This is a reproduction of a library book that was digitized
by Google as part of an ongoing effort to preserve the
information in books and make it universally accessible.

Google books

https://books.google.com



https://books.google.com.au/books?id=F6gAAAAAMAAJ

Digitized by GOOS[Q



Digitized by GOOS[G





















o,



e e e









Tt

B .
. . )
. DI
' ~
'
»
. . .
3
| . ’
. N
s
. . < LA
S ,
. ' i
'
k3 5
¥
-
. P
- . .
. \
\ - .
'
s o ees e e e o _ensliiil







A S T
COMPLETE TREATISE—

ELECTRICITY

IN .
I ' ' ]

THEORY axo PRACTICE;

1

WITH

ORIGINAL EXPERIMENTS,

’
s N i
-~ 3 HN

3 Y

TIBERIUS CAVALLO. .
- : T

T L

_.LONDON: CHA AT
Printed for EDWARD and CHARLES DILL Y, -~ ~

M DCCLXXVIL. ‘ . [
\ ek Al
=~ ——
v







T O

WILLIAM WATSON,
' M.D. F.R,S. M. Br. Cur.

\\ : THIS

A T REATTI S E
! ) O F'

? BT o |

' ELECTRICITY
)

N IS,.

\

WITH THE GREATEST RESPECT,
INSCRIBED |
BY HIS
M4'OS"I‘ OBEDIENT,
AND MOST HUMBLE. SERV?‘.NT,

"TIBERIUS CAVALLO, ~






“q: ‘ e oadeh SR asEEE et o d Sl

P S R RN ISR B AT N LR N S

 PREFACE

FE\HE defign of the following
- Treatife is, to preferit to the
public a comprehenfive view of the |
prefent ftate of Ele@ricity, reduced
into as fmall a compafs ds the naturé
of the fcience would admit. It.is
divided into. four parts; in each of
which are contained fuch particulars;
as had lefs connection with the relt ;
and the diftin& view of. which, it
was thought, might be a means of
preventing a confufion of ideas in the
minds of thofe readers, who before
dung . A3 :  have
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Lkave rot been much converfant with
tke fubjed.

TEe firft part treats of the laws
of Eledricity only; i e. of fuch
natural laws concerning Eledricity,
as by innumerable experiments, have
been found uniformly true, and are
irdependent cn any hypotkefis. In
this part, the Author has not de-
fcendad to any particulars, which were
pot clearly afcertained, or which were
inconfiderable ; but he has, at the
fzre time, taken care not to omit
any thing material, or which feemed
to promife future dilcoveries.

The fecond part is merely hypo-
thetical ; relating not to fad&s, but
to opinions. The great improbabi-
lity of moft of thefe hypothefes de-
-termined the Author to render this

. 4 . patt




P R EFACE vii
parl: of hls work as fhort as poﬁi-
ble.

- The third part contains the prac-

tical branch of Ele&ricity Here
the Author has taken care to infert a
dﬁfcnptlon of all- the new improve-
, ments in the apparatus ; which ferve
to leflen the expence of it, and at -
the fame time, to facilitate the per-
formance of the experiments. As
to the experiments themfelves, he has
chiefly infifted on a few prmc1pal
ones, which feemed moft neceflary
to illuftrate, and confirm the laws of
Ele@ricity ; omitting -a great num-
ber of others, which he has met
with, as they appeared to be only
variations of the former. He has
however given an account of fome
others, which, -though not .abfo-
N : A 4 .lutely
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lutely neceflary, feemed very deferv-
ing of notice.

- The fourth and laft part contains
a brief account of the principal ex-
periments, which have been made
by the Author himfelf, in purfuance
of what occurred to him in the
courfe of his ftudies in this branch
of philofophy. In this part he has
omitted to mention, not only thofe
attempts, which did ‘not produce
any confiderable effe&, but alfo the
innumerable conjeGures he formed
- about them and others, not yet
brought to the teft of d&ual obferva-
tion.

‘.;:;.The Author takes this opportunity
of acknowledging the obligations he
is under to feveral of his ingenious
2 . fnends,x
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lhfriends,, for various experiments; and
remarks, communicated by them;
ahd particularly to Mr. WiLLiam
Henvy, who has done as much as -
laid in his power to mform him
of every particular, which he
thought would enrich and embellifh
the Work / ,
o
It was deemed unneceffary to point
out thofe gentlemen, whofe experi-
ments and obfervations introduced
- in this work, were before well known
to the world ; for which reafon the
Author has confined himfelf to the
mention of the names of thofe per-
{ons, whofe experlments were new,
“or not commonly noticed by the
~writers on this {fubjeét.

To
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To render the T'reatife more intelli-
gible, and ufeful, three copper-plates
 are added to it; and a copiousvind'ex '
of the particulars which are moft de-
ferving of attention.

~THE
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INTRODUCTION.

Q RT S and Sciences, like Kingdoms and

Nations, have each in their turn, fome
happy period of glory and fplendor, in which
they more than ever attra@ the human atten-
tion, and, by cafting a ftronger light than -
at other times, become the favourite object
" and purfuit of the age; but thefe periods
are foon over, and a few years of luftre and
fame, are often overbalanced by centuries of
oblivion. From undergoing this fate, foms
Sciences are however excepted, which, ow-
ing to the vaft and neceffary extent of their
ufe, and to the fruitfulnefs of their produc-
tions, are ever flourifhing ; and although once.
unknown, yet when fame had proclaimed
their birth, or publifhed their advancement,
they never afterwards declined ; and though
they grew old, yet never decayed. Of
this kind is Ele@ricity, the moft plea-
fing, and furprifing, among all the ,branches

a B : of



ii INTRODUCTION.

of natural philofophy that ever were culti-
vated by man. This Science, after it began
to fhew the extent and generality of its
pow;cr ; after it was known to be one of the
greateft agents of nature, remained always

in vogue, was profitably ‘cultivated, irre- B

mittedly advanced, and is now brought to
‘a ftate, in which, inftead of becoming fterile,

it feems further to engage the general atten-

‘tion, and to promife to its followers more
munificent rewards. Optics, indeed, fhew
many enchanting and ufefu] properties, but
- concerning vifion only : Magneti{m exhibits
‘the force of attrattion, repulfion, and pola-
rity in that fubftance called a Magnet ; Chy-
miftry treats of the various compofitions
and decompofitions of bodies; but Ele¢tri-
city, containing as it were, all, within its
power, alone exhibits the effe¢ts of many
Sciences, combines together different powers,
and, by ftriking the fenfes in a particular and
furprifing manner, affords pleafure, and is
of ufe, to the ignorant as well as the Philg-
fopher, the rich, as well as the poor. In
Electricity, we are pleafed with beholding

its penetrating light exhibited in numberlefs -

different forms; we admire its .attraion
' and
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and repulfion aétmg upon every kind of
body ; we are furprifed by the fhock, terri-
fied by the explofion and force of its bat-
tery ; but when we confider and examine it
“as the caufe of thunder, lightning, aurora
borealis, and other appearances of nature,
whofe direful effe@&s we can in part imitate,
explain, and even avert, we are then in-
-volved in a maze, that leaves nothing to con-
‘template but the inexpreffible and permanent
idea of admiration and wonder.

The earlieft account we have of any known
clectrical effed is by the famous ancient na-
turalift, THEOPHR ASTUS, whoflorithed about
300 years before the prefent era. He tells
~ us that amber (whofe Greek name is wexr;ov,
and from whence the name Eledricity is
derived,) as well as the lyncurium *, has the
property of attracting light bodies. ‘This,
and only this, was almoft all that was known
of the fubje@, for about fifteen centuries
after THEOPHRASTUS, in which long period

* It hath heen in a maoner proved, that the lyncurium of
TraropurAsTUS, is the very fame fabftance that now’goes
under the name of TourmaLIN, of which'we fhall have oc-
cafion to fpeak iu_the courfe of « this treatife.

B2 - - we

\



iv INTRODUCT1!ON.

we find no mention in hiftory of any perforr
having made any difcoveries, nor even any
experiments in this branch of philofophy 3
the Science remaining quite in the dark till
the time of WiLL1aMm GILBERT, an Eng-
lith Phyfician, who lived about the twelfth
“century ; and who for his difcoveries in this
new, and uncultivated field, may be juftly
deemed the Father of the prefent Eleri-
city. He obferved, that the property of at-
tracting light bodies, after rubbing, was
not peculiar to amber, or the lyncurium ; but
that many other -bodies poffefled it as well
as amber. He mentions a great number of
thofe, together with many particularities,
which, confidering the ftate of the Science
at that time, may be deemed truly great
and interefting. -

After GiLBERT, the Science advancing,
although by fmall degrees, pafled, as it were,
from infancy to puerility; many an excel-
lent philofopher undertaking to examine na-
ture in this walk., Such was Sir Francis
Bacon, Mr. Bovie, OtT0o GUERICKE,
Sir Isaac NewTon, and moft of all Mr.
HAWKESBEE, a perfon to whom we are
much
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much indebted for' many important difco-
veries, and a real advancement of Ele&ri-
city. Mr. HAwkEsBEE was the firft that
obferved the great electric power of glafs, a
fubftance, that, fince his time has been gene-
rally ufed by all Ele&ricians in preference |
to any other eleGric. He firft remarked
various appearances of the elecric light, and
the noife accompanied with it, together with
a variety of phznomena relating to ele&ric
attra&tion, and repulfion,

After Mr. HawkesBer, the Science of -
Ele&ricity, however hitherto advanced,  re- |
mained for about twenty years in a ftate of
quiefcence, the attention of Philofophers be-
ing at that time engaged in other philofo-
phical fubje@s, which, on account of the
new difcoveries of the incomparable Sir
- Isaac NEwTon, were then greatly in repute.
Mr. GrEY was the firft after this period of
oblivion to bring the Science -again to light.
He by his great difcoveries reintroduced it
to the acquaintance of Philofophérs, and
from him the true flourithing era of Ele&ri-
ity may be faid to take its date..

!

Bj .  The
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The number of Ele@ricians that hath
been daily multiplying fince Mr. Grey, .
the difcoveries made, and the ufes derived
-from thefe till the prefent time, are matters
really worthy of attention, and deferve ta
- be admired by every lover of the Sciences,
and well-wifhier to the human race,

Whoever would make himfelf acquainted
with the particular tranfactions concerning
thofe advances, fhould read the .elaborate
Hiftory of Ele@ricity compiled by the learn-
ed Dr. PRIESTLEY, a work that will inform
him of whatever had been done relative to
the fubje till its publication. I for my
part muft forbear making any long hiftorical
detail ; this Treatife being intended to give
an account of the prcfent ftate of Electri-
city, and not an hiftory of the fame. I
fhall in general only obferve, that althou0h
the Science had, through the indefatigable
attention of fo many ingenious perfons, and
by the difcoveries that were daily produced,
. excited the curiofity of Philofophers, and
cngaged their attention; yet, as the caufes
of every thing, whether fmall or great,
known or unknown, are feldom much at-

tended
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tended to, if their effe@s are not ftriking
and fingular;; fo Ele@ricity had, till the
year 1746, -been ftudied by none but Philo-
fophers. Its attraétion could in part be imi-
tated by a loadftone; its light by a phof-
phorus; and, in fhort, nothing contributed to
make Ele&ricity the fubje of the public
attention, and excite a general curiofity, .
until the capital difcovery of the vaft
accumulation of its power, in what is called
the Leyden Phial, was accidentally made, by -
Mr, MUSCHENBROECK, in the memorable
year 1746. Then, and nottill then, the ftudy
of EleGricity became general, furprifed evéry
beholder, and invited to the houfes of Elec-
tricians, a greater number of {pe&ators, than
ever were before affembled together to ob-

ferve any philofophical experiments whatfo-
- gver. '

Since the time of this difcovery, the pro- -
digious number of Ele@ricians, experiments,
‘and new fads that have been daily pro-
duced from every corner of Europe, and
other parts of the world, is almoft incredi-
ble. Difcoveries crouded upon difcoveries,
improvements upon improvements, and the
Science ever fince that time went on with fo
B4 rapid -
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rapid a courfe, and is now fpreading {o ama-
zingly faft, that it feems as if the fubjett
would foon be exhaufted, and Ele&ricians
arrive at an end of their refearches : but, alas!
the ne plus ultra is, in all probability, as yet
at a great diftance, and the young Ele&ri-
cian has a vaft field before him, highly de-
ferving his attention, and promifing further
difcoveries, perhaps equally, or more impor-
tant than thofe already made.

A COM-
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COMPLETE TREATISE.
OF

ELECTRICITY.

P AR T L
Fundamental Laws of Ele&ricity.

CHAP. I

Containing the Explanation of fome Terms
principally ufed in Elettricity. \

F a perfon, holding with one of his hands
I a clean and dry glafs tube, rubs it with
his other hand, alfo clean and dry, ftroking
" it alternately upwards and (_lownwards; and
after a few ftrokes prefents to it {mall
]ight bits of- papcr,' threac_l, metal, or any
other fulftance, the rubbed tube will im-
mediately attra® them, and after a little .
time will repel them,— prefently, attra& them
again, and fo alterpately continue this attrac-
tion, and repulfion, for a confiderable time.
If this tube be rubbed in the dark, and
after having been rubbed, a finger be pre- _
fented to it at the diftance of about half an

inch, a lucid fpark will be feen between
‘ the
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the finger and the tube, accompanied with
a fnapping noife ; the finger at the fame tine
receiving a puth, as if it was from air if-
fuing with violence from a fmall pipe,

- In this experiment, the attraction, repuls
fion, fparkling, &c. are the effes of that
" unknown caufe called Eleiricity ; and hence
they are called eleétrical appearances. The .
~ glaf? tube itfelf is called the eleric, and all
bodies capable by any means of producing
fuch effe@s, are called elerics; and as the
rubbing awakes, as it were, in them the
power of producing eleétrical appearances,
they are therefore faid  to be excized by the
rubbing. The hand, or any other body
; rubbing an eledtric, is called the rabber ; and
if inftead of the perfon rubbing the glafs
tube, a machine be conftru¢ted capable by any
means to excite an ele@ric, this, will be an
eletrical machine,

If at the end of the tube, oppofite to that
held by the hand, a wire of any length be
tied, ﬁlfpending'a metallic ball at its end,
- and the tube be excited as before, the me-
tallic ball will, in this cafe, acquire all ‘the
- properties of the excited tube, 7. e it -

" o will
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will attra@, fparkle, &c. like the tube it~
~ felf, the ele@ric virtue paffing through the
wire to the ball : hence, the wire is faid to.
be a conductor of eleétricity, and all fuch .
bodies capable of tranfmitting the eletric
vyirtue, like the above wire, are called con-
 duélors. o |

 But, if inftead of the wire, a filk ftring
be ufed in the above experiment, and the
tube be excited as before, the ball will in
this cafe thew no figns of Elericity, the
filk ftring not permitting the eleric virtue
to pafs from the tube to the ball: hence the
fitk ftring in this cafe, and all fubftances
through which the ele@ric virtue cannot be
tran{mitted, are called non-conductors.

A body refting intirely upon non-con-
du@ors is faid to be infidated; fo in the laft
experiment the metallic ball was infulated,
for it was fufpended entirely by the filk
ftring, which is a non-conduéor.

What bodies are condu@ors, and what elec-
trics, together with their particular proper-
ties, as far as it is known, will be plainly
laxd down in the following Chapters.

| | CHAP.
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C H A P II.
Of Eletrics and Condultors.

HE firft and principal maxim in

. Ele&ricity is, that all the known
bodies in nature are divided into two claffes,
1. e. Ele&rics and Conductors ; experiments
fhewing, that ‘whatever fubftance is a Con-
duor of Electricity cannot be excited (hence
Condu&ors are alfo called non-eleétrics), and
whatever fubftance ‘can be excited is not a
Condué&or : (hence EleGrics and Noy-conauc-
torsbecome fynonymus terms). This maxim,
“however, is not to be confidered as ftrictly
true and general ; for in reality we know no
fubftance that may be called a perfe& Elec-

tric, nor any- that may be called a perfe&t

Conductor; the ele@ric virtue finding fome
refiftance in going through the beft Conduc~
- tors, and being in part tranfmitted through,
or over the furface of mof’g, and perhaps all
the Ele@rics. The lefs perfe& a Condu&or
any fubftance is, the nearer it comes to, the
nature of an Eleétric; and, on the other hand,
- the lefs perfe@ Ele@rics come neareft to the
nature of Conduors. The limits of thefe

two

M—— . -
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-two claffes come fo far one within another,
that there are many fubftances which may
aCtually be excited, and at the fame time
are pretty good Conductors. If the reader be
defirous to know thefe ambiguous fubftances,
~ he muftfeek for the worft Eleérics among
the Ele&@rics, and for the worft Conduors
among the Conducors, excepting fuch on
which the experiment cannot be made, as
fluids, powders, &c.

The two following lifts contain, in general,
all the Ele@rics and Condu@ors, difpofed in
the order of their perfedion, beginning in
each lift with the moft perfe@ of their clafs.
In’this order, however, the reader muft not,
expet a great exactnefs ; that being imprac-.
ticable, when fubftances are fet under gene-
ral articles, and at the fame time is of little,
if indeed of any ufe whatever.

ELECTRICS.

Glafs, and all vitrifications, even thofe of..
metals.

All precious ftones, of which the moft
tranfparent are the beft., :

Al
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J All refins ¥, and refinous compofitions.
Amber:

“Sulphur.

Baked wood.

All bituminous fubftances.

Wax. ‘

Silk.

Cotton.

All dry animal fubﬁances, as feathers,

“wool, hairs, &c.

Paper.

White fugar, and fugar-candy.
Air.

Oils.
Calces of metals and femimetals.

" The afthes of animal and vegetable fub« |

ftances.
The ruft of metals.
. All dry vegetable fubftances.
All hard ftones, of which the be& are

the hardeft.

® Under the name of refins, I would be underftood to mean
all fuch confiftent oily vegetable produ@ions that are inflam-
mable, and not foluble in water ; gum-lac, therefore, and all
fuch fubftances improperly called gums, are alfo meant under
this amcle. See Macquer’s Chemiftry, vol. I. chap xi.

Many
3
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- Many of the above fubftances, and per-
haps all, upon which the experiment can be
‘made, when very hot, lofe their eleétric pro-~
perty, ‘and become abfolutely Conductors; fo
“red hot glafs, melted refin, hot air, baked
wood made very hot, &c. become Conduc-
tors of Elericity. '

It has been obferved, that glafs, efpecially
the hardeft and beft vitrified, is often a very
bad Eleéric, fometimes being quite a Con-
du@or. Glafs veflels made for ele@rical
purpofes are often rendered very good Elec-
trics by ufe and time, though they xmght_ :

.be very bad ones when new. '

A glafs veffel, out of which the air has

- been exhaufted, on being rubbed, fhews no
figns of eletricity upon its external furface,
but all the ele@ric power appears within the
veflel 4 ; and a glafs tube, or globe, with
the air condenfed in it, or full of fome con-

+ Although a glafs veflel exhaufied of air fhews no figns of
electricity without ; yet it has been obferved, that the ele&ric
power of a glafs cylinder is the ftrongeft, when the air within
it is a'little rarefied, i. e. fomewhat lefs denfe than the external

“air, See L’Bllettricifmo Artificiale of G. B. BEccaR1a, § 41 1.

ducting -
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du&ing fubftance, is incapable of being ex«
cited.

CONDUCTORS

Gold.

Silver.

Copper.

Brafs.

Iron.

Tin,

Quickfilver.

Lead.

Semi-metals.
_ Ores, of which the beft are thofe that con-
tain the metallic part in the greateft quanti-
‘ty, and come neareft to a metalline ftate.

- Charcoals, made either of animal, or vegc-i

table fubftances.
.~ The fluids of an animal body.

All fluids, excepting air and oils.

The effluvia of flaming bodies.

Ice. |

Snow.

Moft faline fub{’cances, of which the me-
tallic falts are the beft.

Stony fubftances, of Wthh the hardeft are
: the worft, '
Smoak
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_ Smoak.

The vapours of hot water.

Ele&hc:ty pervades alfo vacuum, or the
abfence of air caufed by an air‘pulrnp, al:
moft as freely as the- fubﬁance of'a good
Condudtor. .- \

- Befides thefe, all bodies in ‘which more

or lefs of fome of tbe dbove-mentioned'Con-

dulors are contained, are alfo proportion-
ably Conduétors; thus, green vegetables,
raw meat, &c. are Conduétofs on account
of the fluids they contain.

From this principle it follows, that all
. Ele@rics before excitation fhould be well
cleaned, _;dried, and fome made even very
hot, in erder to free them from every humi-
dity, otherwife they are fo far from the na-
sure of Elecrics, that they become actually
Condu&ors,. on account of the moifture
which they. contain within theu' pores, or
upon thcrr furfaccs .
~:.-'In:::z‘cgard to 'the (c.ondu&ing power of
chardoal; it muft-be obferved, that:a]l char-
coal will not condu&t equally well, there .
being fome that will . hardly * condugt - -at
.C ' all;
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‘all; and fometimes it is in fuch a ftate,
that it will affit the paffage of a largé
quantity of cle@ric fluid along the fur-
“face, when it will not condué it any other
 way. .This difference, however, is not
occafioned by the difference of the wood
from which the coals are made, ‘but . by
the degree of heat that.is applied .in the
~ procefs of making them; the beft Conduc-
tors being fuch as have been expofed to the
greateft heat.* ’ :

Whether the piece of wood in the procefs
of coaling is fuffered to flame, or not, is
quite .immaterial ; and -the .continuance of
the fame degree of heat has no apparent: efs
fe& with refpe& to the condu&mg power of
the charcoal. -~ = . . NERE

It will not be improper-to cbferve'in this
place, the different changes from Conduétos

to Non-condu&or, occafioned in the famefuabd

ftance by different preparations. A piece of
wood juft cut froma tree is a: go'od' Conducs
tor; 1et1t be baked; and it becomes dn Ekc-a'

RN

* See Dr. Pans-rt.n' s feeond vo]ume of Obfcnatlon; OT

different Kindéof Air, Sec. xiv:

L triege

§ o e — e
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tric; burn it toa coal, anditisa good Con-
' du@or again ; laftly, let this coal be red@ccd
to athes, and thefe will be impervious to
ele@ricity. Such changes are alfo obferva-
ble in many other bodies ; and very likely in
all mbﬁanccs there is a gradatxon from the

be{i Conducors to the beft Non-coudu&ors
of Ele&nmty

B e

C H A P I
Of the two Eleftricities.

, F, in the experiment, mentioned in the
' I firft chapter, the perfon that rubs the
tube be infulated, i. e, be fet with his feet
upon a cake of refin, a ftool, with glafs feet,
or any other good Eleric, fo that the com-
munication between his body and the earth be
cut off by means of EleCrics ; and if in this
fituation he rubs the tube with his hand as
hefore ; this perfon, as well as the tube, will,
in this cafe, appear electrified. If any light
hodies be prefentcd- to any part of his body,
they will be attrated and repelled. If ‘ano-
ther perfon prefents his finger to him, a lucid
fpark will follow, with a fnappmg noxfe ;o
and, i in thort, this infulated perfon will thew
Ca2 ' every
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- every fign of ele@ricity that the tube exhi-
bits. " But their eledtricities are not the fame;
the elecricity of the tube being juft the re-
verfe of the ele@ricity of the perfon, and
their particular appearances are the following.

‘1. Whenever a light 'body infulated, as,
for inftance, a {mall piece of cork fufpended
by a filk thread, has beenattracted by the tube,
and afterwards repelled, if no conducting
- fubftance touches it in this ftate of re-
pulfion, it will not be attracted by the tube
again. ‘The fame happens with the in-
fulated perfon; for when this light body has
~ been once attratted by any part of his body,

and afterwards repelled, it will not be at-
tracted again ; but if in this ftate of repul-
fion the tube be prefented to it, it will then
be attracted, and that violently by the tube;
and when repelled by the tube, it will be at- -
“tra@ed by the infulated perfon. Further,
if two or more light infulated bodies, like
_the above-mentioned piece of cork, be feve-
rally attracted by the tube, and when after-
wards  repelled, be brought within a {mall
diftance of one another, they will repel each
other, and if well infulated, continue in this
ele@rified and repulfive ftate for ‘a confidera«
: ) ble
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ble time. "The fame will happen, if they are
prefented to the perfon inftead of the tube;
they will alfo, after being once repelled
by this, repel one another. But, if.one, or
more of thofe light infulated bodies be at-
‘tralted and repelled by the tube ; and one or
more others be attraced and repelled by the
perfon, and afterwards both or all (7. e. fuch
aswere prefented tothetube, and fuchas were
prefented to the infulated perfon) be brought
" within a fufficient diftance of one another,
they will then, inftead of repelling, attract
each other ; and inftead of continuing elec-
trified, extinguith at once every fign of elec-
tricity. Thefe two ele@ricities, therefore, are
(as it was faid before) the one juft the con-
trary of the other, the one attracting what
the o;he; repels; and, as if one was an af-
firmative, and the other a negative power,
“when edual quantities of each are fummed

together, they balance each other, and lofe
- every property. '

2. Another chara&eriftic of each of the
two ele@ricities, confifts in the appearance of -
their light. If a pointed body, as a needle,
-~ a wire, or the like, be prefented to the ex-
- C3  cited
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cited tube in the dark, a lucid globule, like

a ftar, will be feen upon the point ; but if
this pointed body be prefented to the infu-

lated perfon, then in the place of the ftar

‘a lucid pencil appears, compofed' of rays,

feemingly iffuing from the point, and di-

verging towards the perfon + '

-+ 3. Laftly, in fome experiments (which wilt
be hereafter particularly mentioned, and this
property better explained) the eleCtricity of

‘the tube, when in the a& of pafling from 2
‘body overcharged with it to another, ecither
not eledrified, or poffefled of the contr:iry

. ele@tricity, fhews an indifputable current
‘from the former to the latter; anpd the elec-
tricity of the infulated perfon, when in the
a& of paffing from a body overcharged with

" it to another, either not ele@rified, or pof-
fefled of the contrary eleérigity, fhews clear-
ly a current from the latter to the former.
Thefe two cleftricities are not only obferv-

ed in the above-mentioned éxpervi,me‘nt',‘ but
4 This pencil of rays wil}'ﬂpp,ea; better, if a pointed needle

be prefenied to the infulated perfon, at the diftance of aboue

orie inch from fome part of his body, while he is aflually ryb-
bing the tube in the dark.

a

n
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in feveral other cafes alfo; and they al-
ways accompany each other; for when dif-
ferent Ele&rics are rubbed, fome will acquire
one eledricity, and others will acquire the
contrary ; the rubber, if infulated, ﬂxciaving
at the fame time, figns of the eletricity con-
trary to that acquired by the excited eleric:
befides this, almoftall Ele&rics may be made
‘to thew at pleafure the one or the other ¢lec-
' tricity, according to the fubftance ufed for
* a rubber. Hence the following corollaries
“may be deduced: wiz. 1. Whenever two
different fubftances (being both infulated,
or only that which is a Conduéor) are rub-
" bed together, except they are both good
Condudtors, they will be both eleCtrified,
and one acquire the elericity contrary to
the ele@ricity of the other. 2. Almoft
all the Ele€rics may be made to acquire, at
‘plea{"urcl the one or the other ele@tricity, by
ufing proper rubbers,

A

‘The firft of thefe two elericities, 7. e.
that poffefied by the glafs tube in the above
experiment, as it was thought to be the
conftant prodution of rubbed glafs, was

called the Vitreous Eleéiricity; and the
' - C4 ~ other,
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other, as it was firft obferved to be pro-
duced by refinous fubftances, was called
the Refinous Elétricity. The Vitreous Elec-
tricity is alfo called Pgfitive, or Plus
Elestricity, for a reafon that will be confi-
‘dered in the courfe of this Treatife; and
the Refinous is called alfo Negative, or Mi-
nus Electricity. A body, thercfore, poflefled
of the Vitreous, Pofitive, or Plus Ele@ri-
city, is that which fhews fuch figns as the
tube was faid to exhibit; and a body pof-
fefled of the Refinous, Negative, or Minus
Eledricity, is that which fhews fuch figns
as the infulated perfon was faid to exhibit
in the above-mentioned experiment. |

In the following Table may be feen what
Ele@ricity will be excited in different bo-
dies, when rubbed with different fubftances.
Smooth glafs, for inftance, will be found by
this Table to acquire a Pofitive Ele&ricity,
when rubbed with any fubftance hitherto

- tried, except the back of a cat; (by which

I mnean the fkin of a cat while on the ani-
- mal alive) rough glafs will be found to ac-
quire the Pofitive Ele&ricity, when rubbed
with dry oiled filk, fulphur, &c. and the Ne- .

, , o gative
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gative, when rubbed with woollen cloth,
the hand, &c. and {o of -the reft.

The back of a cat } Pofitive § Every fubltance with which it

, - . Every fubfance hitherto tried,
' Smooth glafs } Pofitive { except the back of a cat.

© 1 Poﬁnve {Dry oiled ﬁ]k fulphur, metals.

Roogh glafs Woollen-cloth, quills, wood, pa-
Negauve{ per, fealwg-wax, whife-wax,

the human hand.

Poﬁuve {Amber, air,*

Tourmalia ‘
, Negative {Dlamond the human hand.

Metals, {ilk, loadftone, leather,
‘hand, paper, baked wood.

Negauve {Other finer furs.

Pofitive
Hare's lkm

" White filk
Negauve {Paper, hand, hairs, weafel’s fkin, *

Pofitive { Sealing wax.
Black filk

Hare’s, weafel’s, and ferret’s ﬂ\m

Negative i loadftone, brafs, ﬁlver,lron, hand’

&

Pofitive Metalp.

Hare s, weafel’s, and ferret’s fkin,
Negatwe hand, leather, woollen closh,
paper.

)

, : Pofitive '{Silk. : .
Baked wood '
' : Negative {Flannel.

Gealmg-wax

).
|
J
} Pofitive {Black filk, metals, black cloth. .

*ie By blowing with a pair of bellows upon it. By this
means many Ele&rics may be excited, and fome better if the
“air blown is hot, although, in both cafes, very litle Electricity
can be obtained.

.- - _ thd
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- The preceding Table might have been
‘much extended, had I chofen to bring into
it all the minutiz atfcnding this matter as
far as it is known ; but this I bave thought
unneceflary and impraticable; becaufe expe-
.riments of this kind are of {o nice a nature,
that they require the moft fcrupulous atten-
_ tion in making them ; and then their effects
depend upon fo fmall and variable circum-
‘flances, that often the very fame Eleric,
rubbed with the fame rubber, gives at one

time figns of .one Ele@ricity, and at anather v

time figns of the contrary. ' A very little
alteration in the furface, a different degree of
drynefs, and-¢ven a different application of

- the fame fubﬁanccs often occafions a differ-

ence in the Elc&ncxty I fhall .only obferve

~in gcnéral, that as far és'may,be deduced

from the greateft number of experiments, it
.appears, that when the different fubftances are
rubbed together, . that whofe Ele&ric power
is the ftrongeft, in general acquires the Pofi-
tive, and the other the Negative Ele@ricity ;
and when two bodies, differing in the {fmooth-
nefs or roughnefs of their furfaces, are rub-
‘bed together, the fmootheft acquires the Po-
ﬁtlvc, and the rqugheﬁ the Neg'mvc Elec-

trxclty

e — e
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-tricity, Thefe two qualities are often to be
- confidered both together ; for except the two
- bodjes ar¢ of the fame fubftance, as fmooth

and rough glafs, white and black filk, &ec.
they generally differ in both, 7, ¢. they have
not the fame ele&@ric power, and at the fame.
time their forfaces - differ in fmoothnefs,
'This rule, “however, is not to be confidered
as 2 conftant and general one ; for, according
to this principle, it fhould feem, that a piece
of fealing wax when rubbed with the hand,
or paper, would acquire a Pofitive Elc&n-
city 5 but this is contrary to experience,

~ In cafe that two eletric fubftances, equal
in every refpe@, are rubbed together, it is

“to be obferved that the fubftance which fuf-
fers the greateft friftion acquires the Nega-
tive, and the other the Pofitive Ele@ricity.

' Suppofe, for m{tancc, that a piece A of filk be
drawn ,acrofs another piece of filk' B, in
every fcfpe& equal to the former, fo that the
furface of the whole piece A, 7. e. of one fide

of it, be-fucceflively drawn over one part of

t_hp piece B, then A will acquire the Pofitive,
and B the Negative Ele&ricity. ‘The reafon

of this may probably be, becaufe the part
‘ of
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‘of the piece B, over which the piece A has
been drawn, has acquired a greater degree of
heat ; for it has been obferved, that heat ra-
“ther difpofes bodies to be ele@trified Nega-~
tively. .

- C H A P V.
- Of the dﬁét;mt.llletbods of exciting Electrics.

¥ ) UBBING, as we obferved before, is the
- general mean by which- all eledric

fubftances that are at all excitable, may be

excited. Whether they be rubbed with
Ele&rics of adifferent fort, or Conductors,
they always fhew figns of Eleéricity, and
in general fironger when rubbed with Con-
. dutors, .and weaker when rubbed with
.Ele&rics. But befides fricion, there are other
‘means by- which fome Ele@rics may be
caufed to thew elettric appearances, thefe
-are by melting, or pouring a melted Elecric
into another fubftance; and by heating or

cooling. The particulars obferved by ufing -

" .the firlt of thefe two methods are the fol-
lowing :

If
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If fulphur be melted in an earthen veffel,
and left to cool upon Condu®ors : if taken
out :of the veflel, when cold, it will be
found ftrongly ele@rical ; but not at all fo, ‘
if it be left to cool upon Elc&ncs. _ :

'If 'fulphur be melted in: g]afs’ veflels, -and
afterwards left to cool, . they. will both ac-
quire a ftrong Elecricity, the fulphur Nega-
tive, and the glafs Pofitive, whether they
be left to cool upon Eleétrics or Conduc~
“tors ; however, they always acquire a ftronger
power in the former cafe than in the latter,
and a ftronger ftill, if the glafs veflel is coated
with.metal. It is remarkable that the ful-
phur acqulres no elc&nclty till -it begins ta
cool ; its power incteafes in proportion as
it contraéts, and is- the ftrongeft when. in
the ftate of greateft contration; but then
~ the elettricity of the glafs veffel is at thc
fam¢é time thc weakeft. - : v

< If mc]ted fulphur be poured into a veffel
of baked wood, it acquires a Negative, ‘and
the wood 2 Pofitive Elericity ; but if. it
" be poured into fulphur, or-rough glafs, it
acquires no fenfible electricity. B

R Melted
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derable time after they have been réndered
cle@rical, yet their power is continually di-
minithing till it quite vanithes. It is’.re
markable, however, that fulphur, refinous,
and bituminous fubftances, ‘retain in°general
the elettric power . much longer.: than glas,
or any.other: Ele@rics’; . the- reafon may be,
that they do not attrat moifture like glafs
and pther fubftances. -
- 'The property of exhibiting ele@rical phee-
nomena, by means of heating and’ cooling,
. was firt obferved in a, bard: femi-pellucid
- foffil, known under the .name of Tourma-
“lin}. This ftone, which is geperally:-of a
deep red, or purple colour;-and -feldom ex- |
ceeds the fize of a fmall walnut,. is-common
. in feveral parts of the Eaft Indies, and efpe-
cially in the Ifland of Ceylon. Itq propertics
in rcgard to Ele&ricity ax:c the following;:

Crahy .
o\.ov tadatUa

Thc Tourmalm, whlle kcpt .in the

J.}i

fame degree of heat, fhews no figns of Elec-
tru:xty, but 1t w111 bccome elc&rn.al bx

. 1 This ftone is called afchentrickker by the Dptch fsom its
~property / of attraling the afhes, when layed near thc ﬂre. Llﬂ-
neus calls it lapis eleftriens, See his Flora Zeylonica. -

creafing

R
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creafing or diminithing its heat, and ftronger
in the latter .than in the former circum-
ftance.

2. Its EleGricity does not appear all over
its furface, but only on two oppofite fides,
which may be called its poles, and they al-
ways lay in one right line with the center
of the ftone, and in the direGion of its.
ftrata; .in which dire@ion the ftone is ab-
folutely opaque : though in the other, femi-
tranfparent.

3. Whilft the Tourmalin is heating, one
of its fides (diftinguithed by A) is electri-
fied plus, and the other fide' B minus. But
when it is cooling, A is minus, and B

plus *.

’

4. If it be heated, and fuffered to cool
without either of its fides being touched,
then A will appear pofitive, and B nega—l
tive, all the time of its heating or cooling.

~*From this law may be eafily dedaced, that if one fide of
the ftone, in fome circamflance or other, is growing hot,
while the other is cooling, then both fides will appear pof- .
fefled of the fame ;:leﬂricit"y at the fame time ; and if only one
fide changes its degree of heatr, while the other remains the
fame, then the former fide only will appear eleriied,

D 5. If’
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5. If this flone be excited by Ffriction, |

- like any other Eleéric, then each of its
fides, or both at once, may be mdde Pofitive.

. 6. If the Tourmalin be heated or cooled .

“upon fome other infulated body, that body wilk

be found ele@rified as well as the ftone, and

poflefied of the Ele@ricity contrary to thaty
acquired by that fide of the f’conc which
was laid upon it. ~

7. The Ele&ricity of each fide, or of both,
-may be reverfed by heating or cooling the
Tourmalin in contat with various fubftan-
ces; -fo if it is cooled, or heated in contaét
" with the palm of the hand, that fide of it,
which would have been poﬁ‘tiv'e  cooled
in the open air, is now negative y and that,

which would - have been negative, is now

poﬁtu c.

N

8. If 2 Tourmalin bé cut. into feveral

parts, each piece will have its pofitive and:
negative poles, correfponding to the pofitive

“and negative fides of the ﬁonc ﬁom Whlch

it was cut.

9. Thefe
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g. Thefe properties of the Tourmalin ard
- ialfo obfervable in vacuo; but not fo firong
as in the open air.

10, If this ftone be covered all over with
fome eleétric fubﬁance;' as fealing-wax, oil,
&c. it will in general {how the fame ap+
peararices with this coating; as without it.

11: Mr. Wiritam Canton hath late
ly obferved a very vivid light to appear upon
the Tourmalin;, while heating in the dark
he can by this determine, which end of the
ftone will be pofitive; and which negative.
Further, when the fone is ftrengly excited,
it emits very ftrong flafhes from the pofitive
to the negative end; in the dark .

12. Ih the laft place; it is remarkable
that the power of the Tourmalin is fome=
times injured by the altion of a ftrong fire,
fometimes improved; and fometimes not at
all a’ﬁ’ecf.ted by it. The laws, however, of

4 The Brifilian emerald Mr. Canton has obferved to have al.
fo this property of emitting light, whillt heating in the datk.

Da . thefe
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thefe uncertain effects have not yet been
gfccrtained.

. The moft of the above properties, which
were firft obferved, and thought peculiar to
the Tourmalin, have been found to be-
long to almotft all hard precious ftones, they
being alfo made ele&trical by heating and
cooling, and have their pofitive and nega-
tive fides laying in the direGtion of their
ftrata or cryftals; and, in fhort, as far it as
has been obferved, they have been found
to act exactly like Tourmalins.

~ We fhall laftly obferve, in this chapter of
- excitation, that whenever an Ele&ric is rub-

bed with another infulated fubftance, al-

though it acquires an eleric power, and

fhows elerical appearances, yet that power

is very weak ; and in order to obtain a con-
fiderable Ele&ricity, it is neceffary that the

rubber fhould have a regular communication

with the earth, by means of good Co‘n-/-,
ductors. - '
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C H A P. V.

or 'Communicated Electricity.

N the preceding Chapters we have confi-

* A dered Eleltricity no further than in re-
refpe@ to its quality; we have remarked

the differences between the Pofitive and the

Negative, and have noted which bodies, and

by what means, they could acquire this

property.---But now a vaft profpect is open-

'jng to our view, full of extraordinary ap-
pearances; and we are to confider in this

Chapter, not the mere kind of Electricity,

but its: numerous ecffects, Under the title

- of Communicated Elericity falls almott all

that is known of the fubje&; the paflage of
this virtue from one body to another is
what caufes its light; by being communi-
cated to other bodies, we fee its attra&vion;
by its quick tranfition it is that it melts
metals, deftroys animal and vegetable life ;
and, in fhort, it is by this communi-
cation that the Science is at all known
and cultivated. In order,,thcrcfore, to pre-

D3 fervg
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ferve perfpicuity, and diftin&ion in deferibin g
fuch a 'multitude of fa@s, I thall employ
more chapters on this fubje@, and arrange
‘ijn each fuch particulars as feem moft pro-
per to be placed togethcr; at the fame time
contriving to reduce the whole into as few
principal heads as it is pofﬁble, without con-
fufion. "

- Whenever Ele@ricity is by any means
fuperinduccd on a body, it is there con-
fined only by Eleérics, and remains with
that body a longer or a ﬂmrter time, ac-
cording as the Eleétrics that confine it are
more or lefs perfect. A glafs tube, for in-
ftance, when rubbed, acquires a quantity of
that power, whatever it is, which we call
EleGricity. That EleGricity remains, and
is perceivable upon the glafs, infomuch as
it is furrounded by the air, which is an Elec-
tric; and s the air is in a more or lefs per-
fe& ele@ric {tate, fo that virtue is reiamed
upon the glafs longer or fhorter ; and be-
caufe theair is never a perfect Electric, there-
 fore the excited tube can never preferve the
ap@uire;’x Eleftricity perpetually, butit is con-
' ' tinually

-

o m  am — ——
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tinually imparting fome of it to the contigu-
ous air, or the condudting particles that flcat
in that element, ’till at laft it quite lofes its
power. If a finger, or any other Condu&or
be prefented towards an excited Eleéric, it
will receive a fpark, and in that fpark part
only of the Ele@ricity of the Lleétric ; but
why not all ? Becaufe the excited Ele&ric
being a Non-conductor, cannot convey the
Ele&ricity of all its furface to that fide, to
which the Conductor has been prefented.
Hence, if a conducting fubftance be fuccef-
fively prefented to diffetent parts of an ex-
cited Eleric, it will receive at every ap-
proach a fpark, without repeating the exci-
tation, ’till all the power of that Ele&ric is
exhaufted, and then a new excitztion is ne-

geifary in order to revive it.

Whenever a Condu&or communicating -
with the earth is exhibited at a convenient
_diftance to an excited Eledric, it acquires
on that exhibited fide an Ele&ricity con-
trary to that poflcfled by the Eleric : this
Electricity increafes the nearer it is ap-
proached, and atlaft, as there is an eager at-
tration between Pofitive and Negative Elec-

D4+ - tricity,
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tricity, the Condultor receives a fpark from
the Eleétric, and fo the balance is reftored.
If this CondufQor does not communicate
with the earth, but is infulated, and ap-
proached to the excited EleCric as before,
then not only that fide of it which is tawards
the Electric, but the oppofite alio, will appsar
ele&riﬁcd; with this difference, however,
that the fide, which is expofed to the influ-
ence of the Electric, has acquired an Eleéri-
city contrary to that of the excited Eleétric,
and the cppofite fide an Ele&ricity of the
fame kind with that of the Ele@ric. Thefe
two different Ele&ricities of the Conducor
increafe as it comes nearer to the Eleéric,
and at laft the former receiving a fpark from
the latter, becomes throughout poflefled of
the fame Ele&ricity with the Eleétric, from
which it has received the fpark. All thefe
effe@ts will happen in the fame manner, if be-
tween the excited Eleric and the approach-
ed ConduCor there is interpofed fome other
ele@ric fubftance befides air,; as for inftance,
a thin plate of. glafs, rofin, fealing-wax,
&c. but then a fpark can never come from
~ the excited Eleéric to the Condu&or, e}{-
~cept it forces, or burfts its way’ through

o | the
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the interpofed EleCric, as it 'always ‘does
through the air. This difplacing of the air
is what caufes the noife that attends a fpark,
and that noife is more or lefs loud in pro-
portion te the quantity of Elericity, and
to the refiftance it meets with in its paf-
fage. ' :

An infulated Conductor having received
the Ele@ricity from an excited Ele&ric,
(in which ftate it is faid to. be elettrified
by communication) will aét in every refpe&
like the excited Ele@ric itfelf, except, that
when it is approached by another Conductor
communicating with the earth, the former
gives one fpark to the latter, and by that dif-
charges all its Ele@ricity. The reafon why
an elecrified Conducor lofeth its Ele&ricity
all at once, when touched with another Con-
duétor communicating with the earth, and
not part of it only, like the excited Elec-
tric, is, becaufe the Ele&ricity belonging
to the whole of the Condu&or is eafily con-
duéted through its own fubftance, to that.
fide, to which the other Conduéor is pre-
fented. Hence it appears that, in general,

ghe Ele&ricity difcharqu from an ele&rified
- ‘ "Con-
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" Condu&or is much more powerful, than
when difcharged from an Ele&ric; for the
Conduor may acquire a great quantity of
Elc&ricity from an Eleftric, by receiving
{park after fpark, and afterwards if touched,
difchar‘ge it all at once, and not by little
and little us it was received.

If aninfulated Condu&or be touched with
another Condu&tor eleCrified, it will acquire
part of the Eleétricity belonging to the elec-
trified Condu&tor, and afterwards each will
thow figns of it. The Eleé&ricity in this
cafe will not always be equally divided be-
tween the two Conductors, nor will it keep
any proportion to the quantity of matter in
each contained ; but will obferve the follow-
ing laws.

1. If two infulated Condutors, that in
refpe& to their external furfaces are equal
-and fimilar, and both, or only one eleétri-
fied, are touched together, the Ele&ricity
will be equally divided among them.

2. If their furfaces are equal and diffimilar,
as for infltance a fquare foot of tin foil in
one
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one piece, and another fquare foot of it cut
in a long flip, then that body, whofe fur-
face has a greater extenficn, will acquire
more Ele(ricity than the other.

3. Laftly, if their furfaces are unequal and
diffimilar, the Elericity that each acquires
after the: conta@, feems pretty clear from
experiments, and in confequence of the above
two laws, to be in a compound proportion
of their furfaces, and the extenfions of the
{ame,

The ele&ric fpark (7. e. a feparate quantity
of Ele@ricity) will go a greater or lefs dif-
tance through the air, in order to reach a
Condu&or, according as its quantity is greater
or lefs ; as the parts from which it flies off,
and on which it ftrikes, are more fharp or
more blunt, and asthe Conduor is more or
lefs perfe&. The noife together, and the
light with which the fpark is attended, is
greater or lefs, according as the Elc&ricity is
greater or lefs; as the parts from which ic
flies, and on which it ftrikes, are more blunt
or more fharp, and as the Conductor is more
orlefs perfe@. Thus,forinftance,afharp point-
. ed
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edbody will throw off Ele&ricity to,and receive
it from a greater diftance, than a body of any
other fhape ; but then that paffage occafions
no noife, and but little light, for, in this cafe,
the Electricity does not come in a feparate
large body, but by little and little, or rather
by a continuate ftream.

It is remarkable in the cafe of points throw-
fng off, or receiving Ele@ricity, that a cur-
rent of air is fenfible at an electrified point,
which is always in the direion of the
point, whether the Electricity is pofitive or
hegative. | |

The eleCric fpark, taken upon any part
of aliving animal body, caufeth a difagree-
able fenfation, which is more or lefs trou-
blefome, as the fpark is ftronger or weaker,”
and the part, upon which it is taken, is
more or lefs delicate.

A large quantity of Ele&ricity, pervades
the fubftance of a Conducor of a confidera-
ble length, with a furprifing and impercep- |
tible velocity ;° but a {mall quantity of it
has been found to take fome little time in-
o pafling
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_pafling through a long, and lefs pcrfe& Con-
ducor. . .

‘Bodies, poflefied of the fame Elericity,
whether pofitive or negative, repel each other.
But bodies, poffefied of different EleGrici-
ties, attract each other ; and there is no elec-
tric repulfion, but between bodies poffefled
of the fame Ele@&ricity, nor ele@ric attrac-
tion but between bodies poffeffed of dif-
- ferent Ele@ricities, 7. e. between bodies
pofitively, and bodies negatively, elerified §.

Eleétricity, ftrongly communicated to in-
fulated animal bodies, quickens their pulfe,
and promotes their perfpiration. If it is
* communicated to infulated fruits, fluids, and
in general, to every kind of bodies that are
a&ually in a ftate of evaporation, it alfo

t This law, i. e. that there is no.eletric attraltion, except
between bodies poffefled of different Ele&ricities, will, perbaps,
appear paradoxical upon obferving, that an excited Ele&ric
attrafts fmall bodies, which never were by any means made
eletrical before; bat the paradox will foon vanifth, if what
has been faid above be confidered, i. e. that when Condutors, -
and‘indeed 'Ele@rics too, come near an elettrified body, they
become; 3&ually poflefled of a different Ele&ricity. Buat this
will _appear much clearer from the experiments that are to be

mentioned hcreaf(er. o ]
L4
S in-
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increafeth that evaporation, and that in d
greater or lefs degree; as thofe bodies are
more or lefs fubje to evaporate of them:
felves, as the veflels, that contain the fame,
are Conductors or Elelirics; and as they
have a greater or lefs furface expofed to the

open air §.

By increafing the perfpiration of vegeta-
bles, Electricity promotes their growth ; it
having been found, after feveral experiments;
that fuch plants, which have been often,
and long electrified, have fhewed a more
lively and forward appearance, than others
of the fame kind that were not ele@rified.

When Eleltricity is communicated to in-
fulated veflels, containing water, that is ac-
tually running from a pipe, the effe&ts will;
as far as may ingrofs, be deduced from ex<
periments, obferve the followirig laws;

¢ 1. The ele@rified fiream, though it di<
t¢ vides, and carries the liquid further; is

§ Although it has been by fome pretended, that Ele&ricity
caufed feveral fubfiances to evaporate through the pores of glafs;
and metals, yet that could never be obferved, though many ac-
carate experiments were made for that purpofe ; befides, this
pretended evaporation, feems on all accounts exceedingly ims

probable,
’ ’ ¢¢ peither
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# neither fenfibly accelerated nor retarded,
‘ when the pipe through which it iffues is:
*¢ not lefs than a line in diameter.

«¢ 2. Under this diameter, if the tube is
¢ .wide enough to let the liquid run in a eon-
¢ tinued ftream, EleGricity accelerates it 2.
s little, but lefs than a perfon would ima-
¢ gine, if he judged by the numbers of jets
¢« which are formed, and by the diftanee to
“ which they go.

« 3. If the tube be a capillary one, from
« wlnch the water only drops naturally,
¢ the elé@rified jet not only becomes a con-
‘ tinued ftream, and even divided into fe-
‘¢ veral ftreams, but is alfo confiderably acce-
L lerated; and the fmaller the capillary
¢ tube is, the greater, in proportion, is the
¢¢ acceleration,

« 4. So great is the effe of the ele@ric
¢ yirtue, that it drives the water in a con=
“ ftant fiream out of a very fmall capillary
" ¢ tube, out of Whlch it had not before been
¢« able even to drop.”

The eleGric virtue has been found not to
be aﬁ'c&ed by, or affe@®, the magnetic virtue
of
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of aloadftone ; neither is it affeed by heat
or cold; fince, an iron bar made red hot,
or any conducting fubftance hard frozen,
when elerified, attradts, repels, gives {parks,
&c. in the fame manner as in its natural
temperature. Eletric attraion is obferva-
ble alfo in vacuo, where it a&s nearly at
the fame diftance, as in the open air; and
ele@ric fubftances may alfo be excited in
vacuo. - ' ‘

" Laftly, we fhall conclude this chapter with
remarking two peculiarities, refpeting ex-
cited and communicated Ele&ricity. The
firft of thefe is, that if the face, or any part
of the body, is prefented to an excited Elec-
tric, it will feel as if a wind was blowing,
or rdthcr, ,.as,' if a {pider’s web was drawn
"over it, whereas this is feldom produced
by communicated Ele&ricity. The other

particular confifts in this, that if the noftrils’

are prefented to an excited Eleétric, they will

be affeéted by a fmell, much refembling that

of phofphorus; but communicated Eleétricity

does not occafion any fuch fenfation, except

when a large quantity of it does fuddenly pafs
from one body to another.

CHAP.
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CHAP VL
 Of Bhétricity communicated to Elerics. _

A S the Ele@ric Virtue can be fuperin-
. A duced on Conduors by eommunica-
tion, fo may it alfo be communicated to Elec--
trics : the difference howéver is, as might be
expeQed, very remarkable; for when one
fide of a Condu@or is prefented to an eleétri-
fied body, the Ele@ricity will inftantly per-
vade its whole fubftance, on account of its
conduding nature ; whereas when an Ele@ric
is prefented to another Elettric exeited, or to
an ele@rified Condu&or; it will with fome -
difficulty acquire any Ele&ricity, becaufe its
{ubftanee is impervious to that virtue, and in
order to make it acquire fome; it muft be
feveral times; and in different parts, touched
with the eleérified body.. That it is as dif-
ficult to deprive an Fle&ric of its acquired
Ele@ricity, as it is to fuperinduce it on its
furface, I think might eafily be fuppofed;
for the very fame quality, which caufeth it
to acquire that power flowly (namely its be-
_ ing a Non-conduétor) makes it alfo part with
‘ E -t
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it flowly ; and, in order abfolutely to deprive
the Ele&ric of its acquired Eleéricity, it muft
'be touched feveral times, and in almoft every
part of its furface, with fome condu&@ing fub-
ftance.

In the preceding chapter we obferved, that
when an infulated Condu&or is prefeﬁted to
an elecrified body, it acquires, on the part
neareft to that body, a contrary Eledricity ;
and on the oppofite part, an Elericity of
the fame kind with that of the eleCrified
body ; we alfo obferved that thefe two Elec-
tricities increafe, as the Condu&or comes near
to the electrificd body, and that when the
Condu@or is arrived within the ftriking dif-
tance of that body, a quantity of Ele@ricity
flies off from the latter; forces its way through
the intermediate air, and, firiking upon the
former, renders it throughout poflefled of the

~ fame Ele&ricity. "Thefe effe®s are in a cer—

tain degree alfo obfervable when an Ele@ric,
inftead of a Condu&or, is prefented to an
_elec@rified body ; for the ele@ric will alfo ac-
quire on different {ides, contrary Ele@ricities :
" thefe Ele&ricities increafe, as the diftance de-
creafes; but, if at laft a fmall quantity of-

| Elec-
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Fle@ricity is communicated to the Ele@ric,
that Ele@ric will not become throughout pof=
feffed of one Ele&ucuy, but will ftill, in fome
cafes, thew dxﬁerent Eleélrlcmes on dxfferent
fides, and in fome circumftances many re-
peated changes from pofitive to negative Elec-
tricity may be obferved upon the fame Elec-
tric, as will appear from the following expe-
riment.

If the end of a pretty long glafs tube be.
prefented to a body ele@rified, for inftance
pofitively, the tube will be found elerified
pofitively alfo for the fpace of oue or two
inches at that end ; but, beyond that fpace,

will be found twa or three inches eleCrified
" negatively; after that, another pofitive Elec-
tricity will appear, and fo alternately, a pofi-
tive and a negative zone will follow one ano-
ther, always weaker and weaker in power,
till at laft they quite vanith. Now the caufe of
thefe effe@s is always to be deduced from
the two above-mentioned prmcxples, i. e. the
‘non-conduing quality of an Ele&nc, and
the property of bodies in general to acquire
an Ele@ricity contrary to that poﬁ'effed by
another contiguous ele@rified body : fo in the
' E 2 above
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above éxperiment, that end of the tube which

- was prefented to the body elecrified pofitively,
before it received any Eledricity from that
body, appeared negative on the part prefented
to it, but after it had received fome Ele&ri-
city, appeared to be pofitive no further than
that Elecficity could be fpread over its fur- -
face, but beyond that place a part of the tube
appeared to be negative, on account of its
contiguity to the part elerified pofitively ;
after that, another place appeared to be pofi-
tive, becaufe of its contiguity tothe part elec-
trified negatively, and fo of the fubfequent
changes ; and the pofitive Ele@ricity of one |
part of the tube cannot mix with the adjoin-
" ing negative part fo as to prevent thefe ap-
‘pearances, becaufe the non-condu&ing quality
of the glafs will always hinder fuch an eﬁ‘c&
from takmg place.

If to one fide of an Eleéric fufficiently
thin, as for inftance a pane of common win-
dow-glafs, a plate of fealing-wax, &c. be
communicated one Ele@ricity, and to the op-.
pofite fide be communicated the contrary,
that plate in that cafe is faid to be cbarged, and
the two Elc&rxcntles can never come together,

I except
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except a communication of conducing fub-
ftances be made between both fides, or the
Ele@ric be broken by the power of ele@ric
attraion. When the two Ele@ricities of a
charged Ele@ric are by any means united, and
therefore, their power ‘deftroyed, that Elec-
tcic is then faid to be difcharged, and the a&t
~ of union of thefe two oppofite powers is, for
a reafon hereafter to be mentioned, what is
called the electric Shock.

In order to avoid the difficulty of commu-
nicating Ele@ricity to an ele@ric plate, it is
cuftomary to coat the fides of it with fome
conduéting fubftance, as tin foil, gilt paper,
&ec. by which means the charging and dif-
charging becomes very eafy; for when the
Ele@ricity is communicated to one part of
the coating, it is immediately fpread through
all the parts of the Ele@ric that are in conta&
with that cdating, and when the Ele&ric is to
be difcharged, itis fufficient to make a con-
du@ing communication between the coatings
of both fides, in order to difcharge entirely
the EleQricities of that Ele&ric.

E3 It



54 A COMPLETE TREATISE

It will be readily underftood why the coat-
ings of both fides of an Eledric fhould not
come very near one another towards the edge
of the plate, for then a communication be~
" tween the fame coatings is ready at hand, and
although they do not abfolutely touch one
another, yet when they are ele@rified, the
Ele@ricity will eafily force a paflage through
the air, and, by pafling over the furface of the
Ele@ric from one coating to the other, ren-
ders it incapable of receiving any charge®.

By means of charged Ele&ncs, we may,
fee a difplay of the greateft powers of Elec-
tricity ; we can accumulate this power, and
ufe it advantageoufly in different expen-
ments. By confidering the properties of a
charged Ele@ric, we become further and
better acquaiuted with "this {cience; than by.
any other means, and for the enumpratlon
of thefe properties the following chapter is
employed,

* The property of conducing the Ele&ricity over
_ the furface is fo remarkable in fome kinds of glafs, that
they are on this account abfolutely unfit for the purpofe.
of charging and difcharging.

CHAP,
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C H A P VI

Of charged Eletrics, or the Leyden Phial.

" F a glafs plate, whether {mooth, or rough,
is coated with fome condu@ing fub-
flance on both fides, fo that the coatings
do not come fo very near the edge of the
~ glafs, as to render it unfit to be charged,
and if to one of thofe coatings be commu-
nicated fome Ele&ricity, the other coating,
while communicating with the earth, or with
a fufficient quantity of condu@ing bodies,
acquires by itfelf an equal quantity of the
contrary Ele@ricity; but if whilft one fide
is acquiring EleQricity, the oppofite fide
does not communicate with the earth, or
with a fufficient quantity of condu&ing
fubftances, the glafs cannot be charged.
Now the reafon why when one fide of the
glafs is receiving one EleGricity, the op-
pofite fide acquires the other, is the fame
as obferved in the preceeding chapter, 7. e.
the property of bodies to acquire an Ele&ri-
city contrary to that pofieffed by a contigu-
ous ele&rxﬁed body; and the caufe, that
Eg . hinders

l
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hinders thefe two Ele&ricities from mixing -
together, is the interpofition of the glafs
plate, which is impermeable to Ele@rici-
ty *; but if the charge is too high, and the
glafs plate too thin, then the great -attrac-
tion, between the two different Ele&rics,
forces a paffage through the glafs, difcharges
it, and fenders it unfit to receive another
charge.

Thefe effe@s happen in the fame manner
if the glafs be not in the form of a plate,
but in any other fhape whatfoever, provid-
ed it is fufficiently thin, it. being not the
form, but the thicknefs of the glafs, that
makes it more or lefs fit to be charged : and
the thinner it is, the greater charge it is capable
of receiving ; for the fironger in proportion is

* This remarkable’ property of Ele&ricity was firft
obferved at. Leydcn with a bottle containing fome water,
which ferved for the infide coating, and the undefigned
application of the hands on the outfide ferved for another
coating. A bottle cqatcd on the infide and outfide for
the purpofe of bemg charged, has from thence been called
the Leyden Phial, otherwife an eleftric Far ; and the
charging and difcharging in general, of cpated glafs, has
been called the Leyden Expmmmt - B

the
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the power of the Ele@ricity of one fide, to .
caufe a contrary Ele&ricity on the oppoﬁtc
fide.

i o

How thick a glafs plate or other Ele&ric
fhould be, to become incapable of being
charged, hath not yet been afcertained,

If a coated glafs plate, or phial, after
being charged, be infulated, and only one of
its fides be touched with fome Condu@or,
that fide will not part with its Ele&ricity,
becaufe the Ele@ricity of one fide exifts in
confequence of the contrary Eletricity on
the oppofite fide, and both, by their mutual
attraltion, confine one another upon the fur-
face of the glafs. In order thereforeto dif-
charge that glafs, both its coatings muft be
touched at the fame time, and conneed
with the earth: or by means of fome Con-
du@or a communication muft be ‘made be--
tween them, and in this cafe the difcharge is
faxd to be made through that Conduaor.

When, in order to difcharge a jar, one of
its coatings is touched firft with a Condu&or,
as for jnftance, with one end of a chain,

nothing
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nothing particular in that cafe will appear *;
but as foon as the other end of the chain
comes within a fufficient diftance of the
other coating, a fpark will be feen between
the end of the chain, and that coating, ac-
- companied with a noife, &c. juft as when an
excited Ele@ric, or an ele@rified Condu&or
is made to communicate with another Con-.
du@or; but the power, the light, and the
report is in gemeral mueh greater than that
of a fpark taken from a body ﬁmply elec-
trified.

It is remarkable that the {park occafioned.
by the difcharge of charge.d Ele&rics, al-
though it is more denfe, more powerful, and:
makes a greater report, yet is not fo long as
the {park drawa, from an ecle@rified Con-
dutor. -

- * If one coating of  a charged jar communicates with
the earth while the other coating is. expofed to. the free
air for fome time, the charge of that jar will be filently
and gradually diffipated ; for while the Ele&ricity of one
fide goes to the earth, the Ele&ricity of the other is com- -
municated to .the air; which, as we obferved before, is
never a perfe@® Ele&ric. -

When -
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When the difcharge of a jar is made

through the body of a living 3nimal, it oc=

cafions a fudden motmn by contradting the
mufcles, through whxch it pafles, and gives a
difagreeable fenfation, for which reafon the
¢ffett of difcharging an eleéric jar has been
generally called the eleftric Shock.

The force of the ele@ric thock, opcafioned
by glaffes of the fame thicknefs, is greater
~or lefs in.proportion to the quantity of coat-
ed furface, and the beight of the charge.
Upon' this prmcxplc, the power of the faid
fhock, by increafing the quantity of coated
glafs, may be augmented at pleafure, provid-
ed means be ufed powerful enough to charge
it.

A number of coated jars conngéted toge-
ther in fuch manner that their whole fprcc'
‘may be united, and a like one jar, conflitutes.
what is called an elei?rical Battery. 'This
battery is the moft formidable, and entertain-
ing part of an elerical apparatus,-and by.
its ufe many wonderful effe@s are produced,
~ but as the performmg of thefe belongs

S ' rather
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rather to the pra@ical, than to the prefent
part of this Treatife, I fhall only enumerate
them in this place, and referve further par-
ticulars for the third part of this work.

In making the difcharge of an ele@ric jar

it is furprizing to obferve with what quick- -

* nefs the Ele@ricity performs the circuit from

one fide of the glafs to the other. It has
been found to employ no perceivable time in
going through a Condu&or of feveral miles,
which connefted the two coatings of a
phial, '

‘The foree and noife of an eleéric thock is
not affeGted by. the inflexions of the Con-

duftor, through which it goes, but it is fen~’

fibly weakened by its length; hence when
the circuit, 7. e. the communication be-
tween the two fides of the ele@ric phial, is
made by one perfon - touching one fide with
one hand, and the oppofite fide with the
other, the thock is ftronger than when the

circuit is. formed by many perfons together

joining hands,

That
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That the Ele@ricity finds fome obftruttion
in going through even the beft Conduétors,
appears evident, from this, that in fome cafes
it will prefer a fhort paffage through the air,
to a long one through Condu&tors, even the
moft perfe. This obftruction is greater in
that place, where the Conducors, forming the
circuit, do not lie in perfe&t conta&t ; and if
the circuit being campofed of Condu&ors of
different natures, the Elericity be obliged to
pafs from one Condutor to another lefs per-
fe&, the obftruction is flill greater. If the
interruption of a circuit be made in water,
-on making the difcharge (notwithﬁanding'
that the water is a Conduor) a fpark will
be feen in it, which never fails to agitate
the water, and often breaks the veflel that
-contains it.

A ftrong fhock, fent through an animal
or a plant, puts an end to animal as well
as to vegetable life. If the circuit be
interrupted by one or more Eleftrics, or
imperfe& Conduors, of a moderate thick-
nefs, the ele@ric fhock will break them, and
in fome circumftances difperfe them in every
direCtion, and in fuch a manner as if the

: ‘ force

AY
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force proceeded from the center of every one
of the interpofed bodies *.

A ftrong fhock, fent through a flender piece
of metal makes it 1nﬁantly red-hot, melts it,
and if the fufion is perfe@, reduces it into
globules of different magnitudes. If the me-
tal be inclofed between "pieces of glafs, the
‘fhock, by melting it, will force it into the
fubftance of the glafs, fo that afterwards it
cannot be taken off without fcraping part of
the glafs with it. In this experiment the
glaffes are fhattered to pieces, and it is feldom
that they refift the force of a firong thock.

If the glaffes, inclofing the metal, be prefled
by heavy weights, then a remarkable {fmall
_fhock is capable often not only to raife the
weight, but to break fuch thick glaffes, that
otherwife require the force of a large battery.

* In feveral inftances the effect of a fhock upon an
mterpofed body is evidently greater on that fide of it which -
communicates with that coating of the jar or battery, that
is poffefled of the pofitive Eleétricity. But of this more
will be faid hereafter, A

2 , Thick
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Thick pieces of glafs may be alfo broken into
innumerable fragments by only fending a
thock over a fmall part of their furface, which
are preffed by weights, without the interpofi-
‘tion of any metal. When thefe pieces of .
glafs are not broken, they are marked by the
explofion with the moft lively prifmatic co-
lours, which lie fometimes confufed, and
fometimes in their prifmatic order. ‘The co-
loured fpot is evidently formed by thin plates
or {cales, in part feparated from the furface
of the glafs; and it gencrally occupies the
fpace of about one inch in length, and half
an inch in breadth.

In mclting wires of the fame metal by the
eleGric thock, it muft be obferved, that the
forces required for that purpofe muft be great-
eror lefs according as the lengths or thicknefles
of the wires are greater or lefs, but they are
far from bearing any dire& proportion to the
quantity of metal ; for if a wire of a given |
length and' diameter be barely melted by a
Jarge battery, a wire of equal length and
twice the- fubftance, would perhaps take ten
fuch batteries to produce the fame effect upon
it,
’ When



64 A COMPLETE TREATISE

When a moderate fhock* is fent through
an imperfe& metal (efpecially if the circuit

s formed by feveral pieces, as by a chain), a

black duft, in the form of {moke, will be feen
to proceed from the metal, which is thought
to be fome of the metal itfelf partly calcined,
and, by the violence of the explofion, forced
from it. |

If fuch circuit, or part of it, be laid upon a
piece of paper, glafs, or other Non-condu&or,

this, after the explofion, will be found ftained

with fome indelible marks, and often fhew
evident figns of having been burnt. A long
and permanent track may be marked upon

glafs, and fome other bodies, by the eleGric

explofion, if the interruption of the circuit be
made upon its furface.
. o
What is more remarkable, in confidering

the effe@s of Ele@ricity on metals, is, that.

it revivifies their calces, and, like a true phlo-
giftic procefs, when an explofion is made be-

* By a moderate fhock here, I mean, one that is not
able to melt the metal through which it paffes.

tween

—m—— -
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tween two pieces of the fame, they, in part,
return into their metalline form. »

Although we obferved, in the fifth chapter,
that Ele@ricity and Magnetifm did not inter-
fere with one another’s ation, yet that muft
not be underftood in general, and when a
large force of EleQricity is meant; for this
is capable not only of defiroying the virtue,
.or of reverfing the poles of a magnetic needle,
but even of giving it that virtue. When the
charge of ten, eight, and even a lefs number
of fquare feet of coated glafs is fent through
a fine ching-necdle, it will often give it
polarity, fo that it will traverfe when laid on
water*, It is remarkable that if the needle be
ftruck, lying eaft and weft, that end of it
which is entered by the fhock, will after-
wards point north ; but if the needle be
ftruck, lying north and fouth, that end

*# A f{mart firoke of a-hammer will make a needle -
magnetic : but they thould always be tried before the
experiment: for many fmall needles will traverfe upon
water, wiihou; the eleéric fhock, er the firoke of the

- hammer.

F of
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of it which lay towards the north, will, in
“any cafe, point north; and the needle will
acquire a fironger virtue in this, than in the
former cafe.

That the ele@ric fpark fhould kindle in-
flammable fubftances, I think might be ex-
pected, when its power has been confidered
n many circumftances, in which it has been
obferved to a& as a moft penetrating and ex-
traordinary fire. In firing feveral fubftances.
a fmall fhock is fufficient; and inlammable
. {fpirits may be fired even by a fpark proceed- -
ing from an ele&rified Conduttor.

~ If the moderate charge of a large battery
is. difcharged between two fmooth furfaces.
of metals, or femi-metals, lying at.a fmall
diftance from each other, a beautiful {pot will
be marked upon them. This confifts of one.
central fpot, and fome concentric circles*,
. which are more or lefs diftin&t, and more or

- # Thecentral fpot as well as the circles lie at a little
diftance from one another; and they are compofed of
- dots and cavities, indicating a true fufion.

N . . : lefs




OF ELECTRICITY. ' ¢
lefs in number, according 4s the metal vpon’
which they afe marked; rcqmrcs a lefs or

greater degree of heat to be thelted;, and as'a
geater of lefs force is employed.

If the é*:ploﬁon of & 'battéry, 1ﬂ'umg from
" a pointed body; as the point of a needle, bé
repeatedly taken upon. the plain furface of a'
piece of metal fituated at a little diftance froin
the point, or if 1ﬁ'umg from the furface, be -
takén upon thé point, thHat metal will be
marked with a coloured fpot, conﬁffmg of all
the prifmatic colours difpofed in circles,-and’
evidently formed by fcales, or thin plates
of the rietal feparated by the force of the ex-
ploﬁon*

Whet the difchatge of a‘battery'is made’
by bringing the ends of two Conduttors,’
coththuticatirig' with the infidé, and the out~
fidé of the baitéty, in’contalt withi; ot at a’
little ‘diftince from the furface of feveral con~
dii@ing fubRihces, as water, raw’ méat,” &.

# Fot further pirticulars ‘concerning ‘thofe citclés, fee
the Phil, Tran{ vel. L’VIII."

F2 - R
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it is obfervable that the Ele&ricity, inftead of -
entering thofe fubftances, goes over their fur-
face, and in a lucid feparate body reaches
from Condu&or to Conducor ; fometimes it
prefers a much longer paffage over the furface,
to a fhorter one through any fubftance. In
this cafe the explofion never fails to give -
a concuffion to the body, over whofe furface
it paffes.’

The explofion, taken in different kinds of
air, a@ts in general like any phlogiftic pro-
cefs*,

- Befides the above-mentioned properties of
charged glafs, there are a few more obferved,
which as yet have neither been fufficiently
inveftigated, nor fo far purfued as to be re-
duce under any general laws. They afford
a great field for fpeculation, and feem more
‘intimately connected with the nature of Elec-
trics in general ; but it feems not proper to
make any general conclufions from the facts

_ ® See Dr. PRIESTLEY’s fecond vol. of Obfesvations
on different Kinds of Air, fec. XIII.

2 , | already
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already known, at leaft fo as to be inferted in
this part of the prefent treatife. I thall there~
fore employ a chapter for the hiftory of the
. fame, in which I fhall relate the principal,
and more promifing experiments hitherto
made, and take notice of the beft conjeGures
offered for their explanation. This chapter
~will be found at the end of the third part, in
which place, I think, it will be more accept-
able to my readers, particularly fuch, who
_ have not been much converfant with Elec~
tricity, and therefore require firft the defcrip-
tion of the ele@rical apparatus, andthe knpow-
ledge of the experiments neceﬂ'ary to prove
the fals recited, f

F3 CHAP
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CHAP VI
Of Atmofpberical Eleciricity,

f HOEVER has remarked the nue
merous properties of Ele@ricity
already mentioned, and has confidered thzir
exten{ive pawer, will, I doubt not, be great=
ly furprifed, when he campares the flate, in
which the Science remained half a century
ago, with that in which it is at prefent; but
bis wonder will flill increafe, when he is told
that Elecricity is not only to be obferved by
rubbing an Elefric, or warming a Tour-
malin, but that it has been found to exift in
- the air, rain, and clouds: that thunder and
lightning have been difcovered to be its
effects ; and that in fhort whatever has the
* appearance of fire, or of any thing extra-
ordinary in the atmofphere, and upon the
carth, has been attributed to Ele@ricity.

That the effe@s of Ele&ricity bore a great
refemblance to thunder and lightning, had
been feveral times remarked by ‘philofophers,
and efpecially by the learned Abbé NoLLET;
T s o but
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‘but that they fhould actually be found to be.

effe@s of the fame caufe, and that the phe-
nomena of Ele&ricity fhould be imitated by
lightning, or thofe of lightning by Ele&ri-
city, was neither thought poflible, nor fuf-
pected, till the celebrated Dr. FRANKLIN
made the bold affertion, and the French phi-
lofophers firft, and afterwards Dr. FRANK-
L1N proved the fa& by undeniable arguments
in the year 1752.

The fimilarity of lightning and Ele@ricity
is not to be remarked in a few appearances
only, but it is obfervable throughout all their
numerous effe@s, and there is not a fingle
phenomenon of the one, but may be imitat-

ed by the other. Lightning deftroys edifices,
- animals, trees, &c. ; lightning goes through
the beft Conduors, which it meets in its

way, and, if its paflage is obftructed by Elec-
trics, or lefs perfe&’ Condutors, it rends
them, and difperfes them in every diretion ;
lightning burns, and melts metals and other

fubftances ; ‘a firoke of lightning often dif-

turbs the virtue of a magnet and gives pola-

rity to ferruginous fubftances; and all thefe

cffets, .as has been obferved above, may be
F4 - pro-

A
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~ produced by Ele@ricity. But independent of
the great fimilarity exifting between light-
ning and Ele@&ricity; what fully proves their
identity is, that the matter of lightning may
be .a¢tually brought down from the clouds
by means of infulated and pointed metallic
rods, or by eledtrical kites, and with it any
known elecrical experiment may be per-
formed.

Clouds, as well as rain, fnow and hail,
that fall from them, are almoft always elec-
trified, but oftner negatively than pofitively ;
and the lightning, accompanied with the thun-
der, is the effe&t of the Ele@ricity, which, dart-
ing from a cloud, or a number of clouds,
highly ele@rified, ftrikes into another cloud,
or elfe upon the earth, in which cafe it pre-
fers the moft lofty and pointed places, and by
this firoke produces all thofe dreadful effects,
that are known to bg occaﬁoned by hght-
ning.

The air, at fome diftance from houfes, trees,
mafts of fhips, &c. is generally eleérified
pofitively, particularly in froﬁy, clear, or
foggy weather, but how the air, the fogs,

and .
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and the clouds become ele&rified has not yet
been afcertained, although feveral conje@ures
have been offered.

After that Ele@ricity, and the matter of
lightning were found to be the ‘fame thing,
philofophers began to fufpe the a&ion of
Ele@ricity to be where it had before been lefs
imagined, and not without reafon endeavour-
ed to reconcile ‘to it feveral other natural ap-
pearances. ‘'The aurora borealis, or northern
light,” was foon attributed to Ele&ricity, on

obferving that by this that flaming light may

be imitated*, and that the aurora botealis,
when very ftrong, has been known to difturb
the magnetic needlet, which is alfo an effe@
of Ele&ricity.

~ ® The late Mr. Canron frequently collefted Elec-
tricity in a confiderable degree, during the time of an
aurora borealis. His apparatus for that purpole confifted
of an infulated fithing rod, ere&ed on the tbp of his houfe,
and having a wire twifted round.

t Seethe Phil, Tranf., vol, LIX. page 88.
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The accentions, that are often feen in the
atmofphere (commonly called falling Stars)-
are thought to be ele@rical appearances. The
fame is alfo fuppofed to be the caufe of fuch
other meteors like white clouds, that often
appear by night-time, particularly in hot cli-
mates. Befides thofe phenomena, water-
fpouts, hurricanes, whirlwinds, and even
earthquakes have been attributed to Eleri-
city. But now, perhaps, the reader will
think philofophers too extravagant, in going
fo far with Ele(tricity, Such thoughts feem
at firft fight to be extravagaacies, but if it be
confidered, that they do not appear to con=
tradiCt the known laws of nature, that they
are not affertions .abfolutely -void of proofs,
add that they are the thoughts of great phi- °
lofophers, then, I think, they may be ad-
mitted at leaft fo far as to be tried on proper
occafions, and to be confidered as the moft
plaufible conjetures yet offered in- explana-
tion of the moft furprizing phenomena of
nature¥*,,

* For further conje@ures fee Dr. FRANKLIN’S I:ctéers,~
and Dr. PriestLEY’s Hift. of Ele&. Part I. per. X,
fec. XII, '

CHAP.

.
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CHAP IX

Advantages derived fram Ekiiricity.
NATU;RE, ever wife and admirable in
4 ¥ her altions, feems to follow a certain
* fimilarity in her works with a conformity of
operations, and from the fimpleft to the moft
complicated of  her objefts. an analogy is
obfervable, which, as it is wonderful to be
confidered, fo it is inftruCtive and ufeful. It
" 15 on account of this analogy, that whenever
a difcovery, is. made in any part of maturali
philofophy ; whenever a {cience is advanced,
we not_only attain to the knowledgg of that
-fingle law, or particular {tience, but. at the
fame time acquire means in. general of in-
veftigating the operations of nature with
fomewhat more certainty and: accuracy, and
by purfuing. that, analogy we are enabled to
make, further. difcoveries, and- to improve
every branch of knowledge. How far Elec~
tricity has contributed towards this purpofe;
I think it. unneceflary to be further proved,
when its aCtion has been.fhown. to- be fo
general; and fo powerful, ag.to perform: what

R ¢ no
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no art can operate. But, befides the field
that Ele€tricity has opened for further difco-
- veries, and the fatisfation of that curiofity,
‘which before attended the contemplation of
fo many wonderful phenomena as have been
explained in this fcience, there are two
great advantages derived from Eletricity ;
the one is a defence againft the direful effects
of lightning, and the other a remedy for
many_diforders incident to the human bo-

dy.

.~ In order to guard edifices or fhips from
being damaged by lightning, it was judici-
oufly propofed, by Dr. FRANKLIN, to raife a
metallic Conductor fome feet above the high-
eft part of the building, and continue it down
the wall till it penetrated fome feet into the

- ground ; by this means. the houfe counld never
receive any damage, for whenever the light-
ning fhould happen to fall upon it, it is evi-
dent that the Conductor, being of metal, and
higher than any part of the building, would
certainly attract it, and by conduéting it to
the ground, hinder that building from re-
ceiving any damage, for. it is known that
Ele&ncxty always ftrikes the neareft and

beft
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beft Condutors, that it meets. within its
way., . S C e

The reafonablenefs and truth of this affer-~
tion has been confirmed by numberlefs faéts,
and the practice of raifing fuch Condu&ors
has been found exceedingly "ufeful, particu-
larly in hot climates, where thunder-florms
are very frequent, and the damages occafion-
ed by the fame, too often experienced. -

In'regard to the conftruction of 'fugi) Con-
ductors there have been fome controverfies
among EleCtricians ; and the moft advanta-
geous manner of ufing them has not, with-
out a great many experiments,” and. but very
‘lately, . been afcertained. - Some philofophers
have afferted that fuch Conduétors thould
~ terminate in a bluntend, that they might the
lefs invite the lightning from the clouds ; for
a blunt end' will not attra& Ele&ricity from
fo great a diftance as a fhafp point. But fome
other philofophers have thought a pointed
termination to be much preferable to a blunt
one, and their affertion feems; on the following
accounts, founded on much bectter reafon-
ing. - ' e
A fharp-
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- ‘A fharp-pointed Gonduttor, it is truey will

attral Ele&tricity from a greater diftance thar

a blunt one, but at the fame time, will attra&t

and condudt it by lile and little, of rather
by a continued ftream, in which mannet a re-

iharkably {mall Condutor is capable of cori-

duting a very ‘great quantity of Ele€tricity ;:
whereas a blunt terminated Conduor attrats:
the Eletricity in a full feparate body, or

explofion,- in-which manner it is often made’
red-hot, melted, and even exploded in

fimoke, and by fuch a quantity of Ele&tricity,

as perhaps would not have at all affe&ed ity
if it had-been iharpl'y pomted.

A ﬂmarp-pomted Condu&or, ccrtamly, ina'
vites the matter of ltghtmng eafier than a
blunt one, butto umte, receive, and-condu@®
it in fmall quantities never endangers the
Conductor ; and the objett of fixing a Con-.
duer to a houfe, is to protet the houfe .
from the effets, and not the’ Condu&ot‘
~ from tranfmxttmg the lightning. '

1t is an obfervation much in favour‘of" fhatp
pointed Conduttors, that fuch fteeples’ of
churches, and edifices in general, that are
S ter-
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terminated by pointed metallic arnaments,
have never, or very feldom, been known.to
ke ftruck by lighitning, whereas others that:
haye flat or blunt terminations, and have a:
great quantity. of metal in a2 manner infulated:
on. their tops, are often ftruck by it, and: it
is but feldom. that: thﬁ}' efcape wuhcmt great:
damage.. o,

Befides thofe confiderations, a.fharp-point=
ed Condu&or, by the fame property.of attratte.
ing Ele&ricity; more-than a blunt ane, may-
atually prevent a:ftrokeof:lightning¥,. to da:
.which a blunt-en-dedione is abfdutely inga--
pable

ACondu@or thegefore to guard a.building;.
as. it'is: now -commondy ufed in confequence:

of - feveral confiderations; and. experiments, .
fhould confift: of :one. iren rodt- about three.

*+This and other pmpetties;of pointed:Condudtors will -
be made to appear very evidendy by expsrigents.,.

+ Copper would do much better than iron for a Con-
. deder; it.being a moreperféét: Condudtor of Ele@ricity,
and.at-the fame jime not-being fubjed to contract ruft like--
iron, &

quarters
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quarters of an inch ‘thick, faftened to the
wall of the building, not by iron cramps, K
but by wooden ones. If this Conductor was
quite detached from the building, and fup-
ported by wooden pofts at the diftance of one

.~ or two feet from the wall, it would be much

better for .common edifices, but it is. more
'particularly advifable for powder-magazines,
powder-mills, and all fuch buildings as con-
tain combuftibles ready to take fire. The
upper end of the Conductor fhould be termi-
' nated in a pyramidal form, with the edges,
as well as the point, very tharp*; and if the
Conduftor is of iron it fhould be gilt, or .
painted for the length of one or two feet.
This tharp end fhould be elevated above the
higheft part of the building (as above a ftack
of chimnies, to which it may be faftened) at
" leaft five or fix feet. The lower end of the
Conductor fhould be driven five or fix feet:
~ into the ground, and in a diretion leading
ftom the foundations; or it would be better
to conne& it with the neareft piece of water,

'® This pyramidal termination of the Condador is an ..
improvement of an ingenious Elc&ncnan, Mr. Swirr
at Gutnmch

if




OF ELECTRICITY: 8
if any be at hand. If this Conduéor, on
account of the difficulty of adapting it to the
form of the building, cannot conveniently
be made of omne rod, then care fhould be
taken, that where the pieces meet, they be
made to come in as perfe& conta® with
one another 4s poffible ; for as we obferved
before, Ele@tricity finds confiderable obftruc-
tion where the Conduor is interrupted.

For an edificé of a2 moderate fize one Con=
ducor, in the manner already defcribed, is
perhaps fufficient ; but, in order to fecure a
large building from fuftaining any damage
by lightning, there fhould be two, three, ot
more Conduors; in proportion to the extent
of the but}dmg

On board fhips a chain has often been ufed
for this purpofe, which, on account of its
pliablenefs, has been found very convenient,
and eafy to be managed among the rig-
ging of the veflel ; but as the EleGricity
finds a great obftru@ion in going through
the feveral ltinks, for which réafon chains
have been aftually broken by the ltghtnmg,
fo their ufe has now been almaft intirely

G laid
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" 'laid afide, and in their ftead, copper wires 4
little thicker than a goofe quill have been
fubftituted, and found to anfwer very well.
One of thefe wires fhould be elevated two or
three feet above the higheft maft in the
veflel ; this fhould be continued down the
maft, as far as the deck, where, by bending,
it fhould be adapted to the furface of fuch
parts, over which it may moft conveniently
be placed, and, by continuing it down the
fide of the veflel, it fhould be always made
to communicate with the water of the fea. -

~In regard to perfonal fecurity in cafe that
a thunder-fltorm were to happen while a
perfon is in a houfe not furnithed with a
proper Condu&or, it is advifeable not to
ftand near places where there is any metal,
us chimnies, "gilt frames, iron cafements, or
the like; but to go into the middle of a
- room, and endeavour to ftand or {it upon the
beft Non-condu&tor that can be found at
hand, as an old chair, a ftool, &c. ¢ It is
« fill fafer (fays Dr. FRANKLIN) to bring
¢ two or three matraifes or beds into the
¢ middle of the room, and folding them up

“ double, put the chair upon them ; for they
¢ not
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“ not being fo good Conducors as the walls,
¢ the lightning will not choofe an interrupt-
¢ ed courfe through the air of the room and
¢ the bedding, when it can go through a
‘¢ continued better Conduétor, the wall. But
¢ where it can be had, a hammock or
¢« {winging bed, fufpended by filk cords,
¢ equally diftant from the walls on every .
¢ fide, and from the ceiling and floor above
¢ and below, affords the fafeft fituation a
¢ a perfon can have in any room what-
‘¢ ever, and what indeed may be deemed
¢« quite free from dangcr of any firoke by
¢ lightning.”

If a ftorm was to happen whilft a perfor
is.in the open fields, and far from any build-
ing, the beft thing he can do is to retire
within a fmall diftance of the higheft tree
or trees he can get at; he muft by no means
go quite near them, but thould flop at about
fifteen or twenty feet from their outermoft
branches; for if the lightning fhould fall
thereabout, it will very probably ftrike the

trees ; and in cafe a tree was to be fplit, he

is fafe enough at that diftance from it.

Gz' In
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In regard to the other great ufe of Elec-
tricity, 4. e. its application as a medicine,
- there have been fo many opinions pro, and
contra, and the event in general of the in-
numerable trials has been fo-precarious, that
to give a juft eftimate of its power feems to
me very difficult. The innumerable cures
performed by the application of Ele@ricity,
that are related by feveral writers, feem to re-
prefent it as a panacea for every diforder:
on the other hand, the unfuccefsfulnefs of
other attempts, and which (although feldom
recorded) are the more numerous, fhow its
inefficacy, and inutility : if therefore a de-
cifion fhould be given on the refult of all
thofe cafes, Eledricity thould be confidered
as the moft ufeful, and ufelefs rcmedy in the
whole materia medica. '

In order however to fatisfy more fully the
curiofity of the reader about this important
fubje@, I fhall here fubjoin two cafes, in
one of which, related by Dr. HarT of
Shrew{bury, the application of Ele&@ricity
proved very pernicious, and the other is a
moft remarkable inftance of its good effect.
In regard to the firft cafe nt is thought by
: I . fome,
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fome, that EleCricity was injudicioufly ap-
plied ; but of the weragity and juft treatment
of the fecond the reader can have no doubt,
for it was executed by the celebrated Dr.
WaTsoN, a gentleman, who is both an ex-
cellent phyfjcian, and qne of the greateft
Ele&ricians.

CASE I

- % A young girl, about fixteen, whafe
. $¢right arm was paralytic, on being eletriv
¢ fied the fecond time, became univerfally
$¢ paralytic, and remained fo abopt a fort-
¢ night, 'when the increafed palfy was re~
¢¢ moved by medicines, which her cafe indj-
- ¢ cated ; hut the firft difeafed arm remained
¢¢ ag before ; I fhould have mentioned toq, -
¢¢ that this arm was greatly wafted, in com-
$¢ parifon to the other, However, notwith-.
¢« ftanding the former bad accident, ] had a
¢ mind to try the effe& of Ele&ricity on her
¢ again, which we renewed; and, after
¢¢ about three or four days ufe, fhe became
¢¢ the fecond time univerfally paralytic, and
< even loft her voice, and with difficulty
t¢ could fwallow. This confirmed me in my

G3 . opinion,
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¢ opinion, that the ele@rical fhocks had oce
¢ cafioned thefe fymptoms.—We therefore
¢ omitted it, and the girl, though fhe grew
¢ better of her additional palfy, for fo I call
“it,. remained as bad as before of her
 fipft*.?

CASE IL

A girl belonging to the Foundling Hof~
pital, aged about feven years, being firft feifed
with a diforder ‘ occafioned -by the worms,
was at laft, by a univerfal rigidity of the
mufcles, reduced in-fuch a flate, that her
body feemed rather dead than alive. After
that -other medicines had been ineffeGtually
adminiftered for about one month, fhe was
at laft ele@rified intermittedly for about two
months, after which time the was fo far re-
eovered, that the could, without pain, exercife
every: mufcle  of her body, and perform
every. a&ton as well as before Ihe had the
dxﬁemper1~ ‘ '

i *Phil. Tranf Vol. XLVIII.
.+ Phil. Tranf, Vol. LIII.

" thnf
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When I afk perfons that have tried Elec-
city upon themfelves, or upon others, it is
_ten to one, but they inform me, that it affords
fome relief in fome diforders, but it is not
a femedy to be depended on, or to be ge-
nerally ufed ; for patients, they fay, do not
like to fubject themfelves to-a long, uncer-
tain, and (on'account of the fhocks) trou-
blefome treatment; befides, the eletrical
machine will not alWays a&t well, and the
turning of the wheel, for the fpace of an hour
or longer, is not a very pleaﬁng employment
even for a fervant.

To all thefe objections, a philofopher
would anfwer, that it is not every diforder,
nor every temperament that requires an equal,
or perhaps any application of Eletricity.
That Ele€tricity has been of great ‘benefit
in many cafes, where the apphcatlon of
other medicines has failed, is beyond doubt,
and, if two or three equlvocal cafes be ex-
cepted, there is no inftance of its havmg
“ever done any harm : its inefficacy in feveral
cafes is in a great meafure to be attributed to
the injudicious application of it, indeed more
than to any other caufe; for, in general,

G4 - this
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this remedy has been adminiftered either by,
Fle@ricians, who were not phyﬁclans, orby
phyficians, who were little if at all fkilled in
Ele@ricity. In regard to the trouble, &:c.
attending itg admxmﬁra.txon, it would be ag
ridiculous to alledge it in proof of xts want;
of utility, as it would be to degrade the
knowledge, and advanccmcn(t of Elc&ncxty
on account of the expences that attend the
purchafe of an elc&ncal apparatus. For 3
few pence a man may be hired, who will
work the machine as long as it is neccﬂ'a.ry,
and be thankful for the cmployment but, in
order to obviate thls mconvemence, an elec-
tncal machine, to work by wind, by water,
or by'a-horfe, ml,ght be caﬁly conﬁn.&ed,
with an infulated ﬂoor, or room; and w,nth
fuch a machme a vaﬂ; number of panents,
mlght be very convcmcntly electrified. -

After all thefe difquifitions, that thc read-
er may form a\_]uﬁ idea of the medical ufes
of EleCricity, 1 fhall in fhort give the
refult of what feems wcll authentmatcd by,
fa€ts and reafoning under the followmg pa-
ragraphs, and rcfervc the pra&xcal ufe for bhe
tlnrd part. : Ve

The
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The certain’ effetts of Ele&tricity, when

gommun;caged to thc human body, are a pro-

mation of the infenfible perfpiration, an in-

creaﬁ: of the circulation of the blood,* and
an mc:cafe of glanduhr feCretaon.

Thefe effets haye been found always con=
ﬁant they may be proved by feveral experi=
ments xadependa,nt of phyfical cafes; and I
thmk there is no body, who will deny that
fuch Prometions are net mly beneﬁctal but
ablolutely neceflary for many diforders,

In regard to the obfervations made by phy-
ﬁcxags in the application of this remedy, it
muﬁ be acknowledged that among the dif-
ferent cafes, there are feveral, which are
related by perfons of great veracity; they
feem to he well authenticated, and therefore
their refult fhould be carefully confidered.
Thefe falts thow that Ele&ricity, except it
be adminiftered to perfons affe@ted with the
venereal difeafe, or to pregnant women, ge-
nerally gwes fome relief at leaft, if it does

* Tt has l;een found by ven;y accmate experiments that
Ele&ricity, communicated tothe human'body, increafes the
circulation of the blogd about one figth.

not
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not effe€t a total cure. For the apoplexy,
the palfy, the dropfy, coldnefs in the feet,
fiftula lacrymalis, rheumati{m, mortification,
amaurofis or gutta ferena, and in fhort for
all other diforders occafioned by obfiruions,
or contraltions, EleCtricity has been found -
beneficial ¥, '

i It has often been obferved in paralytic
cafes, that the patiénts' have in general re-
ceived fome relief after being electrified four
or five days; but that -afterwards, . finding
nothing further could be obtained, they dif-
continued the application of this remedy, and
in fthort time relapfed. :

. In regard to this, it might be obfervgd,'
that in fome cafes, there ‘are two kinds of

. % Aburidance of  phyfical cafes, in which Ele&ricity
has been applied, may be met with in almoft every
writer on EleGricity, but efpecially in JALLABERT’s .
Experimenta Eleétrica, LovETT’s Subtil Medium proved,
WEsLEY’s Defideratum, or Ele@ricity made plin and
ufeful, FErRGUsoN’s Introduétion. to Ele&ricity, and-
BeckeT’s Effay on Eleftricity. Some cafes in which
Elericity has been fuccefsfully applied for the amaurofis
are allo related in the 5th'Vol. of the Medical: Eﬁ'ays of
~ the College of Phyficians in London. - - - ’

ob-
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obftru€tion, or diforders to be confidered ;
one that is the immediate occafion of the
diftemper, and the other which is in confe-
quence of the firft. When an obfirution,
howf{oever originated, happens in any part of
the body, and continues any confiderable
time,. it caufeth not only a bad habit in the
funtions depending on that part, but occa~
fions a deftrution of feveral du@s, and even
a disfiguration of the folids. Now as for
the firft kind of obftrultion, it is eafy to
fuppofe that Eléétricity, judicioufly applied,-
will prove beneficial, but to expeét that it
fhould cure the fecond feems quite ridicu-
lous. Therefore, from this confideration as
well as from the daily experience, we may

‘deduce that Ele€tricity can have very little:

effet in cafes of long flanding.

Laftly, I muft beg of my readers to ex-:
cufe me if in the prefent chapter I have been.
too long, and particular: this comprehend-
ing one of the moft ufeful parts of the fci-
ence of Electricity, I imagined it could not
be treated too fully. Sciences are fo far in-
terefting as they are ufeful; and it is for the
ufe, and benefit of human kmd that Philofo~
phers labour.

CHAP-
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CHAP X

Cantammg @ compendsoys view of the principal
prq&erﬂa of Eleﬂrzczt_y

FTER the laws hitherto cftablithed in
, the fcience of Ele@ricity have beea
‘exhibited at large, and the particulars re-
lating to each have been fuffickently confider+
ed, it will not be amifs to thow in how
fmall a compafs thofe Jaws may be reduced,
and how narrow js the foundation of all what
has hitherto been done,

I doubt not but this recapitulation will
prove very ferviceable ta. thofe, who are
novices in Ele@ricity, 8¢ by getting in me-
mory a few particulars, they will not only
reconcile all that has been faid before, but
alfo be enabled themfelves to explain moft of
~ the following experiments, and to underfland
the application of the hypothefis, of whxch
we {hall next prooecd to tre&t. S :

- All the natural bodies are dmded inta
two clafles, 7. e. Ele@irics and Condu&ars,

Ele€uricy
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Ele@rics are fuch as may by fome means
be excited, fo as to produce Ele@rical ap+
~ pearances, but Condu&ors are fuch as cans
not be excited by themfelves, 7 e. without
the interference of an Ele@ric: further;
ele@rical fubftances will not tranfmit Eletri<
city, whereas the fubftance of Condudtors is
pervaded by it

Eletrics may be excited three ways, 7. e,
by friCtion, by heating and cooling, and by
melting, or pourmg one melted fubﬁance ,
‘fhto another.

When two different bodies, excépt they are
both Conductors, are rubbed together, they
will both (provided that which is a Conduc- -
tor be infulated) appear eletrified, and pof-
fefled of different Ele€tricities; fo when a
picce of {mooth glafs is rubbed with an in«
fulated piece of leather, it acquires one kind
of Eletricity, called the vitreous, pofitive of
plus EleCtricity ; and the infulated leather ac-
quires the other, called the refinous, negative |
_ or minus Ele&ricity. '

The
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- The difference between thefe two Ele€tri-
cities confifts principally in the appearances
of their light, and in the phenomena of at-
traction and repulfion.

. When the pofitive Eletricity is entering
a pointed body, it caufes the appearance of a
lucid ftar or globule on that point; but the
negative EleCtricity fhows a lucid pencil of
rays feeming to iffue from the extremity of
the pointed body.

Bodies, 'pOﬁ'eﬁ'ed of the fame Eleétricity,
repel each other ; but bodies, poflefled of dif-
ferent EleCtricities, attract each other.

Whenever bodies of any kind come with-
in the fphere of attion of an eletrified body,
except they are very fmall, and infulated,
they become altually poffefled of the Elec-
tricity contrary to that of the eletrified body,
to which they are prefented.

. No Elettricity can be obferved upon the
Afurface of any eletrified body, except that
furface is contiguous to an Eletric, which

L2 ' ) - Eleftric
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Elettric can fome how or other acquire a
contrary - EleCtricity* at a little diftance.
Otherwife,—no EleCtricity can appear upon
the furface of any eleCtrified body, except
that furface is oppofite to another body,
which has altually acquired the contrary
Eledtricity, - and thefe contrarily ele¢trified
‘bodies are, feparated by an Electric *. .

* On confidering this principle, it may be afked, why
any Ele&ricity can be obferved upon the furface of an
electrified body, that is infulated at a confiderable diftance
from' other Condutors ¢ Or, which is the Eleétric,
that is contiguous to the furface of an ele&rified Con-
du&or, or excited. Electric, and which has aGtually ac-
quired a contrary Eleétricity at a little diftance from the faid
furface? To this queftion is anfwered, that the air is in
_general the Ele&ric, which is oppofite to the furface of
any elecrified body, which being not a perfe Conduc-
tor, does eafily acquire a contrary Ele&ricity on é'ﬂratux'n
of its fubftance, that is at a little diftance from the elec-
“trified body; and in confequence of this ftratum, it ac-
- quires another fratum contrarily eleétrified, and at a.little
diftance from the former; to this, other ftrata fucceed
alternately poffefied of pofitive and negative Ele@ricities,
and decreafing in power until they vanith. This affer-
tion is eafily proved by feveral experiments, that are to
be defcribed hereafter, but efpecially by the experiment
+ of the glafs tube, mentioned in the VIth chapter, which
fhows that, in general, when an Ele&ric, fufficiently
i - ‘ denfe,
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If the rcpulﬁon exiftidg between bodies

poﬁ"eﬂ'ed of the fame kind of Elc&mtty be

excepted, all the other cleétrical phenomena

are occafioned by the pallage of Ele€tricity
from orie body to anothet:

A confiderable quantity of Elc&mlty
exifts in the atmofphere, and it is certainly
employed for fome gteat altions of nature.

Hitherto Ele&ricity has hot bees found con-
cernéd in any fermeritation, evaporatiod, or
coagulatior, atthough the clouds, the rain,
the hail, the fnow and the fogs, are almoft
always eletrified:

Thefe few laws, well coiifidered, will be
found to contain almoft all that is known of
the fubject, and if propetly applied, they may
explain moft of the experimetits that follow.

Befides what has been faid in this part of
the prefenit Treatife, there are feveral othes

denfe, is prefented to an ele&rified body, it acquired fuc-
ceflive zones, or flrata of pofitive and negative Ele@ri- -
city.

maxims,
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inaxims, rules, &c. to be known in Elec-
tricity ; but as thefe refpect the real practice,
fo they will be occafionally inferted in other
places, that feem better adapted to their re-
ception, '

H .~ PART.
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P AR T IL

THEORY oF ELECTRICITY.

CHAP L

Tke Hypothefis of Pofitive and Negative
- Electricity.

T is the bufinefs of Philofophy to colle&

the hiftory of appearances, and from thefe
to deduce fuch mechanical laws, as may either
be themfelves of immediate ufe, or lead to
the difcovery of other fatts more interefting
and neceflary for the happinefs of human
kind. After a number of fuch conftant ap-
pearances, which are called natural laws, have
been eftablithed, and confirmed by a fuffici-
ént number of experiments, it is then proper
to inveftigate the caufe of thofe effes,
which if it is once difcovered, and its mode
of afting is afcertained, puts an end to the
trouble of experimental inveftigation, and
renders the application of its effets certain,
and determinate.

Caufes
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Caufes and effets are fo intimately con-
nected and dependant on each other, that
throughout ‘the fyftem of nature we every
where difcover "a feries of energies, which
whilfl they are depending on, and derived
from, their preceding terms, are at the fame
time the caufes of their fucceeding ones: But
what"is the firft caufe of all the reft, which
. being not the effeCt of any preceding, may
be called the foutte of all, and the firft term
in the feries? In contemplating this fource,
the mind is loft in wonder, and, after we are
advanced a few fteps, we find that a cloud
obftru@s our further progrefs, and, from
continuing our inquiry and contemplation,
nothing more can be derived but an argu-
ment to prove the imbecility and thortnefs
of our underftanding. It is cejtain that
feries either finite or infinite; are not only
poflible but evidently neceflary and exifting ;
and as far as we can difcern the works of |
nature are all depending ; butis the feries of
natural caufes finite or infinite? This how-
“ever is not the fubje& of the prefent Trea- -
tife, and all I meant to deduce is,  that,
after the laws of Ele&ricity have been con-

H2 - fidered,

S~y
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fidered, it is neceflary that we fhould go a
little further, and inveftigate, if poffible, the
immediate caufe of that property in nature,
or confider the moft probable conjectures that
have been offered on this fubje&, by the
knowledge of which we may explain all the
known eleCrical appearances, and adapt their
effects to our purpofes with fomewhat more
¢certainty and precifion.

The vaft number of hypothefes that have
been framed in explaining the eletrical
phenomena from the infancy of the Science
to the prefent time may be eafily imagined
by confidering the great number of labour-
ers, and the difcoveries that have been pro-
duced without intermiffion in this field of
wonders. It would be not only and end-
Iefs work to relate all the hypothefes hither-
to offered, but alfo an ufelefs one, when they
have been evidently contradi&ted by feveral
experiments, and after they have all given
place to the hypothefis of a fingle eleGric
fluid, which generally goes under the name
of Dr. FRaNkLIN’s. That although this
hypothefis explains all the known ele@rical
appearances, it is however not a demonftrable

) ' | ' truth,
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truth, but the moft probable fuppofition, I
_confefs, and in order that a due diftin&ion
might be preferved between the knowledge
of fats, and the fuppofition of their imme-
diate caufe, I have feparated the former
from the latter, and followed that method
which feemed more philofophical and in=~
firu&tive ; but now to make further apolo-
gies for admitting this hypothefis at a time
when numberlefs experiments {peak clear in
its favour, would be doing an injury to the
philofophical world in general, and efpecially
to the ingenious philofophers that propofed
- and improved it. I fhall therefore, without
further preamble, lay it down as it is now
commonly and reafonably admitted; and
, fhall ufe it in the explanation of the fol~
lowing experiments.

Al the phenomena called Elecrical are

fuppofed to be effected by an invifible fubtile -
fluid exifting in all the bodies of the earth,
It is fuppofed alfo that this fluid is very
elaftic, 7. e. repulfive of its own particles,
but attra&tive of the particles of other-
matter. ' :

Hij When
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When a body does not fhow any electrical
appearances it is then fuppofed to contain
its natural quantity of ele@ric fluid (but
whether that quantity bears any proportion
to the quantity of matter in general, or
not, is uncertain), and therefore that body is
faid to be in its natural, or non-eleétrified flate:
but if a body thows any eleétrical appearances,
it is then faid to be eleétrified, and it is fup-
pofed that it has either acquired an additional
quantity of eleétric fluid, or that it has loft
fome of its wnatural fhare. ~ A body having .
received an additional quantity "of electric -
fluid is faid to be overcharged, or pofitively
eleCirified, and a body that has loft part of
its natural quantity of eleGric fluid is faid to
be undercharged, or negatively elecirified.

From hence it appears, why the terms
pofitive and negative, o plus and minus,
Elericity came to be ufed ; for the firft fig-
hifies a real plus, or fuperfluity; and the
fecond a real minus, or deficiency of the
quantity of ele@ric fluid proper toa body.

By
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By this hypothefis, which is analogous to

the other phenomena of nature, the elerical
appearances are eafily éxplained, and there
is not a fingle experiment that feems to
contradi&t it. Firft it appears that when an
" ele@ric and a condu&ing fubfltance are rub-
bed together, the Ele&ricity is not then pro-

duced, but by the altion of rubbing one

body, pumps, as it were, the eletric fluid

" from the other* hence if one becomes over-

charged

* By what mechanifm one body extra@s the ele&ric
fluid from the other is not yet known. The celebrated
- Father BEccARrIA fuppofes that the altion of rubbing
increafeth the capacity of the Ele&ric, i. e. renders that
part of the ele&ric, which is a&ually under the rubber
capable of containing a greater quantity of ele&ric fluid ;
hence it receives from the rubber an additional thare of
fluid, which is manifefted upon the furface of the Eleétric
when that furface is come out of the rubber, in which
ftate it lofes, or, asit were, contals its capacity. Signior
BEeccARIA’s experiment to prove this fuppofition is the
following. He caufed a glafs plate to be rubbed by a
rubber applied on one fide of the plate, while it was turn-
ing vertically, and holding at the fame time a linen thread
on the other fide of the plate juft oppofite to the rubber,
he obferved, that the thread was not attratted by that
part of the glafs, which correfponded to the rubber, but
by that which was oppofite to the furface of the glafs,

H 4 that
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charged with it, ‘or pofitively elettrified, the
other muft neceffarily be undercharged, or
eleCtrified negatively, except its deficiency be
fupplied by other bodies comfnunicating with
it.  From hence alfo appears the reafon, why
" when an eleétric is rubbed with an infulated
rubber it can acquire but little ele€tricity, be-
caufe in that cafe the rubber not communicat-
~ing with other Condu€tors can fupply the
eleCtric with only that fmall quantity of fluid,
which belongs to ‘itfelf, or which jt collety
from the contiguous-air,

Ele€tric attraction is eafily explained; for
this does not . exift, except between bodies
~ differently eletrified, which muft certainly
attract each other, on account of the attrac-
tion exifting betwen the fupertluous eletric
fluid of the bodies eleétrified pofitively, and
. the undercharged matter of the bodies elec-
trified negatively. |

that had juft come out of the rubber ; which fhows that
the fluid, acquired by the glafs plate, did ‘not manifeft jts
power uatil the furface of the glafs was come out of the
rubber.  But, query, in what manner does the glafs aug-
ment is capacity of holding the eleric fluid by the ation
of the rubber ?

As
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As to the repulfion exifting between bo-
dies poflefled of the fame Ele@ricity ; in or-
der to underftand its explanation thorough-
ly, the reader muft be reminded of the
principle mentioned in the preceding part,
which is, -that no Ele@ricity, 7 e. the elec-
tric fluid proper to a body can neither be-
augmented nor diminithed upon the furface
of that body, except the faid furface is con-
tiguous to an Eletric, which can acquire a
contrary Eletricity at a little diftance ; from
whence it follows that no Ele@ricity can be
. difplayed upon the facing furfaces of two
bodies that are fufficiently near one another,
and both poflefled of the fame Eleétricity ;
for the air that lays between thofe contiguous
furfaces has no liberty of acquiring any con-
trary Ele@ricity. This being premifed the
explanation of electric repulfion becomes
very eafy. Suppofe, for inftance, that two
fmall bodies are freely fufpended by infulated
threads, fo that when they are not eletrified
they may hang contiguous to one another.
Now fuppofe thofe bodies to be Elecrified
either pofitively or negatively, and then they
muft repel one another, for either the increafed

or
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or diminifhed natural quantity of eletric fluid

- in thofe bodies, will endeavour to diffufe it- -
felf equally over every part of the furfaces

of thofe bodies, ‘ and this endeavour will
~caufe the faid bodies to recede from each

~ other, fo that a quantity of air may be in-

terpofed between their furfaces, fufficient to
acquire a contrary EleCtricity at. a little dif-
tance from the faid furfaces.—Otherwife.—
If the bodies, poflefled of the fame Eletri-
city, do not repel each other, fo that a fuffi-
cient quantity of air may be interpofed be-
tween their furfaces, the increafed quantity
of ele@ric fluid, when the bodies are elec-
trified pofitively, or the remnant of it, when
the bodies are eleétrified negatively, by the
above principle, cannot be diffufed equally
throughout, or over the furfaces of thofe

_ bodies ; for no Ele€tricity can appear upon

" the furfaces of bodies in contalt, or that are
very near one another.’ But the eleftric
fluid, by attralling the particles of matter,
endeavours to diffufe itfelf equally through-
out, or over the furfaces of thofe bodies ;
therefore the faid bodies are, by this endea-
vour, forced to repel one another. '

I think
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- I think it is unneceffary to infift further
upon the above explanation ; for the princi-
ple, upon which it depends, feems univerfal
and clear, fo that it may be eafily applied
- to explain eleCtric repulfion in general, as -
well as the repulfion between the above-men-
tioned two bodies.

The charging of coated glafs, and other.
Eleétrics, - as well as the other phenomena of
Electricity, may alfo be eafily accounted for,
- by the above-mentioned hypothefis of Elec-
tricity ; but, I think it unneceffary to enu-
merate, and account for all the particulars
in this place, as we fhall have occafion to
fpeak of them in the explanation of the ex-
periments in the third part.

CHA P-
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CHAP IL
Of the Nature of the electric Fluid.

HE human mind, never fatisfied, after
the caufe of fome effe@s has been dif-
covered, or only guefled at, attempts to in-
" veftigate fome more intimate - quality, and
even the origin of that fuppofed caufe,
making further fuppofitions, and framing
other hypothefes, which, by the courfe of
things, muft certainly be lefs probable than
the former: This unlimited endeavour to ac-
quire knowledge is often too ridiculous to
be purfued on account of its abftrufenefs,
and uncertainty, efpecially when the fteps
immediately preceding the fubje& in hand
have but a fmall degree of probability, It
is from hence that Philofophers have fre~
quently fpent a great deal of time, and trou-
ble in attempting to difcover the properties
and caufes of what exifted only in their own
imaginations. Sometimes, however, when
a fuppofed exiftence comes fo very near to
truth, that the moft fceptic Philofopher hefi-
tates not to confefs the probability of it, or
when he can invent no argument to evince
\ 2 © the
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the contrary, then'it is not only allowable,
but neceflary for the bufinefs of Philofophy,
to purfue the inquiry further, and if no-
thing elfe can be afcertained, at leaft to pro-
pofe fome further conjectures upon the former
_ hypothefis. This now is the cafe in the
{cience of Elericity, and after we have re-
related the moft plaufible hypothefis as yet
offered, s e. that of a fingle elaftic fluid,
we come in this place to confider the eflence
of this fluid, in order, if poffible, that we
might attain to, at leaft, fome probable con~
jeCture, refpeing its materials. |

When nothing more than eletric attrac«
tion and repulfion had been obferved, Elec-
tricians fuppofed that thefe were effeted by
a kind of untuous effluvia proceeding im-
mediately from the eletrified body; but
when the light, the burning quality, the
phofphoreal fmell, &c. was perceived to be -
produced by excited EleCtrics, then it was
naturally fuppofed, that the electric fluid
was of the fame nature with fire. ‘This opi-
nion has prevailed much among feveral Phi-
lofophers, and it is from hence, that the
electric fluid has been-commonly called Elec-

tric
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tric Fire. Befides this fuppofed identity of
"the ele€tric fluid, and the element of fire,
there have been two other opinions concern-
ing the effence of this fluid; it having been
thought by fome to be the ether of Sir Isa ac
NewToN, and by others (whofe opinion
feems to be the moft probable) to be a fluid
Jui generss, 1. e. different from all other
. known fluids.

‘In order the more regularly to examine
thefe conjeCtures it will be neceflary to pre-
mife fomething in regard to the nature of
fire, at leaft fo much as is fufficient for the
prefent purpofe. ‘

" The element of fire may be confidered in -
regard to its {pring, to the different flates of
its exiftence, and to its effets. In regard to
its origin it is commonly {pecified under the
names of Celeftial, Subterraneous, and Cu-
linary Fire; underftanding by the firft, that,
which proceeds from the fun, and by being
difperfed throughout the univerfe, gives life,
~ and motion to almoft every thing that exifts ;
by the fecond, that, which is the caufe_of
volcanos, hot {prings, - &ec. and laftly, q;idézj
' . the -
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the name of Culinary Fire, underflanding
that, which is commonly produced upon the
earth, by burning feveral fubftances. Thefe
diftinétions however are little if at all ufe-
ful, for whatever be the origin of fire, its ef- -
fects are always the fame. |

In refpect to the different ftates of its ex-
iftence, the Chymifts know only two; the
firft obvious one, and indeed that, to which
only is given the name of Fire, is that ac-
tual agitation of the particles of that ele-
ment, which produces the complex idea of
lucid, hot, &c. that is commonly under-
ftood under the name. Fire ; and the other
ftate is the real principle of fire exifting as
a_conflituent principle in feveral, and per-
haps all fubftances ; or, that matter, whofe
particles, when agitated in a peculiar and
violent manner, produce the common fenfible

fire. v _ .

This, which we may call fire in an un-
active ftate, is the Phlogifion of the Chymifts,
and is that, which when united in a fufficient
quantity with other fubftances, renders them
inflammable. ‘That this principle does real-

4 - “ ly
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“ly exift, is beyond a doubt; we may trans-
fer it from one body to another; we may
render a body inflammable, which in its own
nature is not fo, by fuperinducing on it the
phlogifton ; and we may reduce a body, na~
turally inflammable, to a fubftance not in-
flammable by depriving it of its phlogifton.

Now the ele@ric fluid, as far as we can
determine, bears but.a very {mall refem-
blance to the above-mentioned two ftates of
fire ; for although it exifts in different bo=
dies, as the phlogifton, yet when we com-
pare its other attributes with thofe of fire,
we then immediately perceive it to ‘be not
the fame, but a different principle. In the
firft place if they were both the fame thing,
they fhould be always together, and when-
ever fuch a quantity of fire exifts, there the
‘{fame quantity of eletric fluid fhould be
found, but this is contrary to experiments ;
for a piece of metal or other fubftance may
acquire a great degree of heat without ap-
pearing at all cle@rified, and on the othet
hand may be ftrongly electrified without ac-
quiring by it any fenfible degree of heat,
or any addition to its phlogifton. Secondly
‘ - fire
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fire penetrates every known fubftance, and
an exceedingly fmall quantity of it s diffufed
alike throughout bodies of every kind,
whereas the ele@ric fluid pervades only Con-
du@ors*. Thirdly the ele@ric fluid goes
through a very long Condutor in a fpace of
time almoft inftantaneous, but fire is very
{lowly propagated. I might enumerate fe-
veral other improprieties attending this hy-
pothefis of the famenefs of fire, and the elec-
tric fluid, but thofe already mentioned are,
I think, f{ufficient to induce my readers to
{fuppofe otherwife. '

Dr. PRIESTLEY, on obferving that the
eleCtric explofion taken in different kinds of
air, ads, in general, like other, phlogiftic
procefles, fuppofes that the eleCtric mat-
ter either is, or contains, phlogiftont. In
regard to. this, I would obferve that there
is no neceflity of fuppofing the elettric mat-

{
* Here may be obferved that heat pervades more ea-
fily the fubftance of fome good Conductors of Ele&ricity;
but the rule however is far from being general.

+ Obfervations. on diﬁ'er;nt Kinds of Air, vol. II,
fec. XIII,

I ter
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ter either to be, or contain phlogifton, on
that account; for the phlogifton, in this
cafe, may, by the force of the Ele&ric ex-
plofion, be extricated, either from the furface
. of the Conduétors, between which the ex-
plofion is taken, or from particles of hetero-
geneous matter floating in that air, in which
the explofion is made.

In regard to the fimilarity between the
effe@s of fire, and the effeés of the eleCtric
fluid, it will be very obvious to remark that
although fire is in feveral inftances produced
by the eletric fluid, yet we fhould never
confound the one with the other, and con-
fider them both as the fame thing ; for it is-

_well known that friGtion produces fire, and
it is by no means furprifing that the electric
fluid, by the rapidity of its motion, through -
fubftances, that in fome manner obftru& its
paffage, fhould generate light, heat, rare-
fattion, and the other effe&s of fire*.

* Here it is proper t@ obferve that the ele@ric fluid
fhows no effects of fire, except when it goes through
fome medium that obftruéls its free paffage.

Mr.
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‘Mr. HENLY, in confequence of feveral
very interefting experiments, that he has
lately made, fuppofes, that, although the elec-
tric fluid may be neither phlogifton nor fire,
'yet that it is a modification of that element,
- which, ‘while in a quiefcent flate, is called
Phlogifton, and when violently agitated is
called Fire. We conftantly obferve (fays he)
I. that if two bodies are rubbed together,
which have an equal quantity of phlogifton
(which is the cale with bodies of the fame
kind, as glafs and glafs, metal and metal,
&c.) they acquire either very little, or no
- Ele@ricity at all. II. That as one of the
bodies has a greater quantity of phlogifton
than the the other, fo they acquire a greater
quantity of Ele@ricity, as when glafs is
rubbed with metal. III. That a certain’ de-
~ gree of fri&tion produces Eletricity, and
- that @ more vislent friftion produces fire, but
no Ele@ricity, as may.be obferved by rub-
bing together two pieces of baked wood,
of glafs, &c. IV. And that in general bo-
~ dies, poffefled of a greater quantity of phlo-
- gifton, give the ele@ric fluid to bodies that
have lefs of it, 7 e. they acquire the negative
Iz -Elec-
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Eleéricity, when rubbed with bodies that
have a lefs quantity of phlogifton*.

From thefe obfervations we gather, that,
the eletric fluid, and fire, are produced by
fimilar operations, and are both extra&ted
from bodies abounding with phlogifton : and
-hence, he concludes, that, the phlogifton, the
ele&ric fluid, and fire, are ohly different
modifications of the very fame element ; the
firft being its quiefcent ftate of exiftence;
the fecond its firft ative, and the laft its
more violent ftate of agitation : like fermen-

* Mr HenLy, in orderto try what EleGricity different
fubftances will acquire, infulates them upon fticks of
fealing, wax, and rubs them againft his woollen coat, or

_ waiftcoat. In this manner he has tried a vaft number of
vegetable, animal, mineral, and artificial fuhftances ; and
he has difcovered a very remarkable circumftance, which
is, that, fuch fubftances, which have a great quantity of

- phlogifton, as vegetable fubftances, and particularly the

~ hot, aromatic plants and feeds, &c. give the eleéric

fluid ; that is, théy acquire the negative Ele€tricity when ~
rubbed againft woollen cloths ; and, that fuch fubftances,
which. have but little phlogifton {as moft animal fubﬁénccs)
acquire the eletric fluid from the faid cloths, 7, e, thcy are
e!e&nﬁed pofitively.

tation
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tation producing - firft wine, fecond v1negar,
laftly putrefa&tion.

I fhall only obf'erve further on this inge-
nious hypothefis, in order to fhow its great
degree of probability, that it is fo very ana-
logous to the other operations of nature, and
at.the fame time f{o clear, and fimple, that T
think it can hardly be difregarded by the moft
prejudiced Philofopher.

As to the identity of the Eleric, and
the ethereal fluid, it feems to me quite an
improbable, or rather a futile, and infignifi-'
cant hypothefis ; for this ether is not a real,
exifting, but meerly an bypothetical fluid,
fuppofed by different Philofophers to be en-
dued with different properties, and to be an
element of feveral principles. Some fup-
pofe it to be the element of fire itfelf, others
make it the caufe of attraction, others again
“derive animal fpirits from it, &c. but the
truth is, that not only the eflence, or pro-
perties, of this fluid, but even the reality of
its exiftence is abfolutely unknown,

I3 | Ac-
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According to Sir Isaac NEwToN’s fup~
. pofition, this ether is an exceedingly fubtle,
and elaftic fluid, difperfed throughout all the
univerfe, and whofe particles repel the parti-
cles of other matter. But on this fuppofition
the ele&ric fluid is different from ether; for
‘although the former is fubtle, and elaftic like
the latter, yet (as Dr. PRIESTLEY obferves) .
it is not repulfive like the ether, but attrace
tive of all other matter, :

CHAP-
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. C H A P. IL

Of the Nature of EleGrics and Conducfors.

H E remarkable difference exifting be-

tween the two claffes of bodies in re~
gard to Ele@ricity, 7. e. Elerics, and Con-
duors, naturally induces an Ele@rician to
inquire what is that principle in bodies, or
by what mechanifm fome fubftances become
capable of tranfmitting the ele@ric fluid,
- whilft others are impervious to it?

In regard to the explanation of thefe two
remarkable properties, there have been, as
‘might be expetted, feveral conjettures of-
fered, but except one probable hypothefis,
there is nothing as yet afcertained. When
the catalogue of Ele&rics and Condu&ors
was very fhort and imperfe&, it was fup-
pofed that, the only two conduding princi-

~ ples were metals, and water; and that all

fubftances were nearer, or further from the
nature of a perfe& Conduor, in proportion
as they contained a greater or lefs quantity
of the above principles in their compofition.

‘ 14 / Wood,
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Wood, . for inftance, was fuppofed to be a
Conducor only on account of the water it

‘contained within its pores; accordingly, it

was obferved, that the greater quantity of
moifture the wood contained, the better Con-
du@or it proved to be, and on the contrary,
that it a&ted more like an Ele&ric, in pro-
portion as it was freed from its moifture.
But when water itfelf was obferved to be a
bad Condu®or, and hot air, and charcoal
to be good Conduétors, efpecially the latter,
which fubftances, it is well known, contain
no water nor metal, at leaft not in fuch a
quantity as is fufficient to change a non-
conduéting fubftance into a Conduétor, then,
the former fuppofition was laid afide, and
another was offered by Dr. PRIESTLEY, in
his fecond volume of Obfervations on the
diﬂ"erent Kinds of Air*, which feems to be
well founded.

" The Do&or, confidering what the princi-
ple is; which Conduors poflefs in common,
and finding one of - their common ingre-

* Sec. X1V,

“dients




OF ELECTRICITY. ‘“rar

dients to be the phlogifton, deduces from

thence, that the conduing quality is abfo-
* lutely owing to the phlogifton. ¢ Had there

“ been (fays he) any phlogifton in water, I
¢ fhould have concluded, that there had -

¢ been no conducting power in nature ; but
.%¢in confequence of fome union of this
_#¢ principle with fome bafe. In this, metals,
* and charcoal exaltly agree. While they
¢ have the phlogifton, they condu&; when
¢ deprived of it they will not condu&.”

And in a note to this paragraph he fub-
-~ joins. ‘

¢ Having fince found, that long agitation
“in the pureft water injures air, fo that a
¢ candle will not burn in it afterwards,
¢ which is precifely the effe¢t of all phlo-
s giftic procefles, I now conclude that the
“ maxim, fuggefted in this paragragh, is uni-
* verfally true.”

. This hypothefis feems very ingenious
and probable; and, till any other more

plaufible be offered, or experiments contra-
di¢t
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di& it, I think we may fafely make ufe of it
_ in purfuing our eledrical invefligations, and

endeavour to reconcile to it the phenomena
already difcovered in Ele&tricity.

CHAP-
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CHAP IV.

Of the Place occupied by the eleftric Fluid.

BEFORE we quit the hypothetical -
part of this Treatife it may be proper
to fay fomething concerning the refidence of
the electric fluid either natural to a body, or
fuperinduced on it. That the eleric fluid, -
proper to a body when in its natural flate, is
equally diffufed throughout  all its fubftance,
I think no one will deny ; becaufe that fluid
is attraltive of the particles of all other
~ matter, and the particles of other matter are
attra&ive of the ele@ric fluid; and as this
- attraGtion is in proportion to the quantity
of homogeneous matter, any quantity of
matter will certainly attra®t a quantity of
elec@tric fluid proportionable to itfelf; there-
fore, the ele@ric fluid muft be equally dif-
fufed throughout all the parts of that portion
of matter. This propofition, however, will
take place only in fpeaking of Condu&tors, -
for it is founded upon the fuppofition, that
the ele@ric fluid, proper to a body in its
natura] flate, does freely pervade that fub-

: ftance;
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" ftance; but whether this is a fac refpecting
EleGrics or not, hath not hitherto been af-
certained. As far as may be judged from
experiments, I thould fuppofe this rule to
hold good with Ele&rics alfo, and my fup-
pofition is founded upon the following rea-
foning. All the EleGrics, when made very
hot, become Condu&ors*; in that ftate, there-
fore, the above rule muft hold good, 7 e.
the ele@ric fluid, proper to their quantity
of matter, muft be equally diffuffed through-
out their fubftance; and as all the Ele@rics
in nature, before they became fuch (we may
fuppofe) were Conductors; in that ftate they.
certainly had their proper fhare of fluid.
Now as they afterwards cool and become
Ele@rics, it thould feem that the change of
their nature could not affe& the equal diffu-
fion of the ele@ric fluid, which took place,
whilft they were in a condu@ing fltate. In
confequence of this confideration, the differ- ,
ence between a Conductor and a Non-con-

* % As this propofition has been found true in all the
experiments’ hitherto made, I think it may be confidered
very properly, as a general law in the fcience of Elec-
tricity.

du&or;
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du&or, in regard to their natural quantlty of
ele@ric fluid, is, that in the former, the fluid
may eafily move, ‘whereas in the latter, it is
confined in its pores. But it may be afked,
whether a quantity of ele&ric matter contains
as .much eleCtric fluid as an equal quantity
of conducting matter; a piece of rofin, for
inftance, when melted, does it contain more,
lefs, or the fame quantity, of eletric Fluid-as
when cold? To this queftion I can give no
fatisfaCtory anfwer ; for, by the experiments
hitherto made, nothing certain has been de-
termined. . Dr. PRIESTLEY, in order to af-
certain this matter, made the following expe-
riment. He made a piece of glafs red-hot
(in which ftate it is a Conductor) and plac-
ing it upon an infulated piece of copper, left
it in that fituation till quite cold (7. e. till it
became an Ele&ric), but in all the time
of its cooling no Ele&ricity of any kind
was perceived, either in the copper or glafs,
which would have certainly been the cafe -
if the piece of glafs had contained either
more or lefs fluid when in an Eleric, than -
‘when in a conduting ftate*, . This experi-

* Hiftory of Ele@ricity p. 716. —Experiments of a
fimilar nature are met wnh in BECCARIA s Ele&ncnfmo
Artificiale,

1

4 ment
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ment feems to give a decifive anfwer to the
above queftion ; but when the experiments,
mentioned in the firft part, of melting an
ele@ric fubftance into.another, and other facts
of a fimilar nature, are duly confidered, they
feem to make the anfwer again difficult™.
It. muft therefore be confeffed, that this mat-
ter remains as yet unfettled, and nothing but
further experiments, and the difcovery of
other fafts, can determine any thing fatif-
factory about it:

In refpe& to the place occupied by the
ele@ric fluid fuperinduced on a body,' it has
been thought, by feveral ingenious perfons,
that, when a body is ele@rified, all the fu-
pcrﬂuous fluid, or all the deficiency of i it, in
cafe the body is eleCtrified negatively, refides
as a kind of atmofphere all around the body;
to this atmofphere they attribute the -phof- "
phoreal {mell, and that tickling fenfation

" #The wax chandlers, in forming their mafs in fticks,
&c. find it fo ftrongly attra&tive of duft, &c. that they
are obliged to ufe great caution in keeping it at a fufficient
diftance from the charcoal fire, over which they work,
left it thould (as it fometimes happens) cover itfelf with .
athes, and thus fpoil the work,

prc;duced
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produced by an excited Eletric, and they
~even fuppofe that thefe atmofpheres may
be made vifible. But to this affertion it is
anfwered by others, that if the Ele&ricity
communicated to a body did refide round it
like an atmofphere, it thould certainly repel
“the air contiguous to that body; but this is
not the refult of experiments; for it has
" been found that the eletric atmofphere,
however denfe, if it does at all exift, has no ,
effet upon the air contiguous to the elec~

trified body, nor has the motion of the air,
~_even a violent wind, any effe& upon the at-
mofphere. In regard to the above-mentioned
fenfations of phofphoreal {mell, &c. it is
thought that they are only occafioned by
the ele@ric fluid entering or going out of the
fkin in a very fubdivided manner. '

From what may be deduced from experi-
ments, it appears that, although the elecric
-fluid is tranfmitted through the fubftance of
Condutors, yet no communicated EleGrici-
ty can be obferved within a fufficiently nar-
row cavity of an ele@rified body ; befides if
two bodies of the fame fize and figure, but .
of different denfities, are ele@rified together, -

2 and
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" and afterwards feparated, they will acquire
each the fame quantity of Elecricity, 7.e. the

Ele@ricity that they acquire will be propor- =

tional to their furfaces, and not to their re-
fpective quantities of matter.

We may laftly conclude that the Elerici-
ty, communicated to a body, lies not diffufed
“throughout the fubftance of that body, but on
that furface of it, which is contiguous to a free
Ele&ric, 7. e. to an Elettric, that is not f{ur-
rounded by an homolougous Eleétricity.

PART.
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P A R T II1.
PracTicar ELECTRICITY.

CHAP L
Of the eleGirical Apparatus in general.

JITHERTO we have treated of Elec-

tricity only theoritically, having noted
. what has been found uniformly certain re-
lative to this fubje&, and having exhibited a'
view of the moft probable conjectures offered
in explanation of ele@rical appearances ; but
Ele&ricity being a fcience, that requires a
more practical management, than perhaps .
any other branch of natural philofophy, it is
neceflary, that we fhould now treat of it
praically, and give the beft diretions we
are able, both in regard to the conftrution
of the neceffary apparatus, and to the per-
formance of the experiments, not only requi- -
fite in proving the foregoing Propofitions,
but fuch alfo, as are pleafing and entertain-
ing. '

K | In
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In this part of my work the reader will
“perhaps find more novelty, than he expeéts ;
for confidering the number of ‘books that
have been lately publithed on this fubjett,
one would imagine that all the experiments
- poflible to be exhibited with an eleCtrical
~ machine, and its appendages, have already
been defcribed. The cafe however is much
the contrary, for not only the old experi-
ments have been diverfified, but a variety of
new ones have been invented, and even the
principal part of the apparatus has . under-
gone feveral changes, and improvements.

- In order the more regularly to proceed in
the defcription of the ele@rical apparatus, it
will not be improper to divide. its parts into

' three claffes, confidering in the firft, the in-

ftruments neceffary to producé Ele@ricity ;-
in the fecond, thofe proper to accumulate,
retain, and employ it ; and laftly, thofe ne-
ceflary to meafure its quantxty, and afcertain
its quahty

- ‘The principal inftrument to produce Elec-
tricity, is the eletrical Machine, 7. e, a ma-
' 1 chine
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chine capable by any means of exciting an
Ele@ric, fo as to produce eletricalappearances.
The conftru&ion of thofe machines from

their firft i invention to the prefent time, has

undergone fo many changes, and their forms
" have been fo -much varied, that it would be
very difficult, and even tedious to- defcribe

thofe only, which are moft frequently in

ufe. Every maker, and almoft every Elec-
trican conftru€ts his own machines in a °
manner different from the reft, and as new ]
fadts, or long pra&ice points out fome im-~
perfeitions, the Ele€trician is ready to con-
trive a new method to corre@ the preceeding
errors. Indeed the rapid advance of the
{cience is moftly owing to this change, and
variety of conftructions ; for whether cafual,
or defigned, a new conftrution has generally
either produced fome difcovery of importance,
or expofed fome defe& in the apparatus,
and management of the fame,

_ That the reader might be left at the liber-
ty of choofing the form .of his machine, I
~ fhall in this- chapter lay down the moft ne~
ceffary rules to conftru ele@rical machines in
general, and fhall referve for the next chap-

K 2 ter
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ter the particular defcription of fome ma-

chines, that are the moft ufeful, and which °

contain all the improvements hitherto made.

+ The ﬁrincipal parts of the machine are the
Ele@ric, the moving Engine, the Rubber,
and the prime Condutor, z e. an infulated

Condu&or, .which immediately receives the

Ele&ncu'y from the excited Eleéric.

The EleGric was former]y ufed of differ-
ent fubftances, as glafs, rofin, fulphur, feal-
ing-wax, &c. and of different forms, as cy-
linders, globes, 'fpheroids, &c. This diver-

fity then obtained on two accounts; firft, be-

caufe’ it was not afcertained, which fubftance
~ or form would anfwer beft, and feconaly,
on account of producing a negative, or
pofitive Ele@ricity, at the pleafure of the
operator ; for before the Ele@ricity of the
infulated rubber was difcovered, fulphur,
rough glafs, or fealing-wax, was generally
ufed for the negative Elericity. - At prefent,
fmooth glafs only is ufed; for when the

machine has an infulated rubber, the ope-

rator may produce pofitive or negative Elec-

trlcxty at his plcafure, \mthout changing the

Eleétric.
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Ele@ric. In regard to the form of the glafs -
thofe commonly ufed at prefent are globes, '
and cylinders. The moft convenient fize
for a globe, is from nine to twelve inches
diameter, they are made with one neck,
which is cemented * to a firong brafs. cap in
order to adapt them to a proper frame. The
cylinders are made with two necks, they
are ufed to the greateft advantage without
any axis, and their common fize is from -
four inches diameter and eight inches long,
_to twelve inches diameter and two feet long,
which are perhaps as large as the workmen
can conveniently make them. The glafs
generally ufed is the beft flint, though it is
not yet abfolutely determined, which kind of
metal is the beft for eleftrical globes, or cy-
linders. The thicknefs of the glafs feems
‘immaterial, but perhaps the thinneft is pre~
ferable. It has often happened that glafs

* The beft cement for ele&rical purpofes is made with
two parts of rofin, two of bees-wax, and one of the powder
of red okre. Thefe ingredients are melted, and mixed
together in any veflel over the fire; and afterwards kept
for ufe. This kind of cement fticks very faft, and is
much preferable to rofin only, as it is not fo brittle, and
at the fame time infulates equally well,

K 3 - globes,
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- globes, and cylinders, in the aét of whirling,
have burft in innumerable pieces, with great
violence, and with fome danger to the by-
ftanders.  Thofe accidents are fuppofed to

" happen when the globes, or cylinders, after:

being blown, are fuddenly cooled. It will
therefore be neceflary to enjoin the workman
to let them pafs gradually, from the heat of
the glafs-houfe, to the atmofpherical tem-
perature. .

" Tt has been long queftioned whether a
coating of fome ele@tric fubftance as rofin,
turpentine, &c. on the infide furface of the
glafs, has any effe& to increafe its ele@rical
- power ; but now it feems pretty well deter~

.

mined, that if it does not increafe the power -

of a good glafs globe or cylinder, at leaft it
does confiderably improve a bad one. I have

feveral times put a coating of refin on the

infide furface of phials and tubes, and have
conftantly found, that the worft of them
received fome improvement by it.

~ The moéft approved compofition for lining
glafs globes, or cylinders, is made with fouir
parts of Venice turpentine, . one  part ~'of
' v rofin

el

— e x

- -
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rofin and one part of bees-wax. This com-
pofition muft be boiled for about two hours
over a gentle fire, and muft be kept ftirring
very often: afterwards it is left to cool,
and referved for ufe. When a globe or cy-
linder is to be lined with this mixture;.a fuf-
ficient quantity of it is to be broken into
fmall pieces, and introduced into the glafs ;
then, by holding the glafs near the fire, the
mixture is melted, and equally fpread over all
its internal furface, to about the thicknefs of a
fixpence. In this operation care muft. be’
" taken, that the glafs be made hot gradually,
and be continually turned, fo as to be heated
equally in all. parts, otherwife, it is apt to
break in the operation.

In refpect to the Engine which is to give
motion to the EleGric; multiplying wheels
have been generally ufed, which, properly
adapted, might give the Ele&ric.a quick
motion, while they are conveniently turned
by a winch. - The ufual method is, to fix a
wheel on one fide of the frame of the ma-
chine, which is turned by a winch, and - has
a groove round its'éircumferchcgs ~Upon the
brals eap of the neck of the glafs globe, or

o K4 one
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one of the necks of the cylinder, a pulley is
fixed, whofe diameter is about the third or
" foutth part of the diameter of the wheel;
. then a ftring or ftrap, is put over the wheel
and the pulley, and by thefe means, when
the winch is turned, the globe or cylinder

makes three, or four, revolutions, for one
revolution of the wheel. There is an incon-

venience generally attending this conftruc-
tion, which is, that the ftring is fometimes
fo very flack, that the machine cannot work.
To remedy this inconvenience, the wheel
thould be made moveable with refpect to the
Eletric, fo that by means of a fkrew it might
be fixed at the proper diftance; or elfe the
pulley fhould have feveral grooves of different
radiufes on its circumference.

It has been cuftomary with fome, to turn
the cylinder fimply with a winch, without
any accelerated motion; but that feems not
fufficient to produce the greateft Eleétric
power, the glafs is capable of giving; for

the globe ‘or cylinder fhould properly make
about fix revolutions in a fecond, which is
more than can be conveniently done with the
winch enly. This method however, on ac+
4 - ~ count
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count -of 1ts fimplicity, and eafy conftryc-
tion, fhould not be difregarded, and it may
be conveniently ufed, when no very great
power 1is requu'ed '

Inftead of the pulley and the ftring as
above defcribed, a wheel -and pinion, or a
wheel, and an endlefs fkrew, has. been alfo
ufed. “This conftruion anfwers _perhaps as -
well as any other ; but, it muft be con-
ftructed with great nicety, otherwife, is apt
to make a difagreeable rattling, and without
frequent oiling, foon wears away by the great
friGtion of its own parts.

,  The next thing belonging to the Ele@rical
' machine neceflary to be defcribed is the
rubber, which is to excite the Ele@ric. The
rubber, as it is now made, is nothing more
than a filk cufhion ftuffed with hair; and
over this cuthion is put a piece of leather,
on which fome amalgam* has been rubbed

* This amalgam has been found to excite fmooth glafs
the moft powerfully of any thing yet tried. Any metal,
. diffolved in quick-filver, will perhaps do equally well,
but the amalgam generally ufed, is made with two parts of
quick-filver and one of tin-foil, .with a fmall quantity of
powdered chalk, mixed together until it become a mafs, like
pafte,

fo
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fo as to ftick as faft as poffible to the leather.
Sometime ago it was generally ufed, and it
is now cuftomary alfo, to make the rubber
of red bafil fkin ftuffed tvith hair; but the
filk one, as above defcribed (which is an
improvement of Dr. NooTH) is much pre-
ferable. If this filk cuthion, on account of
adapting it to the furface of the glafs, is to
be fixed upon a metal plate, then care
fhould be taken to make the plate free from
fharp points, edges, or corners, and it fhould
be as much as poffible concealed, or covered
with filk. In fhort to conftru& the rubber
properly, it muft be made in fuch a manner,
- that the fide of it, which the furface of the
glafs enters in whirling, may be as perfect a
Conducor, as it can be made, in order to fup-
ply Ele@ricity as quick as poffible, and the
oppofite part thould be as much a Non-con-
du@or as poffible, in order that none of the -
fluid accumulated upon the glafs, may return
back to the rubber, which has been found
by experiment to be the cafe, when the
- rubber is not made in 3 proper maaner. | ...

. . . . . AN
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The rubbcr {hould be fupported by a
fpring, by which means it may eafily fuit
any inequalities, that may ‘be found on the -
furface of the glafs; and by a fkrew it may
. be made to prefs harder or fofter, as occa-
fion may requite. It thould alfo be infulated
in whatever manner is moft convenient, for
whenever infulation. is not required, a chain
or wire, &c. may be occaﬁonally hung upon
it, and thus communicate with the earth or
with any other body at pleafure ; whereas,
when there is not a contrivance for infula-
ting the rubber, many of the moft curious
experiments in Ele@ricity will never be per-
formed with the machine. ‘

We come now to confider the prime Con--
du&or, or firft Conductor, which is nothing
more than an infulated condu&ing fubftance
furnithed with one, or more points at one
end, in order to collect the Eleétricity im-<
mediately from the Eleftric. When the
Condu&or is of a moderate fizé, it is ufual
“to make it of hollow brafs, but when it is
very large, then, on account of the price of
the materials, it i3 made of pafte-board co-
vered with tin-foil, or gilt paper. The

: Condu&or
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Condultor is generally made cylindrical,
but let the form be what it will, it fhould
always be made perfe@ly free from points,
or fharp'ed'g.es; and if holes are to be made
in it, which on many accounts are very con-
venient, they fhould be well rounded, and -
made perfectly fmooth. Further, that end

of the prime Condutor, which is at the -
greateft diftance from the Ele@ric, ought to

be made larger than the reft, as the firongeft

exertion of the ele@ric fluid in efcaping from

the Conductor is always at that end.

It has been conftantly obferved, that the
larger the prime Conduor is, the longer,
and denfer {park can be drawn from it, and
the reafon of this is, that the quantity of
Ele@ricity, difcharged in a fpark, is nearly
proportional to the fize of the Condutor ;
on this account the prime Condué&or is now
made much larger, than what was formerly
ufed. Its fize, however, may be fo large,
that the diflipation of the Electricity from its
furface, may be greater than what the Ele&ric
can fupply; in which cafe fo large a Con-
duétor would be nething more than an un-
weildy, and difagreeable incumbrance,
' _ Before
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Before we quit the electrical machine it
fhould be obferved, ‘that','vbeﬁdesy the above-:
mentioned parts, it-is neceffary to- have a
firong -frame to" fuppori the EleCric, the
rubber, ‘and the ‘wheel. The prime Con-
du@or fhould be-fiippotted by ftands with
pillars of glafs, or baked wood, and not by
filk firings, which admit of continual mo-
tion. In fhort, the machine, the- prime’
Conductor, and any other apparatus aGually
ufed, thould be made to ftand as fteady as _
poflible, otherwxfe many mconvcmences will
anfc '

Beﬁdcs' the Ele@rical machine, the Elec-
trician fhould be -provided with glafs tubes
of different fizes, a pretty large fick of feal-
ing-wax, or a glafs tube covered with feal-
ing-wax, for the ndgattve Eletricity. He
thould at feaft, not be without a glafs tube
about three feet long, and one inch and a
half in diameter. This tube thould be clofed
at one cnd and at the other end fhould have
fixed a’ brafs cap with a flop cock;  which
is ufeful in cafe it fhould be required to con-"
denfe, or- rarcfy the air-within the tube. -

The
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. ‘The beft rubber for a tube of fmooth glafs

is the rough fide of black oiled filk, efpeci-

ally when it has fome amalgam rubbed upon

it; but the beft rubber for a rough glafs

tube, a ftick of baked wood, fealing-wax, or
fulphur, is foft new flannel.

The inftruments neceffary for the accu-
mulation of Ele&ricity, are coated Electrics,
among which, glafs coated with Conductors
obtains the principal place ; on account of
its firength it may be formed into any thape,
and it will receive a very great charge. The -
form of the glafs is immaterial with refpect
to the charge it will contain ; its thicknefs
only is to be confidered, for the thinner it is
the higher charge it is capable of receiving ;
but it is at the fame time more fubjet to be

roken by the force of ele€tric attraltion;
for this reafon therefore, a thin coated jar, '
or plate may be ufed very well by itfelf, and
it is very convenient for many experiments ;
but when large batteries are to be conftru&ed,
then it is neceflary to ufe glafs a little thick-
_er, and care fhould be taken.to have them
perfeitly well annealed. If a battery is re-

s ' quired
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quired of no very great power, as containing
about eight or nine {quare feet of coated glafs,
I fhould recommend to make ufe of common
pint, or half-pint phials, fuch as apotheca-
ries ufe. . They may be eafily coated with
tin-foil, fheet-lead, or gilt paper on the out-
fidey and brafs-filings on the inflide, they’
occupy a fmall {pace, and on account of their
thinnefs, hold a very good charge, But
-when a large. battery is required, then thefe
phials..cannot be ufed, for they break very
eafily, and for that purpofe cylindrical glafs
jars of about fifteen inches high, and four or
five inches in diameter are the moft con-
venient. o

When glafs plates or jars, having a fuffici-
ently large opening, are to be coated, the beft
method is to coat them with tin-foil on both
fides, which may be fixed upon the glafs
with varnith, gum-water, bees-wax, &c. but
in cafe the jars have not an aperture largé_
enough to admit the tin-foil, and an inftru-
ment to adapt it to the furface of the glafs, -
then, brafs-filings, fuch as are fold by the
pin-makers, may be advantageoufly ufed,.
and they may be ftuck with gum-water,.

' bees-
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bees-wax, &c. but not with varnifh, for this
is apt to be fet on fire by the difcharge, as
will appear in the latter part of this work.
Care muft be taken that the coatings do not
come very near the mouth of the jar, for that
will caufe the jar to difcharge itfelf. If the
coating is about two inches below the top, it

will in general do very well; but there arefome

kinds of glafs, efpecially “tinged glafs, that,
when coated and charged, have the property

of difcharging themfelves more eafily than’

others, even when the coating is five or fix
inches below the edge. There is another
fort of- glafs -like that, of which Florence
flatks are made, which, on account of -fome
unvitrified particles in its fubftance, is not

capable of holding the leaft charge; on thefe

accounts ‘therefore, whenever a great number
of jars are to be chofen for a large battery,
it is advifeable to try fome of them firft, fo
~ that their quality, and power may be afcer-
tained.

Ele€tricians have often endeavoured to find
fome other Eleftric, which might anfwer

better than glafs for this purpofe, at leaft be

cheaper; but except- Father Beccarria’s
C method,
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) méthod, which may be ufed very well, 1 do
not find that-any remarkable difcovery has
been made relating to this point.

Father BEccaria took equal quantities
of very pure colophonium, and powder of
marble fifted exceedingly fine, and kept them’
in a hot place for a confiderable time, where
they became perfe@ly free from moifture;
he then mixed them, and melted the com-
pofition in a proper veflel over the fire, and
when - melted poured it upon a table, upon
which he had previoufly ftuck a piece of tin-.
foil, reaching within two or three inches of
the edge of the table; this done, he endea-
voured with a hot iron to fpread the mixture
all over the table as equally as’ poffible, and
to the thicknefs of onetenth of an inch;
‘he afterwards coated it with another piece of -
tin-foil reaching within about two inches of
the edge of the mixture; in fhort, he coated
- a plate of this mixture like a plate of glafs.
This coated plate, from what he fays, feems
to have had a greater power than a glafs
plate of the fame dimenfions, even when the
weather was not ygry dry: and if itis not
fubje& to break very eafily by a fpontaneous

R L | difcharge,
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difcharge, I think it may be very conveni-
‘ently ufed; for it deth not very readily at-
tract moifture, and confequently may hold a

charge of Ele@ricity better, and longer than"

glafs ; befides, if broken, it may be repaired
by a het iron; but glafs, when broke, can
mever be repaired,

W_hen. a jar, a b;ttcr_y, or in general a
coated Elefiric, is to be difcharged, the ope-
rator thould be provided with an inftrument

called the.difcharging Rod, which confifts of

2 metal rod'fometimes firaight, but more
~commonly bended in the form of a C: they
are made alo of two joints fo as to open like
.3 kind of compaffes, = This rad is furnithed
with metal knobs at its extremities, and has

a non-¢onduing handle, generally of glafs -

or baked waod faftened to its middle. When
“the dperator is to ufe this infrument, he
‘holds it by the handle, and touching one of
_the coated fides of the charged Ele&ric with

- -one knob, and approaching the other knob

.to. the ather coated fide, or fome ‘condudting
fubftance communicatingb with, it, he com~
pletes the communicatiay, between the two
fides, and difcharges the'EleQric,

: : i The
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© The infirawents to meafure the quantity,
and aftertain the quality of Fle@ricity are
commonly calted Ei#rometers, and they are
of four forts, 1%, the ingle Thtead, 2d. the
Cork, ‘or Pith-balls, 34. the Quadrant, and,
4th. the difcharging Ele@xrometer ¥, But a
particular defcription of the fame will ‘be

found in the third chapter of this work.

Befides the apparatus above defcribed there
are feveral other inftruments ufeful for vari-
ous experiments, but thefe will be defcribed
occafionally.  The - Eletrician, however,
ought to have by him 'not only a fingle
coated jar, a fingle difcharging rod, or in
thort, only what is neceffary to perform the
common experiments, but he fthould provide
himfelf with feveral plates of glafs, with jars
of different fizes, with a variety of different

*The fecond fort of Eleétrometer, i. e. -the cork-balls

. Ele&rometer was invented by Mr. CaNToN; the dil-

charging Ele&rometer was invented by Mr. LaNE, and

~ hath been improved by Mr. HENLY : anotheron a different

principle by Mr. RINNERSLEY; and the quadrant Elec-
axbetieter, which is of lateft invention, is a contrivance of
Mr. HenLy, - , ) '
L2 inftruments
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inftruments of every- kind, and even tools
for conftrulting them; in order that he may
~ readily make fuch’'new experiments, as his
curiofity may induce him to try, or that may
-be publithed by other ingenious pcrfons,
who are purfuing their refearches m thts-
- branch of philofophy.,

/

. ~ CHAP.
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CHAP I

‘Tbe defeription of fome partzcular ele&rzcal
Macbme:.

'N this chapter I fhall prefent the reader
with. the particular defcription of three -
eleCtrical machines, which, I think, will be
“very acceptable after the general account of
_ their conftruétion, which has already been
given. The firft of thefe is that defcribed
by Dr. PRIESTLEY, in his Hiftory of Elec«

- tricity*; where a drawing of the famé maybe -

feen, and which, on account of its extenfive
ufe, may be defervedly called a univerfal
ele&r@cal- Machine.

"The bafis of this machine confifts of two
oblong boards, which are kept in a fituation
parallel to one another, about four inches
afunder, by two fmall pieces of board propet-
ly adapted to that purpofe. Thefe boards,
when fet horizontally upon a table, and
there fixed by faftening the lower of them

* Pant V. fee, 11
L3 " with
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with iron cranks, form the fupport of two
perpendicular pillars of baked wood, and of
the rubber of the machine. - One of the pil-
lars, -together with the fpring fupporting the
rubber, flides in a groove, which rcaches
almoft the whole length of the upper board,
and, by means of fcrews, may be placed at
any required diftance from the other pillar,
- which is ﬁxed, being let through a mortice
in the upper board, and firongly faftened to
the lower. Fn thefe two pillars are feveral
holes for the admittance of the fpindles of
different globes, and as they may be fituated
' at any diftance from one another, they may-
be adapted to receive not only globes, but alfo
cykinders, or fpheroids of different fizes. Fn
~ this ‘machine, fays Dr. Pri ESTLEY, more
than one globe or cylinder may be ufed at
once, by fixing them one above the other in
the different holes of the pillars, and By
adapting to each a proper pulley, they may
be whirled all at once, and their power unit-
“ed in order to increafe the EleCtricity *; but

in -

i

* When feveral globesare ufed at once, and their power
united, it has been found by experiment; that the Elec-
‘ mcn-ty
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in this conftruétion I do not think that differ-
ent rubbers can bé conveniently applied to
them all; which is a capital iiﬂp’e’tfc&ioﬁ.

« The ruBber confifts of a hoflow piece
 of copper, filled with hotfe=hdir; and

% coveted with a bafil fkin. It is fuppérts

“ ed by a focket, whick réceives the cylinu
¢ drical axis of a round and flat piece of
* baked wood, the oppofite part of whick
« ig inferted info the focket of a bent fleét
% fpring. Thefe parts aré ealily feparated, fo
¢ that the rubber, or the piece of wood that

¢ ferves to infulate ir, may be changed at

« pleafure.  The fpring admifs of a two=
« fold alteration of pofition. If may be eis
« ther flipped along the groove, or moved
“ in the contrary directiont (the groove being/
wider than the fcrew which faffens theé
fpring)y “ fo as to' give it évery defirablé

v pofition with: refpe to the globe or ¢y«

tricity does not increafe in ‘propottion to’ thieit number,

although it is more, than what may be produced by a
fingle globe: However, as the friction, and the diffieulty
of working the machine increafes in proportion to the
nurhber of globes or cylinders, fo I think  that one good
large cylimkr is preferable-to- hany-of tHem!-

L 4 o linder
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“ linder; and it is, befides, furnithed with
¢ a .ferew, which makes it prefs harder or
¢ lighter, as the operator choofes.”

The wheel of this machine is fixed to the
table ; it has feveral grooves, for admxttmg
more ftrings  than one, in cafe that two or
three globes, or. cylinders are ufed at a
time; and as it is diffengaged from the frame
‘of the machine, the latter may be fkrewed
at different diftances from the former, and
thus fuited to the variable length of the
firing.

__'The prime Condu@or is of hollow copper;
made in the fhape of a pear, fituated with
its neck upwards, and with its-bottom or
rounder part upon a ftand of baked wood ;

and an arched wire proceeds from its neck,
having an open ring at its end, in which
fome fmall pointed wires are hung, that by
playing lightly upon the ele@ric collet the
eleéric fluid from it. :

This machine notwithftanding that it has
feveral imperfections, is yet a very good in-.
vention ; but except different globes, or cy-

2 : - linders,

-
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linders, or feveral -of thofe at once are re--
quired to be ufed, -1 think a.great deal of the
“work may be fpared, and the machine might
* be made more fimple, and concife.

Next to Dr. PRIESTLEY’s machine I fhall
defcribe another, - which -was invented by
'Dr. INGENHOUsZ, and which for its {impli-
city, and concifenefs, makes a fine contra{’c
‘with' the former. '

This machine confifts of ‘a circular glafs
~ plate about one foot diameter, which is turn-
ed vertically by a winch fixed to the:iron
axis that paffes through ifs middle, and it X
is rubbed by four cufhions, each about two
" inches long, fituated at the oppofite ends of
the vertical diameter.

The frame - confifts of a bottom board, \
about a foot fquare, or a foot long and fix
inches broad, which, when the machine is
to be ufed, may be faftened by an iron crank
to the table.” Upon this board two other.
flender, and fmaller ones aré raifed, which
lie parallel to one another, and are faftened
together at thelr top by a fmall piece of

' wood. .
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‘wood. Thefe upright boards fupport in their
middle the axis of the plate, and to them the
rubbers are faftened,

The Condu@or is of hollow brafs, and
from its extremities branches are extended,
which comihg very near the extrémity of the
glafs, collect the Ele@ricity from it. '

The power of this machine is perhaps
moré than a perfon would judge by looking
at it. It may be obje@ed that this con- .
firu®tion will net eafily admit of the rub- .
bers being infulated, nor comfequently be.
adapted to a great variety of experiments ;
but at the fame time it muft be allowed, that
it is very portable, that it is not. very liable
" to be out of order, and that it has @ power
fufficiently firong for phyfical purpofes ;
on which account it may be conveniently
ufed.

‘Fhe laft machine; that Iam: to. defcribe, is
that reprefented in fig. 1 of plate 2: which
. has all the improvements hitherto made, ex~
cept that it is not eapable of admittingt dife

ferent kinds, or more than one Eleétric,. but.

‘ WhiCh,
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which, indeed, it feems not to ftand in need
of. The ele@ric power of fuch a machine
Fthink is equal to what may be obtained by
any other conftru&ion, and at the fame time
its fize being neither remarkably large, nor

‘at all inconvenient, renders it, I think, the
completeft machine hitherto contrived™,

The frame of this machine conlifts of the
Bottom board A B €, which, when the ma-~
chine is to be ufed, is faftened to the table
by two iron cranks, one of which appears in -
the figure near C. Upon the bottom board are
~ perpendicularly raifed two firong wooden
pillars K E, and A H, which fupport the
cylinder, and the wheel. From one of the
brafs caps of the cylinder FF, an axle of
fteel proceeds, which paffés quite through a
hole in the pillar K L, and has on this fide .
of the pillar a pulley I fixed upon its fquare
extremity. Upon the circumference of this
pulley there are three or four grooves, in or-
der to fuit the variable length of the firing

* Thefe machines are made, and fold, by Mr. Georce:
Avams,- in Fleet-fiyeet, London, philofophical inftru-
myont:makerto: hisMajelly.

ab,
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. a &, which goes round one of them, and
"~ round the groove of the wheel D. The
other cap of the cylinder has-a fmall cavity,
which fits the conical extremity of a ftrong
{krew, that proceeds from the pillar "H,
The wheel D, which is moved by the handle
" E, turns round a ftrong axle, proceeding from
almoft the middle of the pillar K L.

The rubber.G of this machine is on each
end two inches fhorter than the cylinder -
(& e the cylinder exclufive of the necks), and
it is made to rub about ‘one fourth part of the
cylinder’s circumference ; it confifts of a thin
quilted cutfhion of filk, ftuffed with hair, and
faftened by filk firings upon a piece of wood,
which is -properly adapted to the furface
~of the cylinder. .From the upper extremity
of the cufhion proceeds a piece of oiled- filk,
that covers almoft all the upper part of - the
cylinder ; and to the lower extremity of the
cuthion, or rather of the piece of wood, to
which the cufhion is tied, a piece of leather
is faftened, which is turned over the cuﬂuon,
7. e. ftands between it and the furface of the
cylinder. Upon this leather, which reaches
from the lower to almoft the upper extremity
of

\



’ .
4

"OF ELECTRICITY. 5

of the cufhion, fome of the above-defcribed
amalgam is to be worked, fo as to be forced
as much as poffible into its fubftance. This
rubber is fupported by two fprings, fkrewed
to its back, 4nd from which it may be eafily
- unfkrewed, when occafion requires it. The

‘two fprings proceed from the wooden cap of
~a ftrong glafs pillar*, perpendicular to the
" bottom board of the machine. ‘This pillar
has a. {quare wooden bafis, that {lides in two
grooves in the bottom board A-BC, upon
which ‘it is faftened by a fkrew. -In this
manner the glafs pillar may be faftened at any
required diftance, and in confequence the
rubber may .be made to prefs harder -or
- lighter upon the cylxnder. The rubber in
* this manner is perfe&ly infulated, and when
infulation is not required, a chain with a
‘fmall hook may be hanged to it, {o.as to
bhave a regular communication with the piece

* This glafs pillar as well as the glafs feet of infu-
Jating ftools in general, fhould be covered with varnifh, or
rather with fealing-wax, otherwife they infulate very im-
perfedtly, on account of the moifture, that they attract
from the au', in damp w:ather.

of
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of leather, the chain: then falling upon the
table, renders the rabber uninfulated. .

Fig.. 2 seprefents the prime Comductor
AB belonging to this machine. This is of
hollow brafs, and .is fupperted by two glafs
pillars varnifhed, that by two brafs fockets
are fixed in the board CC. ' This Condudtor
veceives the electric fluid through the points
~ of the colle€tor L, which are fet at about
half an in¢h diftance from the furface of the
cylinder of the machine,

If the handle E fig. 1 of the wheel, be
turned (and on account of the rubber it
“fhould be turned always in the direftion of
. the letters a bc) this machine, ftanding in the
{ituation, that is reprefented in the figurey, °
- will give pofitive Electricity, 4. . the prime
Conduétor will be ele@rified pofitively, or
overcharged with electric fluid; for by the
“ation of rubbing, the cylinder pumps as
. it avere the fluid from the rubber, and every
other body properly connected with it, and
gives it to the prime Conduétor. Butif a
negative EleCtricity is required, then, the
chain; muft be removed from the rubber
‘ I ' " and
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and hung to the prime Condu®or; for in .
this cafe the Ele&ricity of the prime Con-. ‘
du&or will be communicated to the ground,
~and the rubber remaining infulated, will ap-
pear ftrongly negative. Another Condu@or |
equal to the Condu@or A B fig. 2. may be
connedted with the infulated rubber, and
then, the operator may obtain as firong ne~
gative Eledricity from this, as he can pofie
tive from the Conductor A B &g. 2.
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- Tbe parttcular Defeription of jbme other ne=
ceﬂzry Part; of the e/eé'r'rtcal Appamtm.

.IG 4; rcprefents .a ﬂand fupportmg

- the ele@rometers D D CC. B is the’
.bafis-of it made of common wood.. A'is a
pillar of -wax, glafs, or baked wood. To
the top of the pillar, if it be of wax or.
glafs, a circular piece of wood is fixed, but
if the pillar be of baked ‘wood, that may
conftitute the whole. From this circular
‘piece of wood proceed four arms of glafs,
or baked wood, fufpending at their ends,
four eleCtrometers, two of which.D D are .
filk threads about eight inches long, fufpend- -
ing each a fmall downy feather at its end.
- The other two ele@rometers C C are thofe -
with very {mall balls of cork, or of . the pith
of elder, and they are conftructed in the
following manner. 2 4 is a flick of glafs
about {ix inches long, covered with fealing-
~ wax, and fhaped at top in a ring: from the
lower extremity of this ftick of glafs pro~
o \ 7 ceed
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ceed two fine linen threads * .c ¢ about five
inches long, each fufpending a cork, or pith
ball 4 about one-eight of an inch in diameter.
When this ele@rometer is not ele@rified,
the threads ¢ ¢ hang parallel to each other,

" and the cork balls are in conta@; but when
eletrified, they repel one another, as repre-
fented in the figure. The glafs ftick a 4
ferves for an infulating handle, by which the

* eleCtrometer may be fupported, when it is

ufed without the ﬁand A B. ‘

. Another fpecies of the above eleGrometer
is reprefented in fig 3d, which confifts of a
linen thread, having at each end a fmall cork

‘ball. This eleGrometer is. fufpended. by the
middle of the thread on any Conduétor proper
for the purpofe, and ferves to fhew the kind,
and quantity of its Ele&ricity.

: Fxg 7th. reprefents Mr. HFNLY $ qua-
drant ele@rometer fixed upon a fmall ftand,
from which it may be occafionally. feparated
and fixed upon the prim¢ Condu&or, or in

. * Thefe threads fhouIH be wetted in a weak folutson of
falt,

M, S any
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any other place at pléafure. This elettro-
meter confifts of a perpendicular flem form-
~ed at the top like a ball, and furnithed at

its lower end with a brafs ferrule, by which
it may be fixed in one of the holes of the
prime Conductor, or in its proper ftand, as
occafion requires. 'To the upper part of the
ftem, or pillar, a graduated ivory femicircle
is fixed, about the middle of which.is a
brafs arm, which contains a pin, or the
fmall axis of the index. The index confifts
of a very flender ftick, which reaches from
the center of the graduated femicircle to the
brafs ferrule, and at its lower extremity, is
faftened, a {mall cork ball, nicely turncd in
a lathe. :

The propereft wood, for the purpofe of
making the pillar and index of this eletro~
meter, is box, and this pillar and index
thould be well rounded, and made as fmooth
as poffible. When this eletrometer is not
eleCtrified, the index hangs parallel to the
pillar, as in fig. 7; but when it is elecri-
fied, the index recedes more or lefs, accord-
ing to the quantxty of Ele&rmty, from the

ftem ;-
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ftem ; - as reprefented on the prime Con-
duéter E fig. 2.

'The main of Mr: Lang’s difcharging Elec-
trometer, confifts in a brafs ball about one
inch and a half in diameter, fcrewed to a
. brafs graduated rod, and adapted to a proper
frame, fo that it may be fet at any required
diftance from the prime Condu&or, or the
knob of an ele@ric jar, The principal ufe of
this ele@rometer is to let a jar difcharge by
itfelf through any proper eircuit, without
ufing any difcharging-rod, or removing any
part of the apparatus; and to give fhocks
nearly of the fame firength. Suppofe for
inftance, that the above-mentioned brafs ball
' be fet at half an inch diftance from the prime
‘Condu@or, and that a coated jar be fituated
fo as to touch the prime Conductor with its
knob, and to have its outfide coating com-
municating with the above-mentioned brafs
ball. Now it is evident that the circuit, from
the outfide to the infide of the jar, is inter-
rupted only between the prime Conduétor and
the brafs ball, which lie half an inch afunder;
therefore when the jar is charging, and the
charge is bccome fo high as to firike through

. M 2 half
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half an inch of air, the jar will difcharge
itfelf, and by keeping the brafs ball at the
fame diftance from the prime Conduétor, and
charging the jar fucceffively, the fhocks will
be of the fame ftrength.

" 'This ele@rometer is, however, fubje@ to a
great inconvenience, which is, that the fur-
fice of the brafs ball is often deprived of
its fmoothnefs by the foree of the explofion,
in which cafe it becomes unfit for ufe. The
principal ufe for which this eleCtrometer is
intended, 7. e. to give fhocks of the fame
firength, may be more elegantly obtained
by the aboye-defcribed quadrant eleCtrometer,
Wwhich fuffers no damage by the difcharges;
li\ence, I think, that a delineation, and a more
particular defcription of the difcharging elec-
trometer is unneceflary.

Fig. sth reprefents Mr. HENLY’s univer-
fal difcharger, which is of a very extenfive ufe,
and is compofed of the following parts, A is
a flat board fifteen inches long, four inches
broad, and one thick, or thereabous, which
forms the bafis of the inftrument. BB are
two glafs pillars cemented in two holes upon

the




OF ELECTRICITY. 165
the board A, and furnifhed at their top with
brafs caps, each of which has a turning joint,
and fupports a fpring tube, through which,
the wire DC flides: each of thefe caps is
compofed of three pieces of brafs, conpeéted -
fo,that the wire D C, befides its fliding through
the focket, has two other motions, v/z. an

horizontal and a vertical one. Each of the

) wires D/C, D C is furnifhed with an open
ring at one end, and at the other end has a
‘brafs ball D, which, by a.fhort {pring focket,
is flipt upon. its pointed extremity, and it
may be removed from it at pleafure. E is a
ftrong circular piece of wood five inches in di-
ameter, having, on its furface, a ﬂlp of i lvory
inlaid, and furnifhed with a firong cyhndrt—'
cal foot, which fits the cavity of - the focket
F, which is faftened in the middle of the
‘bottom board and has a fcrew G, which
ferves to faften the foat of the circular board
E at any required helght H is a fmall prefs
belonging to this inftrument; it con{' fts of two
oblong pieces of board, which may bé prefled
agamﬁ each other by means of two fcrews
: the lower of thefe boérds has a cylin-
dncal foot equal to the foot of the mfcular
board E.  When this prefs is to bé ufed, it is
' M 3 fixed
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fixed into the focket F, in the place of ths
circular board E, which muft, in that cafe, be
removed,

Fig. 11th is an eleétric jar coated with tin=
foil on the infide and outfide, within' three
inches of the tap of the cylindrical part of
the glafs, having a wire with a round brafs
knob A at its extremity. This wire pafles
‘through the cork * D, that ftops the mouth -
of the jar, and at its lower end, is bended fo
‘as: to touch the mﬁdc coating in feveral

_ placcs '

Fig, 1oth reprefents a battery compofed of
‘fixteen jars coated in the infide and outfide
with tin-foil, which all together contain about
twelve feet of coated glafs. About the middle
of each of thefe jars is a cork that {uftains a

" wire, which at the top is faftened round, or
foldered to the wire E knobed at each end,
which conneéts the infide coatings of four
jars; and by the wires F F F the infide coat-

% When corks arc ufed to ftop cleftric jars, they
fhoyld be maqe very dry, and dxpped in mcltcd bees- wax
or varmthed

ings
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ings of all the fixteen jars are connected to-
gether. Each of the wires F has a ring at
one end, through which, one of the wires E
pafles, and the other end has a brafs knob. If
the whole force of the battery is not required,
‘one, two or three rows of jars may be ufed
‘at pleafure; for as each of the wires F FF
is moveable round the wire 'E, which paffes
through its ring, and refts upon the next
wire E, it may be eafily removed from that,
and turned upon the contrary wire E; and
thus the communication between one row of
* jars and another may be difcontinued at plea-
fure. See the figure.

" The fquare box that contains thefe jars is
of wood lined at the bottom with fheet-lead
or tin, and has two handles on two oppofite
fides, by which it may be eafily removed.
In one fide of the box is a hole, through
- ‘which, an iron hook B paﬁ'es, which com-
‘municates with the metallic lining of the box,
and confequently with the outfide coating of
all the jars. To this hook is faftened a
wire,. the other end of which is conneéted
wuh the dlfchargmg rod, '

Ms The
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. The difcharging rod confifts of a glafs
handle A, and two curved wires BB, which
move by a joint C, fixed to the brafs cap of
the glafs handle A. The wires BB are
pointed, and the points enter the knobs D D,
to which they are fcrewed, and may be un-
fcrewed from them at pleafure. By this con-
firuction we have the opportunity of ufing
the balls or the points, as occafion requires ;
and as the wires are moveable by the joint
C, they' may be adapted to {maller or larger
jars at pleafure,

The battery, reprefented in the plate, is a
{mall one in -comparifon to thofe now fre-
quently ufed, and much too weak for -the
- purpofe of fome experiments, hereafter to be
defcribed.  But I thought it fufficient to give

an idea of its conftruction ; and, when a large

. battery is to be conftrued, I would recom-
mend rather to maké two, three, or more
fmall ones as reprefented in the plate, than a
- fingle large battery, which is heavy, and,
on feveral accounts, inconvenient, - The force
of feveral {mall batteries may be eafily united
by a wireor a chain, and thus they may be
made
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made to a& in every refpe&t lilg,e-a,;largg

‘one.

F in fig. 2. isa circular brafs plate hung on
the prime Condu&or by a chain, 3nd reft~
ing in an horizontal pofition. Underneath
this, there is another plate P parallel, and

" equal to the former (but it would be better

if it was a little larger), which is fupported
by-a fiand H of brafs, haying alfo a foket to
receive the. foQt of the plate, and a fcrew G
10 fix it at different dlﬁances.

Dm ﬁg 2. is a fly made ofﬁnallbrafs
wires fixed in a cap of brafs alfo, which is te
be put upon the pointed wire, K, ‘that is
fcrewed to the prime Condu&or, upon which
it muﬁ ﬁand in equilibrio, like the avedle -of
a compafs The other ends 2, 4, ¢, dof the
wires are pointed and bent all ope way. - .

N. B. whenever hereafter I mention the
prime Condudtor, I mean the prime Conduc-
tor naked, that is, without the parallel brafs
plates F P, without the fly D and its [uP—
porting pin K, without the eleQrometcrs E,
and even without the knobed sod 1B, which

P ~ ls
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'is fcrewed to it occafionally ; except thc con~
trary is expreﬂ'ed. \

i It is highly requifite for an Ele&rician to
‘have by him feveral infulating ftools; or
* ftands, they being very neceffary for feveral
experiments. ‘The beft materials to conftru&t
thefe are glafs covered with fealing-wax, and

baked wood *. - A large ftool, proper to infu-

late a chair upon, or two, three- perfons
ftanding, may be made with a ﬁrong board,
about two feet and a half fquare, and may be

fupported by four feet of glafs, or baked

wood, about eight inches long. But fmall
ftands are better made with one foot or pnl-;
lar, and all of baked wood or glafs, without
any ¢condudting fubftance in their conftruc-
tion. Drinking- glafles, either varnithed, or
in ‘part-covered with feahng-wax, anfwcr this
purpofé very well. e

* The wood fhould be baked very well, even till it be-
comes quite brown, it then being in the beft ftate for
infulation’; and to make it flill better, i.e. to defend it
from mofture, i it may be flightly varnithed as foon as it

comes out of the oven, or elfe boiled in linfeed oil ; butin .
this cafe, after boiling, it fhould be made hot- agaun, and

then it is_fit for ufe, S
. . CHAP
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CHAP IV.

Praétical Rules concerning the upe gf the elec-
trical Apparatu:, arzd the ;:e;ﬁrmmg of Ex-
perzmem‘;, ‘

.T often happens that young Ele&nclans
are at a lofs to affign the reafon, why fome
‘experiments .do not fucceed with them as
.defcribed” in the Treatifes on Elettricity.
" Sometimes they are in pofleflion’ of very good
inftrumeénts, but, by reafon of fome circum~
ftance or other, unattended to, they are quite
ufelefs in their hands. This indeed can be
remedied by nothing but practice, and it is
by long ufe, ‘that the Ele@rician, as weéll as
the Praltitioner in any art or fcience, - be+
comes fo good an Operator, as to ufe his
infiruments to the béft advantage. A few
rules are however very neceflary to guide him -
in his operations ; and although thefe alone
are infufficient to make a pcrfon a complete
pratical Ele&nman, yet, when acc0mpamed
with the aGual management of the apparatus,
they facilitate the ‘ufe of - it, and render the
performance of the expcnments more accu-
rate -and expeditious, "+ - '
oY ~ * The
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The firft thing that the young EleGrician
fhould .obferve, is, the prefervation, and care,
of his inflruments. The ele@rical machine,
the coated jars, and in thort every part of the
elecrical apparatus, fhould be kept clean, and
as free :as poflible from duPc, and moifture.

When .the weather is clear, and the air
dry, efpecialty in .clear .and frofty- weather, -

the ele&rical machine will always work well.

But when the weather 1§ very.  hot, ‘the

“ele@rical machine is .not fo powerful: nor

in .damp weather, except it be brought

dnto a ‘'warm room’ ..and the- cylinder, the

—zg;ands, the jars, &c. be made thoroughly
l'y A [SDOI 4 .'

, Beforc the machxge be p[ed the cylinder

\ fhould be firfk wiped. very: clean with a foft

linen cloth,. that is. dnya clean, and warm ;
and afterwards with.a, glean, hot. flannel, or an
old filk handkerchief ; /this done, if the winch
be turned, when the .prime Conduor, and

other infiruments,’ are - removed from  the

. ele@rical machine; and,the:knnckle be held

at a little diftance from-the furface of the
2 cylinder,
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. cylinder; it will be foon perceived that the -
ele@ric fluid comés like a wind from the

cylinder to the knuckle, anid; if the motion

be a little continued, fparks, and crackling

will foori follow: This indicates that the
machine is in goed order, and the FleGrician.
fay proceed to perform his experiments.

But, if, when the winch is turned for fome

time, no wind is felt upon the knuckle, then

-the fault is, very likely, in the rubber, and to

remedy that, ufe the following direGions:

By unfcrewing thé fcrews on the back of the

rubber, remove it from its glafs pillar; and

keep it a little near the fire, fo that its filk

part may by dried; take now a dry piece -
of mutton fuet, or a little tallow from

4 candle, and juft pafs it over the leather of
the rubber, then fpread 4 fmall quantity of
the above-defcribed amalgam over it, and

force it as much as poffible into the leather.

‘This done, replace the rubber upon the glafs

pillar; let the glafs cylinder be wiped once

more, and then the machine is fit for ufe.

Sometimes the machine will not work
well becaufe the rubber is not fufficiently
~ fupplied with eleric fluid ; whxch bappens
‘ when
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" when the table, upon which the machine
ftands, and to which the chain of the rubber
is conne&ed, is very dry, and confequently
in a bad conduling ftate. Even the floor
and the walls of the room are, in very dry
weather, bad Conduétors, and they cannot fup-
ply the rubber fufficiently. In this cafe the
beft expedient is, to conneét the chain of the -
rubber, by means of a long wire, with fome
. moift ground, a piece of water, or with the
. iron work of the water-pump; by which
means the rubber will be fupplied with as
much ele@ric fluid as is required.

When a fufficient quantity of amalgam has
been accumulated upon the leather of the
rubber, and the machine does not  work
very well, then, inflead of putting more
amalgam, it will be fufficient- to' take the
rubber off, and to fcrape a little, ‘that, which
is already upon the leather.

It will be often obferved, that, the cylinder,
after being ufed fome time, contracts fome
black' fpots, occafioned by the amalgam, or
fome foulnefs of the rubber, which grow-
continually larger, and greatly obftru& its
1 . eledtric
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ele@ric power. Thefe fpots muft ‘be care-
fully taken off, and the cylinder muft be
frequently wiped in order to prevent its con-.
tracting them.

In charging ele@ric jars in general, it
- muft be obferved, that not every machine
will charge them equally high. That ma-
chine, whofe ele@ric power is the ftrongeft,
will always charge the jars higheft.  If
the coated jars, before they are ufed,. be.
made a little warm, they will receive, and
hold the charge the better.

If feveral jars are conne&ted together,:
among which there is one, that is apt to;
_difcharge itfelf very foon, then the other
jars will alfo foon be difcharged with that ;
although they may be capable of holding.
a very great charge by themfelves.. When.
eleitric jars are to be difcharged, the Elec~
trician muft be cautious left, by fome cir-,
cumftance not adverted to, the fhock fhould
pafs through any part of his' body ; for-an
unexpelted fhock, though not very ftrong,.
may occafion feveral difagreeable accidents.:
: : In,
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In making thé difcharge, care muft be taken
that the difcharging rod be not placed on the
thinneft part of the glafs, for that may caufe
the burflting of the jar.

When large batteries are difcharged, jars
will be often found broken in it, which burft
at the time of the difcharge. To remedy
this inconvenience Mr, NAIRNE fays he has
found a very effetual method, which is,
never to difcharge the battery through a
good Condultor, except the circuit be at
leaft five feet long. Mr. NAIRNE fays that,
ever {ince he made ufe of this precaution, he
has difcharged a very large battery near a
hundred times without ever breaking a fingle

jar, whereas before he was continually break-
“ing them. But here it muft be confidered
that the length of the circuit weakens the
force of the fhock proportionably; the
higheft degree of which is in many experi-
ments required.

It is advifeable when a jar, and efpecially
a battery has been difcharged, not to touch
its wires with the hand, before the dif-
charging rod be applied to its ﬁdes a fecond,

“and’
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and even a third time; as there generally

remaihs a reﬁduum of the charge¥, which
Is fometimes very confiderable,

When any experiment is to be performed,
which requires but a fmall part of the
apparatus, the remaining part of it fhould
be placed at a diftance from the machine,
the prime Conduftor, and even from the
table, if that is not very large. Candles,
particularly, thould be placed at a confiderable
diftance from the prime Condu&or, for the
effluvia of their flame carry oﬁ’ much of the
¢lectric fluid,

Laftly the young Ele&rician fhould be
cautioned not to depend on firft appearances
in Ele@ricity, A new phenomenon may
juﬁly excite his curiofity ; it is laudable ta
remark it, and to purfue the hint; but at
the fame time even the doubtfu] affertion of

* This refiduum is occafioned by the Ele(tricity, that, -
when the jar is charging, fpreads itfelf over the uncoated
part of the glafs near the coating, which will not be

- difcharged at firft, but gradually returns to the coating
after the firft difcharge. L

N a new
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a new fa& fhould never be made, till after
a number of fimilar and concurring experi-
~ments. Ele€tricity is a fcience that often

deceives the fenfes, and the moft experienced -

Ele@rician frequently finds himfelf miftaken
in things, which perhaps he may have before
confidered as the moft certain.

| ~ CHAP-
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CHAP. V.

Experiments concerning eleCiric Attraction, and

Repulfion.

ExPERIMENT L -
| The eleStrified Cork ball Eleftrometer.

"HEN the eleltrical machine is put
in order, and the prime Conduétor

'1s fet fo, that the points of the colle@or are

about half an inch from the furface of the
cylinder, fix at the end of the prime Con~
dultor the knobed rod I B fig. 2. and hang
on it the eleGtrometer with the- cork balls
fig. 3. The balls will now touch one ano-
ther, the threads hanging perpendicularly,
and parallel to each other. But if the cy-
linder of the machine be whirled by turning
the winch E, then the cork balls will repel
one another, and more, or lefs, according
as the Elericity is more, or lefs power-
ful " o

N2 ' - In
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In this experiment the glafs cylmder ex=

: tra&mg the ele@ric fluid’ from the rubber, .

throws it upon the pointed wxres of the col-
le&or, and in confcquence upon ‘the prime
Condu&or, and the eleé’trorncter ; which arg

all conne&ed together and as bodies over=

charged with ele@ric fluid will always re-
pcl caqh other, fo the cork balls muﬁ repe}
: cach othcr. .

If the elé&rpm@terz be hung to a prime
Conduor negatively eleffrified, 7. e. con-
ne&ted with the infulated rubber of the ma-
chine, the cork balls will alfo repel each
other; for bodies, undercharged, will repel
each other, as well as bodlcs ovcrcharged with
dc&ru: ﬂuld o .

l

¥, in this flate of 'reph]ﬁon,, thqvpri;'zi;e

| Conduc€tor is touched with fome conducting.

fubflance not infulated, the cork balls will

immediately come together; for the clc&rig:'

fluid fuperinduced upon the prime Conduc-
tor, and the eleftrometer communicating

with it, will be camcd away to the ground |

by - that condu&mg body; fo that in this
«cafe
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cafe the prxme Condu€tor can nevet be over-
charged, nor éan it be tinderchiarged, if con=
hefted with the rubber; for its deficiency
of fliiid is fupplied through that conduéting:
body, with which it has been touched. But
if inftead of the (:ondu&mg fibftahce, the
pnme Conduétor i is touiched with an ele@ric,
s for inftarice a ftick of fealing-wax, 4
piece of glafs, &c. thex the dork balls will
continue to rcpel each other; becaufe thé
ele@tic fluld canriot be conduéted through
that eleCric ; ‘Hencé we have an eafy me-
thod of determlmng what bodies are- Cona
auaors, and what ele&ncs *

This ele@tical tepulfion i§ alfs {hewn By‘
tlie ‘quadrant ‘eleCtrometer, with " a large
downy feathier; or the like; for if thefe be:
tonnefted with the prime Condu&or, and
the: winch 'be turned; the ¢lerometer will
tiife'its iddex, and the feather by the diver=
gency of its dowd, will appeat ﬁvelled ina
bcaut:ful manfer; B

. Thxs method in grofs w:ll ;lo very well but when
the condu&mg poﬁrcr of fluids or other like bodlcs, an&
the degree of that power is to be afcertamed, then re'-
courfe muft be had -to other means tore mce, and accu= -
fate..

N 3 Ex
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‘ExPERIMENT Il

Attraction and Repulfion of light Bodies.

Conne& with the prime Conducor the
two parallel brafs: plates F, P, as reprefented
in fig. 2. at about three inches diftance from
one another, and upon the lower plate put
any kind of light bodies, as bran, bits of
paper, bits of leaf-gold, &c. then work the
machine, and the light bodies will-foon mave
between the two plates, leaping alternately
from one to the other with great velocity.
If, inflead of bran or irregular pieces of
other matter, {mall figures of men or other
things cut in paper, and painted, be put
upon the plate, they will generally move in
an ere& pofition, but will fometimes leap
one upon another, or exhibit different pof-
tures, fo as to afford a pleafing fpetacle to an
obferving company.

In this expcument both the attra&xon,
and repulfion” of Ele@ricity are obferved at
the fame time: for when the upper plate
F, thch -communicates  with the. prime |

Con-

) -
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Condu&or, is ele@rified, the {mall bodies

placed upon the lower plate, together with -

that plate, by being within the {phere of
aCtion of the ele@rified upper plate, become

altually poflfefled of a contrary Elericity,
leaving their proper: quantity of fluid in the
lower plate, or the other conducting bodies,
that communicate with it. But bodies dif-
ferently eleGrified attract each other ; there~
fore the plate F, attralts thofe light bodies.

~ Now as foon as thefe bodies touch the plate

E, they become inftantly poflefled of the
fame FEle@ricity with the plate, -and- will
therefore be immediately repelled to the
lower plate, which is aGtually eleérified with
the contrary Ele@ticity, and by tovching the
light bodies, affifts in repelling them again
to the upper plate ; and thus the plates
continue to alt upon the light bodies alter-
nately, | |

" That the light bodies cannot be attratted
by the upper plate, except they become firft
poflefled of a contrary Eleftricity, may be

_obferved as follows. Put the faid light bo-

dies upon a clean, .and dry pane of glafs;

then take off the brafs plate P, with its fland

N 4 ,Ga
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"ExPERIMENT Il

Attradlion and Repulfion of light Bodies.

Conne& with the prime Conduor the
two parallel brafs:plates F, P, as reprefented
in fig. 2. at about three inches diftance from
one another, and upon the lower plate put
any kind of light bodies, as bran, bits of
paper, bits of leaf-gold, &c. then work the
machine, and the light bodies will-foon mave
between the two plates, leaping alternately
from one to the other with great velocity.
If, inftead of bran or irregular pieces of
other matter, fmall figures of men or other
things cut in paper, and painted, be put
upon the plate, they will generally move in
an ere&t pofition, but will fometimes leap
one upon another, or exhibit different pof-

tures, fo as to afford a pleafing fpe@acle to an
obferving company. -

In this experiment both the attra&ion,
and repulfion’ of Eledricity are ~obferved at
the fame time: for when the upper plate
F, whxch ~communicates with the. prime |

Con-

) -
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Condu&or, is ele@rified, thé {mall bodies

placed upon the lower plate, together with .

that plate, by being within the {phere of
action of the ele@rified upper plate, become
actually poffefled of a contrary Ele&ricity,
leaving their proper quantity of fluid in the
lower plate, or the other conducting bodies,
that communicate with it. But bodies dif=
ferently eleCtrified attract each other ; there~
fore the plate F, attralts thofe light bodies.
Now as foon as thefe bodies touch the plate
E, they become inftantly poflefled of the
fame Ele@ricity with the plate, - and: will
therefore be immediately repelled to the
lower plate; which is aCtually electrified with
the contrary Electricity, and by touching the
light bodies, affifts in repelling them again
to the upper plate ; and thus the plates
continue to alt upon the. light bodies alter-
nately. |

" That the light bodies cannot be attracted
by the upper plate, except they become firft
poflefled of a contrary Electricity, may be
_obferved as follows. Put the faid light bo-
dies upon a cleaf, .and dry pane of glafs ;
- then take off the brafs plate P, with its fland
. " N4 G,
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- G, and in its ftead put the pane of glafs;
- holding it by one cotnet ; this done let the
wheel of the mdchine be' turned, and you
will fee that the light bodies are not attra@t~
ed by the brafs plate F ; for in this cafe they
have no-opportunity of parting. with their
proper- quantity of-. fluid, and confequently-
ean - not acquire -the contrary Eletricity.;
But if ‘to the under fide of the pane of"
glafs, on which the light bodies  are placed, -
a finger-or any other conductor be prefented,
then, the light:bodies: will be inflantly at-
tra&ed ‘by the plate F, and will leap’ be-.
tween the glafs and’ plate, in the fame mén--
ner as between the two . plates; for thefe-
bodics row depofit their fluid upon the up~-
per furface of the glafs plate, whilft:the un~-
“der furfade depofits its fluid upon the finger,.
or .other coridutor, that has been brought
near it*. If this experiment be continued-
the glafs will foon be charged.

* If the above experiment be made wit_h'a;prix'ne C‘o’n'#'_
duBor negatively elerified, the effet will be the fame,
only the Ele@ricities of thie plates ate reveifed.; . e, the’
upper plate is electrified negatively; and the under plate, by

being in the atmofphere of the upper one, is pofitively elec-
wified.” R

EXPE‘-
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’

ExpERIMENT III,
"Tbe Flyz'ng—ﬁatlver, or Shuttlecork,

'The phenomena of ele@ric attration and
repulfion may be reprefented alfo with a
glafs tube, or a charged bottle, and fome of
them in a manner more fatisfaCtory, than
with the machine.

Take a glafs tube (whether fmooth, or
rough, is not material), and after having
rubbed it, let a fmall light feather be let out
of. your fingers at the diftance of about
eight or nine inches from it.. This feather’
will be immediately attrated by the tube,
and will ftick very clofe to its furface for
about two or three feconds, and fometimes
longer ; after which time it will be repelled,
and if the tube be kept under it, the fea-
ther will continue floating in the air at a
confiderable diftance from the tube, without
coming near it again, except it firft touches
fome conduing fubftance; and if you
manage the tube dexteroufly you may drive
. - the



3% A COMPLETE.TREATISE

the feather through the air of a room at your
pleafure. '

The reafon of this experiment is obvious ;
. for when the feather is elefrified, it cannot -
approach the tube again, except it firft
touches fome conduting body, becaufe it
cannot part with its EleCricity when float-
ing in the air, and therefore cannot acquire
a contrary Ele@ricity : confequently it muft.
remain in a ftate incapable of being again
attracted by the excited tube. .

If it be afked, why, when the feather is
at firft attraCted by the tube, it flicks for fo
confiderable a time to its furface before it is
repelled, the anfwer is, that the feather being
an ele@ric, requireth fome time before it
acquires any confiderable quantity of Elec-

tricity.
. There is a remarkable circumftance attend=
ing this experiment, which is, that if the
feather be kept at a diftance from the tube
by the force of ele@ric repulfion, it al-
ways prefents the fame part towards the
tube :—You may move the excited tube

"4 _ : about
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about the feather very fwiftly, ahd yet the
fame fide of the feather will always be pre~
fented to the tube. The reafon of this phe~’
nomenon is, that the equilibrium of the
¢eleGric fluid in the parts of the feather, being
once difturbed, cannot eafily be reftored; be-

caufe the feather is an eletric, or at leaft a
- very bad Condu&or. When-the feather has
acquired a quantity of EleCricity from the
tube, it is plain that by the aflion of the
excited tube, that fuperindticed eleGricity
will be.in the greateft part forced on that
fide of the feather, which happens to be at
firft the fartheft from the tube; hence that

part will always afterward be repelled the
fartheft,

*. This experiment may be agreeably varied
in the following manner: A perfon may
hold in his -hand an excited tubé of {mooth
glafs, and another perfon may hold an ex-
cited rough glafs tube, a flick of fealing-
“wax, or in fhort: another ele@ric negatively
ele@rified, - at about one foot and a half
diftance from the fmooth glafs tube: a fea-
ther now may be let go between thefe two
differently excited eleCtrics, and it will leap

alter-
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alternately from one eleric to the othet §
and the two perfons will feem to drive a ﬂiut-
tle-cork from one to the other; by the fotce
of Ele@ricity:

. ExpERIMENT IVD
The fiall infukited Body:

__'Tie a fmall body; as for inftance a light

p:ece of cork; to a filk thread about eight
inches long, and holding the thread by its
end, let the fmall body hang at the diftance
of about eight_ inches from the fide of thé
prime Condutor ele&rified. This {mall
body; if the ele&trification of the Condu&ot

is not ftrong, will not be attra&ed for, -

‘being infulated, it cannot, by depoﬁtmg its

fluid upon, or receiving it from arother boif
dy (when the prime Condu&or is ele@rified

ncgatlvely), become contrarily ele@rified:
But if a finger or any condu&ing fubftance

be prefented to the fide of the {mall body

" which is fartheft from the ptime Condu&or;
then the fmall ‘body will immediately move
toward the prime Condutor; for it has

. | “depo=
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sepofited its own fluid upon, or acquired.
, fome (in cafe the condu@or is neganvely
clc&mﬁed) from the body prefented to it
and when this body has touched the prime:
Condu@or it will be inflantly repelled from
it, on account of the repulfion exifting be-
tween bodies pofleffed of the fame kind of
Ele@ricity, -

Indeed, if this infulated body be very near
to ‘the prime Conduétor, or the prime Cop-~
du&or ﬁrongly ele@rified, then . the {mall
body will be attra&ed without prefentmg to
it. any condué’tmg ﬁ,;bﬁancc, but in- this
cafe its natural quantity ‘of ele&nc fluid -
wxll be elthe; repclled into the cont:quus :
air, or crouded on the pqrt of the body,,
whxch is farthei’c from the prime Condu&or,
if the Condu&or is electrified paﬁtzve{y ; but :
if it is ele&nﬁcd rzegatwe/y, then the addi- -
~tional quantlty of fliid, neceﬂ'ary to rendcr
the fmall body ovcrcharged will be acqunred
frorn the air, or the natural fluid belong- -
mg ‘to that body ‘will be all crouded on that -
fide of it, which i is neareft to the prime Conv :
flué'tor, L

I
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. If this fmall body, inflead of the filk, be
fufpended by a linen thread it will be at-

" traCted at a much greater .diftance, - than in

the other cafe; for now :the ele&ric fluid
will eafily be conduted by the thread,
pafling upwards,  or downwards according as
the prime Conduftor is eleftrified, ‘viz. he-
_gatively, or pofitively.

: EXPERIMENT V.

o

. The eleric Well. - |

Place upon an eleéric ftool a metal quart
mug, or fome other condu&ing body nearly
of the fame form and dimenfion ; then tie
a fhort cork ball ele@rometer of the kind
reprefented fig. 3.% at the end of a filk
thread" proceeding from. the celhnO' of the
room, or from any othcr proper fupport, fo
that the eleQrometer may be fufpended with=
in the mﬁg, and no part'v of it may be above
the mouth ; this done electrify the mug by

* Inftead of the élé&}b;nétéy there may be ufed aﬁy
other kind of fmall condu&ing body ; but that feems beft
adapted to fuch experiments,

giving
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giving it ‘a fpark with-an excited ele&ric or
otherwife, and you will fee that the ele€tro=
meter, whilft it remains in that' infulated
fituation, - even if it be made to touch the
fides of the mug, is not attra&ted by it,

nor does it acquire any Elericity; but, if

whilft it ftands fufpended within the mug,
a Condu@or, ftanding out of the mug, be
made to.communicate with, or only pre-
fented to; it, then, the eleGtrometer acquires
an EleCtricity contrary to that of .the mug,
and a quantity of it, which is proportionable
to. the bady, with which it has been made
to communicate ; and it is then immediately
attraCted by the mug... '
The reafon why in this -experiment the
cle@trometer contralts no Eletricity whilft
fufpended intirely within the cavity of the
- mug, is, becaufe the Ele@ricity of the mug
adts upon the eleGtrometer on all fides, and
this ‘has no opportunity of parting with its
fluid, when the mug is ele@rified pofitively ;
nor of receiving any, when the mug is
ele@rified negatively. But, as foon as any
Condu@or communicates with it, the elec-
trometer becomes immediately 'poﬁcifed of
- o the
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the EleQricity contrary to that of the mug;

for if the mug be ele@rified pofitively, the
fluid belonging to the eleCtrometer will be
repelled to that body, which communicates
with it; and which, being out of the mug,
cannot be affe@ed by jts EleQricity ; and if
the mug is ele@rified negatively, it will at-
tra& the fluid of the ele@rometer, which
actually receives an additional quantity of it
from that condud@ing body, with which it
‘communicates. ‘The ele@rometer therefore,
becoming always poffefled of a contrary Elec
tricity, muft neceflarily be attraGted.

i

- If, by raifing the filk thread a little, part |

of the ele@Grometer, 7. e. of its linen threads,
are lifted juft above the mouth of the mug,
the balls will be immediately attralted ; for
then, by the action of the Ele&ricity of the
mug, it will acquire a contrary Eletricity
by giving to, or receiving the ele&ric fluid
from, the air above the cavity of the mug.

It has been fuppofed by fome, that the
eleGtrometer in the above experiment (or
any other fmall infulated body), hanging in
the cavity of an ele@rified veflel, or the

A like,
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hke, is nbt attratted by the ﬁdcs of the
vetlel, becaufe the attra&ion of ; Ele&nc;ty,
being as the fquares of - the diftances in-
Yerfely; -cannot affe® the eleGrometer one

‘way more than another; it being demon<

firable that; if to every point of a, fphencal _
concave furface; equal centripetal forces. are
dire@ed; decreafing as the fquares of t}_),e

diftances from thofe poiats, a {mall body

fitdated any wlhiere within that furface, would
remain there, without being attratted one
way. more than another*; :

"But fo thxs it may be rephed that, the
demonfiration of the above-mentloned pro-
pofition, if it is applicable to fpherical, of
cylindrical concave furfaces,A cannot, how-
ever; be applied to every kind of irregular
tavities, with which (if they exceed not a

- certain ﬁze) the above experiment fucceeds

as well, as witHi the cyhndrlcal cavity of the

~ mugs

- In fhort, in. this experiment, when the

-mug is eleQrified poﬁﬁvely,‘it is fuppofed,

* N EWTON’s Principia book I. prop. LXX.
0 L That
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I. That'the fuperinduced fluid, taking place

‘upon the external furface, occafions the con-
tignous air'to depofit its fluid upon a fub-
fequent quantity of air, and this overcharged

air occifions a contiguous circle, or-quantity

~ of air, to depofit its fluid upon its fub-
fequent or next adjacent circle, and fo on.
II. That none of the fuperinduced fluid can
exift upon the -internal furface of the mug,
and therefore, infulafed bodies intirely fuf-
pended therein, can acquire no: ele@ricity,
‘becaufe the internal air has no opportynity
~of parting ‘with its own fluid, except a
fmall quantity about the mouth of the -mug,
where, accordingly,a little Ele€tricity is ob-
fervablé. When- the mug is ele@rified ne-
gatively, then it is fuppofed I. That the de-
- ficiency of fluid in-the mug is only on its
external furface; for the air, contiguous to
this furface, by acquiring an additional quan-
tity of ele@ric fluid from the next ftratum
of air, may become eletrified pofitively.

II. That the internal furface of the mugis
not undercharged, becaufe its contiguous air,

“being furrounded by the .mug, cannot be-
come overcharged, by acquiring an addition-
al quantlty of fluid, except a {mall. quantity
C o4 - + towards

e ——— —————
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towards the mouth of the mug, where, ac-
cordmgly, a little EleCkricity is obfervable.

EXPERIMENT VI,

9o dy ﬂmgug/b the Quyality of Eleclricity in elece
trified Bodies.

Before we proceed further, it is neceffary,
that .we fhould defcribe fome practical me- .
thod of diftinguithing the quality of the
Fleltricity in an ele@rified body, which is
abfolutely neceflary for the right perform-
ance of the enfuing experiments, To do
this, different methods may be followed,
which however are all founded, either upon
the ele@ric attratkion, and repulfion, or
upon the different appearances of the elec~
.tric light. To find out the quality of Elec-
tricity by the different appearances of its
light, is a very convenient, and fure me-
thod ; but the phenomena of attraGtion and_
repulfion, afford one much. more general,
and eafy; for fometimes the quantity of
Electricity to be obferved is fo very fmall,
that it will give no light, though it may be
flill capable of attra&mg or repellmg

0 2 The
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"The general method to prove whether the
Ele@ricity of a body, ele@rified either by
excitation,. or communication, is negative,
or pofitive, is, to bring it pretty near to an
ele@rified ele@trometer D or C fig. 4, and
obferve whether the body attra@s or repels
it; for if the eleCtrometer is electrified po-
fitively, and the eleétrified body repels it,
then you may conclude that the body is
alfo eleCtrified pofitively ; becaufe bodies,
poflefled of the fame kind of Electricity,
repel each other; but if the body prefented
attralts the Ele&trometer, then it muft be
eleftrified negatively, becaufe there is no
eleCtric attration between bodies, unlefs
they are differently ele@rified ; and as the:
ele&trometer is known to be eleérified pofi-
tively, the body is confequently ele&nﬁed
negatively.

This may be alfo done by ele@rifying the
ele@trometer negatively ; but then the effects
are juft the contrary, 7 e. the eleGrified body,
if negative, will repel the ele@trometer, and .
if pofitive, will attract it.

In
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In this experiment, however, it muft be
obferved, that, if the Ele@ricity of the elec-
trified body is much fironger, than that of
the ele@trometer, or the Ele&ricity of the
latter fironger, than that of the former, and
tthe ele@rified body be brought very near the
eleGrometer, then, they will attra&t one
another, notwithftanding they are poflefled of
the fame kind of Ele&ricity. Suppofe, for
inftance, that one of the eleGrometers C is
pofitively ele@rified, fo that its cork balls
"may diverge about half an inch, and a glafs
tube ftrongly excited be brought near it;
when this' tube is a.foot diftant, or more,
the ele@rometer will be a little repelled by
it; but if the tube be brought nearer, the
cork balls, that before diverged half an inch,
will now converge till they are in contad,
and appear, as they actually are, unelec=
trified; becaufe the a&ion of the excited
tube has repelled their fuperfluous fluid
through'the threads up to the remoteft part
of the ele@rometer. If the tube be pre-
fented ftill nearer, the balls will thén be at-
tracted by it, becaufe the fironger Eletricity -
of the tube repels not only their fuperin-

03 ' duced,
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duced, but alfo their natural quantity of
- fluid up the threads, &c. and therefore
the balls, becoming negatively “ele@rified,
muft neceffarily be attracted by the tube,

~ But fhould a more precife method than
~ the above, be required to determine the qua-
lity of the Ele@ricity of an ele@rified body,
‘the following may be ufed. Firft elerify
one of the eleGrometers C, placed upon the
fland fig. 4, either pofitively, or negatively,
at pleafure: todch it, for inftance, with an
excited glafs tube, fo that its balls may re-
pel, and ftand about two inches diftant from
" one another ; then ‘touch the other ele&tro-
meter C with thé eleGtrified body, that you
defite to examine, fo that it may be pof-
fefled of the fame degree of Ele&ricity :
Laftly, take either of the two ele@rometers
~ by the top of the glafs handle o, difengage
it from the arm of the fland, and bring it
near the other eleGtrometer; if then, the
balls of one ele@rometer repel thofe of the
other, you may conclude that they are pof-
fefled of the fame kind of EleGricity ; but
if they attra® each other, you may con-
clude that they were ele@rified with con=
trary
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trary Ele@ricities; and as. you know the
Eleé&ricity of that ele@rometer, which was
firft eleftrified, you will alfo know the
Ele@ricity of the other eleCtrometer, 7. e.
of the ele@rified body, W1th which it was.
touched. : :

The above experiment may be alfo -made
with the fingle-thread eletrometers; for if
they are brought near to one another, when

“their feathers are ele@rified, they will, if

poffefled of the fame Ele&ricity, repel, or if

- poflefled of contrary Ele@tricities, attract each

other,

ExrERIMENT VII,
The infulated metallic Rod,

Infulate in an horizontal pofition a me<
tallic rod about two feet long, having blunt
ends, and to one of its ends fulpend an
Ele&trometer, like that reprefented fig. 3,
then bring within three or four inches
diftance of its other end an excited glafs
tube. On the approach of the tube, the
balls of the ele@trometer will open, and if

' O 4 you
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you prefent towards them a body pofitively
ele&rified, you will perceive, that they di-
verge with pofitive Ele&ricity. If the tube
is removed, the balls come together again,
and no Eleftricity remains in them, or in
the metallic rod. But if while the tube is

near one "end of - the rod and the balls di- |

verge with pofitive Ele@ricify, the other
end of the rod, véz. that, from which the
eleétrometer hangs be touched with fome
condu&or, 'the cork balls will come imme-

diately together, and they will remain for
‘when the ConduGor has been. removed ;—

remove now the excited glafs tube, and the
balls will immediately diverge with nega-
tive Eleé’tnclty, -which fhows that the rod
remains underchargcd 1. e. eleCtrified nega-

tlvcly

The reafon of this experiment is, that the
repellmg power of the excited tube driving the
fluid of one end of the rod to its other end,
7. e. to that, with which the ele€trometer i is
conneed, renders this end ele@rified _pofi-
uvely, but in fa& the tube communicates
' no Ele&ricity to the rod, it only difturbs
the equable diffufion of its fluid: in confe-
| . quence
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‘guence of this, the eleGrometer, hanging

to the overcharged end of the rod, muft
neceflarily appear to be elecrified pofitively;
but when the tube is removed, then the
ple&romcfer~ appears again unele@rified ;. for
the fluid, which had by the a&ion of the "
tube ‘been driven to one end of the rod,
now retires to its  former fituation, and
leaves the rod with the elef,trometer une-
le€trified.

In the fecoﬂd cafe, wﬁen the balls of the
gleGrometer diverge with pofitive Ele&ricity,
if that end of the rod is touched with fome

- condu&or, all its fuperfluous fluid, which

is no other, than that belonging to the op-

-pofite end of the rod, will be communi-

cated to that” body, with which the rod is

touched, and therefore the ele@trometer. re-

mains unele@rified : but now in fa& the
rod has loft fome of its natural quantity of
fluid ; for if the end of it, that is fartheft
from the excited tube, remains in its natural
ﬁate, the other end is undercharged ; confe-
quently, when the tube is removed, the {mall
quantity of fluid, that remains in the rod
‘will diffyfe itfelf uniformly through it; but

thls
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this quantity of fluid is lefs than that, na-

turally inherent in the rod; the rod will

:thereforé remain undercharged, and hence

‘the balls of the cle&romcter diverge with ne-
gatlve Ele&nclty

As this experxmcn’t is the bafis, or key,
of feveral other, I fhall infift on it a little
longer, and to render its explanation more
intelligible, and clear, I thall make ufe of the
following diagram, |

A - B.

Lét the above-mentioned infulated tod be
reprefented by the line A B.  When this
rod is in " its'natural flate (in refpe& to Elec-
tricity), then the ele@ric fluid belonging to
-it, is equally diffufed throughout the rod.
But when the excited tube is brought with-
in three or four inches diftance of one of |
the ends, for inftance B, then the fluid, be-
longing to that end, will be driven to the
end A, which end. therefore becomes over-~
charged, and the end B undercharged, yet
the rod has no iore ele@ric fluid now,
-than it had before; and when the tube is

I~
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temoved to fome diftance from the rod,
.the fuperfluous fluid, repelled to the end A,
returns to its former place, 7. & to the end .
B, and the equilibrium in the rod is reftored.
“But if when the thoid in the rod is repelled
to the end A, this end be touched, the fluid
repelled thither willimmediately be condued
away by the hody, that touched it, and will
leave the end A of the rod, in a natural
ftate; but at the fame time the end B, is un-
dercharged ; therefore, when the tube is re-
moved, part of the natural fluid, belonging to
the end A, will go to the end B, and thus
the whole rod will remain undercharged, 7. ¢.-
‘negatively ele€rified.

If the above experiment be made with an
eleric negatively ele@rified, for inftance a
rod -of fealing-wax, inftead of the excited
glafs tube, then the apparent EleGricities in
- ‘the rod will be juft the reverfe of what they
were before ; for in this cafe, that end of the
rod, to which the ele@ric has been prefented,
will be overcharged, and the oppofite end
undercharged, which oppofite end, if touched
‘in this ftate with fome condu&ing fubftance,
will acquire fome of the cleGric ‘fluid from
' S that
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that fubftance, and when, after that fubftance

has been removed, the excited ele&ric is alfe
removed, the rod will remain overcharged,

In making this experiment, care muft be
taken that the end of the rod be very blunt,
and that the ele@ric be not very powerfully
excited, otherwife a fpark may pafs from this
to the rod, which renders - the experlment
prccarlous. ' :

EXM’RIM#NT VIIL,
The. two_infulated metallic Rods.
Take two rods of metal each about'a foot

long, furnitfhed with knobs at both ends, |,

and, either by filk lines, or by infulating
“ftools, infulate them, fo that they may ftand
horizontally in one direétion, and at about
half an inch diftance from' one another. To
‘the middle of each of thefe rods hang am
s -ele@rometer like that reprefented fig. 3.—
This done, take an excited glafs tube and bring
it to about three inchgs diftance from  the
knob of one of the rods; on doing which
the eleGrometers of both rods will appear
ele@rified : keep the tube in that fituation for
' 1 ~ about

PR
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about two feconds, then remove it. The
rods now will remain ele@rified, as appears
by the eleGrometers, the firft, viz. that to
which the excited tube had been prefented
remaining negative, and the other pofitive.

The reafon of this phenomenon is, that
when the tube was near the end of one of the
- rods, the action of its fluid, repelling the fluid
of that rod, caufed it to pafs in a fpark to
. the other contiguous rod, on which account,
~ when the tube was removed, the firft xjod;
having loft fome of its natural fluid, remained
undercharged, and the other rod, acquiring
the fluid loft by the former, became over-
charged. ‘

In this experiment if inftead of the glafs
tube,  an eleftric negatively excited be
brought near the end of one rod, then that ‘
rod will be elecrified pofitively, and the other
negatively ; for the action of this elefric, .
producing juft the contrary effe& of the glafs
tube, inftead of repelling the fluid of the
- firft rod into the fecond, attradts that of the
fecond into the firft.

- In
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. . ‘ "I . ~
In'this experiment, the eleCric. dees not
communicate any Ele&ricity of its own; but

only dlﬁurbs the equilibrium between the
ﬂmd of the rods.

CHAY.
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CHAP VL
Experiments on electric Light,

HE following experiments require to
be made in the dark; for although

the eledtric light in feveral circumftances may
- befeen in the day-light, yet its appearance in

this manner is very confufed, and that the
Ele&rician might form a better idea of its
different appearances, it is abfolutely neceflary
to perform fuch experiments in a darkened
room.

ExpeErRIMENT L

‘The Star and Pencil of electric Light.

When the ele@rical machine is in good
order, and the prime Conduttor is fituated
with the collector fufficiently near the glafs
cylinder (which fituation I thall ca]l hereafter
its proper place), turn the winch, and you
will fee a lucid flar at each of the points of
the colleCtor. This ftar is the conftant ap-
pearance of the ele@ric fluid that is entering

‘a point. At the fame time you will fee a

ﬁrong hght proceedmg from the rubber, and’
- ) Ipreading
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fpreading itfelf over the furface of the cy=
linder ; and if the excitation of the cyhnder
is very powerful, denfe fireams of fire will
proceed from the rubber, and darting round
almoft half the circumference of the cylmdcr,
| wxll reach the points of the colletor *

If the chain of the rubber is taken oE and
a pomted body, as for inftance, -the point of
a needle or a pin, is prefented to the back of
the rubber, at the diftance of about two
inches, a lucid pencil of rays 'will appear to
proceed from the point prefented, and dx-
verge towards the rubber. This pencil is
the conftant appearance of the ele@ric fluid
" iffuing from a point; and in fa& it now

comes out of the point, in order to fupply the

rubber, which is conftaritly exhaufted by the
cylmder in motion.

If another pointed body be preferited to the
prime Condu&or, it will appear illuminated

with a ftar ; but if a pointed wire or other

* If the prime Condu&or is removed, the denfe
 fireams of fire will go quite round the cylinder ; reachmg
from one fide of the rubber to the other.

pointed
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‘pomted conduéting body be conne&ed w1th

pencil of rays; for the prime Condu&or
being overcharged, the fluid departing from
it muft, agreeably to the law, form a. pencxl
on that point from which it ﬁxes off, and a
ftar, on that point, which it enters *.

~From this experiment may be learned the
method of diftinguithing the quality’ of ‘the
Ele@tricity of an ele@rified body, by the ap-
pearance of the eleéric light ; for if a' needle, .
or any other pointed body bg:‘ prefémeg{*ih

* It may be afked why tbe ele&rlc ﬁund entermg a
pomt, caufeth the appearance of .a {’car, and when going -
out of the pomt caufeth the appearance of a bruth of rays ?
In anfwer to this queftion, F: Becca®1a fuppofes;-that
‘the ftar is occafioned by the difficulty, with which the
eletric fluid is extricated frem the air,- which is an elec-
tric; fuppofe, for inftance, that a painted wire is prefent-
‘ed to a body pofitively electrified, “thie ele@ric fluid is firft
from that body communicated to the air between it and
the wire, and then- the wire muft extricate it from that
air. ‘The bruth, he fuppofes, to be occafioned by the
force, with which the eletric fluid, going out of 2 point,
runs through the contiguous air, to that which is more
remote fromit, i.e. by dividing the contnguous ajr, and
not by affixing itfelf to it.

P : the
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the dark with the point towards a body
Trongly eledrified, ‘it will appear illuminated
‘with a ftar, when that body is ele@rified
poﬁuvdy, and with a penicil 6r brufh, when
it is ‘ele@rified hegatively.
ExperiMENT 1L
Drawxng Spark.r. ‘ o
Let the pumc Condu&or be fituated in its

proper place, and ele&nfy it by workmg the
machine; then bring a metalhc rod with a
round knob at each end, or the knuckle of
a finger, . w1thm a proper diftance of the
prxme ConduCtor, and a fparL wnll be feen
wire. 'The longer, and ffronger fpark is
drawn from that end of the -prime Conduc-
tor, which is farthieft from the cylinder, or
Tather from thée‘end ‘of the knobed rod IB,
“fixéd at its end B, fig. 2.; for the ele@ric
fluid feems to acquire an impetus by going
through a long Condufor, when ele@rified
‘by a powerful machine *,

 ®Thereafon of this, I think, is, becatife that end of thie

‘prime Conduétor is lefs influenced by the atmofpherc of
_ the. excxted cylinder.

e e—— e e
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"This {park {which has the fame appearance
whether drawn from a prime Conductor po-
fitively, or negatively ele@rified) appears like
a dong line™* of fire, reaching from the Con=
dudor to the oppofed body, and often (par-
ticularly when the fpark is long, and differ
ent conducting {ubflances are near the line
of its dire&tion) it will have the appearance
-of being bended to fharp angles in different
places, exactly refembling a flath of light-
ning. Notwithftanding, however, this ex=
tended appearance, which is imputed to the
~ quick paffage of the luminous matter, the
electric fluid, paffing from one body to ano-
+her in a fpark, is reafonably thought to pro=
ceed in a feparate, and nearly globular

bogy,

The dire&tion of the fpark often deceives
the ‘moft experienced Ele&rician, it {eeming
Hometimes -to proceed from ohe place, and at
‘other times under the fame circumflances to
.proceed from the oppofite. When the prime
‘Conduttor is . eleérified pofitively, the fpark

* It often darts bruthes of light ﬁdo-ways in every

dire&tion, : \
P2 - muft
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mutt certainly proceed from it, and go to the
body prefented; and when the prime Con-
dutor is eleCtrified negatively, the fpark
muft proceed from the, body prefented, and
-go to the Conduftor. This, however, we
learn by reafoning from other experiments ;
" for the real direGtion of the fpark in the
above experiment, is much more rapid in
. its motion, than to admit its form, much lefs
its direCtion to be perceived by our eyes.

ExreriMENT III

The electric Light flafbing between two
~ metallic Plates.

Let two perfons, one ftanding upon an in-

fulated ftool, and communicating with the
prime Conductor, and another ftanding upon

the floor, each hold in one of his hands a

~‘metal plate in fuch a manner, that the plates
may fland back to back-in a parallel fitu-
‘ation, and about two inches afunder. Let
the winch of the machine be turned, and you

‘will fee the flathes of light between ‘the two

plates fo denfe and frequent, that you may
~ eafily diftinguifh any thing in the room. By
this experiment the eletric light is exhibited

4 . in
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" ina very copious, and beautiful manner, and
it bears a ftriking refemblance to lightning.

ExperiMENT IV, |

"To‘ JSire inflammable Spirits.

The power of the electric fpark to fet fire
to inflammable fpirits, may be exhibited by
“feveral different methods, but more -eafily
thus: HMang to the prime Conduttor a fhort
rod having a fmall knob at its end, then
pour fome {pirits of wine, a little warmed, into
a fpoon of metal*; hold the fpoon by the
handle, and place it in fuch manner, that the
{fmall knob on the rod, may be about one
inch above the furface of the fpirits. . In this
fituation if, by turning the winch, a fpark
be made to come from the knab, it will fet

the fpirits on fire,

This cziperi_ment happens in the very fame
‘manner whether the Conduttor is eleGrified

* The readiet way to warm the fpirits for this experi-
ment, is to fet it on fire with a candle when it is in the
fpoon, and after it has burned for about two feconds, to
blow it eut with yourbreath. In this ftate it will be found
very ready to take fire, even by a fmall fpark. L

P 3 pofitively
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poﬁtxvely or negatively, 4 e whether the

_{park be made to come from the Condu&or,
or from the fpoon ; it being only in confe~
quence of the rapid motion of the fpark that
the fpmts are kindled. -

It will be perhaps fcarce neceffary to re-
mark, that the more inflammable the fpirits
are, the more proper they will be for this
experiment, as a {maller fpark will be fuffi

cient to inflame them; therefore re&ified -

" fpirit of wine is better than common proof
{pirit, and zther better than either,

- 'This experiment may be varied different

ways, and may be rendered very agreeable

to a2 company of {peCtators; a perfon, for

" inftance, flanding upon an eleGric flool, and
communicating with ghc prime Condu&or,

may hold the {poon with the f{pirits in his

.hand, and another perfon, fanding upon
the floor, may fet the {pirits on fire by

bringing his finger within a {mall diftance of

it.” Inftead of his finger, he ‘may fire the

{pirits with a piece of ice, when the experi-

ment will feem much more furprifing. ¥

the fpoon is held by the perfon fanding upon

the
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the. floor, and the infulated perfon brings

;}19 fgxrx:s, ;ht; e:gpg_nrqeng fupqeeds ag
well. -

ExpPERIMENT V.

Tke artificial Bojonian Stone illuminated by
the ekeétric Light.

The moft curious. experiment to fhew
the penetrablhty of the ele@ric light, is made
thh the real, or more eafily, with the artifi-
cial Bolpman ﬁqne, mvenped by the l?.;c M:".

~J.CanToN. This phofphorus is a calcareous

fubftance generally ufed in the form of a

- powder, which has the property of abforb-

ing light, when expofed to it, and after-
wards to appear 1 lucid when brought into thc

rk *,
e Take

# The method of making this phofpharus is as follows.
¢ Calcine fome commen oyfter fhells” (if they are old,

* and half calcined by time, fuch as are commonly found

upon the fea thore, they are, as Mr. W.CaNTON obferves,

_fo much the ‘better), ¢ by keeping them in a good coal °

€ fire for half an hour ; let the pureft part of the calx bs

- 4 pulverized, and fifted ; mix with three parts of this

,$¢ powder one part of the flowers of fulphyr; let this
Py : ' ¢ mixtugg



~2i6‘A COMPLETE TREATISE

Take fome of this powder, and, by means
of fpirits of wine, or mther, ftick it all over
- the infide of a clear glafs phial, and ftop it
with a glafs ftopper, or a cork and fealing- '
wax. If this phial be kept in a darkned
room (which for this experiment muft be
very dark) it will give no light, but let two

or three ftrong fparks be drawn from the
" prime Conduéor, when the phial is kept at
about two inches diftance from the fparks,
fo that it may be expofed to that light, and
this phial will receive that light, and after-

¢ mixture be rammed into a crucible of about an inch
~ ¢ and a half in depth, till ‘it be almoft full ; and let it be
¢¢ placed in the middle of the fire, where it muft be kept
¢ red-hot for one hour at leaft, and then fet it by to
¢¢ cool : ‘when cold, turn it out of the crucible, and cut-
“¢ ting or breaking it to pieces, fcrape off, upon trial, the
- ¢¢ brighteft parts ; which, if good phofphorus, will be a
- ¢¢ white powder, and may be preferved by’ keeping it in
¢¢ a dry phial with a ground ftopple.”

If this phofphorus, whether in the phial or not, be kept
in the dark, it will give no light, but if expofed to the
light ‘either of the day, or of any thing elfe, and after-
wards brought into a dark place, it will then appear lucid
for a confiderable time. For farther -properties of thig
phofphorus, fee the Phil, Tranf. Vol. LVIII,

T " wards

¢
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wards will appear illuminated for a confider~ -
able time,

. 'This powder may be ftuck upon a board
by means of the white of an egg, fo as to
reprefent figures of planets, letters, or any
thing elfe at the pleafure of the operator, and
thefe figures may be illuminated in the dark,
in the fame manner as the above-defcribed
phial.

~ A beautiful method to exprefs geometrical
figures with the above phofphorus, is to
bend fmall glafs tubes of about the tenth
part of an inch diameter, in the fhape of -
the figure defired, and then fill them with
the phofphorus powder. Thefe may be illu-
minated in the manner defcribed, and they
are not fo fubje& to be fpoiled, as the figures

| reprefented upon the board frequently are.

The beft method of illuminating this
phofphorus, and was that Mr. W. CANTON
generally ufed, is to difcharge a {mall ele@ric
j‘ar near it,

ExprERI-
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"ExperiMENT VL
Tbe lumingus Copduélor.

Fig. 6. Plate L reprefents a prime Con-
gultor invepted by Mr. HENLY, which
fhews clearly the dire@tion of the ele&tric
fluid pafling through it, from whence it is
called zhe luminous Conduftor. ‘The mid-
dle part E F of this Condu&or is a glafs
tube ahout elghtccn inches long, and three
of four inches in diameter. To both ends
of this tube the hollow brafs pieces F D,
B E, are cemented air-tight, gne of which
“has a point C, by which it receives the

ele@ric fluid, when fet near the excited cy-
lmder of the elerical mchme, and the
pther has a knobed wire G, from which 2
firong fpark may be drawn ; and from each
of the pieces FD, BE, a knobed wire pro- -
seeds within the cavity of the glafs tube.
The brafs p;ece FD, or BE, is compofed of
two parts, /. e. a cap F cemented to the
glafs tube, and having a hole with a ‘valye,
by which the cavity of the glafs tube may
“be exhayfted of air; and the ball D, which
19
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is fkrewed upon the cap F. 'The fupporters
of this infirument are two glafs pillars
faftened in the bottem board H, like the
prime Conduftor reprefented fig. 2. When
the glafs tube of this Conduéor is exhaufted
of air by means of an air pump, and the

" brafs ball is fkrewed on, as reprefented in

the figure, then it is fit for ufe, and may
ferve for a prime Conductor to an eleftrical
machine,

If the point C of this Conduor is fet
near the excited cylinder of the machine, it
will appear illuminated with a ftar; at the
fame time the glafs tube will appear all illu-
minated with a weak light; but from the’
knobed wire, that procceds within the glafs
from the piece F D, a lucid pencil will iffue
out, and the oppofite knob will appear illu=
minated with a ftar, which, as well as the
pencil of rays, is very clear, and difoernible
among the other light, that occupics the
greatoft part of the cavity of the tube.

¥ the point €, inftead of being prefented
to the cylimder, be copne@ed with the rub-

ber of the machine, the Bppearance of light

within
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within the tube will be reverfed ; the knob
which communicates with the piece F D ap-
- pearing illuminated with a ftar, and the op-
- pofite with a pencil of rays ; .becaufe in this
cafe the direction of the ele@ric fluid is juft
the contrary of what it was before; it then
going from D to B, and now coming from B
and going to D. '

If the wires within the tube E F, inftead
of being furnithed with knobs, be pointed,
the appearance of light is the fame, but
it feems not fo ftrong in' thxs, as in the other
cafe.

© ExperIiMENT VIL
The condusting Glafs Tube.

Take a glafs. tube of about two inches
diameter, and about two feet long; fix to
one of its ends a brafs cap, and to the other
a flop-cock, or a valve ; then by means of
an ait-pump exhauft it of air. If this tube
be held by one end, and its other end be
brought near the. ele@rified prime Conduc~

| tor, it will appear to be full of light, when-
' ever
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ever a fpark is taken by it from the prime
Conductor ; and much more fo, if an electric
jar bedifcharged through it.

This experiment may alfo be made with
the receiver of an air-pump; take, for in-
flance, a tall receiver clean and dry, and.
through a hole at its top infert a wire,
which muft be cemented air tight. The

~ end of the wire, that is within the: tube,

muft be pointed, but not very fharp; and
the other end muft be furnifhed with a knob."
‘Put this receiver upon the plate of. the air
pump, and exhauft it.- If now .the knob of
the wire at the top of the receiver be touch-
ed with the prime Condu&or , every fpark
will pafs through the receiver in a denfe and
large body of light, from the wire, to the
plate of the air-pump. ;

" # When any thing is to be touched with the prinie
Condu&or, that is not very portable, as the air-pump
above menuoned the communication between the former

and the latter, may be made’by means of a rod furmfhcd
‘ Wxth an cle&nc handle, or the hke. ' e

" Exes-
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EXP'I.-:RIM.ENT VIIIL.
‘The Aurora Boreals.

Take 4 phial nearly of the fhape and fize
of a Florence flalk ; fix a flop-cock or a
valve to its neck, and exhauft it of air as
much as it is poflible with a good air-pump.
- If this glafs is rubbed in the common man~
rer uled to ‘excite eledrics, it will appear
luminous within, being full of a flathing
light, which plainly tefembles the aurora
‘borealis, or northern light. . This phial may
alfo be- made luminous by holding it by either
‘end, and bringing the othet end to the
-prime Condutor ; -in this cafe all the. cavity
of ‘the glafs will inftantly appear full of
flathing light, which remains ia it for a con-
fiderable time after it has been removed from
the prime Condué&or.

Inftead of the above-defcribed glafs veflel,

a glafs tube, exhaufted of ajr and hermeti-
cally fealed, may be ufed, and perhaps with
- better advantage. 'The moft remarkable cir-
cumftance of this experiment is, that if the
3 - phial,
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phial, ‘or tube after it has been retnoved fromm
the ptime Condullor {and even feveral hours
after its flathing light hath ceafed to appear),
Ye grafped with the hand, ftrong flathes of
light will lmmedlatc‘ly appear within the
gHifs, which often reach fromn dne of its ends
to ‘the other.

'The*c'ati{'es 'on which this experiment de=
pends are two; firft the conduéting nature
of ‘the vacuum, ‘and fecond the charging of
the ‘glafs : for ‘when ‘one fide of ‘the glafs
phial is touched with the prime Condiucor,
the eleftric fluid, cominunicdted to ‘the ‘out=
fide furfice of ‘onte fide of the ’p}l‘xial,rcsiuféth ,

{ie ‘matgral fluid belonging to the infide
furface to  depart from ‘its place, -anid go to
the oppofite fide of the phial ; and this
fluid, pafling through thie vacuum, caufes the
light within the phial, which light is more -
or lefs fubdivided, according as the vacuum
is lefs or more perfe¢t. Now, that part of
the phial, ‘which. has touclied the prime
Condudtor, is aftually “charged ; ‘for its out-
fide furface has acquired an additional quan=
tity of electric fluld, @nd the infide futface
has 1oft pﬁrt of “its'owh ; ‘but as the outfide .

‘of
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of the phial has no coating, therefore, when

it is removed from the prime Conductor,

and it is not grafped with the hand, or
other Condu&or, the charged part of the
glafs can be difcharged only gradually ; that
is, whilft its outfide furface is communicating

- its fuperfluous fluid . to the contiguous air,

the infide {urface acquires the eleric fluid
from the other end of the phial, which fluid
paffing through the vacuum, caufes that flath-

§ ing, which is obferved for fo confiderable a

time. If the phial is grafped with the hand,
its difcharge is accelerated, hence the- flathes
within the phial appear more denfe and co-

~ pious, yet it cannot be difcharged all at once

by this operation, becaufe the hand cannot
touch every part of the glafs at once.

ExpERIMENT IX,

The vifible electric Atmofphere.

G1I fig. 2. Plate IL reprefents the re- |

ceiver with the plate of an air-pump. In
the middle of the plate I F, a fhort rod is
fixed, having at its top a metal ball B nice~
ly polithed, whofe diameter is nearly two

" inches.
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inches. From the top of the receiver, ano-
ther rod A D with a.like ball A proceeds,

- and is cemented alr-tlght in' the ncck C;

the diffance of . the balls from one another'
being about four mchcs, or rather more. If,
when the receiver is exhaufted of air, the
ball A be ele@rified pofitively, by touching
the top D of the rod A D with the prime
Conductor or an excited glafs tube, a lucid
atmofphere appears about it, which although
it confifts of a feeble light, is yet very con-
fplcuous, and very well defined ; at ' the
fame time the ball B has not the leaft light.
This atmofphere does not exift all round the

~ ball A, but reaches. from about the middle

of it, to afmall di&a‘nc'ev beyond that fide of
its furface, whxch is towards the oppofite
~ ball B. If the rod with the ball A be elec-
trified negatively, then a lucid atmofphere,
. like the above defcribed, will appear upon the
 ball By. rcaching'fx"om its middle to a fmall

diftance beyond that fide of it, that is to-
wards the ball A ; at the fame time ‘the ne-
ganvely electrified ball A remains. without
any hght .

Q. The
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The Opcrator in this’ experlmcnt, ‘muft be
‘careful not to eleCrify the ball A tdo much,
for then the electric fluid will pafs in a fpark

*_ ‘from one .ball to the othér, and the experi-

‘ment will not have the defired effect. 'Alit-
“'tle pratice, however, will render the operation
very eafy and familiar. '

"By this elegant éxpériment, which is of
the celebrated F. BECCARIA, ‘we have an
‘ocular demonflration of the theéry of a
ﬁngle ele&rlc fluid; we fee that Elec-
tncxty confifts of one uniform, homogeneous
fluid, and not two, viz. the vitreous, and
refinous, as fome have Tuppofed ; for if the
‘pofitive, ‘and negative Fle&rxcxty were two
diftin¢t fluids ‘attradive of one‘dnother, there
thould, in'the above experiment, always ap-
.pear two atmofpherfes, 7 e. one about the
‘ball A, and another ‘about ‘the ball'B; for
when the ball A is overcharged with either
fluid, it ‘Thould thew that fuperfluous ' fluid
on its firface, and this ‘fluid fhould ‘attradt
. towards the ball A, an atmofphere of -the
contrary fluid from the ball B. But this,
“as we obferved befSre, is not the cafe; for

’ - the
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the appearance of the lucid atmofphere is
-always on one hall, namely, that which is
overcharged with the ele@ric fluid ; thus
when -the ball A is ele@rified pofitively, the
Auperfluous fluid is vifible on that part of
it, which is neareft to the ball B, becaufe B
being in a contrary ftate of Eletricity, en-
deavours to attract it; but,  when the ball A
is electrified negatively, it will attra& the
fluid proper to the ball B, which fluid on that
account appears upon the furface of B, juftin
the a& of leaping to the ball A.

In order to remove an error, that has .
" been adopted by feveral writers on Elec-
tricity, it will be not amifs in this chapter
~ to mention, that the eleéric light has all the
prifmatic colours, as well as the light of the
fun. This may be eafily experienced by
viewing an eleGric fpark through a glafs
prifm*, '

* See Dr. PrirsTreY’s Hiftory of Ele@ricity, part
VIIL. fec. XIII, n.XIL '

Q2 CHAP.

/
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CHAP. VIL
Experimeét: with the Leyden Pbia/.
'ExPERIMENT L

- of 'c!za'rging', and diftharging a Phial in

- general.

Take a coated jar, as D E fig. 2, Plate I,
and place it upon the table near the prime
Condu&tor, fo that the knob of its wire,
and that only, may be in contalt with
it: fix the quadrant eleCtrometer E fig 2,
upon the prime Conduor, and then turn
the wmch of the machine. You will obferve,
that as the j jar is charging, the index of the
eleGtrometer will rife gradually as™ far as
90°%, or thereabouts, and then reft: when
this happens you may conclude, that the jar

.has received its full charge. If now you
take a difcharging rod, and holding it by
the glafs handle, apply firft one of its-knobs
to the outfide coating of the jar, and then
. bring the other knob near the knob of the
wire..of. the jar, or near the prime Con-

4 ductor,
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du&or, that communicates with it, you will

~ hear a report, and fee very vivid {parks be-

tween the difcharging rod, and the condu&-
ing fubftances, communicating with the fides
of the jar. This operation difcharges - the
jar. If, inftead of ufing the difcharging
rod, you touch the outfide of the jar with
one hand, and bring the other hand near.
the wire of the jar, the fame fpark and re-
port ‘will follow, but now you will feel a
thock, which affe@ts your wrifls,: elbows,

~and, if ftrong, your breaft alfo*. If a .

number . of perfons join hands, and.the firft
of them touches the outfide of 'the jar, and.
the laft touches the wire communicating
with the infide, they will all feel the fhock,
and precifely at the fame perceivable time.
This fhock. bearing no refemblance to any.
fenfation otherwife felt, cannot confequently
be defcribed, and in order that a perfon may
form-a juft idea of it, he muﬁ: abfolutely
feel it. . - :

* A fhock may be given to any fingle part. of the
bady, if that part only be brought into the circuit,

v Q3 The
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"The reafon of the charging of the phial,
"or jar.in this experiment, is, that when a
fuperfluous quantity of eleCtric fluid is forced.
upon the infide furface of the glafs, it
caufeth an equal quantity of fluid, naturally
inherent in' the glafs, to depart from the
oppofite furface, in confequence of the re-
‘pulfion natural to the particles of the elec~
tric fluid, which repulfion is exerted even
through the glafs ; one fide therefore of the
glafs remains overcharged, and the other
undercharged ; as foon therefore as the com=.
thunication between the two fides of the
jar is .compleated, the fuperfluous fluid on
one fide of the glafs flies -violently to the
other f{ide, and the rapidity of its motion oc~
cafions the {park, the report, &c.

 If the coated jar be held by the wire
eomimunicating with its infide, and the out-
fide coating be prefented to the prime Con~
duttor, it will be charged as readily as in
the other method, but with this difference,
that in this cafe the outfide will be pofitive,
and the infide negative. .
We



[
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We have fuppofed abgve, that the prime

| Condu&or was eledrified pofitively; but if

the experiment be repeated, when tie Con-
du&or, by being conng&ed with the rubber
of the machine, is ele@rified negatively, the
jar would in the fame manner be charged,
except that in this cafe the fide thag touches

.the prime Conduor, would be el¢trified

aegqnvcly, and the oppoﬁte fide, poﬁ-
tively. , _ .

| E,xgmummi‘, IL

T Jhew. that an irg/'ula%q"i Far cangét. be
: cherged. ,

" Set a goated jar upon an eleric flool ;

conpett its wire, or its outfide coating with
the prime Condué'ton, and turn the winch of
the machine. You will then obferve, that
the index of the quadrant eleGrometer, placed
vpon the prime Canduttar, foon yifes to go°,
feemingly fhewing that the jar is charged.

Then remove the eletric ftool with the jar

from the prime Condudtor, and either with
3 difcharging rod, or with your hands, en-
Q4 - deavour
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deavour to difcharge the jar, and you will
find, that it is not charged; for no fpark,
no fthock, hor any ‘other’ phcnomenon of
charged glafs, W1ll appear : '

v The reafon why in this éxf)éfiment the

infide of the jar ‘could acquire no'additional
elecric fluid, and theréfoféth’e’jzit could ac-
~quire no charge, is becaufe the outfide could
. not at the fame time part with its:own fluid,
its communication with the earth being cut
off by the ele&ric ftool. But repeat this
experiment with' only “this variation, that,
by means of a chain or otherwife, the out-
fide of the jar be made " to ¢ommunicate
with the table, and you will then find, that

the jar will be charged;; for in this cafe the

fluid, naturally inherent in  the-otiter furface of
the jar, can readnly be repelfed through the
cham, &c into the table o

T

If a jar be infulated, and one fide Of it,

mﬁead of being conneted with''the- earth,

be- conne&ed wnt’h the - 1nfulated rubber,
whilft the other ‘fide comimunicates with the

- prime Conduéor,’ ‘the jar will be alfothargéd :

and perhaps'in-a‘more expcdmous manner’;
T for
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for whilft the rubber exhaufts one fide, thg
other fide is fupplied by the prime Con-
du@or. In this manner it is fhown, that the
jar is charged with its own fluid, 7 e. the
nataral eleéric fluid of one of its fides, is, by
the a&ion of the machine, thrown on the
othcr fide. : ‘

:::::

EXPERIMENT III

Tbe precedmg Experzmmt dwerﬁﬁea’

To make the above experiment in-a clearer,
and more fatisfattory manner, place the Jar
upon the focl as- before, and with its wire,
not in “contac, ‘but at -about -half an inch
dlﬁance from the prime Conduor, hold the
knob of another wire-at fuch a: dxﬁance from
the -outfide ¢oating of the jar,'as the knob
of the ijar is from the prime Conduor;.
then let-the -winch of the machine be turned;
and you will obferve, that whenever-a fpark
cémes from the prime Condu@or to the
wire of the jar, another {park paffes from the
cutfide coating of the jar to the knob of the
wifq"p'r’efented towards it; which fhews, that
as a quantity of ele@ric fluid is entering the
mﬁde of the jar, an equal quantity of it is

S leaving
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fqaymg the outfide, In, this mannger. qbp 2R ‘

becomes cha,rgcq. B

'I,f, inftead, qf thﬁ' knobed wire, a. pointed
one be prefented. to the outfide of the jar, i
will appear iHuminated with a ftaz; and if
inftead of prefenting any wire to the jaz, a

- pointed wire be conne&ted with its coating,
it will appear illuminated with a bruth of
rays (7. e. by throwing the ele@ric fluid into
the air), which will laft as long-as the jar is

" charging. . -

¥ the'knoh,of another jar be prefeated to
the outfide coating of the infulated jar in the
above experiment, it will alfo be charged ; for
the fluid, going out of the outfide coating of
the firft jar, i. ‘e. that ftanding upon the fopl,
will go in the infide of the other jar,and

caufe the fluid, inherent to the outfide of that

w, to depact from its place ¥, .
vEXQ

% Itis eafy to wnderftand from this experiment, haw

may be qha;ged all at once, wnth narly thc fame trouble.

as one is charged. It muft, however, be obferved, that
when fevera] jars are fo copnected, that the infide of ene
S coms
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ExpRRIMENT IV,

To fhow that the Charge of a. Jar, or Glafs

. in general does not. refide in the. coating.

Take a naked phial and for a coating om,
the ountfide flick a piece of- tm—foxl with &
little tallaw, or bees-wax, fo that it can julk
- adhera to the glafs; and for an infide coating
ufe fmall leaden fhot, or quickfilver; laftly,
infert through its neck a knobed wirg com=
municating with the fhot, or quickfilver.—
This done hold the phial thus coated by its
outfide: coating, and charge. it, by prefenting.
its- knobed wire to the prime Conductor.
When it is charged turn it upfide down, and
let its wire, and quickfilver, or fhot fall in
a glals receiver; then remave its outfide
coating alfo. Iathis operation the phial does
~ mnot lofe its charge, and if you examine’the
quickfilver or fhot, you will find that it
contains no more Eledricity, than any other
like conduﬂ:mg infulated body, which has

communicates witht the outfide of another, &c. they can-
not be charged fo high, nor fo eafily, as otherwife; the
dnﬁieulty mcrcaﬁng nearly in prqpomon to the number of

the j Jarl ' , )
! . been
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been in conta& with the prime Conduor,

would contain. Replace the outfide coating
again upon the phial, pour the fhot or
quxckﬁlver again into it, or any other con-
duting fubftance, then touch with one hand
the outfide coating, and with the other, by
mtroddcmg a finger or a wire, touch the
infide non-eleétric, and you will feel a thock,

which will convince you, that the glafs ‘has °

loft very little of its charge by the operatlon
above mentioned.

.+ The fame experiment: may be more con-
vemcntly made by laymg a- pane of glafs
upon a metal plate, and covering an equal
part of the upper’ furface with' tin-foil,
havirig a filk thread faftened to one of its
fides, by - which it may be eafily taken off,
when'the glafs is charged, and as eaﬁly re-
pIaced when requircd ‘o -
S . .

EXPER—IMENT V

To pro‘ve tbat the elestric Fluid a’oe: ot expeI
', the Air contained in a Phial,

‘ Through a hole ‘made in the eork that .

ftops a coated phial, introduce a fmall glafs
tube

———— "o e e e Bam—— s o ———
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tube open at both ends, and of- about one
thirtieth part of an inch in diameter; bend
that part of the tube, that is out of the phial
in an horizontal ﬁ‘tu'ation, and with bees-wax |
faften the cork fo, that no air can get in or out
‘of the phial, except it pafles through the glafs
tube; laftly, put a fmall drop of red wine,
or ink, in the horizontal part of the tube,
fo that it may be eafily moved ;hrough it by
the leaft rarefa@ion, or condenfation of the air
-within the phial. If this phial thus furnifthed
be charged, by conneéting the prime Con-
du@or with its wire, the drop of liquor in
the glafs tube will not be ftirred from its fitu~
ation, which fthows that the eleric fluid,
immitted into the' phial, does not exclude |
“any of the air, that the phial contains. 'If
the phxal be dlfcharged, the drop of liquor
in the tube will be often pufhed a little out
of its place, and' afterwards return to its
former {ituation, which thows, that on mak-
ing the difcharge, the air within the phial
was a little difplaced, or rarefied. -This how-
‘ever is to be imputed to fome fpark, that
- generally. happens within the cavity of the
-phial, on account that the wire is _pot

om
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dn perfe& contact wsth the infide eoat—
ung e,

ExprriMENT VI

“The courfeof the electric Fluid in the Difcharge
" rendered vifible by the Star, and Pencil.
Whena jar is charged, take a difcharging rod
‘having its ends pointed,s.e, the difcharging
rod reprefented in fig. 10. Plate I, without
its'knobs, and keep it as reprefented, fig. 11,
that is, in fuch a fituation, that one of .its
jpoints C may be at about one inch diftance
from the knob A, and the other point B, at
an equal diftance from the outfide coating of
the jar; by thefe means the jar will be dif-
charged filently, and if its infide be ele@ri-
fied pofitively, you will fee, that the;pointC
of the difcharging.rod, is illuminated .with:a
flar, and the point B with:a, pencil;; becaufe,

“# Having repeated this experiment with a fmall phial,
-whofe charging. piece. (as we may call it) ‘was a_produce
tion of the infide coating, which.was of.one piece of tin--
. foil, ftuck to the glafs with bees-wax, mconfequmee of
 which no'fpark could happen within the phial, I found
that the drop of liquor in the glafs tube, was not ‘ftirred
-dither in charging, or difcharging:the phial.

10

Y
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in 'this cafe, the eleric Auid, going from 'the
infide to’ the ‘outfide of ‘the jar, ‘entérs’ the
point'C, and iffues from the point B. Butif
the jar -is ‘eleCrified negatively on ‘the infide,
aitd ¢otifequently pofitive’ on the outfide, thea
the pencil of rays will appear 1ipon ‘the ‘point
G, ‘atid-the ftar upon the pbint B; for in this
¢dfe the’ele@ric’ ‘fluid paffes ‘from the- ‘outfide
to'the infide of ‘the jar.

N.B. Thls ‘ e:;perim_ent, as well as any
‘ofher, 'in which the ¢lécttic light is to'be ob-
ferved, requires to be made in the dark.

ExpERrMENT VII

The Cour;/é of the -electric Fluid in tbe Dif~
charge fhown by the Flame of a Wax-taper.

‘Resiove the circular: piece of wood-E from
‘the ‘univerfal difcharger, reprefented fig. 3.
Plate I. Fix ‘the wires DB, DC, fo that
" their-knobs DD may be about two inches
diftance of one another; and upon the focket
‘F fix-apiece of wax taper lighted, fo that its -
‘fariie' may be juft in’the middle between the
“knobs D D. Having difpofed the apparatus
in this manner, if you -connet, by-means of
2 : a chain
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a chain or otherwife, the outfide of a charged
jar with one of the wires C, and bring the
knob of the jar to the other wire C, you will
obferve, that on making the difcharge, which
muft pafs between the knobs D D, the flame
of the wax taper is always driven in the
direction of the ele@ric fluid, -that is, it will
be blown upon the knob of that wire, which
commuynicates with that fide of the jar, which
is negatively ele@rified.

In -this experiment the jar muft have an
exceeding {mall charge, juft fufficient to pafs
through the interval in the circuit; which
experience will prefently determine : other-
wife the experiment will not fucceed, or be
perhaps rendered equivocal *.

* Tfitbe afked, why this experiment does not fucceed
with a great explofion as well as with a very fmall one,
the anfwer is, that when a jar highly charged, is brought
near one of the wires of the univerfal difcharger, it creates
an atmofphere about the kneb of the faid wire, which at-
mofphere difturbs the flame, of the wax taper,” before the
actual difcharge ; befides the eleftric fluid in a great ex-
plofion, by its elaftic nature, paffes through the flame of
the wax taper too {wiftly, for to communicate to it any
vifible motion ; in the fame manner a$ a bullet, dxfcharqu
by a piftol againft an open door, makes a hole through

the door, without fhutting it. - Cl

Ex-

© e
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ExpErRIMENT VIIL.

The Courfe of the electric Fluid in the Di/’cﬁarge,
rendzred confpicuous by the Motion communi~
cated to a pith ball. -

 Bend a card length-ways, over a round
ruler; {o as to form a channel, or femicircular
“groove*, Lay this card upon the circular board
- E of the univerfal difcharger reprefented fig.
55 of Plate I. and in the middle of it put a pith
ball of about half an inch diameter; then at
equal diftances, about half or three quarters
of an inch from the cork ball, lay the two
brafs knobs D D. The card being perfeitly
dry, and rather hot, if you conne&, by
means of a chain or otherwife, the outfide
- of a--charged jar, with one of the wires C,
and bring the knob of the jar to the other
wire C, you will obferve, that on mé.king
the difcharge, which muft pafs between the
knobs DD, and over the card, &c. the pith

- * Inftead of the card, a piece of baked wood may be
cut in that fhape, and painted over with lamp-black and
oil ; which will anfwer better than the card, it being much
more fteady, and not fo liable to attradt moifture.

R | . ball
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ball is always driven in the dire&ion of the
ele@ric fluid, 4 e. it is puthed towards that
knob, which communicates with the negative
fide of the jar. '

It muft be obferved that in this experi-
ment the charge of the jar muft be juft fuf-
ficient to pafs through the interval.in the
circuit; the card, or piece of baked wood,
 muft be very dry and clean; and in fhort
the difpofition of the apparatus, and the per-
formance of this curious experiment, require
"a degree of nicety, that can only be obtained
by pratice.  Without great precaution, it
fometimes fails ; but when the Operator has
once got it to fucced, and follows exa@ly the
fame method of operation, he may be fure,
that the event of the experiment will be
conftantly as above defcribed.

| ExpﬁR;MENT IX.

The Leyden Vacuum.
- Fig. 8 and g.of Plate I. reprefent a {fmall
. phial coated on the outfide about three inches
puthe fides with tin-foil ; at the top of the

neck of this phial, a brafs cap is cemented,
' having
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having a hole with a valve, and from the
tap a wiré proceeds a few inches within the
phial, terminating in a blunt point. When -
this phial is exhaufted of air, a brafs ball is
- fcrewed upon the brafs cap, which is
cemented into its neck, fo as to defend the
valve, and prevent any aif from getting into
the exhaufted glafs *  This phial exhibits
clearly the dire&tion of the eleric fluid,
both in charging and difcharging ; for if it
be held by its bottom, and its brafs knob
be prefented. to the prime Condudor pofi-
tively ele@rified, you will fee that the eleGric
fluid caufeth the pencil of rays to proceed
from the wiye within the phial, as reprefented
fig. g. and if it is difcharged, a ftar will ap-
pear in the place of the pencil, as reprefented
in fig, 8. Butif the phial is held by the brafs
cap, and its bottom be touched with the prime
Condu@or, then the point of the wire on its
infide, will appear illuminated with a ftar,
when charging, and with a pencil, when
" difcharging, * - If it be prefented to a prime

* The infide of this pliial requires no caatitig, becaufe-
as the eleétric fluid pervades vacuum, it can pafs freely
from the wire to- the furface of the exhaufted glaf, with-

" out the help of & ion-ele@ric coating. _
R 2 Con:
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Condu&or ele&trified negatively, all thefe
appearances, both in charging, and dif-
charging, will be reverfed.

- 'This experiment of the Leyden vacuum,

together with the two . preceding ones,
namely the feventh and eighth of this chap-
ter, are inventions of Mr. HENLY, and they
exhibit an ocular demontftration of the hypo-
thefis of a fingle electric fluid.

ExrERIMENT X.

To pierce a Card, and other Subflances with
the eletiric Explofion. :

Take a card, a quire of paper, or the’
cover of a book, and keep it clofe to the
outfide coating of a charged jar; put one
knob of the difcharging rod upon the card,
quire of paper, &c. fo that between the
knob, and coating of the jar, the thicknefs
of that card, or quire of paper, only is in-
terpofed ; laftly by bringing the other knob
of the difcharging rod near the knob of the
jar, make the difcharge, and the elefric

mattcr, ruthing through the circuit from the
. o pofi-




OF ELECTRICITY. 243

pofitive, to the negative furface of the jar,
will pierce a hole (or perhaps feveral) quite
through the card, or quire of paper *. This.
hole has a bur raifed on each fide, except.
the card, &c. be prefled hard between the
difcharging rod and the jar; which fhows
that the hole is not made in the direction of
the paffage of the fluid, but in every
diretion from the center of the refifting
body. |

If this experiment be made with two -
cards, inftead of one, which however muft
be kept very little diftant from one ano-
ther +, each of the cards, after the explofion,
will be found pierced with one or more holes, .
and each hole will have burs on both furfaces
of each card. ‘

* The hole, or holes, are larger or fmaller, accord-,
ing as the card, &c. is more damp, or more dry. It is
remarkable that if the noftrils are prefented to it, they
will be affe@ed with a fulphureous,' or rather a phofpho-

real {mell, juft like that produced by an excited Elec-
tric.

-

+ This may beeafily effeted by behding a little one'of
the cards.

) Rz - If
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If inftead of paper, a very thin plate of
.glafs, rofin, fealing-wax, or the like, be in-
terpofed between the knob of the difcharging
rod, and the outfide coating of the jar, on
making the difcharge, this will be broken
in feveral pieces. -

Small infects may. alfo be killed in this
manner ; they may be held between the out-
fide coating of the jar, and the knob of the
difcharging rod, like the above card; and 2
fhock of a common phial fent through them,
will inflantly deprive them of life, if they
-are pretty fmall ; but if larger, they will be
affeted in fuch a manner, as to appear
quite dead on firft receiving the firoke, but
will, after fome time, recover: this, however,
depends on the quantnty of the charge fent
through them.

N EXPE-:' )
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" ExpERIMENT XI.

To flew the Efect of the Shock fent over the
Surface of a Card or other Subflances.

Put the extremities of two wires upon the
furface of a card, or other body of an elec-
tric nature, fo.that they may be in one di-
rection, and about one inch diftance from
one another ; then, by conneting one of the
wires with the outfide of a charged jar,
and the other wire with the knob of the jar,”
. the thock will be made to pafs over the card

or other body. . A :
3 oo

If the card be made very dry, the lucid
track between the wires will be vifible upon
the card for a confiderable time after the
explofion. If a piece of common writing
paper be ufed inftead of the card, it will
be torn by the explofion into very fmall
bits.

If inftead of the card, the explofion is
fent over the furface of a piece of glafs,
-R 4 this
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this will be marked with an indelible track,
which generally reaches from the extremity
of one of the wires to the extremity of the
other. In this manner the piece of glafs is
very feldom broken by the explofion. But
Mr. HENLY has difcovered a very remark-
“able method to increafe the effect of the ex-
plofion upon the glafs; which is by preffing
with weights that part of the glafs, which
lies between the two wires, (7 e. that part,
over which the fhock is to pafs). He puts
firft a thick piece of ivory upon the glafs,
and places upon that ivory a weight at plea-
fure, from one quarter of an ounce, to fix
pounds : The glafs in this mander is gene-
rally broken by the explofion into innumera-
ble fragments, and fome of it is abfolutely
reduced into an inpalpable powder. If the
glafs is very thick and refifts the force of
the explofion, fo as not to be broken by it,
it will be found marked with the moft lively
prifmatic colours, which are occafioned by
very thin laminz of the glafs, in part {épa-
rated from it by the thock. The weight laid
dpon the glafs is ‘always fhook by the ex-
plofion, and fometimes it is thrown quite

off
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off from theivory *. This ;:xperiment may
be moft conveniently made with the univerfal
difcharger. Fig. 5. of Plate L

ExpERIMENi' XII. |

To ﬁezb the Direttion of the eletric Fluid in
the Difcharg:, by caufing the Shock to go
~over the Surface of a Card.

Difpofe the apparatus in the manner de-
fcribed in the preceding experiment, but
with this difference, that inftead of laying
the extremities of both wires upon the
fame - fide of the card, one of them be
placed under the card ; then fend a fhock
through the faid wires, as in the preceding
‘experiment, and you will obferve, that the
electric fluid will run over that furface of
the card, upon which lies the extremity of
that wire, which is conneéted with the po-
fitive fide of the jar; and in order to pafs

* If fmall reprefentations of houfes, &c. be laid upon
a board, place! on th: piece of ivory ; that, being fhook
by the explofion, will give a very natyral idea of an
earthquake

\

; | to
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to the extremity of the other wire, it will
break a hole throygh the card juft over the
extremity of that wire, which is conne&ted
with the negative fide of thejar.

This excellent experiment, which fhows
the direGion of the elefksic fluid in the
difcharge of a jar, is a difcovery of Mr. Luz-
LIN of Geneva.

N. B. With very large jars, this experi-

“ment has been obferved to pierce feveral holes,
. and in fuch manner as to render the experi-
ment not fatisfa&ory,

EXPERNEST XIIL

To fwell the Clay, and break finall Tubes with
the eleCiric Explofion.

Roll up a piece of foft tobacco-pipe clay
'~ in a fmall cylinder C D fig. 4. Plate II. and
infert in it two wires A, B, fo that their
ends within the clay may be aboat a fifth
part of an inch from one another. If a
ﬂxock be fent through this clay, by .con-

ne&mg A

N

e tmamra — =
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nelting one of the wires A, or B with the

outlide of a charged jar, and the other with
the infide, it will be inflated by the fhock,
. 4. e. by the fpark, that paffes between the
two wires, and after the explofion will ap- -
pear as reprefented fig. 5. If the thock
fent through it is too ftrong, and the
~ clay not very moift, it will be broken by the

- explofion, and its fragment {cattered in every

dire&ion.

~ 'To make this experiment with a little va-

riation, take a piece of the tube of a tobac-.
co-pipe, about ene inch long, and fill its
bore with moift clay, then infert in it two
wires, as in the above rolled clay, and fend
a fhock through it. . This tube will not fail
to burft by the force of the explofion, and
its fragments will be feattered about to a gteat
diftance.

If inftead of clay, the above-mentioned
tube of the tobacco-pipe, or a glafs tube,
(which will anfwer as well) be filled with
any other fubflance either eleéric, or non-
ele@ric inferior to metal, on making the dif-

- charge,
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charge, it will be broken in pieces with nearly
the fame force..

This experiment 1s the invention of Mr.
‘LanNg, F. R. S.

EXPERIMENT XIV.

To fhow the Courfe of the eleciric Fluid by tbe
Jpontaneous Difcharge.

Take a coated phial of a fmall fize, and
if the naked part of it, 7. e. from its out-
fide coating to the cork, is very dry, breathe
upon it once or twice, fo as to render it
flightly damp; then holding the phial by
its outfide coating, prefent its knob to the
prime Conduttor, while the machine is in
ation, and you will {ee, that after the phial
has received a {mall charge, a beautiful
bruth of rays will proceed from the cork,
which, after going a little way into the air,
turns its courfe towards the outfide coating
of the phial. If the phial, inftead of the
prime Conductor, be prefented to the infu-
lated rubber, then the brufh, inftead of pro-
ceeding from the cork, will iffue from the

' outfide
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outfide coating, and diret its courfe towards '
the cork or wire of the phial; fhowing be-

yond a doubt the truth of the hypothefis of
a fingle ele@ric fluid,

This experiment, which is/of Mr. HEN-
Ly, requires a nicety of operation, without
which it will not fucceed as above defcribed.
The quantity of moifture upon the phial,
and the quantity of Eletricity communi-
cated by the machine, muft be of a de-
gree, which nothing but pracice can deter-
mine.

ExpERIMENT XV,
To make the eleSric Spark vifible in Water.

" Fill a glafs tube of about half an inch
diameter, and fix inches long, with water,
and to each extremity of the tube adapt a
cork, which may confine the water ; through
each cork infert a blunt wire, {o that the
extremities of the wires within the tube
may be very near one another; laftly con-
neét one of thefe wires with the coating
of a fmall charged phial, and touch the

other
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other wire with the knob of it; by which

means the fhock will pafs through the wires,’

and caufe a vivid fpark to appear between

their extremities within the tube. "In per= -

forming this experiment care muft be taken,
that the charge be exceedingly weak, other«
wife the tube will burft.

C fig. 14. Plate Il reprefents a common

drinking glafs almoft full of water.. A B

are two knobed wires fo bent, that their

knobs may be within a little diftance of one
another in the water. If one of thefe wires

be connefted with the outfide coating of a
pretty large jar, and the other wire be touch~
ed with the knob of it; ‘the explofion which
‘muft pafs through the water from the knob

of one of the wires to that of the other,
will difperfe the water, and break the glafs
with a furprifing violence. This experi-
ment is very dangerous if not conduéted with
great caution. '

ExPE~

L mamaa s o o s
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EXP(ERIMENT XVI.

To prove that the electric Spark difplaces,
and rarifies the Air.

" Fig. 3. Plate IL. reprefents an inftrument,
which the inventor, Mr. KINNERSLEY, calls
the eletirical Air Thermometer, it being very
- ufeful to obferve the effe@s of the eletric
* explofion upon air. The body of this ther-
mometer confifts of a glafs tube A B, about
ten inches long, and nearly two inches dla- ‘
meter ; and clofed air-tight at both ends by
two brafs caps. Through a hole in the up-
per cap, a fmall tube H A, open at both
_ ends, is introduced in fome water at the
* bottom B of the large tube. Through the
middle of each of the brafs caps, a wire
F G, E I is introduced, having a brafs krob
within the glafs tube, and by fliding through
the caps, they may be fet at any diftance
from one another. This inftrument is, by a
brafs ring C, faftened to the pillar of the
wooden ftand C D, that fupports it. When
the air within the tube A B is rarefied, it
" will prefs upon the water at the bottom of
1 ' N - the -
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the tube, which will confequently rife in the
cavity of the {mall tube; and as this water
rifes higher or lower, {o it thows the greater -
or lefs rarefaction of the air within the tube
A B, which has no communication with the
external air. |

If the water, when this infttument is to
be ufed, is all at the bottom of the large
“tube, 4 e. none of it is in the cavity of
the fmall tube; it will be proper to blow
with the mouth into the {mall tube, and
thus caufe the water to raife a little in it,
where, for better regulation, a mark may be
fixed.

Bring the knobs G I of the wires I E,
F G into conta& with one another, then
- conne&t the ring E, or F with one fide of
a charged jar, and the other ring with the

other fide, by which operation a fhock will

be made to pafs through the wires F G,
1 E, 7 e between the knobs E L * In
this cafe you will obferve, that the “water
in the fmall tube, is not at all moved from
the mark ; which fhows, that the paflage
of the electric fluid through Conduc&ors fuf-
3 : ficiently
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ficiently largé, occafions'no’ rarefa&mn, ‘nor
difplaces the air about them.

* Put the knobs G, Ia littlc diftant from
one another; and fend a fhock through them
as before, and you will fee that the fpark
‘between the two knobs, not only- difplaces,
but rarefies confiderably the air; for the
water will be fuddenly pulhed almoft at the -
top of ‘the fmall tube, and immediately it
will fubfide a little, as for inftance as far as
H, which is occafioned by the fudden dif-
placing and - replacing of the air about. the
place, where the fpark appeared within the
tube A B. ‘After that the water has fubfided
fuddenly from the firt rifing, it will then
gradually, and flowly come down to the
mark, at which it. ftood . before the explo-
fion ; which is the effe& of the air that was
rarefied, and which gradually returns to its
former temperature, '

If this experiment be made in a room,
where the degree of heat is variable, then
proper allowance muft be made for this cir-
cumftance, in eftimating the event of the
experiment ; for the ele@rical air thermo-

' S ~ meter
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. meter is affected by heat, or cold in general,
as well as by that caufed by an eledric
{park. ‘

ExpERIMENT XVIL
To fire Gun-powder. '

Make a {mall cartridge of paper, and
fill it with gun-powder, or elfe fill the
tube of a quill with it; infert two wires;
one at each extremity, fo that their ends
within the quill, or cartridge, may be about
one fifth of an inch from. one another ;
-this done, fend the charge of a phial through
the wires, and the fpark between their ex-
tremities, that are within the cartridge, or
. quill, will fet fire to the gun-powder. If
the gun-powder be mixed with fteel filings it
will take fire more readily, and with a very
fmall thock. ’

EXPE-



.OF ELECTRICITY. a5
‘ExpErRiMENT XVIIH.
To firiké Metals into Glaj}

Také two ﬂxps of tommon wmdow-glafs
about thtée inches long, and half an iich
widé ; put a fmall {lip of gold, filver, or
brafs leaf; between them, and tie them to-
gether, or elfe prefs them togéther between
the boards of the prefs H, belonging to the
univerfal difchdrger fig. 5, Plate 1,. leaving
.a little of the metallic leaf ot betwéen the
glaffes at each end; - then fenid a fhock
through this metallic leaf, and the force
of the explofion will drive part of the metal
into fo clofe a contaét with the glafs, that
it cannot be wiped off, or éven be affe@- '
ed by the common menftrua, whxch otheru ’
wife WOuld diffolve it. - oo

In this experiment the glaffes afé often
fhattered to piecés, but whether they are
broken or mnot, the indelible metallic tinge
will always be found in fevetal places, and
fometimes through the whole length of  both

glafles: U
Sz ' 'Ex'rE- a
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ExPERIMENT XIX.
To flain the Paper, or Glafs.

* Lay a chain, which forms a part of the
circuit between the two fides of ‘a charged
jar, upon a fheet of white paper, .and if
a thock be fent through it, the paper will be
found ftained with a blackifh tinge at every
jun@ire of the links. If the charge be
very largé,' the paper, inftead of being
ftained with fpots, is burnt through. If the
chain be laid upon a pane of glafs, inftead
of paper, the glafs will often -be found
ftained with fpots”in feveral places; but (as’
mlght ~be expe&cd; ‘not fo deep as the

' paper

If this experiment be made in the dark,

~ a{park will be feen at every jun&ure of the

Tinks; ‘and if the links-are fmall, and the
fhock pretty firong, ‘the chain will appear
 illuminated l;ke a line of ﬁre, which’ thows
that the eIcCtncal fluid meets with fome re~

fiftanice id ‘pafling from one link of the cham
to cmo;her B

“u‘.A '. N

Exn:-
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EXPERIMENT XX, -
The lateral Expl /ion N

If a jar be dlfcharged with a dlfcharglng'
rod, that has no ele&ric handle, thé: hand
~ that holds it, in making the -difcharge, feels
“fome kind of fhock, efpecially when the
charge is confiderable.—In other ;words.
A perfon or any conduting fubftance, that
is- connected .with one fide of a Jary,/but
forms -no"part of the circuit,: will feel.'a
~ %kind of fhock, 7 e. fome effe@:of: the Yif+
ghatge. - This» may be rendered vLﬁblec n
the. folowing - manner. Conneé't Wuh? the
oiitfide 'of ‘a charged jar ‘a ‘piece of, chaidg -
then difcharge ‘the jar:through anothericits -
éuit,s/.as,_fop inftance; with a difchargingi rod
in- the-tommon. way, and: the chain that
communicates: with the: outfide;of -the jan
and which-makes no: part; of | the tircuit
will - appear lucid in the dark, 7, .e.; fparks
will appear hietween the links-; . which fhows
that the eletric. fluid,  natural to that chain,
muft by fome:imeans have:.been difturbed:
’I' his. cham will alfo appear 1urmnous, if i

S 3 - is ¢
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is not in contadt wnth the outﬁde of 'the
jar, but only .very near it; and on makmg
~ the difcharge, a fpark will be feen between
the jar, and the-end of the chain near it.
This ele@rical appearance out of the cir-
- cuit of a difcharging jar, is that, which
we call the {ateral Exp!oﬁon, and to’ makc
it appear in the moft confpicuous manrer
obferve the followmg method, whnch is of
Dr. PRIESTLEY. o

- When a jar is _charg,c,d. and ftands uipon
~ the table as ufual, infulate a thick metallic
- rod, and place it fo that one of its ends

_ may be - contiguous to the outfide coatmg

of the jar; and within about half an’ jnch
of its other cnd place a body of" about fix
or feven feet in length; and ‘a few inches
in" breadth ; then put § chain' upon- the tas

ble, fo that one of its ends:may be about
one inch and a half diftant from the coat-

. ing of the jar;-at the other-end of the

_ chain apply one knob of the difcharging
rod, and bring the other knob to.the wire

" of the jar in order to make the explofion.

On making the difcharge in' this manner,

a ﬁrcmg {park will be feen between the
| infu-
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“infulated rod, which communicates with the
coating of the jar, and the body near its
extremity, which fpark does not alter the
ftate of that body in refpe&t to Ele&ricity;
hence -it' is imagined that this lateral fpark
flies from the coating of the jdr, and returns
to it at the fame inftant, allowing no per-
cepub!e fpace of time, in which an eleQro-
meter can be affeted. 'Whether this lateral
explofion is received on flat and fmooth fur=
faces, or upon fharp points, the fpark is al-
ways equally long and vmd

“The caufe of this phenomenén feems to
be the interruption in the circuit, made by
~ introducing bad Condu&ors into it; for, as
~ this iaterruption is greater or lefe, fo the
Jateral explofion is ‘more or lels confiderable, «

v .- Lo

$4  CHAP.
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CHAP VIII.

Experzmmt: 'wzt/J other cbarged Ele&rm

HAT -the experiments made with
. .other charged eleGrics, are. fumlar to
thofe made with charged glafs, is very . evi~
dent : fince it has been obferved above'in the
Firft Part, and alfoin the experiments already
defcribed, that the property of being charged,
of exploding, &c.is'not inherent in glafs, as
glafs, but, as beirig impervious to the ele@ric
fluid; and in confequence, it muft be com-
mon te ‘all fuch fubflances, which like glafs,
are impervious to that fluid : therefore, under
the title, ot" -experiments With other elec-
trics, .I mégan to defcribe experiments, not of
3 different nature from the above mentioned,
but only the manner of coating, and ufing,
~ other ele@rics, which are not fo manageable
- as glafs ; but at the fame time, have fome
peculiar advantages. Thefe methods I fhall
reduce to three, 7 e. firft, that of making the
noble experiment of charging a plate of air;
fecondly, the method of coating refinous
fubftances; and laftly, a method of trying
other elecrics, that arein a fluid flate, .~
Ex~,



. OF ELECTRICITY. 265

~ ExperIMENT L:, ..

‘To cbarge @ Plate qf dzr -

'l’akc two fmooth circular . boards, . quite
pla»,n,; and each_about -three -or- four feet in
diameter ;. .coat ‘one fide of each:with tin-
foil, ..which * ﬂmuld be ~paﬁed down,  and
bumlfhed, and turned. over the edge of: the
board: , Thefe boards.muft be both infulated,
- parallel to one another, in.an horizontal - po-
fition ;. they muft be turned with their coat-
ed fides. towards each. other, and fhould be
placed-in fuch .a manner.as to be eafily re-
moved to,. ar from each.other ; -to do which,
it will be proper to fix to one of the boards,
" a ftrong fupporter of glafs, or baked wood,
and to fufpend the:other, by filk firings from
the ceiling. of the roem; from which, by.a
proper pulley, it may be lowered or raifed,
-{o as to be at any diftance required from the
lower, board, which may. be placcd uppp the
wmble, - ., ...

) A e, Coer N

When thefe boards are placed in the man+
ner aboye defcribed, and .at-about one inch
diftance {rom. on¢ anothcr, they may be ufed

: exally
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~ exadly as the two coatings of a pane of glafs,
If one of the boards is comneted with the
ele@rified prime Conducor, and the other be
left infulated, they will reccive no charge,
agrecable to-the fecond experiment of the
preceding ch‘aptgr, and. if after fome time
you touch them, you will reccive only a
{park from the upper board, in eonfequence
of its being conne@ed with the -cledrified -
prime Conduttor. If, whilft one of the boards
is receiving Ele@ricity, the ether communi-
cates with the earth, then, the plate of air
between them: will be charged, like a coated
. plate of glafs; for that board, which com-
_gaunicates with the--earth, will acquire an
Ele@tricity contrary to that of: the other
board ; and #f you touch them, 7.e. make a
commaunication between them, they will ex
~ plode, gi‘vc the: ﬂmok &c ﬁtmlar toa charged
jar Ay .

'In this experiment # éannof be expected,
that fuch an explofion, and with fuch a force
will be produced, as by an equal furface of
coated glafs ; - for here the coatings cannot
‘be brought fo near one anvther as to render

fhem capable of a hrgh charge, ‘becaufe the
. . plate
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plite of air being much lefs compa&t than

‘glafs;'may be eafily broken by the force of
the charge, i.e. it may eafily difcharge itfelf,
Notwithftanding, ‘however, that a plate of ‘air
'is' not capable of receiving a very high charge,

“yet this- experiment has a’great advantage,

“which is, that here we may fee what prefles

“bétween the two coatings either in charging,
- or difcharging the plate of air, and we may

- introduce feveral things into the fubftance of

this - coated ele@ric, which praduce feveral

" remarkable appearances. By this experiment
 the true:flate of ‘the ‘earth, when eovered by

ele@rified clouds, may be reprefented exceed-

- fugly well ; and feveral meteors, that happen
- rvithat - ﬁate, ‘and which are thought to -be

effeds of Ele@ricity, may be imitated ; fuch

~as ‘water-fpouts ¥, and whirlwinds, befides

- #_Tt was fome time ago doubted whether the’ caufe of

‘ water-fpouts could be attributed to Ele&ricity, or not; but
“atprefent it feems pretty well afcertained-that they are clec-

trical phcnomena 3 it -having been lately oblerved (befides

_ other redfons) that a flath of liglitcning. iwas feen at the

" timse that 2 water-fpout was broken, and - difeppeared,
* 8ee Captiin Coox’s Yoyage round the Weorld during the
. Years: 1972345, by Mr. G, Fo:v.s'rnn, F. R. 8.

‘,w“pwo

iy ' ' the
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the well-known ele@rical phenomena, thundcr
and’ llghtcmng :

: In order to;r.eprefent a water-fpout, as it is
often obferved at-fea, place the two boards at
about two inc‘hcs ‘diftance from one another
f)ut a large drop of water about the middle
of the loweft of them, and fix a metallic ball,
or any other piece of metal; that is fomewhat
fpherical *; to the upper Board, juft oppofite
to, and at about half an inch diftance from
the furface; of ‘the:water. -If in this f{ituation
the .upper board be ele@rified, whilft' the
lower communicates with the €arth, the water,
which reprefents the fea, wilt be attragted by
the metallic ball, which .reprefents a ;cloud,

“and rifing nearly in a conical body, will-af-
ford a pretty ' good reprefentation of ,the -
water-{pout 1.

’ T : _.w:]The

- % The metallic: covering of forme kind of coat:buttans:
anfwers exceedingly well, and may be paﬁed onnthe\tln-,
feil coating of:the board. = .~ . .~ -

+ The knob..of a chargedbottle bemg brought near
the water: in- a “metal plate; -or. common earthen “ware
fawcer, fhows:this: experiment ih 3 -fimple, and beawiful
manner. If a large drop of water be placed upon the
knob of an infulated charged bottle, and the knob of ano-
- ther
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The appearance of a whirlwind is but fel-
dom, and by chancc to be obferved. 'The
bran between the two plates F, P ﬁg 2,
Plate I, is often whirled like the duft in a
whirlwind ; but there is no certain rule, that
I know, for producing this phenomenon.

In order to fucceed in'this experiment, Mr.
BECKET direts to place the boards above
mentioned, about four or five inches afunder,
and to put fome bran, and very fmall bits of
paper about the center of the lower board. If
in this fituation thé upper board be con-
ne@ed with the ele@rified prime Conducor,
and the lower be ‘either connected with the
ground, or with the rubber of the machine,

" the bran, and bits of paper will be attra&ted,

and repelled, alternately, by the boards.
“ But (fays Mr. BECKET¥) the moft furpriz-
“ ing appearance in this experiment, and
“ what gives it the moft exa& refemblance

ther bottle charged with the contrary Ele&ricity be
brought near the drop of water, it will be fquirted away in

.a curious manner, particularly if the goating of the infu-

{ated bottle be touched at the fame time.
* In his Effay on Ele@ricity, p. 141.
4 ({4 Of
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- ¢¢ of 4 whirlwind, is that fometimes, when
¢ the Eletricity is very ftrong, @ quantity of -
“ the paper 4nd bran will accumulate in one
¢ place, forming & kind of column between
« the boards, and fuddenly a€quire a fwift
* horizontal motion, thoving like a whirling’
« pillar to the edge of the boards, and from
« thence fly off and be fcattered about the:
“ room to a confiderable diftance: I owm.
« ] am entirely at a lofs to account for this
¢¢ extraordinary appearance—I eall it extrax
e ordinary, becaufe it but feldoth occurs, and
¢ feems to depend either on a certain degree
« of attradion, gpantity of the bran; or dif-
¢ tance between the boards; and I could
“ feldom get it to fucceed perfe@ly but by
“ accident.” :

The phenomena of thunder 4nd lightening.
are exhibited at the {fame time by a {ponta<
" neous difcharge of the plate of air; which may
be eafily produced by fetting the boards at
about an inch diftance from each other, and
ele@rifying them ftrongly. .

il

- ExFEa«
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ExperIMENT IL
Ta coat refinaus Elilrics,

The beft meéthod to coat fuch eletrics, as
rofin, fealing-wax, &c. that can eafily be
melted, is firft to put a circular piece of tin-
foil, about two inches lefs in diameter than
the plate you intend to make, upon a marble
table; then, to pour over it the ele@ric juft
melted. ' This may be fpread and flattened
by prefling it with a pane of glafs, or any
. thing, that is even, and {mooth ; afierwards,
another piece of tin-foil equal to the former
is to be ftuck upon the ele@ric, which may
Vbe'?d'éﬁe by prefling it gently with a hot
iron ; and then the plate, which may be eafily
feparated from the marble table, wﬂl be fit
for ufe.

ExperiMENT III.

Ta zqﬁdate Jfuid Eleétrics.

Takc a large earthen difh, flat at the bot-
‘tom, and flick within it a piece of tin-foil
about an inch fhorter than the flat part of
the dith all around, and through a fmall hole

1 made
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made in the bottom of the difh, intro&uce a
flender wire, which muft communicate with
the tin—foil ; then pour into the difh {fome
melted tallow, or other eleCtric fubftances,
that you defire to try; laftly, let a round
.brafs plate *, equal to the tin-foil, ftuck in
the difh, and -either proceeding from a glafs
arm, or from the ' prime Conduéor, juft
touch the furface of the eleCtric in the difh,
and let it ftand parallel, and oppofite to the
tin-foil ftuck in its bottom. In this manner
the plate of liquid elettric is coated, and may
be eafily fubjected to experiments.

Plates of other confiftent eleGrics, that can-
not eaflily be melted, may be coated in-the
fame manner as a plate of glafs; and fome:
of them will be found to anfwer as:well, if
" not better than glafs.

* The brafs plate F fig. 2 of PlateI may be very ufe-
ful for this purpofe. !

GHAP.
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CHAP IX

Experiments on the influence of Points, and
the ufefulnefs of pointed metallic Conduclors, to
defend Buildings from the effeéts of Lighten-

- ang. T : ’

’ Y reader in the courfe of this work

muft have obferved in feveral of the

experiments already defcribed, the remark-
able property, that points have, both. of
throwing off, .and receiving filently the elec-
tric fluid ; but.in this -chapter I fhall defcribe
fome more curious experiments of this kind,
by which the influence of points, in refpect
- to Eletricity, may be better underftood, and
which may, in a more particular manner, de-
monflrate the utility of metallic Conductors
to houfes, or piles. of building, in order to
preferve them from the damage often occa-
fioned by a ftroke of lightening, which is one
of the greateft benefits that ‘mankind has
received from the fcience of Eleéricity.

ExrE-
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ExPERIMENT L

 To difcharge a Sar filently.

When a large jar is fully charged, which
would give a terrible fhock, put-ore of your
hands in conta&t with its outfide coating;
with the other hold. a fharp-pointed- needle,
and keeping the point direéted thwards the
~ knob of the jar, proceed gradually - near-it,
. until the point of the needle :touches the
knob. ‘This operation; difcharges the jar.in-
tirely, and you will éjther receive nb fhock
at all, or fo fmall 2 ones as can hardly be
perceived, The point of the needle there-
fore has filently, and gradually drawn all the
~ fuperfluous fluid from the mﬁde furface of

the eleCric jar. : ‘

Experiment IL

Drwwmg tlze Electricity from the przme Con-
- . ductor by a Point.

Let a perfon hold the knob of a brafs rod
at fuch a diftance from the prime Conduétor,
~ that fparks may eafily fly from the latter to

the former, whenthe machine is in motion.
' Then
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Then let the winch be-turned, and while the
Tparks are following one another, prefent the
tharp point of 4 needle at nearly twice the dif=
tance from the prime Condufor, that the
¥nobed rod is held; and you" will obferve
that no mote fparks will go to the rod ;—
remove the needle intirely, and the fparks
will' Be feen’ again ;—prefent the néedle, and
the fparks difappear; which evidently fhows
that, the point of the needle draws off filently
almoft all the fluid, that the cylinder throws
upon the prime Conduéor:

If the needle be fixed upon the prime Con=
duétor with the poirt outward, and the knob
- of a difcharging rod, or the knuckle of a
~ finger be brought very near the prime Con-
duor; though the excitation of the cylinder
may be very ftrong, yet you will perceive
that no fpark, or aii exceeding fmall one can
'be obtained from the prime Conduétor.

_ExperiMent IIL
‘I be elef?rz’c F{y
Fix the fly defcribed in the third chapter,

upon the prime Condu&or, as reprefented by
T 2 D
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D fig. 2 of Plate I, then turn the winch of
* the machine, and the fly will immediately
begin to move round, in an horizontal pofi-
tion, and in the dire&ion of the letters abcd,
" 4. e contrary to the direGion of the points
of the wires. If the experiment is repeated
with a Condu@or negatively eleCtrified, the
fly will turn the fame way as before, vzz. in
the dire@ion of the letters 46 cd. The rea-
fon of this experiment depends upon the re-
pulfion exifting between bodies poffeffed of
the fame Ele@ricity; for whether the fly is

ele@rified pofitively or negatively, the air-

oppofite to the points of the wires (on ac-
count of the points eafily tran(mitting Elec-
tricity) acquireth a ftrong EleQricity, ana-
logous to that of the points, and therefore,
the air and the points muft repel each other.
This explanation is confirmed by obferving
that the above fly not only does not move in
vacuo; and even if placed under a clofe re-
ceiver, it will turn but for a little while, and
then ftop; for the quantity of air contained
in the receiver, may become readily, and
equally eletrified *.

, ExPE-

* If, when the Hy under the clofe receiver is ftopped, you
putthe end of a finger on the outfide of the glafs, oppofite
to

~
.
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ExpERIMENT IV.
The electrified Cotton.

Take a {fmall lock of cotton, extended in
every dire¢tion as much as conveniently can
be done, and by a linen thread about five, or
fix inches long, or by a thread drawn out of
the fame cotton, tie it to the end of the prime
Condu&or; then let the winch of the ma-
chine be turned, and the lock of cotton, on
. being ele@rified, will immediatély fwell, by
~ repelling its filaments from one another, and
will firetch itfelf towards the neareft Con-
ducor. In this fituation let the winch be
kept turning, and prefent the end of your
‘finger, or the knob of a wire towards the

to one of the points of the fly, this will move again brifk-
ly : and by altering the pofition of your finger occafion-
ally round the glafs, you may continue its a&ion a con-
fiderable time, viz. till moft of that part of the glafs is
charged, In this cafe, when the finger is applied on the
outfide of the receiver, the glafs lofing part of its natural
ele@ric fluid from the outfide (i.e. if the fly is eletrified
pofitively, or wice werfa, if negatively) receives the fluid
of the eletrified air on its infide furface ; hence this air is
putin a ftate of being again eleérified by the point of the
fly, which renews the motion of the fly. '

T3 lock
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lock of cotton, which will then immediately:
move towards the finger, and cgideavour to,
‘touch it; but take with the other hand a
pointed needle, and prefent its point towards
the cotton, a little above the end of the fin-
ger, and you will obferve the cotton immedi-
ately to thrink upward, and move towards
the prime Condu&or.—~Remove the needle,
and the cotton will come again towards
" the finger.—Prefent the needle, and the
cotton will fhrink again; which clearly
ﬁlows, that the needle, being fharp pomted
draws off the ele@ric fluid from the cotton, '
and puts it in a ftate of being attracted by
the prime Conductor, which could not be
effeGted by a wire having a blunted end, or
a round ball for its termination.

ExpERIMENT V.

The ele&i‘fgﬁed Bladder,

" 'Take a large bladder well blown, and cover.

_ it with gold, filver, or brafs leaf, flicking it
with gum-water ; fufpend this bladder at the
end of a filk thread, at leaft fix or feven feet

" long hanging from the ceiling of the room, -
and ele@rify the bladder, by giving it a
| ' - ftrong
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firong {park with the knob of a charged
‘bottle;; this done, take a knobed wire, and

" prefent it to the bladder when motionlefs ;

and you will perceive, that as the knob ap-
proaches the bladder, the bladder alfo moves

‘towards the knob, and when nearly touching

it, gives it the fpark, which it received from
the charged phial, and thus it becomes un-
ele@rified. Give it another fpark, and, in-
ftead of the knobed wire, prefent the point
of a needle towards it, and you will perceive
that the bladder will not be attratted by, but
rather recede from the point, efpecially if

‘the needle be very fuddenly prefented to-

wards it. This is one of Mr. HENLY’s ex-
periments. .

Before we proceed to the practical ufe of
pointed Condu&ors to buildings, in order to
defend themfrom lightening, which is nothing

~ more than the' proper application of the

preceding experiments, it will be proper

~ to fay fomething in explanation of the above

property of points, the caufe of which has
occafioned feveral controverfies. In order to
this, it fhould be remembered, that the
eleétric fluid, fuperinduced upon an infulated

T 4 body,

O R
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body, is confined upon that body by the air,
which furrounds it; further, that Ele&ricity,
by being continually communicated tothe air,
which is never a perfet eleCric, is gradually
" diffipated, from whence follows this very
evident principle, 7 e. that as a greater or
lefs quantity of air is contiguous to a given
quantity of ele@rified furface, fo that furface
lofeth its Ele@ricity fooner or later. Suppofe
for inftance, that a pointed ncedle is fixed
upon the prime Condutor ; mark a dot upon,
any part of the prime Condutor, which
may be nearly equal to the point of the
needle, and then ele&rify the prime Con-
du&or. Now it is evident to bare infpeion,
that although the point of the needle, and the

dot, &ec. are of équal,furfaces, yet the former -

is expofed to a quantity of air, which almoft
entirely furrounds it, and which is vaftly
greater, than the air contiguous to the latter
hence, the Eleétricity, communicated to the
prime Condu&or, is diffipated more eafily
from the point of the needle, than from the
dot, or any other part of the prime Conduc-
tor. Befides, the air about the point may
more eafily be moved, in confequence of the

eleftrical repulfion, than at any other part
' of
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of the furface of the prime Condutor, and
new air, 7. e. unele@rified air, pafles more
frequently by it, which taking always part of
the Ele&ricity of that body promotes alfo its
dlﬂipatlon. ' o

In the fame manner may be underftood,
why the Ele@ricity is more eafily diffipated
at fharp edges and corners, than at flat ones;
for as the furfaces of bodies in general are
‘more or_lefs plain, fo they are expofed.to a
lefs ‘or greater quantity of air, and participate
more or lefs of the nature, and propertles of
pomts. -

Whe‘n the pointed body is negatively elec-
trified, it is for the fame reafon, that it ac-
~ quires the ele@ric fluid through the point,
eafier, than through any other part of its
furface ; 7. e. becaufe the point exhibiting the .
leaft furface to the greateft quantity of free
air, has the greateft number of particles of
air, from which it can extraét the eletric -
ﬂuld *, ' :

% Fora more particular explanation of the the above-
mentioned property ( of pomts, fee BECCAR.IA s Artlﬁcnal

Elc&ncxty.
Exprk-
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ExPERIMENT VI

T e Tbu'na’er-boujé.’

Fig. 1 of Plate II is an inftrument repre-
fenting the {ide of a houfe, either furnithed
with a metallic Conduor, or not; by which
both the bad effe@ts of lightening firiking
upon a houfe not properly fecured, and the
ufefulnefs of metallic Conductors, may be

~¢learly reprefented. A is a board about three
quarters of an inch thick, and thaped like the
gable-end of a houfe. This board is fixed
perpendicularly upon the bottom board B,
upon which the perpendicular glafs pillar
CD is alfo fixéd in a hole about eight inches
diftant from the bafis of the board A. A
fquare hole ILM K about a quarter of an
inch deep, and nearly one inch wide, is
made in the board A, and is filled with a
fquare piece of wood, nearly of the fame di-
menfions.—I mention, nearly of the fame
dimenfions, becaufe it muft go fo eafily into
_ the hole, that it may drop off, by the leaft

* fhaking of thé infirument. A wire LK is

faﬁened dxagonally to this fquare piece of
wood.
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~ wood. Another wire I H of the fame thick- -
- nefs, having a brafs ball H, fcrewed on its
‘pointed extremity, is faftened upon the board
A; {o alfo is the wire M N, which is thaped
in a ring at O, From the upper extremity
of the glafs pillar CD, a crooked wire pro-
ceeds, having a fpring focket F, through
which ‘a3 double knobed wire flips perpen-
dicularly, the lower knob G of which falls
~ juft above theknob H. The glafs pillar DG
muf} not be made very faft into the bottom’
hoard ; but it muft be fixed fo as it may be
pretty eafily moved round its own axis, by -
which means the brafs ball G may be brought
nearer or farther from the ball H, without
touching the part EF G. Now when the
fquare piece of wood LMIK (which may
reprefent the fhutter of 2 window or the like)
is fixed into the hole fo, that the wire L K
ftands in the dotted reprefentation I M, then
the metallic communication from H to O, is
* complete, and the inftrument reprefents a
“houfe furnithed with a proper metallic Con-
- du@or; but if the fquare piece of wood
LMIK is fixed fo, that the wire L K ftands
in the diretion LK, as reprefcn.tcd in the
o ﬁgure,
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figure, then the metallic Condu@tor HO,
from the top of the houfe to its bottom, is
interrupted at I M, in which cafe the houfe
is not properly fecured.

Fix the piece of wood LMIK, fo that
its wire may be as reprefented in the figure,
~ in which cafe the metallic Conduétor HO is
difcontinued.  Let the ball G be fixed at
* about half an inch perpendicular diftance from
‘the ball H, then, by turning the glafs pillar
D C, remove the former ball from the latter;
by a wire or chain conne&t the wire EF
with the wire Q_of the jar P, and let another
wire or chain, faftened to the hook O, touch
the outfide coating of the jar. - Conne&
the wire Q_with the prime Condu@or, and
charge the jar; then, by turning the glafs
pillar DG, let the ball G come gradually
near the ball H, and when they are arrived
fufficiently near one another, you will ob-

ferve, that the jar explodes, and the piece of

wood LMIK is pufhied out of the hole to

a confiderable diftance from  the thunder-

houfe. Now the ball G, in this experiment,
reprefents an eletrified cloud, which when it
is
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is arrived fufficiently near the'top of the
houfe A, the Ele’é’tricityrﬁri'l;cs it, and as this
houfe is not fecured with a proper Conductor,
the explofion breaks part of it, 7 e. knocks
off the piece of wood I M.

Repeat-the experimentdw'ith only this vari-
ation, vzz. that this piece of wood IM is
futated fo, that the wire LK may fland in
the fituation IM; in which cafe the Con-
du&tor HO is not dlfcontmued, and you
will obferve, that the explofion will have no
effeét upon the piece of wood L M ; -this re-
mammg in the hole, unmoved which fhows
the ufefulnefs of the metalhc Conduc’.tor .

Further, unfcrew the brafs ball H from
the wire HI, fothat this may remain pointed,
and with this difference only in the apparatus '
repeat both the above experiments ; and you
will ﬁnd that the piece of wood IM is in
neither Cafe moved from its place, nor any
explofion will be heard, which not only de-
monftrates the preference of Condu@ors with
pointed terminations to thofe with blunted
ones, but alfo fhows that a houfe, furnithed
with ﬂxarp terminations, although not fur~

nithed
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nithed with a regular Conductor, is almoff
fufficiently guarded againft the effects of
lightening:

To prove farther the pi‘eféfeﬁée of pointed
Conduétors to blunt ones, the experiment of -
the electrified cotton (viz. the fourth experi=
ment of this chapter) may’ be eafily repeated
with this apparitus; by which it may be
fhown, that a pointed Coriductor, filently
drawing off the ele@ric fluid from the fmalt
clouds near it, which are reprefented- by the
cotton tied to the wire of the ball G, repels
them, and may thus in fome cafes, perhaps;
atually prevent a ftroke of lightening, where=
as the blunted Condu&or facilitates it. Small”
feathers' may alfo betied near the knob G,
which, by repelling one another, may exhibit 4
better reprefentation ofan 'ele'&riﬁed‘élbl'rd'; and
"in fhort, with a little contrivance, the aboves
defcribed apparatus, commonly called the
‘Thunder-boufe, may be adapted to reprefent
the principal phenomeéna of lightening, toges
ther with feveral circumftances preceding, of
. following it. . |

-CHAT.
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CHAP X.'
Medzcal Ele&rzczty

HEN wwe mentioned the uﬂss of

Ele@ricity in the Firft- Part -of this
Treatife, we obferved that Elettricity had
been found beneficial in-many diforders, oc-
cafiomed by obftructions, in which a promos
tion: of -the infenfible perfpiration; - -and’ of
ghindihar fecretion was- neceffary; or-an ada
ditional impetus required to be given-to the '
common courfe of the fluids in the human
bodyn Wealfo conﬁdered the dlﬂ'ercnt opi-
nions - relating to this ﬁibje& “in this
chapter: therefore, nothmg remains - but’ to
~ deferibe a prattical method of applying Flec<
tricify to the human body, when- affe&cd
with daﬂ'erent dtﬁcmpers '

THe promotxon of ‘the mfenﬁble perfplra-
tion - is- produced ' by fimple- ele&nﬁcatxon 5
a patxent thercforc, on’ whom* thrs effe& is
to be produced by Ele&ricity, fhould be in-.
filated in the ‘moft convenient ﬁtuatlon, and

by being ‘conneed with the prime Conduc<

R . tor -
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- tor of the machine, he thould be kept elec-
trified as long, and often, as his phyfician
may think proper. Shocks in this cafe, and
even fparks, fhould be avoided; for though
they may not be aGually injurious, yet they
are by no means pleafing fenfations ; -efpecial=
ly to a fick perfon.

. In cafes of partial obftru&tions, as rheu-
matifm in the knees, thoulders, &c. ftrong
{parks may be drawn from the affeGted part,
and fometimes {mall fhocks may - be very

proper.

In fome cafes, where fhocks may be
thought neceflary, they fhould be confined to
that part only, which is affeCted with the
diforder, and fhould never be too firong;
a number, of fmall fhocks (as for inftance,
from a half—plnt phial fully charged) having
“been found to be more beneficial, than large
ones. In order to confine the fhock to one
part of the body only, as for irftance to the
knee, tie 2 wire or a chain round the leg,
a little below the knee, and put another
chain round or in contaét with the thigh,
a little above the knee ; laﬂ;ly conne& one of

4 ‘  thefe
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thefe chains with the ‘outfide coating of
the jar, and tie the other to one of the
wires of the difcharging rod. Now, when
the jur is charged, if you bring one knob of
the difcharging rod, mnear the knob of the
jar, the thock will be fent through the knee,
as defired. The wires may alfo be faftened
on each fide the knee, by filk firings, and
the thock fent from one fide of it to the
other, if needful. If the quadrant elec~
trometer is fixed upon the prime Conductor,
and the Operator obferves to difcharge the
Jar always when the index is arrived to a
given degree, the thocks wxll be precifely of
the fame ﬁrength

A very ufeful inftrument to cure the
tooth-ach, is reprefented fig. 6, Plate II.
It confifts of two wires A E, B E, fixed
in two holes in the piece of baked wood
H. Thefe wires from C to D, and G
to F are bended in a plane inclined to
the reft of the wires; their extremities D E,
F E, being again'bended towards one ano-
ther, and in the plane of C A G B, The
extremities' A B of the wires are bended in
a ring. When this inftrument is t6 be ufed,

: B 0 it
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it muft be applfed in fuch a manner, that
the affected tooth may be embraced pretty
firmly by the two wires at E, which being -
. flexible, may be adjufted fo as to receive
teeth of different fizes; then the end A, or:
B of one of the wires, by means of a chain
or a wire, muft be conne&ed with the out-
~ fide of a charged jar, and the end of the
othcr wire with the knob of the jar, {oas to
make the fhock pafs through the wires of the
inftrument, and in confequence through the
tooth. A fingle fhock, fent through an af-
fe&ed tooth in. this manner, will often cure
it inftantaneoufly ; it is however proper to
- fend always itwo or three fhocks through it. -

Lo o CHA P-
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CHAP XL
Experiments with the eleSirical Battery.

The force of accumulated Ele@ricity, great
as it appears by the experiments performed
with a fingle coated' jar, is very fmall when
compared with that, which is prodﬂccd by a
number of jars connefted together ; and if
the effe&ts of a fingle jar are furprifing, the
prodigious force of alarge battery is certain+ ~
ly aftonithing. ‘To obferve that the metals,
. even the moft purified platina, which’ refifts
the greateft efforts of chemic fire, are aftual-

ly, and almoft inftantaieoufly rendered red-~
hot, and fufed: to fee animals deftroyed,
and to hear the loud report of a large elec- .
tric battery, are things that always produce
‘a Kind of terror in the mind of an attentive
obferver. Experiments of this kind thould
be conduéted with great caution, and the
Operator ought to be ‘attentive, not only to
the bufinefs in hand, but alfo to. the per-
“{ons, who may happen to be near him, pro-
hibitirig their touching, or even coming too
near any part of the apparatus; for if a
' | - Uz miftake ‘
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miftake in performing other experiments may
be difagreeable, thofe in the difcharge of a
large battery may ‘be attended wnth worfe.

.confequences.

When a battery is to be charged, inftead
of a large prime Conduétor, a {mall one is
much more convenient; fof, in this cafe,
the diffipation of ‘the Ele@ricity is not {o
confiderable. The quadrant ele&rometer,
which fhows the height of the charge in the
battery, may be fixed either upon the prime -
~ Condu&or, or upon the battery, in which
latter cafe, it thould be placed upon a rod
proceeding from the wires of the jars, and if
the battery be very large, it fhould be elevated
two or three feet above them,

The index of the eleGtrometer in charging -
alarge battery will feldom rife fo high as go°
becaufe the machine cannot charge a bat-
tery fo hlgh in proportion, as a ﬁngle jar.
Its limit is often about 60° or 70°, more or
lefs in proportion to the fize of the battery,
~ and the force of the machine. |

ExpE~
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ExPErRIMENT L

The melt Wires.

Conne@ with the hook, communicating
with the outfide coating of a battery, con-
taining at leaft thirty fquare feet of coated
furface, a wire, that is about one fiftieth part
of an inch thick, and about two feet long;

, the other end of it muft be faftened to one end
of the difcharging rod ; this done, charge the
battery, and then by bringing the difcharz-
ing rod neat its wires, fend the explofion
through the fmall wire, which, by this means,
will be made red-hot, and melted, fo as to
fall upon the floor in different glowing
pieces. When a wire is melted in this man-
ner, {parks are frequently feen at a confide-

" rable diftance from it, which are red-hot
particles of the metal, that by the violence
of the explofion are fcattered in all dire&tions.

 If the force of the battery is very great,
the wire will be intirely difperfed by the
explofion, fo that none of it can be after-
wards found.

Uz By
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By repeating this experiment with wires
of different metals, and the fame force of ex-
plofion, it will be found that fome metals are -
more readily fufed than others, and fome not
at all effe@ed; which thows the difference of
~ their conduéting power. If it be required to
" melt {uch partfcles of metals, that cannot
eafily be drawn in wires, as ores, grain gold,
&c. they may be fet in a train upon a piece
of wax; this train may be inferted in the
circuit, and an explofion may be fent through
it, which, if it is fufficiently ftrong, will melt
the metallic pérticles, as well as the wires :

- or, if the quantity to be tried be large enough,
it may be confined in a fmall tube of glafs. -

In melting wires of a confiderable length,
it is often obferved that when the force of the
explofion is juft fufficient to render - the wire
.red-hot, the rednefs begins firft from one end
of it, namely that which communicates with
the pofitive fide of the battery, and from
- thence gradually proceeds to the other end.
This is another ocular demonfiration of the
“theory of a fingle ele&ric fluid.

4
If
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If a wire is ftretched by weights, and a
thock is fent through it, which renders it juft
red-hot, the wire, after the explofion, will be |,
found confiderably-lengthened. If a wire is

. melted upon a piece of glafs, the glafs, after

the explofion, will be found marked with all

* the prifmatic, colours.

EXPERIMENT II.

To /l.:ofw that the eleftric F. Izad prefers a //.mrt
Paflage through thke Air, to a lorzg one
through good Conductors,

Bend a wire about five feet long in the
form reprefented by fig. 11, Plate II, fo that
the parts A, B may come within half an inch
of one another ; then conne& the extremi-
ties of the wire with the hook of the battery,
and the difcharging-rod, as dire&ed in the
preceding experiment, and fend the charge
of a battery through it. On making the ex~

‘plofion a fpark will be feen between A and
. B, which fhows that the ele&ric fluid choofes

rather a thort paflage through the air, than
the long one through the wire. - The charge
however, does not pafs intirely through A~

‘ U 4 and
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and B, but part of it goes alfo through the
wire, which may be proved by putting a

flender wire between A and B;. for on mak=

ing the difcharge with .only this addition in
 the apparatus, the fmall wire will be hardly
made red-hot, whereas if the large wire
A D Bbecut in D, fo as to difconti-
nue the circuit A D B, the fmall wire will
" be melted; and even exploded by the fame
fhock, that before made it fcarcely red-hot. -
In this manner (fays Dr. PRYESTLEY, who is
the inventor of this experiment) may the
conduing power of different metals be tried,
ufing metallic circuits of the fame length and
thicknefs, and obfervmg the dlﬁ'erence of the
paflage through the air in each.

ExperiMENT Il

 To make Globules of Metals.

Take a very flender wire, and put-it in.a
glafs tube, about one quarter of an inch in
diameter ; then fend the charge of a battery
through it, and the wire will be melted, and
reduced in globules of different fizes, which
are found flicking on the infide furface of
the glafs tube, and they may be eafily fepa-

‘ rated
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tated from it at pleafure: thefe, upon exami-
nation, will all be found hollow, and are little
more than a mere {coria of metal. '

It muft be obferved in mak.in'g'this' experi-

ment, that the charge of the battery muft

neither be too high, nor too weak; for in
" the former cale the wire will be reduced in
pieces exceedingly fmall, or rather exploded
in fmoak, and in the latter cafe it will be im-
perfe@ly fufed, fo that its pieces will bc large,
and n'regular o

EXPERIMENT IV

The Fairy Czrcle:

Fix upon each of the knobs DD of the -
univerfal difcharger, fig. 5, Plate I, or upon-
the wires that fupport the knobs, if the knobs
are removed, a flattith, and fmooth piece of
metal, or femi-metal (watch-cafes are very
fit for this purpofe), fo that their furfaces may
come fo near each other, that the battery may
be difcharged ,tlrlrough them; then conne®
one wire of the difcharger with the outfide of
the battery, and the other wire, by the help
of the difcharging red, with the infide of it,

: . fo
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fo. as to make the difcharge, which will
" occafion the fpot, and circles defcribed in the
Firft Part of this Treatife, upon the furface of
each of the pieces of metal fixed upon the
difcharger. o "

Thefe circles have hithefto been exhibited
upon the furface of no other fubftances but
metals, and they are found to be marked
more diftin&tly upon fuch metals, as melt
with the leaft heat. The moft beautiful of
thefe rings are produced by a number of dif-
charges from a large battery, every part of
the apparatus remaining exadtly in the fame
fituation. If the pieces of metal receive the
explofion in vacuo, the fpot formed on them
is very irregular, and confufed.

- I have given thefe fpots the appellation of
Fairy Circles, on account that they bear fome
refemblance to the fpots {o called, which are
often obferved upon the grafs in the fields.
Thefe, which we may call natural Fairy
Circles in the fields, it has been thought to be
effeCted by lightening, on account of their
bearing fome refemblance to the above-men- -
tioned cnrclcs produced by Ele&mcnty, the

fuppoﬁtlon,
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fuppofition, however, feems not very proba-
ble; for the fpots in the fields, called Fairy
Circles, have no central {pot, no concentric
circles, neither are they always of a circular
figure; and, as I am informed, they feem to
be rather beds of mufhrooms, than the
effe@s of lightening.

ExperiIMENT V.

9o mark coloured Ring.r on Metals.

In order to exhibit coloured rings upon the'
furface of metals, place a plain piece of any
of the metals upon one of the wires of the

univerfal difcharger, and upon the other wire
_ fix a fharp-pointed needle with the point juft

oppofite to the furface of the metal; then
conne& one wire of the difcharger with the
outfide of a battery, and the other with the

_ difcharging-i'od, &ec. In this manner, if ex-

plofions are repeatedly fent either from the
point to the piece of metal, or from the latter

* to the former, they-will gradually mark the

furface of the piece of metal, oppofite to the
point, with circles confifting of all the prif-

matic colours ; which are evidently occafion-

ed

4 il
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ed by laminz of the metal, raifed by the force
of the explofions:

Theéfe colours appear foorter, and the fings
are clofer to one anOtheq, when the point ig
nearer to the furface of the metal. The num<"
ber of rings is greater or lefs, according as the
point of the needle is more fharp or more
blunt; and they are reprefented equally well

“upon any of the metals. '

The point of the iteedle is alfo coloured
_ to a confiderable diftance, the colours upon it
returning in circles, though not very diftin¢-~
ly. This is an experiment of Dr, PRIEST=
LEY. '

 ExperiMENT VI

The Eartbquake;

The appearanee of the earthquake, as re=
prefented with the explofion of a battery, is
occafioned by the concuffion given to feveral
fubftances by the explofion pafling over their
- furfaces. To give a reprefentation of the -
impreflion made upon houfes by the earth-
~ quake, fmall flicks, cards, or the .Jike may be
S _ : placed
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placed upon the furface of the body, over
which the explofion is to be tranfmitted, fo
as to ftand very light. Thefe flicks, &c.
will- never fail to be thook; and often be
thrown down by the explofion,

It is remarkable that an explofion will not
pafs over the fame length of furface of all
hodies, though they are equally good Con-
dultors.  Water, ice, wet wood, raw flefh,.
~ and moft of the animal fluids, are the beft to
make.this remarkable experiment ; todo which
nothing more is required, than to infert part -
of the furface of the faid fubftances into the
circuit of the two fides of a battery ; a chain
for inftance communicating with the outlide,
;i;gy be placed fo as nearly to touch the fur,
face of a quantity of water, and at about eight
or nine inches diftant * from another chain,
fituated alfo very near the furface of the water,
and communicating with one end of the dif-"
: éharging-t_'od. If the ends of the chains
touch the water, the experiment will happen
in the fame manner. . ’

* The diftance, at which an explofion will ftrike over -
the furface of the above-mentioned fubftances is much
greater, than that it can ftrike through in air only. o

S The
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The report, in this experiment, is much
louder than when the explofion paffes
through the aironly. The concuffion given
to the water by the explofion paffing over its
furface, is not only fuperficial, but affe@s its
whole body ; and if the hand is kept deep
under its furface, whilft the explofion pafles
over it, the concuffion may be very fenfibly
felt. :

The fpark, that in this experiment pafles
over the furface of the water, feems to bear a
great refemblance to the balls of fire, that
have fometimes been feen over the furface of -
the fea, or land, in time of an earthqiiake ;
and hence it feems very probable, that thofe
balls of fire are eleétricat phenomena. - -

1

. CHAP.
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CHAP. XIL
* Promiftuous Experiments.
EXPERIM'ENT L

To Jhow that Smoak, and tbe Vapvur qf' bot
Water are Conduﬁor:

ET a cork ball ele&romcter be fuf~

pended about four or five feet above
the prime Conductor, then turn the winch
of the machine very gently, and you will
find, that the balls of the ele@rometer will
not d'iv/érge.' Put upon the prime Conduc-
© tor ‘a- wax taper * juft blown out, fo.that
-its {moak may afcend to theeleCtrometer ;-
then turn the winch again, and:the balls of -
" the eleGrometer will immediately feparate a-
little with the fame force of Ele@ricity from
the prime Conduftor: which fhows that-
fmoak- is a Conductor in 2 fmall degree.

‘® A green wax taper is the beft for this experiment.
In .
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In the fame manner, by placing a fmall
veflel with hot water upon the prime Con-
du@or, infiead of the wax_taper, it may be
proved, that its vapour is alfo a Conduttor ;
but inferior in its conducting power, to the
fmoak. - This experiment is an invention of
Mr. Henry, |

ExpErIMENT IL

To prove that Glafs and other Elecirics besome

‘Conduciors, whben they are made very bot.

Take a fmall glafs tube of about one
twentieth of an inch in diameter, and above °
a foot long; clofe it at one end, and in-
troduce a wire into it, fo that it may be
extended through its whole length: let two
or three inches of this wire proje& above'

~ the open end of the tube, and there faften

it with a bit of cork;.tie round the clofed
end of the tube, another wire, which will
be feparated from the wire within the tube
only by the glafs interpofed between them.
In thefe circumftances endeavour to fend a
fhock through the two wires, i. e. the wire

in-
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inferted in the glafs tube, and that tied on
its outfide, by conne&ting one of them with
the outfide, and touching the other with the
knob of a charged jar, and you will find
that the difcharge cannot be made, unlefs
the tube be broken; becaufe the circuit is
interrupted by the glafs at the end of the
tube, which 1is interpofed between the two
wires. But put that end of the tube, to
which _the wire is tied, intq the fire, fo
that it may become juft red-hot, then en-
- deavour to difcharge the jar again through
the wires, and you will find that the explo~
fion will be eafily tranfmitted from wire to
wire, through the fubftance of the glafs,

which, by being made red—hot, is become a
Cond.u&or. :

. In order to .afcertain the condu@ing qua-
~ lity of hot refinous fubftances, oils, &sg.
bend a glafs tube in the form of an arch
CEFD fig. 7, Plate II; and tie a" filk
firing GC D to it, which{erves to hold it by,
when it is to be fet near the fire; fill the
‘middle part of this tube with rofin, fealing~
" wax, &c. then introduce two wires A E,
B F through its ends; fo that" they may
X touch
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touch the rofin, or penetrate a little way
in it. 'This done, let. a perfon hold the
tube over a clear fire, fo as to melt the rofin
within jt; at thefame time, by connefing
~ one of the wires A, or B with the outfide of a.
- charged jar, and touching the other -with
" the knob of the jar, endeavour to make the
difcharge -through  the rofin, and you will
obferve that, while the rofin is cold, no
fhocks can be tranfmitted through it; but
it becomes a Condu&or, 'accor&ing as it melts,
and when totally melted, then the fhocks
will pafs through it very freely. - - -

ExperiMENT IIL
To_fhow that bot Air is a Conduttor.

Ele&rify one of the cork-ball ele&trome-
ters, fufpended upon the fland fig. 4 of
Plate I, or ele@rify the prime Condu&or with
the quadrant eleGtrometer ; then bring a red-
hot iron within a fufficient diftance of the
- ele@rometer or prime Condu@or, and you
will find that they foon lofe their Ele@ricity,
which is certainly condufed by. the hot-
air contiguous to the iron ;. for if the expe-

© riment

- o .-
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riment be repeated with the fame iron, when
cold, 7 e. by bringing it within the fame
diftance of the ele@rified Ele@Grometer or
prime Condu&or, their Electricity will not be
-condu&ted away as before.*

The above experiments. may reafonably
induce us to fufpe@, that feveral fubftances,
which are ranged arhong Condu&ors, would
become electrics if they were brought into
a colder temperature ; and that all the elec-
trics become Conductors, when they are heat-
ed in a very high degree.

* Tt has been often obferved, that a battery may be
difcharged by introducing a red-hot iron between tvwo
knobs interpofed, and ftanding at fome diftance from
each other in the circuit: but if, inftead of iron, there
be introduced a piece of red-hot glafs between the knobs,
(the diftance between them remaining as at firft) the
battery cannot be difcharged: whence we may infer that
either hot air is' not fo good a Condudor as has been
imagined, or elfe, that air heated by iron (perhaps from
its ignited particles) is ftronger with refpect to its con-
ducting power, than when heated by the red-hot glafs,

X 2 Expg-
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"EXPERIMENT .
To electrify the Air of a Room.

The air furrounding the ele&rical ma-
chine when in ufe, and contiguous to every
highly elecrified body, always acquires a
' portion of Ele&ricity, which it retains for

. a confiderable time. A very expeditious

method, however, to elerify the air, is to
fix two or three needles upon the prime
" Conductor, and to keep it firongly eleri-
fied for about ten minutes. If afterwards
an eleGrometer be brought into the air fur-
rounding the apparatus, it will plainly fhow
that the air has acquired a confiderable
quantity of Eleéricity, which it will retain
even after the apparatus has been removed
into another room. To elecrify the air ne-
_ gatively, connet the pointed needles with
the rubber when infulated ; and make a com-
munication by a chain or wire, from the
prime Conductor to the table.

*_ Another method of ele&rifying thé air,
'is to charge a large jar, and infulate it :
then |
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then conne& a fharp-pointed wire, or a
number of them, with the knob of the jar;
and make a communication from the outfide
coating to the table. If the jar be charged
pofitively, the air of the room will foon
become ftrongly eleCtrified pofitively like- -
wife : but if the jar be charged negatively,
the air will become alfo negative. A charg- |
ed jar being held in one hand, and the
flame of a candle infulated, and held in the
- other, being brought near the knob of the
jar, will alfo foon produce the fame ef-
fect. \ -

"ExpPERIMENT V.

The dtmq/}éere of Smoak,

Take a brafs ball or any piece of metal
that is free from points or edges, of” about
three or four inches diameter, and infulate
it upon a narrow eleCtric ftand ; then give~
it a fpark with the knob of a charged
~ phial, and immediately prefent to it a wax
‘taper juft blown out and fmoaking, The
fmoak in this cafe will be attra&ted by the
cle@rified body, and by encompafling that

X3 ‘ . body,
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body, will form a kind of atmofphere about
it. ‘This atmofphere will remain for a few
feconds, and afterwards, beginning from the
bottom, will gradually vanifh, until at laft,
intirely departing from the ele@rified body,
it goes off in a flender column, that foon
rarefies, and diffufes itfelf into a confiderable
fpace.

This experiment will not fucceed unlefs
it be made in very dry weather, and in a
ropm, where the air is not agitated: care
muft alfo be taken, that in blowing out-the
taper, and prefenting it to the eletrified
body, the air be difturbed as little as pof-
fible.. T

This phenomenon has induced fome phi-
lofophers to fuppofe, that the Eleétricity of -
an ele@rified body, refided about it, 7 e.
refted upon its furface like an atmofphere,
which, they thought, was made very evident
by the fmoak. But this appearance, when
duly confidered, is far from proving any
fuch ele@ric atinofphere, and the caufe of
it may be very eafily explained in the fol-
lowing ‘manner. The fmoak is attraéted by

C ' the
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the ele@rified body in the fame manner, and
for the fame reafon, that other bodies are at-
tracted by it. It remains fufpended about
that body, and cannot all come into contact
with its furface, on account of the elafticity
of its particles. It remains fo long {ufpend-
" ed about the ele&trified body, and is not im-
mediately repelled, becaufe it is a bad Con-
du®or, and acquires EleGricity very flowly;
but having acquired a fufficient quantity of
Ele&ricity, it begins to quit the eletrified
body, and afcending in the air, extends itfelf
‘into a large fpace, in confequence of the
repulfion exifting between its own ele&rified
particles. . |

EXPERIMENT VI

To Shew that Metals condull the eleftric Fluid:
- through their Subftance.

Take a wire of any kind of metal, and
cover part of it with fome ele@ric fubftance,
as rofin, fealing-wz{x, &ec. then difcharge a
- iar through it, and it will be found, that
it condués as well with, as without .the
clectric coating. This proves that the elec-

"X 4 tric
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tric ﬂuid pafles through the fubftance of the
metal, and not over its {furface. A wire con~
tinued through a vacuum is alfo a conviaciag
proof of the truth of this obfervation.

ExPErRIMENT VIL

The eleclrified Cup and Chain.

Infulate a metallic cup; or any other con-.
cave piece of metal ; and place within it a -
pretty long metallic chain, having a filk
thread tied to one of its ends. To the han-
dle of the cup, or to a wire proceeding from
it, fufpend a cork-ball eleftrometer; then

“ele&rify the cup by giving it a fpark with
the knob of a charged phial, and the balls
of the eleGtrometer will immediately diverge.
If, in this fituation, one end of the chain
be gradually raifed up above the top of the .
cup, &c. by the filk thread, while the -
lower end of the chain remains in it, the
- balls of the eleGtrometer will converge a
little; and more or lefs in proportion to the
elevation of the chain above the top of the
veflel ; which proves that the Elericity of
the cup and chain together is more.dehfe,;
L ~ when
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when thefe bodies are in a compa&, than
‘when they are in a more extended form.
A more eafy method to fhew this property -
of Ele&nclty, is that ufed by T. Ronayne,
Efq. which is as follows: He excites a
long flip of white flannel,, or a filk ribband,
by rubbing it with his fingers ; then by ap~
p]ymg his hand to it, takes off as many
fparks as the excited eleGric will give; but
when the flannel, &c. has loft the power of
giving any more fparks in this manner, he
doubles, -or rolls it up; by which operation,
the contracted flannel, &c. appears fo firong-
ly ele@rical, that, it not only gives fparks
to the hand brought near, but it throws out
fpontaneous bruthes of light, which appear -
very beautiful in the dark. C N

ExperiMENT VIIL

To fbow the Courfe of the elelric Fluid by the
Flame of a Wax-taper.

Fix at that extremity of the prime Con-
duor, which-is the remoteft from the ma-
chine, a brafs rod fix inches long, having
on its extremity a brafs ball about three-

fourths
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fourths of ‘an inch in diameter, and. let the
winch of the machine be moved. If-in this
fituation the flame of a wax-taper be. pre-
fented to the above-mentioned brafs ball, it
will be blown almoft horizontally, and in a
direCtion from the ball, that is, in the di-
reCtion of the ele@ric fluid. If a wire with
a like ball be fixed to the infulated rubber,
the flame of a wax-taper, prefented to this
ball, will be blown alfo in the diretion of
the electric fluid, that is, it will be blown
upon the ball, thowing the true courfeof the
_ele@ric fluid in a very fimple and convincing
manner. '

ExpERIMENT IX.

To fbow the electric Attration, and Repulfion
by the eled¥ric Light.

Fix a pointed wire upon the prime Con-
’du&or, with the point outward, and ano-
ther like wire upon the infulated rubber;
then let the winch of the machine be turned,
and the points of both wires will appear
illuminated, v7z. the former with a ‘brufh,
and the latter with a ftar. In this fituation,

take
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take an excited glafs tube, and bring it fide-
way of the point of the wire fixed upon the
prime Conduéor, and you .will fee, that the
bruth of "rays iffuing from the point, is
turned fideway, 7 e, is repelled by the at-
mofphere of the tube; and if the excited
tube be held juft oppofite to the point, the
brufh will intirely vanifh, becaufe both the
tube and the point are eletrified pofitive-
ly. If the excited tube be brought near the
point of the wire fixed upon the rubber,
the ftar upon it will turn itfelf towards the
tube ; for this wire, being ele@rified nega-
tively, will attra& the ele@ric fluid of the ex-
cited tube, . .

If this experiment be repeated with an
excited ftick of fealing-wax, or any other
eleCric, negatively electrified, inftead of the
glafs tube, it will be found, that the brufh
proceeding from the wire fixed upon the

~prime Condu&tor, will turn itfelf towards

the excited wax, &c. and the ftar upon the
point of the wire negatively ele@rified, will
be diverted from it, or intirely fupprefled, if
the excited ftick of fealing-wax be brought
juft oppofite to the point.

L ExrE-
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ExPERIMENT X.
Tbe electrified Capillary Syphon.

Let a fmall bucket of metal, . full of water,
be fulpended from the prime Condutor, and
put in it a glafs {fyphon of .fo narrow ex-
tremity, as the water will juft drop from
it. If in this difpofition of the apparatus
the winch of the machine be turned, the
water, which, when not elerified, only
dropt from the extremity of the fyphon,
will now run in a full ftream, which will
even be fubdivided into other fmaller
ftreams ; and if the experiment be made
in the dark, it will appear beautifully illu-
minated. ’

ExperIMENT XI.

The eleGtrified Bells.

Fig. 10 of Plate II; reprefents an inftru~
ment having three bells, which are caufed
to ring by the power of eleric attration
and repulfion. B is a brafs piece furnithed

4 | with
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with a hook, by which it may be fufpend-

_ed from the rod proceeding from the extre-

mity of the prime Conduétor A. The two-
bells C, and E are fufpended by brafs chains,
but the middle bell D, and the two {mall
brafs clappers between C D, and D E, are
fufpended by filk threads. From the con-
cave part of the bell D a brafs chain pro-
ceeds; which falls upon the table, and has
a filk thread .F at its extremity. The appa-
ratus being difpofed as in the figure, if the
cylinder of the machine be turned, the clap-

pers will fly from bell to bell with a very

quick motion, and the bells will ring as leng
as they are kept electrified.

~ The two bells C and E, being fufpended
by brafs chains, are firft eleGrified, hence

they attraét the clappers, communicate to
them a little Ele@ricity, and repel them to

the uneletrified bell D, upon which the clap-

pers depofit their Eleétricity, and then run
again to the bells G, E, from which they
acquire more Eleftricity, &c. If by holding
the filk thread F, the chain of the middle
bell be raifed from the table; the bells, after

' ringing 4 little while, will flop, becaufe the

- bell
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bell D remaining infulated, will foon become
as ftrongly eleCrified as either of the other
two bells, in which cafe the clappers, hav-
ing no opportunity to depofit the Ele@ri- -
city that they acquire from the bells C E,
muft confcquently ftop. - '

If this experiment be made in the dark,
fparks will be feen between the clappers and
the bells.

ExperiMENT XII
The Spider feemingly animated by Elecricity.

Fig. 9 of Plate II, reprefents an ele@ric
jar, having a wire C D E faftened on ‘its
outfide, which is bended fo as to have its
knob E, as high as the knob A. B is a
fpider made of cork with a few fhort
threads run through it, to reprefent its legs.
This fpidér is faftened -at the end of a filk
thread, proceeding from the ceiling -of the
room, or from any other fupport, fo that
the fpider may hang mid-way between the
two knobs A, E, when the jar is not
charged. Let the place of the jar upon the

2 , table
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table be marked; then charge the . .jar - by
bringing its knob A in contact with the prime
Conducor, and replace it in its marked
place. The fpider will. now: begin to move
" from knob to knob, and continue this mo-
tion for a cqnﬁderablc time, fometimes for fe-
veral hours. s

', The infide of the jar being charged po-
fitively the fpider is attratted by the . knob
A, which communicates to it a {mall quan-
tity of ' EleQricity ; the {pider then be-
coming pofleffed. of the .fame Eletricity
with the knob A, is repelled by ‘it, and
runs to the, knob E, where it difcharges its
Ele&ricity, and is then again attracted by the
knob A, and fo on. Inthis manner the jar
is gradually difcharged; and when the dif-
charge is nearly compleated the fpider fi-
* nifhes its motion. ,

ExperiMENT XIII
“The Spiral Tube.
Fig. 13 of Plate II, éépfeféﬁts an inftru-

ment compofed of two glafs tubes C D, one
within
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within another, and clofed with two knobed
brafs caps A, and B. The innermoft of
thefe tubes has a fpiral row of {mall round
pieces of tin-foil, ftuck upon its outfide fur-
face, and laying at about one thirtieth of
an ‘inch from each other. If this inftru-
ment be held by one of its extremities, and
its other extremity be prefented to the prime
Condu&tor, every fpark that it receives
from the prime Conductor, will caufe fmall .
fpark to appear between all the round pieces
of tin-foil fluck upon the innermoft tube,
which in the dark affords a pleafing fpeta-
ele; the inftrument appearing encompaffed by
a {piral line of fire.

The fmall round plcces of tm-fml are
fometimes ftuck upon a flat piece of glafs
ABCD fig. 12, fo as to reprefent curve
lines, flowers, letters, &c. and they are . il-
luminated after the fame ‘manner as the
fpiral tube; 7 e. by holding the extremity
C, ‘or B in the hand, and prefenting the other
~ extremity to the prime Conduttor, when the

machine is in motion,

Exrz-
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EXPERIMENT XIV.
The dancing Balls.

le a pomted wire upon the prime Con-
du@or, with the pomt outward ; then take
a glafs tumbler, grafp it with your hands,
and prefent its infide furface to the point
of the wire upon the prime Condudor,

~ while the machine is in motion’; the glafs in
this manner will foon become charged ; for

its infide furface acquires the Eleétricity from

‘the point, and its outfide lofes its natural

quantity of eleric fluid through the hands,
which ferve as a coatmg —This done put a
few pith balls upon the table and cover
them with this charged glafs tumbler. The
balls will immediately begin to leap up along
the fides of the glafs, as reprefented fig. 15,
Plate II, and will continue’ their motion
for a confiderable time.

In this experiment the pith balls are at-
traCted and repelled by the elecric fluid
fuperinduced upon the infide furface of the

glafs,” which they gradually conduct to the
Y ., table

<
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table or other condu@ing body upon which
the glafs is fet; at the fame time that the
outward furface of the glafs acquires the
electric fluid from the contiguous air.

CHAP.
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CHAP. XIL

“ Furtber Properties of the Leyden Phial, or
charged Elecirics.

FYHE properties of charged elerics,
plain as they may appear at firft fight,

and conformable to the commonly eftablifh-
ed theory of Flericity, are yet, when at-
" tentively confidered, far from being intirely
underftood, {o as to require no further expe-
~ riments, or leave no doubt in the mind ‘of
the fpeculative Ele&@rician. The firft quef-
tion, that natu_rally occurs, in conﬁdering a
chdrged phial, is where does the fuperin-
duced, ele@ric fluid refide?—Is it lodged in
the fubftance of the glafs, or in the air con-
tiguous to the furface of the phial? In the
firft cafe, if the ele@ric fluid penectrates a
certain quantity of the fubflance of the
~ glafs, it follows that a glafs plate may be
given fo thin, that the ele@ric fluid may
freely pervade its fubftance*, If fuch a
plate

* ] have often blown glafs balls, fo thin that then
thicknefs was lefs than one-fix hundredth part of an inch,
Ya and
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plate can be made, it will be eafy, from thence,
to determine -how far can -the eleGric fluid
penetrate the fubftance of the glafs, when
charged in the ufual manner. In the fecond
cafe, if the ele@ric fluid refides in the.air
contiguous to the glafs, it muft repel that air,
i. e. aglafs bottle thould centain lefs air when
charged, than when in its natural flate; but

~ this is contrary to experience. -

The late Mr. CanToN charged fome thin
glafs balls of about an inch and‘a half in
diameter, having tubes of about nine inches
in length, and afterwards fealed them her-
metically, If thefe balls, when they were
cold, were prefented to an cleCtrometer, they
thewed no ﬁ'*n of Eletricity ; but if they
were kept a little while near the fire, they
then appeared firongly ele@rical, and pof-
feffed of that kind of Elecricity, with which
their infide had been charged. Mr. CaNTON

" difcovered farther, that if thefe balls are
kept under watcr, they retain their virtue

and have always obferved, that they were capable of re-
- “veiving a charge, which they retained fur a confiderable
time; if they were not made very hot,

-

for
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for a confiderable time, even for feveral
years; but if they are often ufed, their
power is foon exhaufted. . It is obvious to
remark, that the Electricity, which appears
upon the outfide of thefe balls, when they
are rendered hot, 7 e. when the glafs is
rendered a Condu&or by the heat, is not
that Ele@ricity, which properly conflitutes
the charge, but the fuperﬂuous Eletricity of
their infide*.

As for the Ele@ricity, which conftitutes
the ' charge, it being juft fufficient to balance
the contrary Ele&ricity of the oppofite fur-
face of the glafs, it will lofe its power,
as foon as it is arrived to that . furfai:e,
which in the cafe of the above-mentioned

* If acharged jar be infulated, and difcharged with an
infulated difcharging rod, after the difcharge both the
fides of the jar, together with the difcharging rod, will be
"found poffefied of the Ele&ricity. contrary to the Elericity
of that fide of the jar, which was touched laft before the
difcharge ; which fhows that one fide of a charged elec-
tric may contain a greater quanuty of Eleétricity than-
that, which is fufficient to balance the contrary Elec-
tricity of the oppofite fide. This' redundant Ele&ricity
fhould bé carefully confidered in performing experiments
of a delicate nature,

L &) balls,
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balls, it actually reaches, before it can a&
upon the eleG&rometer.

The moft remarkable phenomena pro-
duced by charged elettrics, are exhibited
with flat plates of glafs, jointly charged,
like a fingle coated plate. If two glafs

plates, having plain furfaces, be placed one
' upon the other, and their outward furfaces
be coated with tin-foil, in the ufual manner
of coating a fingle plate for the Leyden ex-
| perimcnt, and then be charged, by prefent-
ing one coating to the prime Condu&or,
and communicating the other with the earth,
the plates (which we fhall call A, and B)
after having been charged, will adhere very
firmly to one another, and if feparated, A,
viz, that, whofe coating was prefented to
the prime Conduor, will appear pofitive
on hoth fides, and B negative on both fides.
If thefe plates are laid in conta&t as before
they were charged, and are difcharged by
making a communication between the two

coated fides, they will be found flill to ad-

" here to one another after the difcharge,
and if feparated, they will appear flill elec-
trified, but with this rgma.rkable difference,
iz,
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wiz. that now A is neg'mve on both fides,
and B pofitive on both fides. If thefe
plates, after being difcharged, be feparated in
the dark, flathes of light are perceivable
between their internal furfaces. By laying
the plates together, touching their coatings
and feparating them fucceflively, the flathes
may be obferved for a confiderable number
of times, diminifhing by degrees, until they
qulte vanifh,

Father BEccaRr1A explains thefe and other
fimilar phenomena of charged, as well as
of excited ele@rics by the following princi-
ple, which he diftinguifhes by.the,name of -
vindicating EleGtricity. When two bodies,
~either a Condu&or, and an eléé’criﬁed eletric, \
or two contrarily and equally. elecrified elec-
trics are joined together, they adhere to each
other, and their Ele@ricities difappear; but
as foon as they are feparated, the elefrics re-
cover their Ele@ricities*. How far this prin-
ciple can be of ufe to explain the phenome-
na of charged glafs, &c. I will not take
upon me to determine. It would exceed -

* See BBCCARIAS Artificial E!ectncnty, Part, 1L
fec. V1 Y 4
: too
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too far the limits of my work, if I were to
" enumerate, and account for all the partlcu-
lars When the principle is expreﬁ'cd, thc
mgemous reader may eafily apply it to ex-
 plain the effe@s. 1 fhall only mention an
obfervation of Mr. HENLY relative to this
fubje&, which feems not conformablc to
Father BEccARIA’s theory, and with that
I fhall conclude this part of my work. Says
Mr. HENLY in one of his papers prefented to
the Royal Society, in which he defcnbes'
the above-mentioned expenments of h
two glafs plates, f‘ CroWn-glafs, that 1s
-« the glafs commonly ufed for fath win<
« dows, though fo much thinner, fucceeds
“in this expenment as well as the plate—
« glafs bug what is very remarkable, the
“« Dutch plates, when treated in the fame
“ manner, have each a pofitive and’ nega-
< tive furface, and the Ele&rlcuv of both fur-
«¢ faces, of both plates, is exchanged for the '
« contrary Ele&ricity in the difcharge. 'If a
¢ clean, dry, uncoated plate of looking-glafs
“ be p]accd between the coated Iookmg-glafs
“ plates, ‘or between' the p]ates of crown-
“ glafs, it appears, after charging, to be ne-
“ gatnveiy ele&nﬁcd on both ﬁdes ; but if it

¢ be
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¢ be placed between the Dutch plates,” it ac-
© %€ quires, like them, a poﬁtxve Eleé&ricity on
s« one furface, and a negatwe Ele&ncxty on
¢ the other.”

In another paper, Mr. HeNLY further
obfcrves, that if the Dutch plates. are fepa-

~'rated xmmedmtely after bcmg charged, they
' w;ll then alt like two plates of looking-
glafs, i. e, one of them will be poﬁtwe, and
_ the other negative on both ﬁdes~ but if
a little time be allowed before the plates be
‘ ,feparated the expenment will oonﬁantly fuc-
ceed as abovc. '

PART.
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P AR T 1IV.
New Experiment.f n Ele&rfcizy.

HE laws of Elericity, together with

. the experiments neceflary for their
demonttration, having already been defcribed,
in as compendious a manner as could be
done, without obfcurity, I fhall in the laft
Part of ‘this work relate fuch new experi-
ments, and obfervations, as I have made
"during the courfe of about two years, in
which time I have purfued the Science of
Ele@ricity with a particular view to difco-
ver, if poflible, the unknown caufe of feveral
ele@rical phenomena, efpecially thofe relative
to atmofpherical Eletricity. -

The firft inftrument that I made ufe of, to
obferve the Ele@ricity of the atmofphere, was
an ele@rical kite, which I had conftructed,
not with a view to obferve the Ele@ricity of
the. air, for this, I thought, was very weak
and feldom to be obferved; but as an inftru-
ment, which could be occafionally ufed in

- time
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time of a thunder-ftorm, in order 'to_obfer,vc' -
the Ele@ricity of the clouds. The kite how-
ever being juft finithed, together with its
‘ftring, which contaihed a brafs wire through
its whole length, I raifed it the 31ft of Auguft
1775, atfeven of the clock in the afternoon,

the weather being a little cloudy, "and the
wind juft fufficient for the purpofe. The ex-
tremity of the firing being infulated, T ap-
plied my fingers to it, which, contrary to
my expeltation, -drew very vivid, and pun-
gent {parks :,I charged a coated phial at the
ftring feveral times ; but I did not then ob-
'~ ferve the quality of the Ele@ricity, This
fuccefsful experiment induced me to raife the

kite very often, and to keep it up, for feveral

hours together, thinking that if any periodi-’

cal Eleéiricity, or any change of its quality

“took place in the atmofphere, it might very
probably be difcovered by this inftrument.

In the following two Chapters I fhall defcribe

the canftru@ion of the eletrical kite with its

appurtenances, and fhall tranfcribe the moft

remarkablg part of my journal, relative to the

kite, 7.e. defcribing fuch experiments only,

which are more remarkable, and do not hap-

" pen very commonly; for although I have
' ufed
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ufed my kite, fometimes ten, and more times

in a week, and at any hour of the day or

night, yet as the greateft part of thofe experi~

ments are only of ufe to confirm a few laws .
of atmofpherical Ele&ricity, I fhall leave their

particular detail, and fhall only fubjoin thofe

Jaws at the end of the fecond chapte, '

CHAW
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CHAP I

The confiruction of the eleirical Ktte, and atlrer '
Infiruments ufed with .

HE firt ele@rical kite, that I con- -
ftru@ted, was feven feet high, and it

was made of paper with a flick or ftraiter,
and a cane bow, like the kites commonly ufed
© by fchool-boys. On the upper part of the
ftraiter I fixed an iron fpike, proje&ing about
a foot above the kite, which, I then thought,
was abfolutely neceflary to colleét the Elec-
tricity, -and I covered the paper of the kite
with turpentine, in order to defend it from
the rain. 'This kite, perfect as I thought it
to be, in its conftruétion, and fit for the expe-
riments, for which it was intended, foon
manifefted its imperfeQtions, and after being -
raifed a few times, it became quite unfit for
farther ufe; it being fo large, and confe-
quently heavy, that it could not be ufed,
.except when the wind was ftrong, and then
after much trouble in raifing and drawing it
in, it often received fome damage, which foon-
obliged me to confiru& other kites upon a
different plan; in order to afcertain which
H " method
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method would anfwer the beft for my pure
pofe. I gradually leflened their fize, and
varied their form, till I obferved upon trial,
that a common fchool-boy’s kite, was as
good an eledtrical kite as mine. In confe-
quence of which.I. conftructed my kites in
the moft fimple manner, and in nothing dif-
ferent from the childrens kites, except that I
covered them with varnifh, or. with well
boiled linfeed dil, in order to defend them
from the rain, and I covered the back part of
the ftraiter with tin-foil, which however has
not the leaft power to increafe its Ele@ricity.
I alfo furnith the upper extremity of the
ftraiter with a flender wire pointed, which, in
time of a thunder-florm, may perhaps draw
the Ele&ricity from the clouds, -fomewhat
more effeGtually; but in general, I find, as
it will appear in the account of the experi-
ments, that it does not in the leaft affe& the
Elericity at the ftring. The kites, that I
generally have ufed, are about four feet high,
and little above two feet wide. This fize, I
find, is the moft convenient, becaufe it renders
them eafy tobe managed, and at the fame time
they can draw a fufficient quantity of firing.
As for filk or linen Kites, they require a good

3 ' - deal
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deal of wind to be raifed, and then. they are
not fo cheap nor fo eafy to be made, as paper .
kites are. The ftring fometimes breaks, and
the kite is loft, or broken, for which reafon,
thefe kites fhould be made as cheap and as
fimple as poflible.
- The firing is the moft material part of this
apparatus; for the Ele@ricity produced is
more or lefs, according as the ftring is a bet-
ter, or a worlfe Condlﬁ&or. The ftring,
vwhic’h I made for my large kite, confifted
of two threads of common twine twifted
together with a brafs wire between the ftrands.
This firing ferved very well for two, or three
trials, but on examination, I {oon found that
the wire in it was broken in many places, and '
it was continually fnapping; the metallic
~ continuation therefore being fo often intei-
rupted, the ﬁring became foon fo bad, . that it
a&ted nothing better than common twine
without a wire. I attempted to mend it, by
joining the broken pieces of wire, and. work-
ing into thetwine, another wire, which proved
a very laborious work ; but the remedy had
very little effeét; the wire breaking again
- after the firft tnal which determined me to
' ' “adopt
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~ adopt other methods ; and after feveral experis
ments, 1 found that the beft firing was one;
‘which I made by twifting a copper-thread ¥
with two very thin threads of twine, Strings
like.this I have ufed for the greateft part of-
my experiments with the kite, and I find them
to be exceedingly wfeful, and fit for the pur-
pofe. Silver or gold thread would do much
better, to twift with the twine, becaule they
are much thinner than copper thread, and in
confequence the firing would be miuch lighter;.
but at the fame time it is to be confidered, that
gold or filver thread is much dedrer thad

copper thread.

I have attempted to render the tiwine a
good Conduéor of Ele@ricity, by covering it
~with conduting fubftances, -as lamp-black,
powder of charcoal, very fine emery, and
other fubftances, mixing them with diluted
gum-water ; but this method improves the
firing very little, and for a very thort time;
for -the faid condu@ing fubftances are fooni
~# T mean fuch a thread of copper as is ufed for gim-
mings, &c. in imitation of gold threads, which are nothing
more than filk or linen threads covered with a thin lamina

" o bbed
: Iu 3
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rubbed off of the twine. Mr.NAIRNE inform-

- ed me, that he had ufed to foak the ftring of

his elerical kite in a ftrong folution of falt,
which rendered it a good Conduttor, fo far
as it attracted the moifture of the-air. In

confequence of this information I foaked in

falt water a long piece of twine, and by raif-
ing a kite with it, I found that it conducted

- the Ele&ricity pretty well, but I thought it -

much inferior-to the above-defcribed firing
with the copper thread : befides, the falted

ftring in wet weather not only leaves part of

the falt upon the hands of the Operator, and
in confequence renders them unfit o manage
the reft of the apparatus, but it marks a white
fpot wherever it touches the clothes. -

In raifing the kite when the weather is very
cloudy and rainy, in which time there is fear
of meeting with great quantity of Ele&ricity,
I geunerally ufe to hang upon the firing A B
fig. 8, Plate II, the hook of a chain;C, the

~ other extremity of which falls upon the

ground. Sometimes I ufe another cautien
belides, which is to ftand upon an infulating
ftool; in which fituation, I think, that if any
great quantity of Ele&mmty, fuddenly dil=

Z . charged
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charged by the clouds, frikes the kite, it can=

not affe& much my perfon. As to infulated

recls, and fuch. like inftruments, that fome
gentlemen have ufed for to raife the kite,

without danger of receiving any fhock; fit

for the purpofe as they may appear to be in_
theory, they are yet very inconvenient to be

managed. Except the kite be raifed in time
of a thunder-florm, there is no great danger
for the Operator to receive any fhock. Al-
though I have raifed my electrical kite hun-
dreds of times without any caution whatever,
I have very feldom received a few exceedingly
flight fhocks in my arms. In time of a
thunder-florm, if the kite has not been raifed
before, I would not advife a perfon to raife -
it while the fltormy clouds are juft overhead ;
the danger in fuch time being very great, -
even with the precautions above mentioned : -
at that time, without raifing the kite, the
Ele&ricity of the clouds may be obferved by
a cork ball EleGtrometer held in the hand in -
an-open place, or if it rains, by my ele&ro- -

meter for the rain, which will bc defcribed .

hereafter. - '

" When
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When the kite has been raifed, I generally
introduce the ftring through a window in a
room of the hotife; and faften it'to a frong
filk lace, the extremity of which is generally
tied to a heavy chair in the room:  In fig. 8,
of Plate ITf; A B reprefernits part of the fring’
of the kite, which comes within ‘the roomr§
€ reprefents the fitk lace; DE, a fmall ptime
Condu&or, which, by means of a fmall wire, -
is connected with the ftring of the kite ; and
F reprefents the quadrant eleCtrometer fixed
tiponi a fland of glafs, covered with fealing=
~ wax; whichi I ufed to put near the prime Conz -
duor, rathet than fo fix it in a hole upon the
Conduétor; becaufe the firiig A B foretimes
fhakes fo as to pull the prime Conduor
down, in which cafe the quadrant eleGrome=
ter remains fafe upon the table, othérwife it
would be broken; as I have often experienced
before I thought of this method. G repre=
fents a glafs tube aboiit eighteen inches long,
iwith a knobed wire cemented to its extremityy
.which inftrement I ufe for fo obferve the
quality of the Elecricity, when the Ele€tri
tity of the kite is {o firoiig, that I think it
not fafe to come very mear the firing. The

| Z 2 : " method
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method is as follows I hold the inftrument
by that extremity of the glafs tube, which
is the fartheft from the wire, and touch the
firing of the kite with the knob of its wire,
which being infulated, acquires a fmall quan-
tity of Ele@ricity from it, which is fufficient
to afcertain its quality when the knob of the
inftrument is brought near an ele@rified elec-
trometer. Sometimes, when I raife the kite
in the night time, out of the houfe, and
where I have not-the convenience of obferv-
ing the quality of its Elericity by the at-
tration and repulfion, or even by the appear-
ance of the elecric light, I make ufe of a
coated phial, which I can charge at the firing,
and when charged, put into my paocket,
wherein it will keep charged even for feveral
hours *, By making ufe of this inftrument,

' Iam

\

% The conftrucion of this phial is as follows. Befides -
the coating on the infide and outfide that this phial has,
like any other of the fame kind, a glafs tube open at both
ends is cemepted into its neck, and proceeds within the
phial, having a fmall wire faftened to its lower extremity,
which touches the infidé non-eledric coating. The wire
with the knob of this phial is cemented into another glafs
tube, which is nearly twice as long, and fmaller than the
o - tube

v
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I am obliged to keep the kite up no longer
than it is neceflary to charge the phial, in
order to obferve the quality of the Ele&ricity
in the atmofphere ; for after that the kite has
been drawn in, and brought, home, I can then
examine the Ele@ricity of.the infide of the.
phial,. which is the fame as that cf the kite,

When the Ele@ricity of the kite is very
ftrong, I fix a chain, communicating with
the ground, at about fix inches diftance from
the firing; which may carry off its Ele&ri-
city, in eafe, that this thould increafe fo much,
as to put the byftanders in danger,

tube cemented into the neck of the phial. The wire is
cemented fo, that only its knob projeéts out of one end,
and a fmall length of it out of the other end of the tube.
If this piece with the wire be held by the middle of the
glafs tube, it may be put in or out of the tube, which is in
the neck of the phial, fo as to touch the fmall wire at the
lower extremity of it, and that without difcharging the
phial, if it is charged. I have kept fuch a phial charged
for fix weeks together, and probably it would keep ‘much
longer, if it were to be tried. The i mgemous young Elec-
trician may make ufe of fuch a phial for feveral diverting
purpofes.

Z 3 Befides
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Belides the above-defcribed apparatus, |
have occafionally ufed fome other inftru-
ments, which I have often varied, according
as fome particular experiments required; but
. as they are of no great confequence, I fhall
omit to defcribe them. It is only neceflary,
‘ 'before I enter into the narration of the princi-
pal experiments performed with the kite, to
give an idea of the ftandard of my quadrant

ele@rometer, which may, very probably, fhew

the fame intenfity of Ele@ricity under a
number of degrees different from the other
infirument of the fame kind. When the
kite is flying, and the apparatus is difpofed
as in fig. 8, of Plate III, I bring, under the
extremity E of the prime Conducor, a little:
bran, held upon a tin plate, and obferve, that
when the index of .the eleGrometer is at ten
degrees, the prime Condultor begins to attra&

the bran at the diftance of about three fifths °

of an inch, when the index is at twenty

~ degrees, the prime Condu&or attracts the bran

at the diﬁance of about one inch and a quarter,
when the index is at thirty degrees, the bran
beginstobe attra at the diftance of two inches

and .
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and one fifth. Thefe diftances vary as the
weather changes its degree of drynefs, but
in frofty weather, I obferve them conftantly

as above, L e

Z4 CHAP. -
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CHAP IL

Experiments 'perforiﬂed' with the electrical

Kite.

Eptember the 2d, 1775. The weather

“being very cloudy, and atually rain-
ing, the kite was “raifed at eight o’clock
P. M. with two hundred yards of fring,
which had a brafs wire through its whole
length. The wind was from the fouth and
very ftrong.” The Ele@ricity at the ftring
was negative, and juft fufficient to charge a

half-pint phial {o as to give. a fhock fen~

fible to the elbows. The kite, after being up
for about one hour, fell to the ground,
having its paper, which was not properly -
varnifhed, almoft intirely torn off by the
~ violence of the wind and the rain.

September the 14th. The kite was

raifed with a ftrong north wind at half paft
three P. M. The Elecricity was pofitive,
and pretty ftrong, the index of - the elero-

2 : - meter

_———— e =
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‘meter being generally about 20%%; The
weather was rather cold, and very thick
clouds were gradually approaching the ze-
nith, The kite was pulled down at half
- paft four P. M. ,

N. B. At night the aurora borealis was
very firong, and feveral flathes .of lightens
ing were feen near the horizon towards the |
north, |

September the 23d. A fmall kite was raifed.
at half paft ten o’clock in the morning,
and it was kept up for eleven hours fuc-
ceflively, wsiz. till half paft nine P. M.
The firing, which was only a common
twine without a wire, was conftantly elec-
trified pofitively although in a very fmall
degree. About nine o’clock the Ele&ricity
appeared fironger, fo that a {mall phial,
charged at the firing, gave a pretty fenfible
thock. The weather was very clear, and

®* The index of the eleGrometer in general raifes
higher or falls lower, zccording as the kite comes nearer to,
or goes farther from the zenith ; the length of the firing
remaining the fame,

warm ;

ar
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warm ; but in the night no aurora borealis,
or any other ele@rical appearance was pee~
ceived. ‘The wind was eaft by fouth, andfo .
weak that the kite was kept up with greax
dlfﬁculty ,

OGober the 10th, 1775. The weather
being clear, and the wind blowing ftrong
from the fouth weft, the kite was raifed
at eleven o’clock A. M. with ninety yards of
firing, which had a copper thread twifted in*,
The wind, - during the experiment, increafed
and decreafed feveral times, and the Ele&ri-
city, which was pofitive, as it appeared by
the index of the Ele&rometer, alfo increafed
and decreafed. At noon the violence of the
wind caufed the kite to fall. At half paﬂ:
four o’clock, the wind being ‘a little'more
moderate, the kite was raifed again. The
Ele&ricity was alfo pofitive, and feemed ra<
ther ftronger than it had been in the morn~
ing. The weather at this time was cloudy ;
the clouds appearing much thicker near the
‘horizon; than about the zenith. The kite

. * Such fring as this was ufed in 3ll the t"ollowing €X~
Periments.. . .

Lo | . was
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wras pulled ' down: at half paft five o'clock,
and at’ half -after feven was raifed agaimy
every phenomenon continuing the fame. .+ At
eight o’clock, while I was pulling the kite -
in, I infulated the firing when only thitty-
five yards of it were out, and was fur-
prifed to find that now the Eleltricity. was
~ as firong as it had been, when all the ftring
was out, which was ninety yards long. -k
muft however be remarked that at this time
a few flafhes of lightening were feen among
the clouds, which were pretty thick about
the horizon. At a quarter paft eleven
o’clock, the kite was raifed again, which
"was the fourth -time of raifing -it that
day ; the weather then being very clear, and
 the wind the fame as in the afternoon.
The Ele&ricity was very weak, but conftant=
" ly pofitive. 'The kite was pulled down after
having being up a few minutes only. - P

O&ober the 16th. At about twa P. M .
* a thick fog being .juft cleared up, the wea~
ther became clear, and the wind began to
blow from the fouth fouth weft. The kite
was raifed ‘with one hundred and twenty
yards of flring, and it was kept up na

longer
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balls, it actually reaches, before it can alk
upon the eleGrometer.

The moft remarkable phenomena pro-
duced by charged eletrics, are exhibited
with flat plates of glafs, jointly charged,
like a fingle coated plate. If two glafs
plates, having plain furfaces, be placed one
upon the other, and their outward furfaces
be coated with tin-foil, in the ufual manner
of coating a fingle plate for the Leyden ex-
- periment, and then be charged, by prefent~
ing one coating to the prime Condu&or,
and communicating the other with the earth,
the plates (which we fhall call A, and B)
after having been charged, will adhere very
firmly to one another, and if feparated, A,
viz, that, whofe coating was prefented to
the prime Condu@or, will appear pofitive
on bhoth fides, and B negative on both fides.
If thefe plates are laid in conta& as before
they were charged, and are difcharged by
making a communication between the two

coated fides, they will be found fiill to ad-
" here to one another after the difcharge,
and if feparated, they will appear flill elec-
trified, but with this rgmarkable difference,

V1,
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@iz, that now A Is negative on both fides,
~and B pofitive on both fides. If thefe
Pplates, after being difcharged, be feparated in
the dark, flathes of light are perceivable
between their internal furfaces. By laying
the plates together, touching their coatings’
and feparating them fucceflively, the flathes
may be obferved for a confiderable number
of times, diminithing by degrecs, until they
qulte vanifh,

Father BEccaRr1aA explains thefe and other
fimilar phenomena of charged, as well as
of excited electrics by the following princi=
ple, which he diftinguifhes by. the name of -
wmdzmtmg Electricity.  When two bodies,
“either a Condu&tor, and an elg&nﬁed eletric, \
or two contrarily and equally. ele@rified elec-
trics are joined together, they adhere to each
other, and their Ele@ricities difappear; but
as foon as they are feparated, the ele@rics re-
cover their Ele@ricities®. How far this prin- ‘
ciple can be of ufe to explain the phenome-
na of charged glafs, &c. I will not take
upon me to determine' It would exceed -

* See BBCCARIAS Artificial Electnclty, Part. 1L
fec. VI Y 4 ‘
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too far the limits of my work, if I were to
" enumerate, and account for all the partlcu-
lars When the principle is exprefled, the
ingenious readcr may eafily apply it to ex-
/ plam the effe@s. 1 fhall only mentlon an
obfervation of Mr. HENLY relative to this
fubjeé’t, which feems not conformable to
Father BECCARIA 5 theory, and thh that.
I fhall conclude this part of my worl, Says
Mr. HENLY in one of his papers prefented to
the Royal Society, in ‘which he defcnbes'
the above-mentioned expenments of h
two glafs plates, ¢ Crotwn-glafs, that 1s
¢ the glafs commonly ufed for fath win<
« dows, though fo much thinner, fucceeds
¢ in thts expernment as well as the’ plate—
“ glafs, but what is very remarkable, the
« Dutch plates, when treated in the fame
“ manner, have each a pofitive and’ nega-
 tive furface, and the Ele&ncltv of both fur-
«¢ faces, of both plates, is exchanged for the |
« contrary Ele@ricity in the difcharge. "If a
¢ clean, dry, uncoated plate of looking-glafs
“ be placcd between the coated lookmg-glafs
“« plates, ‘or between™ the p]ates of crown-
“ glafs, it appears, after charging, to be ne-
“ gauveiy ele&rlﬁcd on both ﬁdes ; butif it

‘¢ hc
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#¢ be placed between the Dutch plates, it ac~
© % quires, like them, a poﬁtlve Ele&ricity on
¢ one furface, and ‘2 negatlve Eleé’cncxty on
¢ the other.” ;

In another paper, Mr. HeNLY further
obferves, that if the Dutch plates. are fepa-
"rated immediately after bcmg charged, they
wnll thcn att like two plates of looking~
glafs, i. e, one of them will be pofitive, and
_‘the other negative on both fides; but if
a little time be allowed before the plates be
feparatcd the expenment will conﬁantly fuc-
cecd as above. -

PART.
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P A R T 1IV.
New Experi}nent{ n Eleﬂrici{y.

HE laws of Ele@ricity, together with

. the experiments neceflary for their
demonttration, having already been defcribed,
in as compendious a manner as could be
done, without obfcurity, I fhall in the laft
Part of 'this work relate fuch new experi-
ments, and obfervations, as I have made
" "during the courfe of about two years, in
which time I have purfued the Science of
Ele@ricity with a particular view to difco-
ver, if poffible, the unknown caufe of feveral
ele@trical phenomena, efpecially thofe relative
to atmofpherical EleCtricity. -

The firft inftrument that I made ufe of, to
obferve the Eletricity of the atmofphere, was
an ele@rical kite, which I had conftruéted,
not with a view to obferve the Ele@ricity of
the. air, for this, I thought, was very weak
and feldom to be obferved ; but as an inftru-
ment, which could be occafionally ufed in

- time
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time of a thunder-ftorm, in order to obferve -
the Ele@ricity of the clouds. The kite how-
ever being juft finithed, together‘ with its
‘fring, which contained a brafs wire through
its whole length, I raifed it the 311t of Auguft
1775, atfeven of the clock in the afternoon,
the weather being a little cloudy, and the
wind juft fufficient for the purpofe. The ex-
tremity of the ftring being infulated, T ap-
plied my fingers to it, which, contrary to
my expeftation, -drew very vivid, and pun-
gent {parks :, I charged a coated phial at the

ftring feveral times ; but I did not then ob-
" ferve the quality of the Eletricity. This
fuccefsful experiment induced me to raife the
kite very often, and to keep it up, for feveral
hours together, thinking that if any periodi-’
cal Ele@ricity, or any change of its quality
took place in the atmofphere, it might very
probably be difcovered by this inftrument.
In the following two Chapters I thall defcribe
the canftru@ion of the eletrical kite with its
appurtenances, and fhall tranfcribe the moft
remarkablg part of my journal, relative to the
kite, 7.e. defcribing fuch experiments only,
which are more remarkable, and do not hap-
" pen very commonly ; for although I have

ufed -
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ufed my kite, fometimes ten, and more times
in a week, and at any hour of the day or
night, yet as the greateft part of thofe experi-
ments are only of ufe to confirm a few laws.
of atmofpherical Ele&ricity, I fhall leave their
particular detail, and fhall only fubjoin thofe
Jaws at the end of the fecond chapter, '

CHAW
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CHAP I

The confiruttion of the eleirical Kite, and otber '
Inftruments ufed with it.

HE firft ele@rical kite, that I con- -
firucted, was feven feet high, and it

was made of paper with a ftick or firaiter,
and a cane bow, like the kites commenly ufed
© by fchool-boys. On the upper part of the
ftraiter I fixed an iron fpike, proje&ting about
a foot above the kite, which, Ithen thought,
~ was abfolutely neceflary to colle&t the Elec-
tricity, -and I covered the paper of the kite
with turpentine, in order to defend it from
the rain. 'This kite, perfect as I thought it
to be, in its conftruction, and fit for the expe-
riments, for which it was intended, foon
manifefted its imperfections, and after being -
raifed a few times, it became quite unfit for
farther ufe; it being fo large, and confe-
quently heavy, that it could not be ufed,
.except when the wind was ftrong, and then
after much trouble in raxﬁng and drawing it
in, it often received fome damage, which foon:
obliged me to confiru@ other kites upon a
different plan, in order to afcertain which
1 ~ method
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method would anfwer the beft for my pufe
pofe. I gradually leflened their fize, and
varied their form, till I obferved upon trial,
that a common fchool-boy’s kite, was as
good an eleftrical kite as mine. In confe-
quence of which.I. conftructed my kites in
the moft fimple manner, and in nothing dif-
ferent from the childrens kites, except that I
covered them with varnith, or. with well
boiled linfeed dil, in order to defend them
from the rain, and I covered the back part of
the firaiter with tin-foil, which however has
not the leaft power to increafe its Ele&ricity.
I alfo furnith the upper extremity of the
firaiter with a {lender wire pointed, which, in
time of a thunder-florm, may perhaps draw
the EleQricity from the clouds, fomewhat
more effectually; but in general, I find, as
it will appear in the account of the experi-
ments, that it does not in the leaft affect the
Ele@ricity at the firing. The kites, that I
generally have ufed, are about four feet high,
and little above two feet wide. This fize, I
find, is the moft convenient, becaufe it renders
them eafy tobe managed, and at the fame time
they can draw a fufficient quantity of firing.
As for filk or linen kites, they require a good
3 ' : deal
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deal of wind to be raifed, and then. they are
not fo cheap nor fo eafy to be made, as paper .
kites are. The firing fometimes breaks, and
the kite is loft, or broken, for which reafon,
thefe kites fhould be made as chcap and as
fimple as poffible.

- 'The ftring is the moft material part of this
apparatus; for the Ele@ricity produced is
more or lefs, according as the firing is a bet-
ter, or a worlfe Condﬁ&or. The ftring,
which I made for my large kite, confifted
of two threads of common twine twifted
together with a brafs wire between the firands.
This ftring ferved véry well for two, or three
trials, but on examination, Ifoon found that

the wire in it was broken in many places,and’
it was continually {napping; the metallic
continuation therefore. being fo often intei~
rupted, the firing became foon fo bad, . that it
a&ted nothing better than common twine
without a wire. I attempted to mend it, by
joining the broken pieces of wire, and. work-
ing into thetwine, another wire, which proved
a very laborious work ; but the remedy had
very little effeét; the wire breaking again
- after the firft tnal which determined me to
' ' " adopt
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. adopt other methods ; and after feveral experis
ments, 1 found that the beft ftring was one;
“which I made by twilting a copper- thread *
with two very thin threads of twine, Strings
like.this T bave ufed for the greateft part of-
my experiments with the kite, and I find them
to be exceedingly ufeful, and fit for the pur-
pofe. Silver or gold thread would do much
better, to twift with the twine, becaufe they
are'much thinner than copper thread, and in
confequence the firing would be mruch lighter ;.
but at the fame time it is to be. confidered, that
gold or filver thread is much dearer thad

copper thread.

I have attempted to render the twine a
good Condu&or of Ele&ricity, by covering it
~ with conducting fubftances, -as lamp-black,

powder of charcoal, very fine emery, and
other fubftances, mixing them with diluted
gum-water ; but this method improves the
firing very little, and for a very fhort time;
for -the faid condu@ing fubftances are foon
. *1 u_mn fuch a thread of copper as is ufed for gim~ )
mings, &c. in imitation of gold threads, which are nothing
more than filk or linen threads covered thh a thin lamina

of copper. bhed
Iru
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- rubbed off of the twine. Mr.NAIRNE inform-
- ed me, that he had ufed to foak the ftring of
his eleGrical kite in a ftrong folution of falt,
which rendered it a good Conduttor, fo far
as it attraCted the moifture of the-air. In
confequence of this information I foaked in
falt water a long piece of twine, and by raif-
ing a kite with it, I found that it conduted
- the Eleltricity pretty well, but I thought it -
‘much inferior.to the above-defcribed firing
with the copper thread : befides, the falted
. ftring in wet weather not only leaves part of
the falt upon the hands of the Operator, and
in confequence renders them unfit to manage
the reft of the apparatus, but it marks a white
fpot wherever it touches the clothes.

In raifing the kite when the weather is very
cloudy and rainy, in which time there is fear
of meeting with great quantity of Ele&ricity,
I geuerally ufe to hang upon the firing A B
fig. 8, Plate II, the hook of a chain;C, the
~ other extremity of which falls upon the
ground. Sometimes I ufe another cautien
befides, which is to ftand upon an infulating
ftool; in which fituation, I think, that if any
great quantity of Elc&rlcny, fuddenly dil

Z charged
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charged by the clouds, firikes the kite, it can-
net affe& much my perfon. As to infulated
reels, and fuch like inftruments, that fome
gentlemen have ufed for to raife the kite,
without danger of receiving any fhock; fit
for the purpofe as they may appear to be in
theory, they are yet very inconvenient to be
managed. Except the kite be raifed in time
of a thunder-florm; there is no great danger -
for the Operator to receive any fhock. Al-
though I have raifed my eleétrical kite hun-
dreds of times without any caution whatever, -
I have very feldom received a few exceedingly
flight fhocks in my arms. In time of a:
thunder-ftorm, if the kite has not been raifed
before, I would not advife a perfon to raife -
it while the ftormy clouds are juft overhead ;-
the danger in fuch time being very great, -
even with the precautions above mentioned : -
at that time, without raifing the kite, the -
Eleéricity of the clouds may be obferved by

a cork ball EleGrometer held in the hand in .

an-open place, or if it rains, by my ele&ro-
meter for the rain, which will he defcribed
hereafter. '

i

" When
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When the kite has been raifed, I genwallyg
introduce the ftring through a window inl &
room of the hotife; and faften it"to a frong
filk lace, tHe extremity of which is generally
tied to a heavy chair in the room: In fig. 8,
of Plate ITl; A B reprefents part of the firirtg’
of the kite, which comes within ‘the room
C reprefents the fitk lace; D E, a fmall prime
Conduttor, which, by means of a fmall tvire, -
is conneéted with the ftring of the kite ; and
F reprefents the quadrant eleftrometer fixed
tipoti a flarid of glafs, coveted with fealing=
wax, whicli I ufed to put near the prime Conz
duor, rather than fo fix it ifr a hole dpori the
€onduétor, becaufe the ftririg A B fometimes
fhakes fo as to pull the prime Condu&or
down, in which cafe the quadrant ele@romea
ter remains fafe upor the table, otherwife it
would be broken, as I have often experienced
before I thought of this metliod. G repre=
fents a glafs tube about eighteen inches long,
with a knobed wire cemented to its extremityy
-which inftrument I ufe for to obferve the
quality of the Elecricity, when the Electri~
tity of the kite is fo f’iroﬁg,, that I think it
not fafe to come very mear the firing. The

| . Z 2 - method
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method is as follows I hold the infitrument
by that extremity of the glafs tube, which
is the fartheft from the wire, and - touch the
ftring of the kite with the knob of its wire,
which being infulated, acquires a fmall quan-
tity of Ele&ricity from it, which is fufficient
to afcertain its quality when the knob of the
inftrument is brought near an ele@rified elec-
trometer. Sometimes, when I raife the kite
in the night time, out of the houfe, and
where I have not-the convenience of obferv-
ing the quality of its Electricity by the at-
tra&tion and repulfion, or even by the appear~
ance of the ele@ric light, I make ufe of a
coated phial, which I can charge at the ftring, .
and when charged, put into my paocket,
wherein it will keep charged even for feveral
hours *, By making ufe of this inftrument,

' Iam

\

% The conftruction of this phial is as follows, Befides
the coating on the infide and outfide that this phial has,
Tike any other of the fame kind, a glafs tube open at both
ends is cemepted into its neck, and proceeds within the
phial, having a fmall wire faftened to its lower extremity,
which touches the infide non-ele&ric coating. The wire
with the knob of this phial is cemented into another glafs
- tube, which is nearly twice as long, and fmaller than the

L T tube
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I am obliged to keep the kite up no longer
than it is neceflary to charge the phial, in
order to obferve the quality of the Elericity
in the atmofphere ; for after that the kite has
been drawn in, and brought home, I can then
examine the Ele&ricity of .the infide of the.
phial,. which is the fame as that cf the kite,

When the Ele@ricity of the kite is very
firong, I fix a chain, communicating ‘with
the ground, at about fix inches diftance from
the firing, which may carry off its Ele&ri-
city, in eafe, that this fhould increafe fo much,
as to put the byftanders in danger.

tube cemented into the neck of the phial. The wire is
cemented fo, that only its knob proje&s out of one end,
and a fmall length of it out of the other end of the tube.
If this piece with the wire be held by the middle of the
glafs tube, it may be put in or out of the tube, which is in
the neck of the phial, fo as to touch the fmall wire at the
lower extremity of it, and that without difcharging the
phial, if it is charged. I have kept fuch a phial charged
for fix weeks together, and probably it would keep ‘much
longer, if it were to be tried.  The ingenious young Elec-
trician may make ufe of fuch a phial for feveral diverting
purpofes.

Z 3 © Befides
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Belides the above-defcribed apparatus, |
have occafionally ufed fome other inftru-
ments, which I have often varied, according
as fome particular experiments required; but
- as they are of no great confequence, I fhall
omit to defcribe them. It is only neceffary,
 before I enter into the narration of the princi-
pal experiments performed with the kite, to
give an idea of the ftandard of my quadrant
ele@rometer, which may, very probably, fhew
the fame intenfity of Ele@ricity under a
number of degrees different from the other
inftrument of the fame kind. When the
kite is flying, and the apparatus is difpofed
as in fig. 8, of Plate III, I bring, under the
extremity E of the prime Condu&or, a little-
bran, held upon a tin plate, and obferve, that
when the index of .the eletrometer is at ten
degrees, the prime Conductor begins to attract
the bran at the diftance of about three fifths -
of an inch, when the index is at twenty
~ degrees, the prime Conductor attracts the bran
at the diftance of about one inch and a quarter,
when the index is at thirty degrees, the bran
begins tobe attrat at the diftance of two inches

R and .
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and one fifth. Thefe diftances vary as the
weather changes its degree of drynefs, but
in frofty weather, I obferve them conﬁantly
as above, S

Zg4 'CHAP.
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CHAP IL

Ex}erimmt: ferforhzea" with the cleétrical
Kite.

Eptember the 2d, 1775. The weather

being very cloudy, and altually rain=
ing, the kite was ‘raifed at eight o’clock
P. M. with two hundred yards of firing,
which had a brafs wire through its whole
length. The wind was from the fouth and
very ftrong.” The Elericity at the ftring
was negative, and juft fufficient to charge a
half-pint phial fo as to give. a fhock fen~
fible to the elbows. The kite, after beingup
for about one hour, fell to the ground,
having its paper, which was not properly -
varnifhed, almoft intirely torn off by the
~ violence of the wind and the rain.

September the 14th. The kite was
raifed with a ftrong north wind at half paft
three P. M. The Ele@ricity was pofitive,
and pretty ftrong, the index of  the electro~

2 : ~ meter
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‘meter being generally about 209%; The
weather was rather cold, and very thick
clouds were gradually approaching the ze-
~ nith. The kite was pulled down at half

- paft four P. M. ' :

N. B. At night the aurora borealis was
very ftrong, and feveral flathes .of lighten
ing were feen near the horizon towards the
north, '

September the 23d. A {mall kite was raifedr.!
at half paft ten o’clock in the morning,
and it was kept up for eleven hours fuc-
ceflively, wviz. till half paft nine P. M.
The firing, which was only a common
twine without a wire, was conftantly elec-
trified pofitively altheugh in a very fmall
degree. About nine o’clock the Ele@ricity
appeared ftronger, fo that a fmall phial,
charged at the firing, gave a' pretty fenfible
fhbck. The weather was very clear, and

* The index of the eleGrometer in general raifes
higher or falls lower, zccording as the Kite comes nearer to,
or goes farther from the zenith ; the length of the ftring -
remaining the fame,

warm ;



3466 A COMPLETE TREATISE
warm 3 but in the night no aurora. borealis,
or.any other ele@rical appearance was pee-
ceived. The wind was ealt by fouth, andfo .
weak -that the kite was kept up with great
dlﬁlculty :

. OQ@ober the zoth, 1775. The weather

being clear, and the wind blowing ftrong
from the fouth weft, the kite was raifed
at-eleven o’clock A. M. with ninety yards of
ftring, which had a copper thread twifted in*,
The wind, - during the experiment, increafed
and decreafed feveral times, and the EleGri-
city, which was pofitive, as it appeared by
the index of the Ele&trometer, alfo increafed
and decreafed. At noon the violence of the
wind caufed the kite to fall. At half paft
four o’clock, the wind being a little'more
moderate, the kite was raifed again. Thd
Ele&ricity was allo pofitive, and feemed ra-
ther fironger than it had been in the morn~ -
ing. The weather at this time was cloudy ;
the clouds appearing much thicker near the
Ihorizon-, than about the zenith. The kite

. * Such fring as this was ufed in 3l the t;oi_lowing €X~
?eriments, . ,

R | was
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whs pulled down: at half paft five o'clock,
and at half - after feven was raifed againy
every phenomenon continuing the fame.: - At
eight o’clock, while I was pulling the kite -
in, I infulated the ftring when only thitty=
five yards of it were out, and was fur-
prifed to find that now the Eleltricity was

' as ftrong as it had been, when all the firing

was out, which was ninety yards long, -kt
muft however be remarked that at this time
a few flathes of lightening were feen among
the clouds, which were pretty thick about
the horizon. . At a quarter paft eleven
o'clock, the kite was raifed again, which

"was the fourth time of raifing -it that

day ; the weather then being very clear, and

~ the wind the fame as in the afternQQn;

The Ele&ricity was very weak, but conftant-

~ ly pofitive. 'The kite was pulled down after

having being up a few minutes only., -

Oiober. the 16th. At about twa P. My

* a thick fog being juft cleared up, the wea~

ther became clear, and the wind began .t
blow from the fouth fouth weft. The kite
was raifed “with one hundred and twenty
yards of flring, and it was kept up no

longer
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Ionger than a quarter of an hour The.

Ile&rlcrty was pofitive and pretty ﬁrong 5
the index of. the. eleGrometer being about
159, At half paft three o’clock the kite
was ‘raifed again, the weather being very
little cloudy. At half paft four o’clock the
clouds became very thick, and in a fhort
time began to rain, which increafed the Elec-
tricity of the kite without changing its qua-
lity ; the index of the eleGrometer arriving
to 20°. The kite was pulled down at five
o’clock. ' \

O&ober the 18th. After having rained a
great deal in the morning and night before,
the weather became a little clear in the
* afternoon, the clouds appearing {eparated,
and pretty well defined. The wind was
weft, and rather ftrong, and the atmofphere
in a temperate degree of heat. In thefe
circumftances at three P. M. 1 raifed my
ele@rical kite with three hundred and fixty
feet of ftring. After that the end of the
firing had been infulated, and a leather ball,
covered with tin-foil, had been hanged to it,
I tried the power, and quality of the Elec-
tncxty, which appeared to be pofitive and

pretty
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pretty ﬁrong In a thort time a {mall cloud
paffing over, the Ele&ricity’ increafed a httle ;

. but the cloud bemg gone, it decreafed again

to its former degree. The firing of the
kite was now faftened by the filk lace to
a poft in the yard of the houfe, VVI]Q‘I‘(;ZI[]\
I live, which is fituated near Iﬂingtqn,:aud"
I was repeatedly charging two coated phials,
and giving fhocks with them :—svhile I was
fo doing, the Ele@ricity, which was ftill
pofitive, began to decreafe, and inin 'or;
three minutes time it became fo weak, that
it could be hardly perceived with a very
fenfible cork’ ball - eleGtrometer. Obferving
at the fame time that a large and black
cloud was approaching the zenith (which, ao.
doubt, caufed the decreafe of the Ele@ricity).
indicating immincnt rain, I introddced the
end of the firing through a window, in a’
firft floor room, whercin I faftened it by the

filk lace to an old chair. The quadrant

eleGtrometer was fet upon the fame window,
and was, by means of a wire, connelted
with the firing of the kite. Being now,
thxjée quarters of an hour after threc o’clock,
the Eledricity was abfolutely unperceivable ;
however in about three minutes time it be-

came
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cathe ‘again perceivable, -but now. upon trial

" was. found to be negative; it is- thereford -
plain that its ftopping was nothitig moré
than a change from pofitive to negitive;
which was evidently occafioned by the ap=
proach of the cloud, part of which by this
time, had reached the zenith of the: kite,-
and the rain alfo had began to fall in large
drops.:~—The cloud came farther on;—the -
rain increafed, and the Ele@ricity keeping
pace with it, the eleGtrometer foon arrived
to 15° -Seeing now, that the Ele&ricity
was pretty firong, I began agiin to charge -
the two coated phials; and to give fhocks
with them; but the phials had not been
charged above three or four times, before I -
pexceived that the index of the ele&ttometer”
was arrived to 35°, and- was keeping fHl¥
increafing. . The fhocks now being very -
fmart, I defifted from charging the phials
any longer, and confidering the rapid ad-~
vance of the Ele@ricity, thought to take off

~ - the infulation of tlie ftring, in cafe that if if

fhould increafe farther, it might be filently

conducted to the earth, without caufing -any

- bad accident by being accumulated in the .

infulated firing. To effe& this, as I had
1 - 1o
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no proper apparatus near. .me, : I thought.
‘to remove the filk lace, and faften the firing:
itfelf to the chair; accordingly I difengaged:.
the wire that conne&ed the ele@rometer.
with the ftring ; laid hold of the firing; un~
tied it from the filk lace, and faftened it to:
the chair ; but while I effe@ed this, which:
took up lefs than half a minute of time,
1 reccived about a dozen, or fifteen very
firong fhocks, which I felt all along my:
arms, in my breafl, and legs; fhaking me
in fuch a manner, that I had hardly power
enough to effe®t’ my purpofe,. and .to warn -
the people in the room to keep their diftance.
As foon as I took my hands off -the
ftring, the EleQricity (in confequence of the
chair being a bad Conductor) began to fnap:
between the firing and the fhutter of the:
- window, which was the neareft body: to it..
The {nappings which were audible at a good:
diftance out of the room, feemed . firfk
fochronus with the fhocks, which I had re-
cetved, but in about a minute’s time, oftner, -
fo that the people of the houfe compared. .
their found. to the ratling noifc of a jack..
going when the fly is off. . The cloud now:
was juft over the kite; it was black, and

: well

rd



352 ACOMPLETE TREATISE

well defined, of almoft a circular form, its
diameter appearing to be about 40°; the
rain was copious but not remarkably heavy.
As the cloud was, going off, the ele@rical
fnapping began to weaken, and in a fhort time,
became unaudiable. I went then near the
firing, and finding the Ele&ricity weak, but
. ftll negative, I infulated it again, thinking
. to keep the kite up fome time longer; but
obferving that another larger, and denfer
cloud was approaching apace towards the
zenith, and I had then.no proper apparatus
.at hand, to prevent every poflible bad acci-
dent, refolved to pull the kite in; accord-
ingly a gentleman, who was by me, began
pullmg it in, while I was winding up the
firing. The cloud was now very nearly
over the kite, and the gentleman, who was
pulling in the firing, told me, that he had
received one or two flight fhocks in his
arms, and that if he were to feel one more,
he would certainly let the ftring go, upon
which I laid hold of the firing and pulled
the kite in as faft as I could, without any
farther obfervation ; being then ten minutes
after four o’clock.

N. B.
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. N. B. There was neither thunder or
lightening perceived that day, nor indeed for
fome days before or afterwards. -

November the 8th, 1775. The wind
being north weft, and juft fufficient, the
kite was raifed at three quarters paft eleven
A. M. with one hundred and twenty yards
of firing. The Ele&ricity was pofitive and
weak ; the weather being cloudy. At noon
the clouds grew thicker, and the Ele@ricity
quite vanithed; however in a few feconds
it returned, and from this time it evidently
. kept increafing and decreafing, according as
the clouds became thinner or thicker. At
forty minutes after one o’clock the Eleétricity
vanifhed again; a thick cloud then covering
almoft the whole hemifphere; but as a
little rain began to fall, the 'Ele@ricity re-
turned, and it was flill pofitive. At three
quarters paft three o’clock the clouds began
to grow thin, and the Ele&ricity increafed a
little ; but at this time I was obliged to pull
the kite in. The index of the ele€trometer
in this experiment feldom arrived to 6°.

Aa No-
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November the 16th. The weather being
very clear and frofty, the kite was raifed at
a quarter paft ten A. M. with one hun-
dred and twenty yards of ftring. The Elec-
tricity was  pofitive and pretty ftrong, the
index of the ele&trometer going from ¢° to
15°, raifing as the wind blew ftronger, and
. the kite was more elevated, and vife ver/a.
At a quarter paft three o’clock the wind,
which was north north weft, intirely failing,

the kite fell.

November the 17th. The weather being
exceedingly damp, and the fog fo denfe,
~ that the houfes at about a quarter of a mile

diftance could not be diftinguifhed, the kite
was raifed at two P. M. with one hundred
and ten yards of firing, while it was rain-
ing, but very little. The Ele&ricity was
pofitive, and fo weak that the cork balls of
an eleGtrometer diverged about three quarters
of an inch. .The wind being very violent
I was obliged to pull the kite in, after having
“been up for about five minutes.

De-
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December the §th. 1775. The weather
being equally cloudy, and the wind weft
"by north, and hardly fufficient, the kite was
- raifed at a quarter paft three P. M. with
one hundred and twenty yards of ftring.
The Ele@ricity was pofitive and fo weak, as
. to caufe the cork balls of an eleGrometer to
diverge about an inch. At a little. after
four o’clock the kite was pulled in; and
‘at eight o’clock in the evening it was
raifed again. At this time the Ele&ricity
was much fironger than in the after-
noon, but conftantly pofitive. The weather
‘clearing up, the clouds were driven away
by the wind, which was now a little
‘fironger than in the afternoon. At forty
“minutes after eight o’clock the fky was
‘clear, the moon and ftars appearing very
bright ; except that a few thin clouds
"were yet to be feen near the horizon.
The index of the ele@rometer was now
going from 15° to 20° At ten mi-
nutes after nine o’clock the kite was drawn
in,

Aaz N. B.
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N. B. No aurora borealis was to be feen.

December the 2oth. The weather being
cloudy and hazy, the kite was raifed at
three quarters after ten o’clock A. M. with
one hundred and forty yards of ftring.
The Elefricity was pofitive and pret-
'ty ftrong, the index of the eleCtrometer-
going from 16° to 21° - At half paft
one, P. M. the weather growing a little
clearer, I pulled the kite down, and after
having interpofed a filk ribband between
" its loop and the extremity of the ftring,
fo as to infulate the kite, I raifed it
again with the fame length of ftring, and
after I had infulated the lower extremity of
the firing, I obferved that the intenfity of
the Eletricity, as it appeared by the index
of the eleGtrometer, was, as nearly as could
be determined, the fame as before, 7. e. when
the kite was not infulated with refpe& to the
ﬁrmg \

At two o’clock P. M. I pulled the k!te

. down, and found upon obfervation, that the

fitk ribband had contra&ted no moifture, fo
4 . © that
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that the kite was perfectly infulated by it.
This experiment of infulating the kite. I

‘have often repeated at other times, and

have always met with the fame fuccefs ; hence .
it appears, that it is the firing and not the
kite, which in general colle@s the Ele&ricity
from the air. The kite therefore in ge-
neral is only ufeful to extend the ftring high
into the open air.

January ‘the 4th, 1776. The froft hav-
ing been very hard during the day and
night before ; the wind began to blow very
firong from the fouth at two o’clock A. M. 7
which occafioned a fudden thaw and a co-
pious rain. At eight o’clock A. M. in which
time the kite was raifed, the hemifphere
appeared like a uniform dark canopy, under
which feveral {mall, irregular, and darker

_ clouds were running very faft; the rain

was conftant, but not remarkably heavy.
As foon as the ftring of the kite was in-
fulated, the Ele&ricity, which was negative,

- began to fnap from it, to the fhutter of the

window and other bodies near; the index
of the ele@rometer arrived to 40°. and it
would haye certainly gone farther, if .the ap-

Aaj paratus
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parétus had been drier ; but the air was fo
damp, that it was almoft impoffible to keep
any part of the apparatus fufficiently free
from moifture. The Ele@ricity however,
gradually decreafed, fo that at ten o'clock
A. M. at which time the kite was pulled in,
the index of the ele&trometer was at a lit-
tle abgve 12°. The coated phials in this
~ experiment were charged furprifingly quick;
three or four feconds of time being fuffi-
cient to charge two half-pint phials com-
pletely.

. January the r1th. The ground was covered
- with ice and fnow, and the atmofphere was
fo hazy, that the houfes at a mile diftance
could not be perceived. The wind was fouth
eaft by fouth, and juft fufficient to raife the
kite, which was raifed at three o’clock P. M.
with one hundred and twenty-four yards
of firing, and kept up till half an hour
after midnight. When the kite was firft
raifed it began to thaw, but as foon as
it was dark it began to freeze again very
hard. The Ele&ricity was pofitive, and
pretty firong, the index of the ele@rometer
being about 13° At half paft four o’clock
4 ‘ ' Ilet
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I let out thirty-four yards more of ftring,
fo that all the fring the kite now had,
was one hundred and' fifty-eight yards.
With this addition of firing the EleGricity
increafed, fo that the index of the ele@ro-
meter arrived to 17° At half after five
o’clock the wind began to increafe, and the
Eleétricity to decreafe, until the index of
the eleGrometer arrived to 6°. At three
quarters paft fix o’clock the index of the
eletrometer was about 13°, and at feven
o’clock it arrived to 20° ; the wind being now
quite eaft. At one quarter paft feven o’clock
the index of the eleGrometer was about 25°.
From this time the wind and the Elericity
began both to decreafe, fo that at nine
o’clock the index of the ele@Grometer was
about 10°. At eleven o’clock the wind in-

creafed. At twelve o’clock the wind was

very ftrong, and the index of the elec-
trometer was about 6°. At half paft twelve

. o’clock the index of the ele@rometer was

between 3°, and 4°; but the wind being
grown very violent, the firing broke very
near the window, and was loft with the

kite, o '

Aagy k N. B. .
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N. B. A few minutes after the kite was
loft, it began to fnow copiouily.

January the 26th. The froft being very
intenfe as it had been for about three weeks,
and aually fnowing, I raifed the kite with
feventy yards of ftring; but: before the
ftring was infulated ‘it ceafed to {fnow and
the weather began to clear up, and foon
became very ferene. The Eleétricity was
. pofitive, and very ftrong, the index of the
eleCtrometer being about 32°. At eleven
o’clock the firing broke, and the kite fell,
after having been up for above three quarters
of an hour. |

February the 17th, 1776. The weather
being -cloudy, rainy, and fo hazy, that the
houfes at half a mile diftance could not be
difcerned, the kite was raifed at three quar~
ters paft eleven o’clock A. M. with one
hundred and feventy-five yards of firing,
The wind was pretty ftrong ; the Ele&ricity
was negative, and alfo ftrong, the index of'
the eleGrometer being about 20°, In about
five minutes time the.rain ceafed, the wind

‘ ' weakened,
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. weakened, and fhifted a little towards the

fouth, and the Ele@ricity changed from ne-
gative to pofitive. 'The index of the elec-
trometer was now about 15°. In two or
three minutes time it began to rain again,
and continued fo for the greateft part of that
day ; the wind became very weak, and the
Ele&ricity changed again from pofitive to
negative, and continued fo till half an hour
after noon, at which -time the wind be-
came fo weak, that I was obliged to pull the
kite in.

February the 1gth. The fky being full
of pretty well defined clouds, and the wind
weft north weft, the kite was raifed at half
paft three o’clock P. M. with one hundred
and feventy-five yards of firing. The Elec-
tricity was pofitive and ftrong, the index of
the eleGtrometer going from 10° to 20°.
At three quarters paft three o’clock a denfe
cloud paffed over the kite, which occafioned

" the index of the ele&rometcr to defcend to

4°. As the cloud went away, the elec-
trometer elevated its index. At four o’clock

‘the kite was pulled down,

April



362 A COMPLETE TREATISE

7

April the 8th, 1776. The weather was
clear and the northern light very ftrong.
The kite was raifed for a few minutes at
nine o’clock P. M. with one hundred and
feventy-five yards of firing ; the wind being
north north weft and pretty ftrong. The Elec-
tricity was pofitive, and, as I could judge, the
index of the ele&trometer would have arrived
to 15°.

May the 15th, 1776. The weather being.
cloudy, and the wind north; thekite was raifed
at three o’clock P. M. with one hundred
and feventy yards of firing. The EleGri-
~city was at firft exceedingly weak, and, as
I imagine, (for I had not time to examine
it) pofitive. But a denfe cloud paffing over
the kite, the Ele&ricity vanithed, and as a
few drops of rain fell, a very weak nega-
tive Ele@ricity appeared, which foon in-
creafed, fo as to caufe the index of the -
eleGtrometer to arrive to 15° . The rain
however, in a few minutes, ceafed, and
the Ele&ricity gradually decreafed and va-
nithed. A very weak pofitive Elericity im~
mediately took place ; but as another denfer

: ~ cloud
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cloud pafled over, and a few very fmall drops
of rain fell, the pofitive Ele@ricity vanithed,
and the negative took place. The cloud and
rain foon went off, and the Ele&ricity became
again pofitive, and continued fo till the kite
was pulled down. According as the clouds, |
which pafled continually over the kite, were
thinner or thicker, fo the Elefricity was
more or lefs intenfe, fometimes caufing

~ the index of the ele@rometer to arrive to
5% and at other times' being fcarce per-
ceiveable with the cork ball ele@Grome-
ter. At five o’clock the kite was pulled
in; the weather being then pretty clear,
and the index of the ele&trometer at 3°.
The wind, during this experiment, was
fironger or weaker according as the clouds
which paflfed over were thicker or thinner.
At half paft feven o’clock in the evening of
the fame- day, the kite was raifed again, with
~ the fame length of firing, the wind being
then rather firong, and the weather pretty
clear.- The Eleétricity was pofitive, and
the index of the ele€trometer ftood at 10°;
but as fome clouds came from the north,
the Eleftricity began to decreafe, and by
eight o’clock, it juft feparated the balls of an
| ‘ ele@ro-
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ele@Grometer, the hemifphere being then
intirely covered by clouds. . At half paft
eigh: o’clo.k the kite was pulled down, the
clouds over the kite being then very thin,
and the index of the elsCtrometer at §°.

- June the 4th, 1776. The weather being
cloudy and the wind on the fouth fouth weft,
the kite was raifed at one o’clock P. M. with
one hundred and feventy yards of firing.
The Ele@ricity was pofitive, and the index -
went from 1° to 7°% At three quarters paft
one o’clock the clouds began to be diffipated,
and the Elericity increafed a little. At twe
o’clock the kite was pulled in.

June the 17th. The weather being cloudy,
and the wind fouth weft, the kite was raifed.
at five o’clock P, M. with one hyndred and
feventy yards of firing. The EleQricity was:
pofitive, ‘and the index of the eleGrometer
went from 10° to 16° In this experiment
the clouds, whether thicker or thinner, feemed. ,
to have no effect upon the Ele@ricity of the.
kite. At a quarter paft fix o’clock the kite-
was pulled in. o
' June.
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June the 20th. The weather being cloudy
and the wind eaft, and juft fufficient, the
kite was raifed at three quarters paft three

P. M. with one hundred and feventy yards

of firing. The Ele@ricity was pofitive, and
the index of the eleGtrometer ftood abowut
8° At five o'clock the weather began to
clear up, and the Ele@ricity to increafe,
fo th4t in half an hour’s time the index

of the eleGrometer arrived to 17°; and
~at fix o’clock it-ftood at 25°. But the wind °
fuddenly failing about this time, the kite

fell.

January the 8th, 1777. The weather being
frofty and clear, and the wind north, and
pretty ftrong, the kite was raifed at four
o’clock P. M. with one hundred and feventy
yards of firing. The Ele&ricity was pofitive
and ftrong, the index of the eleftrometer
being at 36°. The fpark taken from the

* fmall prime Condu@or, was remarkably
‘pungent in this experiment; although it
‘was hardly a quarter of an inch long. At

a quarter paft five o’clock the kite was pulled
in, )
General
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General Laws, deduced from the Experiments
| performed with the electrical Kites.

_ L. The air appears to be electrified at all
times ; its Ele@ricity is conftantly - pofitive,
and much ftronger in frofty, than in warm
weather *; but it is by no means lefs in the
night, than in the day-time .

II. The prefence of the clouds generally
leflens the Ele@ricity of the kite; fometimes
it has no effe& upon it; and it is very feldom
that it increafes it a little.

* My obfervations upon the Ele@ricity of the atmof-
phere, have been made in almoft every degree of tempe-
‘rature, from 15° to 80° of FARENHEIT’s Thermo-
meter. .

+ Inall my experiments it happened only once, that
the ftring of the kite gave no figns of Ele&ricity; it
‘was one afternoon, when the weather was warm, and the
‘wind fo weak that the kite was raifed with difficulty, and
:could hardly be kept up for a few minutes ; in the evening

bowever, the wind, which in the day-time had been nqr_th'

_ weft, fhifted to the north eaft, blowing a little ftronger,

T then raifed the kite again, being half paft ten o’clock,
and obtained, as ufual, a pretty ftrong pofitive Eleétri-
city. / :

III, When



OF ELECTRICITY. 36

III. When it rains, the Ele&ricity of the
kite is generally negative, and very feldom
pofitive, ‘

IV. The aurora borealis feems not to affe&
the Electricity of the kite.

V. The ele@rical {park taken from the ﬁring
of the kite, or from any infulated Condu@or
conne&ed with it, efpecially when it does not
rain, is very {cldom longer than a quarter of
an inch, but it is exceedingly pungent.
When the index of the eleGrometer is.not

~ higher than 20° the perfon that takes the

fpark, will feel the effe@ of it in his legs;
it appearing more like the difcharge of an

. ele@ric jar, than the fpark taken from the

prime Conductor of an elerical machine.

VI. The Eleétricity of the kite is.in gene-,

-ral ftronger or weaker, according as the firing
-is longer or fhorter, but it does not keep

any exa& proportion to it; the Elecricity,
for inftance, brought down by a ftring of

‘a hundred yards, may raife the index

of the ele@rometer to 20°%  when with
double
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double that length of ftring; the index of the
ele@rometer will not go higher than 25°,

VII. When the weather is damp, and the
Ele&ricity is pretty ftrong, the index of the
ele@rometer, after taking a fpark from  the
firing, or prefenting the knob of a coated
phial to it, rifes furprifingly quick to s ufual
place ; but in'dry and warm weather, it rifes
exceedingly flow.

Thefe few laws are in fhort the dedu&ion
of all my experiments performed with the
kites, during the courfe of about two years.
How far they may be of ufe, or may coincide
with the obfervations of other experimenta-
tors, I will not pretend to fay. My expe-
riments have been performed at Iflington, and
perhaps the refult of fimilar ones may be
different at other places, efpecially under
different climates; I wifh, therefore, that
they may ke accurately repeated in other
places, and their refult may be compared
together, in ‘order to determine, if poffible,
fomething fatisfaCtory, relative to the caufe

‘ of
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of that perpetual Ele&ricity, which exifts in
the atmofphere, and which, very probably,
occafions the Ele€ricity of the clouds, .

Bb CHAP.
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CHAP IL

| Experir'nent.r performed with the Atmofpherical |

Electrometer, and the Electrometer for the
Rain.

IG. 1, of Plate 1II, reprefents a very

fimple infirument, which I have con-
trived for the purpofe of making obferva-
tions on the Elecricity of the atmofphere,
'and which on feveral accounts feems to
be the moft ufeful for that purpofe.
A B is a common jointed fithing-rod without
the laft, or {malleft joint. From the ex-
* tremity of this rod proceeds a flender glafs
tube C, covered with fealing-wax, and
having a cork D, at its end, from which a
pith ball eleGtrometer is fufpended. H G I
is a piece of twine faftened to the other

extremity of the rod, and fupported at G

by a fmall ftring F G. At the end I of the
twine, a pin is faftened, which, when puthed
into the cork D, renders the ele@&rometer E
uninfulated.

When
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" When I would obferve the Ele@ricity of
the atmofphere with this inftrument, I thruft
the pin I, into the ¢ork D, and holding ‘the
rod by its lower end A, proje& it out from
a window in the upper part of the houfe,
into the.air, raifing the end of the rod
with the ele@rometer, fo as to make an
angle of about §0° or 60° with the ho-
rizon. In this fituation I keep the inftru-
ment for a few feconds, and then pulling
‘the twine at H, I difengage the pin from
the cork D, which operation caufes the ftring
to drop in the dotted fituation K L, and
leaves the eleGrometer infulated, and elec-
trified, with an Eletricity contrary to that
of the atmofphere.—This done I draw the
inftrument into the room, and examine the
quality of the Ele@ricity, without obﬁru&lon
either from wmd, or darknefs.

"With this inﬁrume_nt I have made ob-
- fervations on the Eleéricity of the atmof-
. phere, feveral times in a day for feveral
months, and from them I have deduced
the following general. .obfervations, which

Bb2 feem
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feem to coincide with thofe made with the

 ele@rical kites.

I. That there is in the atmofphere at 3]l
times a quantity of Elettricity ; for, when-
ever I ufe the above-defcribed inftrument, it
always acquires fome Electricity.

II. That the Ele&ricity of the stmofphere,
or fogs, is always of the fame kind ; namely,
pofitive ; for the eleGtrometer is always ne-
gative, except when it is evidently influenced
by heavy clouds near the zenith; as it
appears by the obfervations made the 1gth
of O&ober in the following fpecimen of the
journal. ,

III. That in general the firongeft Ele&ri-.
_¢ity is obfervable in thick fogs, and alfo in
frofty weather ; and the weakeft, when it is
cloudy, warm, and very near ‘raining : but
it does not feem to be lefs by mght, than in
the day.

IV. That in a more elevated place the
Ele&ricity is fironger than in a lawer one;
for having tried the atmofphericabele@rome-

ter
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ter both in the flone, and iron gallery on the
cupula of St. Paul’s Cathedral, I found that
the balls diverged much more in the latter,
than in the former lefs elevated place ; hence
it appears, that, if this rule takes place at
any diftance from the earth, the Eleéricity
in the upper regions of the atmofphere muft
be exceedingly ﬁrong

Bb3 * The
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"The eletrometer for the rain, in princi-
- ple, is nothing more than an infulated in-
firument to catch the rain, and by a pith
. ball ele@rometer to thew the quantlty ‘and

quahty of its Ele&ricity.

Flg. 2, of _Plate III, ‘reprefents an inftru-
ment of this kind, which I have frequently
ufed, and after feveral obfervations, have
found to anfwer very well. ABCI is.a
ftrong glafs tube about two feet and a half
long, having a tin funnel D E cemented
" toits extremity, which funnel defends part
of the tube from the rain. The outfide fur-
face of the tube from A to B is covered
with fealing-wax ; fo alfo is the part of it
which is covered by the funnel. FD isa
piece of- cane, round which féveral brafs
wires are twifted in different dire&ions, fo
as to catch the rain eafily, and at the fame
time to make no refiftance to the wind.
This piece of cane is fixed into the tube,
and a flender wire proceeding from it, goes
through the bore of the tube, and commu-

. nicates with the ftrong wire A G, which is

thruft into a piece of cork faftened to the
Bbg ~ end
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end A of the tube. The end G of the wire
‘A G, is formed in a ring, from which I
fufpend a more or lefs fenfible pith ball elec-
trometer, as occafion requires.

This infrument is faftened to. the fide
of the window frame, where it is fupported
by ftrong brafs hooks at C B, which part of
the tube is covered with a filk lace, in order
to adapt it better to the hooks. The part
K Cis out of the window, with the end F
a little elevated above the horizon. The re-
maining part of. the inftrument comes throngh
-a hole in one of the lights of the fath, within
the room, and no more of it touches the fide
of the window, than the part C B.

When it rains, efpecially in paffing fhow-
ers, this inftrument, ftanding in the fituation’
-above defcribed, is frequently eleétrified, and
by the diverging of the eleGrometer, the
quantity and quality of the Ele&ricity of
~ the rain may be obferved, without any
danger of a miftake. With this infirument
I have obferved that the rain is generally,
though not always, ele@rified negatively,
and fometimes fo ftrongly, that I have been -

‘ able
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able to charge a fmall coated phial at the wire
AG. - : -

This inftrument fhould be fixed in fuch
a manner, that it may be eafily taken off
from the window, and replaced agaiti, as
occafion requires; for it will be neceflary to
clean it very often, particularly when a thower
of rain is approaching.

I fhall conclude this chapter with the de-
feription of a pocket eleCtrometer fig. §
and 6, of Plate III, that I have lately con-
firu&ed, and which on feveral accounts feems
preferable to thofe “of the moft fenfible fort
now in ufe. The cafe, or handle, of this
ele&trometer is formed by a glafs tube about
- three inches long, and three tenths. of an
inch in diameter, half of which is covered
with fealing-wax. From one extremity of
this tube, 7 e. that, without fealing-wax, a
fmall loop of filk proceeds, which ferves

occafionally to hang the eletrometer on a -

pin, &c. To the other extremity of the.
tube, a cork is adapted, which, being cut
tapering on both ends, can fit the mouth of
the tube with either end. From one -

| extremity
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extremity of this cork, two linen threads
proceed, a little fhorter than the length of
the tube, {ufpending each a little cone of pith -
of elder. When this eleGrometer is to be
ufed, that end of the cork, which is oppo-
fite to the threads, is puthed into the mouth
“of the tube; then the tube forms the in-
fulated handle of the pith eleGtrometer as
reprefented fig. 6, Plate 1Il. But when
the ele@trometer is to be carried in the
pocket, then the threads are put into the
tube, and the cork ftops it, as reprefent-
ed fig. 5. Tlie peculiar advantages of this
ele@rometer, are, its convenient {mall fize,
its great fenfibility, and its continuing
longer in good order than any other I have
yet feen.

Fig. 4, of Plate III, reprefents a cafe to
carry the above-defcribed ele¢trometer in.
This cafe is like a common -tooth-pick cafe,
except that it has a piece of amber fixed on
one extremity A, which may occafionally
ferve to eleCtrify the ele€trometer negatively,
and on the other extremity it has a piece of
ivory faftened upon a piece of amber B C.
This amber B C ferves only to infulate the -

ivory,
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) i\701')*, which, when infulated, and rubbed.
- againft woollen cloths, acquires a pofitive

Ele@ricity, and it is therefore ufeful to elec-
trify the eleGtrometer pofitively.

CHAP.
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CHAP IV.

vExperimmts made with the Electrophorus, com-
monly called a Machine jfor exhibiting per-
petual Eleciricity. .

N fig. g, of Plate III, there are reprefent-
ed fome Plates, commonly called, the

Machine for exhibiting perpetual Ele@ricity,

or the Eleftrophorus. This machine confifts
of two plates, one of which B, is a circular
glafs plate covered on one fide with fome
fulphureous or refinous ele&ric, moft com-
monly with a compofition made of equal parts
of rofin, fhell-lac, and fulphur; the other
plate A, is a brafs plate, or a board covered
with tin-foil, which is nearly of the fame
dimenfions as the eleGric plate, and it is
furnifhed with a glafs handle I, which, by

means of, a brafs or wooden focket, is fcrewed

into its center. This machine is the in-

vention of an Italian philofopher (Mr.
VOLTA of Como), and its ufe is the folvv

lowmg

Firkt,
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, Fizft, the plate B is excited, by rubbing
its coated fide with a piece of new white
flannel, and when excited as much as poffible, -

" * is fet upon the table with the coated fide up~

permoft ; fecondly, the metal plate is laid

upon the excited eleétric, as reprefented in

the figure ; thirdly, the metal plate is touched

with the finger or any other Condufor,

which, on touchiag the plate, receives a fpark
from it. Laftly, the metal plate A, being
" held by the extremity of its glafs handle I,

is feparated from the electric plate, and, after

it is elevated above that plate, it will be found

firongly cle@rified with an Eletricity con-

trary to that of the eleGric plate, in which cafe
it will give a very firong {park to any Con~
‘du@or brought near it. By fetting the

metal upon the eleftric plate, touching it

with the finger, and feparating it fucceffively,

a great number of fparks may be obtained’
apparently of the fame frength, and

that without exciting again the eledric

_ plate.  If thefe fparks are repeatedly given

to the knob of a coated phial, this will pre-

fently become charged.

’fhc
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- The aéion of thefe plates depends upon a
_principle long ago difcovered, viz. the power
"that an excited elefric has to induce a con-
. trary Ele&ncnty in a body brought within its
fphere of attion; the metal plate therefore,
when fet upon the excited electric, acquires
a contrary EleQricity by giving its ele@ric
fluid fo the hand, or other Condutor that
touches it, when fet upon a plate pofitively
elerified, or acquiring an additional quantity
of fluid from the hand, &c.- w‘len fet upon
a plate ele@rified negatively.

As to thc‘contmuance of the virtue of this
ele@ric plate, when once excited without
repeating the excitation, I think, there is not
the leaft foundation for believing it perpetual,
as fome gentlemen have fuppofed ; it being
nothing more than an excited electric, it muft
gradually lofe its' power by imparting : con~
tinually fome of its Ele@ricity to the air, or
other fubftances contiguous to it. Indeed
its Eledricity, although it .could. never be
proved to be perpetual, by experiments, lafts
a very long time, it having been obferved to
be pretty firong feveral days, and even weeks

4 | , after
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after excitation. The great duration of the
Ele&ricity of this plate, I think, depends
upon two caufes : firft, becaufe it does not
lofe any Ele&ricity by the operation of put-
ting the metal plate upon it, &c. and {econd-
ly, becaufe of its flat figure, which expofes "
it to a lefs quantity of air in comparifon with
a flick of fealing-wax, or the like, which
being cylindrical, expofes its furface to 4
greater quantity of air, which is continually
robbing the excited ele@rics of their virtue.

~ The firft experiments that I made, relative.

to this machine, were with a view fo.

difcover which fubftance would anfwer.

‘beft for coating the glafs plate, in order to.

produce the greateft effet. I tried feveral:

fubftances either fimple or mixed, and at laft.
1 obferved, that the ftrongeft in power, as
well as theeafieft, I could cpriﬂru&, weré thofe
made with the fecond fort of fealing-wax ¥;

' fpread

“# It is remarkable that fometimes they will not a& well -
at firt, but they may be rendered very good by fcraping,
with the edge of a knife the fhining, or glofly furface of
the wax. This feems analogous to the well-known pro-
perty of glafs, 'which is, that new cylinders or globes,,"

' made
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fpread upon a thick plate of glafs*. A
plate that I made after this- manner, and no
more than fix inches in diameter, when once
excited, could charge a coated phial feveral
times fucceffively, fo firong as to pierce a hole
through a card with the difcharge. Some-
times the metal plate, when feparated from it,
‘was fo ﬁrongly ele€rified, that it darted
firong flathes to the table, upon which the
ele@ric plate was laid, and even into the air,
“befides caufing the fenfation of the fpider’s
web upon the face brought near it, like an
cle@ric firongly excited. The power of fome

"« of my plates is fo ftrong that fometimes the

‘ele@ric plate adheres to the metal, when this
is lifted up, nor will they feparate even if the
metal plate is touched with the fingetr, or -
other Conduttor.

made for ele&rical purpofes, are often very bad ele&rics at
firlt, but that they improve by being worked, i. ¢. by hav-
-ing their furface a little worn. Paperalfo has this pro-
perty.

# I have lately feen fome of thofe plates conﬁm&ed by
Mr. G. Apams, which afted exceedingly well; and
they were made with a compofition of two parts of fhell-
lac, and one partof Venice turpenune, without" any glafs
plate.

4 - If,
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If, after having excited the fealing-wax,

I lay the plate with the wax upon the table,
and the glafs uppermoft,. 7. e. contrary to the

common method, then, on making the ufual

experiment of putting the metal plate on it,
and taking the fpark, &c. I obferve it to be
attended with the contrary, Ele@ricity, that
is, if I lay the metal plate upon the eletric

~ one, and while in that fituation, touch it with

an infulated body, that body acquires the
pofitive Ele@ricity, and the metallic, removed
from the electric plate, appears to be.negative;
whereas it would become pofitive, if laid
upon the excited wax. . This experiment, I
find, anfwers in the fame manner, if an
ele@ric plate is ufed, which has the fealing-
wax coating on both fides, or one of Mr.
Apams’s, which has no glafs plate. '

If the brafs plate after being feparated
from, be prefented with the edge toward the
wax, lightly touching it, and thus be drawn
over its furface, I find that the Ele&ricity of
the metal is abforbed by the fealing-wax,
and thus the ele@ric plate lofes part of its

power ; and if this operation is repeated five
’ ’ Cc ©or
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cr {ix times, the ele@ric pl:ite lofes its power
intirely, fo that a new excitation is neceflary
in order to revive it. ‘

If, inftead of laying the eledric plate upon
‘the table, it is vplac'ed upon an eleéric ftand,
fo as to bc accurately infulated, then the
metal ~ plate fet on it, acquires fo little
“Fle@ricity, that it can only be difcovered
with an ele@rometer ; which fhows, that the
Ele@ricity of this plate will not be confpicu-

ous on one fide of it, if the oppofite fide is
" not at liberty cither to part with, or acquire
more of the ele¢tric fluid. In confequence
of this experiment, and in order to afcertain
how the oppofite fides of the ele@ric plate
would be affe&ed in different circumftances,
1 made the following experiments.

Upon an electric fland E fig. g, Plate 111,
1 placed a circular tin plate, nearly fix inches
in diameter, which by a flender wire H com-
municated with an ele@rometer of pith balls
G, which was alfo infulated upon the eleric
ftand F. T then placed the excited eleétric
plate D of fix inches and a quarter in diame-
ter, upon the tin plate, with the wax upper-
‘ ' ' moft,
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‘moft, and on removing my hand from it,
- the eléétrometer @, which communicated .
with the tin platé, 7. e. Wwith the under fide of
the ele@ric plate; immediately opered with
negative Ele@ricity. If, by touching the
tle@rometer, I took that Elericity off, the
ele@rometer did not afterwards diverge. But
if now; or when the ele@trometer diverged;
I prefented my hand open, or any other uniti-
fulated Conducor at the diftance of about one
or two inches, over the ele@ric plate;, without
touching it; theén the pith balls diverged, or
if they diverged before, came togetlier, and
immediately diverged again with pofitive
Ele&ricity ;—I removed the hand, and the-
balls came together ;—apptoached the hand,
and they diverged ; and fo on.

If while the pith balls divetged with nes
gative Ele@ricity, I 1aid the metal plate, hold=
ing it by the extremity K of its glafs handle,
upon the wax, the balls came; for a little
time, towards one another, but foon opened
again with the fa'me,' i: e; negative EleCri=
cHy. '

Ccz if
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If whilft the metallic refied upon the clec-
tric plate, I touched the former, the elec~
trometer immedjately diverged with pofitive
EleQricity, which if, by touching the ele@ro-
meter, I took off, the ele@rometer continued
- without divergence.—I touched the metal
plateagain, and the ele@trometer opened again;
and fo on for a confiderable number of
times ; until the metal plate had acquired its
full charge. On taking now the metal plate
up, the eletrometer G inftantly diverged with
firong negative Electricity. ‘

I repeated the above-delcribed experiments
with this only difference in the difpofition -
of the apparatus, 7 e. I laid the ele@ric,
“plate D with the excited fealing-wax upon
the circular tin plate, and the glafs upper-
moft ; and the difference in their refult was,
that where the Ele@ricity had been pofitivein
the former difpofition of theapparatus, it now
became negative, and wice wverfa; except
that, when 1 firft laid the ele@ric plate upon
the tin, the eleGrometer G diverged with
negative Ele@ricity as well in this, as in the
other difpofition of the apparatus.

I re-
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I tepeatcd all the above experiments with
an eledtric plate, which befides the fealing-
wax coating on one fide, had a ftrong coat
of varnifh on the other fide, and their refult
was fimilar to that of thofe made with the
above-defcribed plate,

As to the explanation of thefe experi«
ments, they feem to depend upon thefe
two well known principles, wvrz. that a
- body brought within the {phere of action
of an ele@rified body, does attually acquire:
the contrary Ele&ricity; and that the exift-
ence of one kind of EleQricity upon the
furface of 'a fubftance whatever, caufes the
-exiftence of the contrary Ele&ricity upon fome
. other fubftance rear it.

Ces CHAP.
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" CHAP V.
Experimcfﬁt:‘ on Colours,

AVENG accidentally obferved than an

eleéric thock fent aver the furface
" of a card, marked a black ftroke upon a
. red fpot of the card, I was from this in-
duced to ‘try what would be the effe@ of
fending fhocks over - cards painted with dif-
ferent water colours ; ; aecordlngly, I pamted _
feveral. cards with “almoft every colour ¥
had, and fent fhocks * over them, when
they were very dry; making ufe of the uni-
verfal difcharger fig. 5 Plate I T—he effeCts
were as follow, = I

Vermillion was marked with a firong
black track, about one tenth of an inch
wide. This ftroke is generally fingle as
reprefented by A B fig. 7, -of Plate ‘III;
fometimes it is divided in two towards ‘the

* The force geunerally employed was the full charge of
onef oot and a half of coated glafs

/

mid-
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middle, like E I'; and fometimes, particu-
- larly when the wires are fet very diftant
from one another, the firoke is not con-
tinued, but interrupted in the middle, like
G H. It often, although not always, hap-
pens, that the impreffion is marked ftrong-
er at the extremity of that wire, from
which the eleftric fluid iffues, as it ape
pears at E, fuppofing that the wire C
communicates ‘with the pofitive fide of the
jar; whereas the extremity of the ‘i’krékc,‘
contiguous to the point of the 'Wir¢ D, is
neither ’fo ftrongly marked, nor furrounds'
the wire fo much as the o-ther cxtremx-,
ty E.

Carmine received a faint and Hender im-
prcﬂion of a purple . colour,

Verdlgrxfe was fhook off from the fur-
face of the card, except when it had been
mixed with firong gum-water, in which cafe
itreceived a very faipt imyp;_g:ﬁiqn.

. \White lead w;s' marked ': \?ith a ftrong )
‘ black track, not fo bmad as that on vermil-
. lion,-

Ccy , Red
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. PSP
-~ ‘ Al M

Red lead wWas markﬁd w;'eh & faint mark
much like cafmine: T R S SN

Thc othcx’ngf:kqw}sL I t:md, SWere orpi=
ment, gambedgk, {ap-greed; wredrink, .ultra-
marine, _Pruflidn-blue;: and - a;.few. others,
which - were compounds . of - the above;f’,bu.t
they rec,cwcd 0o gnpneﬁion.

It havmg been mﬁnuated that t.hc ftrong -
black mark, which vermillion receives from
the ele@ric thock, might poffibly be owing
to the great quantity of fulphur contained
in that mineral, I was induced to:maka.
the following experiment. I mixed toge- .
ther equal quantities of orp;meng, 1and.
flower of fulphur, and with this mxxtw;;, g
by the help, as ufual, of very diluted gum--
water, I pamted a card; but the eleétric
thock fcnt over it left not the.. kaﬁ im-
preﬁion.

Defirous of carrying this inveftigation qn
colours a little further, with a partigular.
view to determine fomething felative to the

| - T 77 propera*
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properties of lamp—black"and oil ¥, I pro~. |

cured fome pieces of paper painted on both
fides with oil colours, and fending the charge
of two feet of coated glafs over each of
them;, by making the iaterruption of -the
circuit upon their furfaces; I obferved that the
pieces of paper painted with lamp-black,
Pruffian blue, vermillion, and purp!®brown,
were torn by the explofion, but white leéd,
Naples yellow, Englith ochrc, and Ycrdl-
grife rcmamed unhurt. ‘

“The fame fhock fent over a piece of pa-.
per painted very thickly with lamp-black
and oil left not the leaft impreffion. I fent
the fhock alfo over a piece of paper un-

 equally painted with" purple brown, and the"

paper ‘was torn where the ‘paint laid very
thin, ‘but rcmained unhurt’ ‘where: the paint
» Tt has often been obferved, that when the hghtenmg"
has ftruck the mafts of fhips, it has pafled oyer fuch
parts of the mafts, which were covered with lamp-black -
and tar, or painted with lmp-black and oil, without the
leaTt injury, at the fame time that it has fhivered the un-
coated parts, in fuch’ a manner as to render the mafts ufe-

lefs, » Far a particutar account of fuch fa&s, fee the Phil.

Tranf. Vol. XLVIII and LXVIL |
' | was
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was evidently 'th'ickcr, Thefe 'cxpe'ri'mcnts
I rcpéated feveral times and with fome
little variation, whrch~naturally produced dif-
. ferent effe@s’; ¢ however, “they ‘all feem to
point oug the ib'Howmgﬁropoﬁtxon .

"L A coat "of il phint, over any ﬁﬂ)ﬁancc,
defends Tt from the effets of fuch an electric
thock, ‘as would ofherwife i injure it ; but by
no méans defends it from any ele@ric thock
whatever. 1I. No one' colour feems prefer=
~ able to the others, if: they are equal in fub-
ftance, and equally well mixed with oil ;- but
a thick coating does certainly afford a better
defence, ‘than a thlnner one. . .

By rubbing the above-mentioned pieces
of paper, I find that the paper paintéd with
lamp-black and cil is -more eafily -excited,
and acquires a ftronger Ele&ricity, than the
papers painted with the other colours ; and
perhaps on this account it may be, that lamp-’
hlack and oil might refift the fhock fome-
what better than the other paints, . ' :

It is remarkable, that vermillion receives

: the black 1rnprc{ﬁon, when painted with lin-
feed
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feed oil, nearly’as'well as'when painted with
-water. ‘'The paper, painted with white lead
and oil, receiyes alfo a black mark; but its
nature is very flngular. - The track, when
firft made, is almmoft as dark a$ that matk-
ed on white lead, painted with water, but
it graduaﬂy lofestits blacknefs,” "andin about
one hour’s time (or longer, if the paint is not’
frefh), ‘it appears without any darknefs, and’
when the painted paper is laid in a- proper-
light, appears only tarked with a colourlefs
track, as if" made *by 'a finger-nail. I fent-
the thock alfo over a piece of board, which
had- been paihted: with - white lead and oil-
about four “years before; and“the explofion -
marked the black track upon this alfo; this
track however was not fo ftrong;, nor vanifh--
ed 'fo ‘foon~as that' marked upon the pamtedi
‘paper;’ but in' abont two days txmc it alfb \ra-';
mfhed xntxrc]y. " : -

i

"€HAP,
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CHAP VL
Pfoéz%qbw Experiments.

Bferving that a.firong fpark may be

- obtained from the metal plate belong-
ing to Mr. VoLTA’s machine, defcribed in
the fourth chapter of this Part, when not
the leaft fpark can be obtained from the
ele@ric plate itfelf, I was naturally induced
to make ufe of the above-mentioned metallic
plate, to difcover the Eledricity of very weak
ele@trics; which otherwife would be either
inobfervable, or fo {fmall as not to permit its

quality to be afcertained. Accordingly I con-

ftryQted feveral fuch plates of different fizes,
beginning from that of a common metal

button faftened upon a ftick of fealing-wax, -

and by ufing them, I obtain a very fenfible
Ele&ricity from the hairs of my legs, when

firoked, and of my head, or any part, that"
I have tried of my body, or the head of

almoft any other perfon.

In

L ———w e————— . Wap—— ~ @ —
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In this manner I obtain fo firong fparks -
- from the back of a cat, a hare’s kin, a
rabbit’s fkin, a piece of flannel, or of paper,
that I can prefently charge a coated phial
with either of thofe, and fo ﬁrongly, as
to pierce a hole through a card with its
ﬂlfcharge. .

I have often obferved that, when firoking a
cat with one hand, and holding it with the -
"other, I feel frequent fmart pricklings on
-different parts of that hand, which holds
the animal. In thefe circumftances, very
~ pungent fparks may be drawn from the
- tips of the ears of the cat.

Smooth glafs rubbed with a rabbit’s fkin,

dry and warm, acquires, I find, the nega-

tive EleQuricity’; but if the fkin is cold, the
~ glafs is excited pofitively. Sometimes fmooth -
glafs may be excited negatively with new
white flanael, clean and dty, and alfo with’ a~
hare’s fkin.

Obferving "the firong ele@ric power of
new white flannel, I thought that a piece
of it, rolled round the globe of an ele@rical

' 4 / ma-
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machine, would perhaps give a ftronger
Elettricity to the primé Conduftor, than the
glafs itfelf. ‘In order-to try the truth of my
fuppofition, I tied a large piece of flahnel,
dry and warm, round the globe of the ma-
chine, and for'a rubber, I applied the palm
of my hand, then turned the winch, firft
flowly, and afterwards brifkly ; but con-
trary to my expelation, the Ele&ricity at
. the prime Condutor, although pofitive, was
fo weak, that the index of - the quadrant
eleGrometer was not moved from its per-
pendicular fituation. Surprifed-at this event,
I refolved to take off the apparatus ; but. I
was more furprifed, when, on removing the
flannel from the globe, the former appeared
fo ftrongly pofitive, - that it darted feveral
fparks to my arm, and other contiguous
bodies, and the latter remained fo ftrongly
negative, that the eleCtrometer upon the
prime Condutor inftantly elevated. its index
to about 45°. “This experiment bemg feveral
-times repeated, produced aIWays the fame
effeQt. - : "

- Having had occafion to rcoat a ten ounce
phml, -for the Leyden experiment; I ftuck
‘ the
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the brafs filings on the infide of ity, with
varnifh, agreeable to the direGions given
by fome writers on Ele&ricity. This
phial remained about a week unufed, but

-it happened that whilft I was charging

and difcharging it for fome experiments,
on making a difcharge, it exploded with a
greater noife than ufual, the cork with the
wire bemg at the fame time blown, out of
the neck of .it. Being intent upon the
main experiments in hand I omitted to exa-
mine this phenomenon;—I replaced the
cork into the neck of the phial, and went
on charging and difcharging it again ; but it
had not been charged above three or four
times more, when, on making a difcharge,
the varnifh that ftuck the brafs filings, was
in a flame, which burnt the under fide of
the cork, and occafioned 2 good deal of
fmoke and flame to come out of the phial.
Some days after, this experiment was re-
peated in the prefence of three gentlemen,

. well verfed in Ele&ricity, when the cork with

the wire, was alfo pufhed out of the neck
of the phial; but the varnith was this laft
time fo far burnt, that the brafs filings were
almoft all dropped to the bottom of the phial,

I and
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and they had their colour changed by the
~combuftion. |

In making fome experiments, of a nature
rather different from Electricity, I acciden-
tally obferved, that when I agitated fome
quickfilver in a glafs tube hermetically feal-
ed, and in whofe cavity the air was very
much rarefied, the outfide of the tube ap-
peared fenfibly elecrified; its Ele@ricity
however was not conftant, nor, as I firft
thought, in proportion to the agitation of
the quickfilver. Being defirous of afcertain-
ing the properties of fuch tubes, I conftru&-
ed feveral of them, and by means of two
cork ball eleGtrometers, obferved their pro-
pertics ; but as they all agree in regard to the
~ chief points, I fhall only defcribe one, which
is the beft of them. This tube is reprefented
by fig. 3, of Plate III. Its length is thirty-
one inches, and its diamecter is little lefs
-than half = an inch. The quickfilver in
it may be about three fourths of an ounce,
and in order to exhauft it of air, I clofed
it while the qmckﬁlvcr was boiling in its op-
poﬁtc end.

Before

—— — e
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Bcfore this tube is ufed, I make it a little
warm and clean it ; then holding it nearly
horizontal, I let' the quickfilver in it, run
from one end of the tube to theother, by
gently, and alternately elevating and de-
prefing its extremities. This operation im-
mediately renders the outfide of the tube
ele@rical, but with the following remark-
able property, viz. that end of the tube,
where the quickfilver aGually ftands, & pofi-
tive, and all the remaining part is negative.
If by elevating this pofitive end of the tube a
. little, 1let the quickfilver run to the oppofite
end, which was' negative, then the former
inftantly becomes negative; and the latter
pofitive. The pofitive end has always a
ftronger EleQricity than the negative: If
wh‘en,' one end of the tube, for inftance A,
is pofitive, 7 e. when the quickfilver is in it,
I do not take off that Ele@ricity, by touch-
ing it; then on elevating ‘this end A, fo
as to let the quickfilver.run-to the oppofite
end B, it appears negatively ele@rified in a.
very {mall degree. - If by deprefling it again
it be rendered pofitive a fecond time, and
- that pofitive Ele@ricity is neither taken off,
SR Dd ' then
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then on elevating this end A again, it ap-
pears to be pofitive in a {mall degree: but if
whilft it is pofitive, its Electricity be taken
off, then on being elevated, it appears firong-
ly negative, ’

~When about two inches of each extremity
of this tube is coated with tin-foil as it-ap-
pears in the figure, that coating aflifts to
render the Ele@ricities at the extremities of
the tubg more confpicuous, fo that fometimes
they give fparks to a Condugtor brought
near,

In regard to the confiruétion of fuch tubes
(which I bave made of feveral lengths, from
nine to thirty-one inches) it is obfervable
that fome will a¢t very well, while others
will hardly acquire any Eleéricity at all,
even when they are made very hot. I am
not yet thoroughly fatisfied in refpe to this
difference, but fufpect that the thicknefs of
the glafs is more concerned, than any thing
clfe, it appearing that a tube, whofe glafs is
about one twentieth of an inch thick, anfwers
. better than either a thicker or a thinner
one.

1 fhall
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I fhall laftly finith this Treatife with men-
tioning " two remarkable difcoveries lately
made in Ele@ricity, which, as they came
to my notice after a great part of this work
had already been printed, could not be con-
veniently inferted in any other place. The
firft of thefe difcoveries is of Mr. KOESTLIN»
who (ashe fays in his Latin Differtation of the
Effe@s of EleGricity upon fome organic
“Bodies) has found that both animal and vege-
tablelife is retarded by negative eletrification.
The other difcovery is of Mr. ACHARD, at
Berlin, who, in the month of January 1776,
obferved, that water froze, to the twentieth
degreebelow the freezing pointof REAUMUR’s.
thermometer (which anfwers to the thirteenth
degree below o of FARENHEIT’s fcale) was
an ele&tric. He tried his experiments in the
open air where he found thata rod of ice two
feet long and two inches thick, was a very im-
perfe@Condutor when REAUMUR’s thermo-
meter was at {ix degrees below o, and that it
would not in the leaft condnué, when the
thermometer was at 20°. By whirling a
fpheroid of icz in a prop:r machine, he
even eletrified the prime Conduor fo as to
Dd2 attract
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attradt, repel, give fparks, &c. The ice, that
-this gentleman made ufe of, was free from
bubbles of air, and quite tranfparent ; to pro-
duce which, he ufed to fet a veflgl, contain-
ing diftilled water to be froztn, wupon the
window of a room, which was rather wirm
with refpe@ to the ambient air, where the
‘water began to freeze on one fide of the

veflel, while on the othcr ﬁde ;t was kil
liquid.

— — ————
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: A
IR condenfed or much rarefied obftru&s excitation, .
<" a cutrent of it from ele&rified points, - 36. elerified,, 72. -
elerified artificially, 308. receiving a charge, 265. heat--
ed by red-hot iron, a conduor, 306. heated by red-hot
+ glafs a very bad condu&or, 307.
Amalgam defcribed, 137. ) h
Animals the effe&ts of Ele@ricity upon them, 36, 37. 61. 86.
Apparatus, elt@rical defcribed, 129. 160, :
Atmofphere, its Ele&ticity, 70. of fmoke, 309. ele&ncal, vi-
fible in vacuo, 224. '
Atmofpherical Ele@ricity, 7o eleGtrometer, 370.
Attrafion ele@ric, between bodies dlﬁ'erently ele&riﬁed, 37,
its caufe, 104.
Anrora borealis, an ¢le&trical phenomenon, 73. ,:mmted, 222, ,

s

s

, B

Batm}, defrical, 59. its confirultion, 142. 166, experi- -
ments performed with it, 291.

Bells, dedtricaly $16. :

{

Ddj3 - Blak
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Black duft raifed from metals by eleérical explofions. 64,
Black firokes marked upon colours, 390.
. Brufh of electric light, 14. 207.

C

Capillary tubes electrified, 39, 316.

Card pierced with the electric explofion, 244.

Cement for electrical purpofes, 133.

Charcoal its properties, g.

Charging and difcharging in general, 52, §3. §7. aglafs jar,
175. 228. a battery, 176. other electncs, 271,

Charged ele&rics, §52. §5.

Chdcolate, its Electricity, az. its power reﬁored 23. |

Circles marked upon metals by electrical explofions, 66. 2g9.
fairy, 297. '

Clouds generally elecmﬁed, 724 thCll' influence upon the kite,
+366.-

Coating, 53. glafs 143. a plate of air, 165. other elccmcs,
271, 272.

Cobefion between electrified bodies of the electrophorua. 384

Colours, prifmatick, marked by electric explofions upon metals,
67. 299. ditto upon glafs, 62. 248. experiments upon, 390.

Communicated Electricity, 29. 31. 49,

Compofition for lining glafs giobes or cylinders, 134.

Condaclor, prime, 132. 139. luminous, 218.

" Condultors, 3. a table of, 8. their nature, 1 19. obﬁructhg

the paffage of Electricity, 61. metallic to defend build-

mgs, 76 ;

Cup electrified, 312.

Cubion, or rubber, 137

- D
Difeafes cured by Electricity, go,

. ' Difeharging rod, 146, 168.

D:y?, black, raifed from metals by clectrical exploﬁons, 64.
, o Rarthe
i
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E

Earthquakes, thought to be effects of Electricity, 74. imi-
tated, 249. 300.

EleBric atmofphere, whether it does exift or not, 126. the af-
fection of bodies immerged in it, 31 94. does not exclude
the air, 236.

Ele@ric fluid, 1o1. its nature, 108. its place, 123. a fingle
fluid, 226. its courfe fhewn, 238, 239. 241. 249. 252,
313.

Eleftric light, in vacuo, 218. 220, 222. its prifmatic co]omc,
227. peculxarly pcnetratmg, 218, 247.

Ele&ric fpark, 1. 36. fhock, §3. §9. attraction and repulﬁon,
37. 104. fly, 169 275. ftar, 14. 207, penc;l 14. 207. well,

" igo.

Ele&rical xir thermometer, 253. apparatus, 129. battery, 5g.
142: 186. bells, 316. machines, 2. 132. 149. fpider, 318.
Elesiricity, 2. pofitive or plus, and negative qr minus, 16.

102, vitreous, 1§. refinous, 16. perpetual, 23. 380. rendered
more confpicuous by contracting the electrified bodies, 312.
produced different ways, zo. commumcated to conductors,
31. communicated to electrits, 49. hypotheﬁs of, 101. per-
vading the fubftance of Conductors, 311. acquires an im«
petus, 210. atmofphetical, 76. not confpicuous within the
cavities of electrified bodies, 127. 19o. firing inflam-
mable fubftances, 66. 213. 258. melts metals, 62. the caufe
of thunder and lightening, 71. promotes vegetation, 38.
promotes evaporation and the circulation of the blood, 37,
86. megative retards animal and vegesable life, 403. of the

© air,’72. of the kite, 344. 366. of the clouds, rain, fnow,

* and hail, 42. not produced by fermentation, evaporation

" or coagulation, 96. applied as a remedy for feveral difeafes,
84. different produced by different rubbers, 16, vindicating,
327. '

Eledtricities the two, 11. their particular appearances, 12,

2 Elelrics 3. & table of, 5. become conduftors when made

o Ddg4 vety
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very hot, 7. 304. 306. their nature, 119 refinous and
fluid, coated, 271.

Ele@rameter, 147. fingle thread, 160. pnh or cork ball, 160. -

difcharging, 163. quadrant, 161. atmofpherical, 370. for

the rain, 37§. for the pocket, 377. flandard of that ufed with

. the cletrical kite, 342,

‘ Elu‘?ropbaru:, 380.

Kwvaporation increafed by Eletricity, *38. does hot produce

_ Ele&ricity, 96. '

Excitation, 2. by rubbing, 20. by heating and cooling, zo. 24.

by melting, zo0, 21. encreafed by the amalgam, 137,

Experiments, ele@rical, concerning attralion and repulfion,
179, on eleétric ]ight, 207. with the Leyden phial, 228.
with other charged eleé’tncs, 264. on the mﬂuence of

' pmnts, and the ufe of metallic Condu&ors, 273 with
the ele@rical battery, 291. promifcuous, zo3. with the

' eleétrical kite, 344. with the rain and atmofperical elero-
meter, 370. with the electrophorus, 380. on colours, 3g0¢

F

Faity rings, 297. )
Falling far, thought to be an Electrical phenomenon, 74.
Fermentation does not produce Electricity, g6.

Fire its origin, 110. different ftates of its exiftence, 111. its

refemblance to the electric fluid, 112.
Fly, eletrical, 169. 275.
Fogs electrified, 72. ﬁrong Electricity in time of, 374

) . G -

Glafi, the beft for electrical purpofes, 133+ fometimesa con-

, ductor, 7. 144. globes and cylinders, 133. veflel exhaufted,
7. veflel with the air condenfed, 7. tube 141. exhaufted con-
ducting tube 2z0. containing quickfilver, 400, thinneft ac-
quires the ftrongeft charge, 56. 142. ) ‘

4' ’ R t R N
: . . : Hail
. . . . s o R RN
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Hail electrified, 72.

Hyposthefis of Blectricity, 101. :
Hurricanes thought to be effects of Electncxty, 74.

I
Ice an electric when froge very hard, 403, - B "
Infulate, 3. the conftruction of ftools to, 170.
Infulated metallic rods to attract the Elecmcxty ﬁom t‘he
clouds, 7z. 4

K' . t
Kite, eleBrical, to attract the Electricity of the clouds, 7z, its
conftruction, 333. experiments made with it, 344. propo-

fitions deduced from the experiments made with i, 366.

conftraction of its ftring, 33 5.
D 1

L . .

Le_yden plnal §6. its coating, 143. bodies thhont the circuit
effected with the exploﬁon of i it, 26. its two fides contranlx
electrified, gg. its fpontancous difcharge, r42. 179. inca-

. pable of becoming charged when infulated, z31. its redun<
dant Electricity, 325. experiments performed with it, zzs.
to put into the pocket when charged, 340.

Leyden wacusm, 242. . ‘ -

Lightening, an electrical phenomenon, 7L, ummed 270. its

- effects avoided, 76. 82. 273, °

Lmaoa: conductor, 218 »

< M

Machines ele@rical, 2. their conftruction in general, 132. the .
- defeription of fome particular ‘ones, 149. for exlubmng
perp:mal Electmmy, 380 '

. ey e Magnm/ﬂ

A . ~
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Magnetifm not effecting Electricity, 39. éiven by the electric

explofion, 65.

Medical Electricity, 84. 287. :

Metallic Conduftors, 76. their con.ﬁrncnon, 77 theu ufe exem-
plified, 283.

Metals conduct the electric fluid through theu- fubﬂ:ance, L.

melted by Electricity, 293. calcined and revivified by the

. electric explofion, 64. ftruck into glafs by the electric ex~
plofion, 2§9. coloured rings marked upon them by repeated
explofions, 67. 299. circles marked on them by the explo-
fion, 66. 297. in part refit the paffage of the electric flaid,
61, 295. the difference of their conducting power in which
manner afcertained, 294. 296.

Minus, or negative Electricity, 16.

N
Negative Elefricity, 16,
Noz-condullors. 3. the fame as electrics, 4.
" Non-eleGricsy 4o
' . : P - , .
Paper, quire of, pierced with the electric explofion, 244.
Pencil of rays, 14. 207,
Perpetual Electricity, 23. the machine for exlubmng it, 3o8.
Perfonal fecurity in time of a thunder-ftorm, 8z.
Phofpborus, Mr. CANTON’s, dekribed, 215. 1llummated by
Electridity, z15.
Phlogifton, its exiftence, 111. the caufe of ‘the conductmg
quality in bodies, 121.
Polarity deftroyed, reverfed, and given to needles by thc
~ electric explofion, 56.
Pofitive or plus Electricity, 16. o
Pointed bodies their influence, 35- 273. tlmr propcmes exem-

plified, 273. 282. their properties explained, 279. a current

of air from them when electrified, 36.
Primyp

——
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Prime condudlor, 132, its conftraction, 139. luminow, 218,

R

Rain generally electrified, 72, the electrometer for the, 37 g

Repulfion electrical, 1. gy. its caufe, 105,

Refidunm of the charge, 177.

Refinous Electricity, 16.

Rings fairys 297.

Rubber, 2. its conftruction for an electrical machine, 147, for
a glafs tube, .142. for fealing-wax, &c. 142. different Elec-

- tricity produced by different, 16. its Elecmuty diﬁ‘«cnt
from that of the electric, 15. - - - - '

* Rales, practical, 171. T :

8alted fring for the kite, 337. tlu-eado for electrometm, 161.

Sealing-awax excited by melting, 22. .

8bock, electric, 59. weakened by the length of the eonductor.
60. deftroying animal and vegetable life, 61. melnng metals,
62. calcines metals, and revivifies their calces, 64. actmg
like a phlogiftic procefs upon different kinds of air, 68,
given to one or more perfons, 229. fmall ones are better
for phyfical parpofes, 288.

Snoaw clectrified, 72.

Spark, clectric, z10. its effects upon an animal body, 36.
fhorter and fronger from charged electrics than from elec-
trified Conductors, 8. vifible in water, 61. 253. difplaces
and rarefies the air, 255.

Spider electric, 318.

Star, electric, 14. falling thougbt to be an electnul pheno-
menon, 74.

Sulpbar excited by melting, 21, 22.

T

Lheory of Electricity, 93.
2 Thanden
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Thonder an electrical ph,ondmenou, 71« imitated,. 270,
T hunder-boufe, 282.
Tourmalin, its properties, .24. its propemea found in other
cious fones, 28.-.

Tube glafs, 141. condqctmg, az0. fpxral, 319. contammg ‘

qmckﬁlver, 400,

v

hmm o 40. I.cydea. 243

Fegstables defirayed by uheclcc&ncd uploﬁon. 61 thexr vege-

- taetion Qmmoted by electrification;, 38. theu vegetation re-
“tarded by negative elecmﬁcauon, 493+

o thrmu Electricity, 1 5. . S I

.

..mmr runaing from 8 pipedlcctnﬁe&, 38. 3:6. the l'gakab
blein it, 61.

Water-/post, an clectncal phenomoa, 74.- 167. mM,

268.
WoII de&m, 190.. -

Whiriwind hought to be nc}ectuéal pl\euomenoa, 4 i |

. tatedy 269, .
Wind from elcctnﬁed poxnts, 36 fum cxcmd dectnﬂ, 40.
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Thander an electrical phm:menon, 7t imitated,. 270,

T bunder-boufe, 282.

Tourmalin, its properties, 24. its properues found in other
ious flones, 28..

Tulc glafs, 141. condqcang, zzo. fpual, 319 conummg '

: quxckﬁlvcr, 400,
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Facyum, 9, 40. Leyden, 243..
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Water-fpont, an dectncal plmomtm, 74.- 367. nmmﬂk

268,
”’lII elediric, 190.,
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Thander an electrical ph,«mnenbu, 7. imitated,. 270
Thunder-boufe, 282.

Tourmalin, its properties, 24. its propemes found in o;her
ious ftones, 28.-

Tube glafs, 141. condqctmg, 320, fplral, 3:9. conummg '

qmckﬁlver, 400,
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hmum o 40. Leyden, 243..

Fegetables defrayed by ebeclcctncal exploﬁon, 61’ elmr vage-

- tetion gromoted by electrification;. 38. thcu vegetation re-
“tarded by negative elecmﬁcauon, 493+

- Fitreons Electricity, 15. R B TR

! \.4

.[rmr running from 3 pspeclccmﬁed; 38, 3:6. the. l'pukwb
blein it, 61.

Water-fpont, an elecmcal phetomon, 74. 367- mufm&.

268,
wall de@ricy 190..

Whirlwing thought to be ue}ectud;k pheuomenol, 74 i '

. tateds 26g.. S
Wind from clcctnﬁed pomts, 36 fum cxcmd decmeo, 40.
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Page 18. 1.
T o152. L
154. 1.

184. 1

242. 1.

257. L.

264. 1.

'267. 1.
271. L

276. 1.

341. L
366. 1.

£ERRATA

20. for the different read different
9. for fkrewed read fecrewed -
21. for plate 2. read Plate II.
1. for G read H. )
23. for puthe read ap the
1o. for asfor inftance read for inftance
14. for other electrics read other charged
electrics
7. for prefles read paffes
19. for to infulate fluid electrics read to coat
fluid electrics )
z1. for and even read buteven |
18. for the read that
8. for clouds generally read clouds, if it does
rain, not generally
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