated with more care, but it requires a longer and more con-
fant ufe of an clectrical machine than, it is probable, T fhall
ever have an opportunity of employing.

; XIv
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XIV. EXPERIMENTS INTENDED TO ASCERTAIN THE DIFFER=
ENCE IN THE CONDUCTING POWER OF DIFFERENT METALS.

In a converfation I once had with Dr. Franklin, Mr. Canton,
and Mr. Price, T remember afking whether it was probable that
there was any difference in the conducting power of different
metals; and if there was, whether it was pofiible to afcer-
tain that difference? I have fince endeavoured to carry the
{cheme into execution, by tranfimitting  the fame explofion
of the battery through two wires at a time, of two different
metals, and of the fame thicknefs. ‘They were hooked one to
the other, and held faft in hand vices, after they were meafured
with a piir of compafles to exa@ly the fame length. The expe-
riments were much more pleafing and fatisfaétory than Texpeéted,
but the refult by no means correfponded to my ideas a priori.

T irst joined a piece of iron wire and a picce of copper wire.
The explofion totally difperfed the iron, and left the copper un~
touched. The brafs likewife difappeared when joined with the
copper, &nd the iron when joined with the brafs.

So far the experiments were extremely eafy; a fingle charge
ofthe battery fufficing to determine the difference between any
two but when I came to compare the more perfet metals, T
found much more difficulty, and was obliged to try four or five
charges of the battery upon. every two: for, their conducing
powers being nearly the fame, I either made the charge too high,
and difperfed them both ; or too low, and touched neither of
them. At length, I happened to hit upon fach charges, that
the copper vanifhed, and lefe both the filver and the golds

41Xz and
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and the gold remained when the filver was difperfed. The hook,
however, of the flver was melted off when the copper was dif.
perfed, and the hook of the gold when the filver was difperfed :
for the heat is always the greatelt where the eletric fire pafies
from one body to another. Before the difperfion both of the
copper and the filver, T had made cxplofions of fuch a firength,
38 thougl t0o fimall to melt them, gave them a bluifh tinge.,

From thefe experiments it is cafy to fettle the order in which
the metals above-mentioned are to be ranked, with refpe to the
powwer of cledricity to melc them. Itis us follows. - Jron, sy,
appers filver, gold.

Now being able to gt Zzad or ¢in drawn into wires, T got
pieces of thofe metals rolled into plates equally thin, and taking.
fmall fips, of equal length and breadth, I tranimitted the explo-
fion through them ; when the lead gave way the fieft. 1 intend.
cd to have compared thefe plates with others of iron, brafs, &,
but had not an opportunity. 1 have litcle doubt bat that tin would
melt before iron ;- though indeed T had expected that tin would
have melted before lead, and gold before filver. But according
to Mr. Wilcke's experiments, p. 316, lead is a worfe conductor
than any of the other metals, My own experiments on the cir-
culas fpots, p. 626 made me expedt that gold would have melted
before filver.

Ir is very remarkable, that when iron wire is melted by the
elecric explofion, 4right fparks are generally difperfed about the
room, in all dicetions ; but that they are feldom, or never feen
when wire of any other metal is ufed. If but a fimall refiduum
of a battery be taken between two iron rods, when the explofion
is extremely litle, a great number of fmall fparks will fy in ol
directions from the iron, to the diftance of about an inch, and
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exhibit a beautiful appearance. - Fewer of thefe fparks. will be
féenif one of the rods be brafs, and, I think, none, in thefe
fimall difcharges, if they both be brafs.

Birorg any ufe can be made of thele experiments, to deter-
mine the relative conduGing power of the: feveral metals, the
order in which they melt with common heat fhould be compared
with the order in which they melt with the elerical explofion 5
and I could not readily find . table of that kind. - I think, how=
ever, that iron is faid to require more heat to bring it into a flate
of fufion than any other metal, and it requires but a fmall force
of elericity to do it, fo that I think thefe two orders are not the
fame. Before this matter can be fettled, it fhould likewife be
found, how much more eafily any of the metals will be melted
before another, by tranfinitting fhocks through wires of different
lengths and thickneffes, which would be a very tedious bufinefs.
Tmake no doubt but that an explofion 'which melts a copper
wire of any given diameter would difperfe an iron wite of twice
the diameter, {othat copper would be a  much greater fecurity,
2s & condudor to guard a building from lightning than iron,
befides its being lefs liable to ruft ; but then it is more expenfive.

XV. ExrerimenTs with AN ELECTRIFIED CUP.

I szt clofe the account of my experiments with a fmall fet,
in which, as well asin the laft, I have little to boaft befides the
honour of following the inftruéions of Dr. Franklin, He in-
formed me, that he had found cork balls to be wholly unaffect-
ed by the ele@ricity of a metal cup, within which they were
held ;. and he defited me to repeat and afeertain the fac, giving
me leave to make it public,

Accorp=~
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AccorpINGLY, December the 21ft. T ele@rified a tin quart
veflel, ftanding upon 2 flool of baked wood; and obferved,
that a pair of pith balls, infulated by being faftened to the end
of a flick of glas, and hanging entirely within the cup, fo that
20 part of the threads were above the mouth of it, remained
juft where they were placed, without being in the leaft affecied
by the eletricity ; but that, 'if a finger, or any conduting fub=
fance communicating with the carth, touched them, or was
even prefented towards them, near the mouth of the cup, they
immediately {eparated,  being attraed to the fides; as they alfo
were in raifing them up, the moment that the threads appeared
above the mouth of the cup.

Tr the balls had hung in the cup a confiderable time without
touching it, and they were taken out immediately after the elec-
tricity of the cup  was difcharged, 'they were found to have
acquired no degree of elcetricity.

Tr they had touched any part of the cup,  though they howed
1o ele@iricity while they were within it yet, upon being taken
out, they appeared to have acquired fome s which was more if
they bad touched a part near the edge  of the cup, lefs if they
had touched any part more remote from the edge, and leaft of
all if they had touched the bottom dnly. If they had firft touch-
ed the fide near the top, and then the bottom, they came out
with ¢hat fmall degree of elecricity which they would have
acquired, if they had touched the bottom only.

In any cafe, if the balls were taken ‘out while the cup re-
mained cledtrified, they neceflarily acquired fome degree of clec-
tricity, in paffing the mouth of the cup.

To' purfue this experiment a little further, T todk 4 fmall
coated phial, fuch as'is reprefented upon the fool [¢ Pl. ii.]
and obferved, that when I held it by the wire, ‘within the elec-
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trified cup, it acquired no charge, the eleflricity of the cup
affefting both the infide and outfide coating alike.  If the exter~
nal coating touched the bottom of the cup, the phial received a
very fimall charge. I it was made to touch the fide, it acquit- -
ed 4 greater charge; and the nearer to the top it was held, the
higher charge it received; the wire of the phisl, which commu-
nicated with theinfide coating,  being further removed from the
influence of the eledricity of the cup.

May we not infer from this experiment, that the attration
of cledtricity is fubjet to the fame laws with that of gravitation,
and is therefore according to the fquares of the diftances ; fince
it is cafily demonftrated, that were the earth in_the form of a
fhell, abodyin the infide of it would not be attracted to one fide
more than other. i

Do it not follow from the experiments of the balls, com-
pared with thofe with the phial, that no body can receive clec-
tricity in one place, unlefs an opportunity be given for its parting
with it in another; at leaft, that a quantity muft be repelled
from any pasticular part before any more can enter; fince
fmall body can no more receive cledtricity when all its fides are
equally expofed to the action of an cledtrified body, than 2 phi-
ol can be charged when both its coatings arc equally expofed to
the fame electricity 2

Do not thefe experiments, likewife, favour the hypothefis
of . Beccaria, that there is no electrical attrattion without a
communication of electricity ?

Mg. Ly alfo made feveral of thefe experiments with an.
cle@rified hollow veffel. He obferved, that if an clectrified cork
ball, fufpended by a filken firing, was let downinto the veffel,
and touched the bottom, it left all its cle@ricity behind it. He
alfo made the experiment with a glafs veflel, coated at the bot-
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fom and charged, with the fame event. It alfo  made no
difference whatever was the form, ‘or fize of the body let down
into it, provided it was one third lefs than the depth of the veflel ;
but if, when it touched the bottom, it, at the fame time, reached
the top, or came near the top of the veffel, it acquired electricity ;
and a confiderable degree, if it exceeded the top. 'The form
of the veffel made no difference in his experiments, nor did it
make any whether the veffel was entire or perforated. - A wire
net anfiwered perfely well, Thefe experiments, Mr. Lullin
imagines, clearly prove Nollet’s doctrine of the conftant motion
of cleéric atmofpheres: for he thinks, that this free motion
on which eledrrification depends,  is prevented from taking plice
within the veflel, by the contrary tendency ‘of the oppoiite
fides. *

* Diffctatio phyfics, p. 33.
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Plate 1. to face page 246.
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The Specimen of the CuarT, to follow the Account of it at
the End of the Book.

VVA.BHSC















VVA.BIHSC



