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PRETEACE,

T may be eafily perceived by the title of
A this work, that it s not offered to the pub-

lic as a finifhed picce on the fubje&t. To treat

(o]

f the theory and practice of Eleétricity, in the
fulleft manner, would require a larger treatife,
and employ more time than I can devote to a

work of this kind.

The fcience of Ele&ricity is now generally ac-
knowledged to he ufeful and imporeants and there
is great reafon to think, that at a future period
it will be looked up to as the fource from
whence the principles and propertics of natural
philofophy muft be derived ; its utility to man,

will not be inferior to its dignity as a {cience.
gmty

Az I have
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I have not attempted to trace Eleétricity from
its firft rude beginnings, or to follow the mind of
man in its various and irregular wanderings, in
fearch of the laws by which it acts, and the fource
from whence it is derived, as this has been {o well
executed by Dr. Prieflly. Our view of things
is fo eircumfcribed, and the myfterics of nature
{o -Pl-gfound, that it 15 not eafy for.ys to deter=
mine, whether the received theory is founded on
the bafis of truth, and conformable to nature, or
whether we fhall be confidered, by future phile-
{ophers, as mere children, amufed, and, fatisfied

with imperfect opinions and ill digefted theories.

When a variety of things is mixed together,
which have little or no connection, they naturally
creace confufion, It has been my endeavour, in
the following effay, to colleft and arrange, in a
methodical and concife manner, the effential parts
of Elefiricity, by thefe means to render its appli-
cation-ealy, pleafant, and obvious to the young
practitioner; and by bringing together experiments

of the fame kind, make them mutually illuftrate
cach other, and thus point out the firength, or
difcover the weaknels, of the theories that have
been deduced from them. Though the nature
and confined limits of my plan did not admit of

much
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much varicty of obfervation, or 2 formal enume-
ration of every particular, yet few things, I hope,

of ufe and importance, have been omitted.

As I do not with to incur the imputation of
plagiarifm, 1 with pleafure acknowledge the af-
fitance I have received from the different authors
who have wrote on this Tubject. T have ufed an
anreferved freedom, in fele@ing from their works,
whatever 1 found to anfwer my purpofe. Iam
part';éularl},«' obliged to Sir Jofeph Banks, for his
politenefs in lending me Les Memoires de PAca-
demie de Berlin for 1780, at a time when I could

not procure them elfewhere.

The various interruptions and avecations, from
which, as a tradefman, I cannot be cxempt,
will, I hope, induce the reader to make fome
favourable allowances for any errors which
he may difcover, and kindly correct them for

himfelf.

1 beg leave to avail myfelf of this oppertunity
to acquaint the public, that I am now engaged in
a work defcribing the mechanical parts of Mathe-
matical and Philofophical Learning, and explain-

A 3 ing
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ing the various ufes of the different inftruments in
their prefent ftate of improvement; which, T truft,
will ercatly tend to facilitate the attainment of
knowledge, and accelerate its progrefs. For this
purpofle I have been at a confiderable expence in
colleting fuch materials as may enable me to
offer to the public fome effays on this fubjeét,
which ] hope wilt not be faund unworthy of its
patronage, and which I mean to publifh with all

convenient {peed.
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ELECTRICITY.

CCH AP %
of Elellricity in general,

T muft appear furprifing to every fearcher
after’ truth, that Eleéricity, whiclr is now
allowed to be one of the principal agents
employed in producing the phaenomena of

nature, thould have remained fo long in obfcu-
rity ; for, comparatively fpeaking, its exiftence
was not known to the ancients. They were not,
indeed, altogether ignorant of the peculiar pro-
perties of thofe bodies that we now term eleftrics
per fe s neverthelels their knowledge was cir-
cumlfcribed, becaufe the mode of acquiring

=
it was limited. Very little progrefs, therefore,
B was
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2 AN ESSAY

was made in this branch of natural hiftory, till
the happy period arrived, when the philofopher
was emancipated from the chains of hypothetic
reafoning, and the uncertainties of vain con-
jecture.

The exiftence of this fubtle, and in moft ca-
fes invifible, power, wasthen traced, and many
of its properties developed ; 1ts agency was dif-
covered to be univerfal, and its extent vnli-
mited.

RleQricity has been dignified in a peculiar
manner, by engaging the attention of the phi-
lofophic hiftorian ; who has delineated, in a very
pleafing manner, the gradual progrefs of its
difcoverics,  He has defcribed the different
theories that have been invented to account for
its various phacnomena ; has communicated to
the public many valuable experiments of his
own ; and pointed out the extenfive ficld which
remains to be inveftigated.

Since the publication of Dr. Prieftley’s Hif-
tory, the ele€trical apparatus has been confidera-
bly augmented, and many new experiments
have been made. To deferibe the one, and to
arrange the other, under fuch heads as will
point out the connexion between the experi-
ments and the received theory of eleCricity,
was one of the principal views I had in com-
pofing this eflay. 1 alfo withed to put into the

hands
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hands of my cuftomers a tra®t, which might
enable them to ufe, with eafe and fatisfaction,
the eleétrical machines and apparatus which I
recommend:

As cleétricity is in its infancy, when con-
fidered as a fcience, its definitions and ax-
ioms cannot be ftated with geometric accuracy.
I fhally therefore; erdeavour to avoid, as much
as poffible, the ufe of pofitive expreffion ; I
vifh to invite the reader to examine the expe-
timents himfelf, to compare them one with
another; and then draw his own conclufions.

ExperiMent 1.

Rub a dry glafs tube with a piece of dry
filk, prefent light bodies, as feathers, pith
balls, &c. to it, they will be firlt attradted,
and then repelled. |

Experiment II.

Rub a dry ftick of fealing wax; it will firft
attract and afterwards repel thofe light bodics
that are brought near to ir.

The friction in the twe preceeding experi-
ments has put in action an agent, or power,
which attracts and repels light bodics 3 this
power 1s called Ele&ricity.

A certain quantity or natural fhare of the
electric fluid, is fuppofed to be diffeminated in

B a2 all
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4
all bodies, in which ftate it makes no impreffon
on our fenfes ; but when, by the powers of
pature or art, this equilibrium 1s deftroyed,
and the body becomes poffefled of more or lefs
than its natural fhare, thofe effeéts are produced
which we term eleétrical, and the body is faid
fo be eleétrified.

Any fubftance, that is made by friction to
exhibit eleftric appearances, is faid to be ex-
cited.

Amber, filk, jet, dry wood, and a variety of
other fubftances, being excited, attract and re-
pel light bodies,; thefe are called eleétrics.
Syuch fubftances, as metals, water, &c. the
friction of which will not produce this power
of attradtion and repulfion, are called non-
eleftrics.

When the excited glafs tube, or flick of feal-
ing wax, is in good order, pencils of light will
dart from them fpontancoudly, in 2 beautiful
manner, and a fhapping notfe will be heard on
the approach of any conductor.

EXPERIMENT 1.

et a metallic cylinder be placed upon filk
lines, or upon glafs, bring an excited eleétric
near to it, and every part of the metallic cylin-
der will attract and repel light bodies,; as forci
Dly-as the excited gle@ric itfelf.
Ex-
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Experiment IV,

Support a dry glafs rod on filk lines, or by
glafs, bring an excited eleftric near it, and no
attra@ion or repulfion will take place ; becaufe
the eleftricity cannot be tranfiitted through it.

Thofe metallic bodies which poflefs the power
of tranfmitting eleétricity, are called conduftors.
Thofe fubftances, which are impervious to clec-
tricity, are called non-conductors.

A body which communicates with nothing
but eleétrics, is faid to be infulated.

The moft important and fingular effects of
ele@ricity would have remained in obfeurity,
of ele@ricity through their fubftances and over
their pores, had not been difcovered. Inftances
of the truth of thisaflfertion will cceur in almofl

if this power in fome bodies, to refift the paflags

every page of this eflay.

We learn, from the 3d and gth experiments,
that the ele@ric powers may be communicated
to infulated conduing fubftances by excited
ele@rics ; that thefe will then attract and repel
light bodies, &c. fimilar to theele@ricitlelf; with
this difference only, that a conduétor, which has
reccived ele@tricity, parts with itat once, when it
is touched by another conductor that commu-
nicates with the earth; whereas the excited

B 3 ele@ric,
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eleftric, under the fame circumiftances, only
lofes its eleCricity partially,

Experiment V,

Eleétrify, with excited glafs or fealing wax,
two infulated cork balls, fufpended by lines
about 6 inches long, and the balls will feparate
from and repel each other.

Exreriment VI

Eleétrify one ball with glafs, the other with
fealing wax, and they will be mutually attract-
ed.

Thefe two oppofite and remarkably diftinét
effects in the attradtive and repulfive powers of
electricity, were difcovered at an early period
of the hiftory of this fcience

The eledtric power produced by the excita-
tion of glafs is called pofitive eletricity, and
the power produced by the excitation of fealing
wax is called negative eletricity. This differ-
ence was at firft thought to depend on the elec~
tric, and that the two kinds of eledtricities
were effentially diftinét ; Dbut it is now
known, that each of thefe powers may be pro-
duced from the excitation of either glafs or
fealing wax.,

The difcovery of thefe diftinguithing cha-"
racteriftics in eletric fubftances, engaged phi-

lofophers
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lofophers in an experimental enquiry into the
ele€tric properties of modt bodies, to afcertain
whether they poflefled the pofitive or negative
powers, By this means the catalogue of electric
bodies, which originally was very {mall, is now
rendered exceedingly extenfive, aswillbe {een by

the following tables, which are taken from _

Dr. Prieftley’s Hiftory and Mr. Cavallo’s Corn-
pleat Treatife of Eleciricity.

Cararocue of conduding fubftances.
1. Stony fubftances.

Stony fubftances in general conduct very well,
though dry and warm.

Lime-ftone and lime juft burnt are equally
unperfect conductors. =

Marbles conduét confiderably better than
free-frone, and there is found very little differs
ence among any of the fpecimens of marble
that have been tried.

A large picce of white fpar with a tinge of
blue and femi-tranfparent, will hardly conduct
in the leaft degree : pretty firong fparks may be
taken from the prime conduétor, while it is in
contadt with it.

A piece of agate, femi-pellucid, receives
the eleftric {park into its fubflance; thougl
it will pafs over about three quarters of
an inch of its furface to reach the finger that

B 4 holds
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helds it, and it dii’chérges the battery but
flowly.

A piece of flate, fuch as is commonly ufed
to write on, is a much better conduétor than a
piece of free-ftone, which conduéts but peorly.

Touch-flone conduéts precty well.

A piece of gyplum and plaifter of Paris con-
duct very well, only the latter having a
{moother furface takes a fironger {park.

A piece of afbeft from Scotland, juft as it is
taken from its bed, will not condu&. While
in conta@t with the conduétor, fparks may be
taken at the diftance of half an inch with a mo-
derate eletrification.

A piece of Spanith chalk condufts much
like marble

A piece of Fgyptian granite conducts confi-
derably better than free-ftone,

2. Saline badies.

Qil of vitriol condudts very well.

The metallic falts in general conduét better
than any neutrals.

Vitriol of copper and of iron conduét very
well, though they will not tranfmit.a thock.

Vitriolated tartar gives a fmall thock.

Salt-petre does not conduct fo well as {z]-
ammoniac.  If the elefric explofion pafles
over 1its furface, it difperfes into a great num-

A
Der
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ber of fragments, in all direftions, with con-
fiderable violence.

Volatile fal-ammoniac gives a fmall fhock.

Rock-falt conduéts, but not quite fo well as
allum ; the eleftric {park upen it is peculiarly
red.

Sal-ammoniac exceeds rock-falt and allum in
its conduéting powers, but will not take the
leaft fenfible fpark ; fo that it feems made up
of -an infinite number of the fineft points.

Salenitic falts conduét but poorly.

By allum the explofion is attended with a
peculiar hiffing noife, like that of a {quib.

3. Inflammable bodies.

A piece of pyrites, of a black colour, takes
{parks at a confiderable diftance from the prime
conduétor, like fome of the inferior pieces of
charcoal.

Another piece of pyrites, which has been
part of a regular {phere, confifting of a fhining
metallic matter, will not conduét near fo well,
though much better than any other ftony fub-
ftance. It is a medium betwixt a ftone and
an orc.

Black-lead in a pencil conducts a thock feem-
ingly like metal or charcoal. A {mall lump of
it takes as full and firong a fpark from the
prime conduor as a brafs knob.

4. Metals
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4. Metals and ores,

A picce of gold ore from Mexico is hardly
to be diftinguithed in this refpect from the me-
tal itfelf.

A piece of filver ore from Potofi, though
mixed with pyrites, conduéts very well.

‘Two pieces of copper ore, one the moft va-
fuable that is known, and another of only
half the value, are hardly to be diftinguifhed
from one another in their conduéting power.

Lapis-hematites condudts pretty well.

Black-fand from the coaft of Africa, which
is a good iron ore, and part of which is affected
by the magnet as much as fteel filings, is found
to conduét eletricity, but not a thock. Sepa-
jating with the magnet all that will be eafily
attracted by it, it condués a fhock very well;
the reft would hardly conduét at all.

Even the ores in which the metal is mineral-
ized with fulphur or arfenic, as the ores of lead,
tin, and cinnabar, the ore of quickfilver, are
little inferior to gold and filver ore.

Ores that contain nothing but the earth of
the metal, conduét ele@ricity little better than
other ftones.

Lead, tin, iron, brafs, copper, filver, and gold.

5. Fluids.

The fluids of an animal body.

All fluids, excepting air and oils,

. The
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- The effluvia of flaming bodies.
Bnow, {moke, the vapour of hot water, the
yacuum produced by an air pump, charcoal, &c.

Elefric bodies,

Amber, jet, pitch and fulphur; likewife ali
the prcciuus {tones, as diamonds, rubies, garnets,
topazes, hyacinths chiryfolites, emeralds, fa-
phires, amethyfls, opals, and efpecially tour-
malins : all refins and refinous compounds,
wax, filk, cotton; all dry animal fubflances,
as feathers, wool, hair, paper, &c, White
fugar, air, oil, chocolate, calxes of metals, dry
vegetables, &c.

The real and intrinfic difference between
electrics and non-gleétrics, remain among the
cle@ric defiderata ; for, nothing more is afcer«
tained, than, that the conduéting power, in
fome meafure, depends upon, or is governed
by heat, Glafs, refin, and many other articles,
are made conduétors by heat; while on the
contrary, cold, if not attended with moifture,
renders every electric fubftance more ele@ric.

Mr. Achard, of Berlin, has publithed, in
Rozier’s Journal de Phyfique, a very ingenious
paper on this fubject ; in which he proves, by
experiment, 1ft, That certain circumftances will
caufe a body to conduct eleftricity which before

was
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was a nion-conductor. 2d. That thefe circumftan-~
ces are the degrees of heat to which this bedy
is fubje@ed. He endeavours to thew, that the
principal changes which take place in any fub-
flance from an increafe of heatare an augmenta-
tion in the fize of its pores, and an increafe of ve-
locity in the igneous particles contained in, and
acting on, that body. He then proves, that the
Iaft circumftance does not occafion the alteration
in the ele@ric properties ; and infers, agreeable
to the fyftem of Mr. Euler, that the principal
difference between conduétors and non-conduét-
ors of ele@ricity confifts in the fize of the pores
of the conftituent parts of the body.

In another interefting paper, which is pub-
lithed in the Memotrs of the Academy of Ber-
lin for 1779, Mr. Achard. has fhewn the
analogy between the prodution and effets of
eledtricity and heat ; and alfo, between that
property in bodies by which they conduél the
eleftrical fluid, and that which renders them
fufceptible of heat.. He gives an account of a
new inftrument, adapted to afcertain the quan-
tity of the eleétrical fluid which is condulted
by bodies of different natures, placed in the
{fame circumftances.

By means of this inftrument it is poffible
to afcertain, with great accuracy, the quantity
of eletricity a body lofes in a given time, by
touching
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touching another body that is not eleétrified.
He has not yet favoured the public with an
account of the experiments he has made with
it ; only fays, that he has conflantly ob-
ferved, that thofe bodies which lofe and re-
ceive with difficulty their prefent degrec of
heat, receive allo, and lofe with difficulty, their
eleGrnicity. A defeription of the inftrument
will be given in this eflay.

A lift of ele&@ric fubftances, and of'the dif-
ferent eleétricities produced by them.

- . § Everyfubftance withwhich
The back of a c“t} Pofitive { it has been hitherto tried.

{ Every fubftance hitherto
Smooth glals Pofitive i tried, except the back of
a cat, ‘
Pofitive Dry oiled filk, fulphur,
metals.

Rough glafs Woollen cloth,quills,wood,

'Ncgati"'c % paper, fealing wax, white
wax, the human hand,
] Pofitive é Amber, air. ®
Tourmalin
jNegative % Diamond, human hand,

5 Metals, filk, loadftone,
(Poﬁtivc leather, hand, paper,
baked waod.

Hare's kin
SNegative i Other finer furs.

* i.e, By blowing with a pair of bellows upon it, By
this means many eleftrics may be excited, and fome better
if the air blown is hot, although, in both cafes, very linle
elefiricity can be obtained,

Y hite
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Black filk, metals, blacle
cloth.

Paper, hahd, hairs, weafel’s
fkin.

Politive
White filk y
Negative %

Pofitive { Sealing wax.

Black filk 3 Hare's, weazel’s; and fer-
Negative j ret's  fkins, loaditone;

l_ brafs, filver, iron, hand,

(O Y

Pofitive {4 Metals
Hares, weafel’s, and fet-
Negative ret's tkins, hand; leather;
woollen cloth, paper.

Sealing wax

AN~

Pofitive {Silk
Baked wood.
Negative {Fla‘nnc];

Many cireumftances, apparently trifling, will
occafion an alteration in thele contrary ele€trici=
tiess It has been faid, that of two equal fub-=
ftances rubbed together, that which fuffers the
greateft fri¢tion, or is moft heated; acquires
the negative cletricity. Though thisin many
cafes holds true, with refpeét to filk ribbons,
yet Mr. Bergman fays, that if the ribbon A be
black, it will never become pofitive, unlefs B be
black likewife. With pieces of glafs the effect
is contrary ; for, if they are both equal, the
piece A, which is drawn acrofs the piece B;
becomes negative; and B, which fuffers the
greateft friction, becomes pofitives Heating
by fire produces the fame effe&t as the greater

: frictions
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friction. If one piece of glafs be thicker than
the other, the former becomes pofitive, the
latter negative. ~Coloured glafs, even when
heated, becomes negative, if rubbed with com-
mon white glafs. If a picce of blue glafs is
rubbed againft a green one, the blue glafs be-
comes ftrongly pofitive, &c. <--2-- Bergman
Swedith Tran. 1765

The eleétricities produced by hair and glafs
rubbed rogether feem to balance each dther,
and are therefore different according to the man-
ner of rubbing and the quality of the hair.

Hair of a living animal, or hair newly cut,
when rubbed with a glafs tube lengthways, 1s
pofitive; and here, the glafs, which fuffers the
greateft friction, is negative. But if the glafs
tube be drawn dcrofs the animal’s back, or
acrofs a fkain of hair newly cut, the glafs be~
comes pofitive. Old dry hair, rubbed on glafs
or on living hair, always becomes negative ;
but, if the hair is a lirtle greafed with tallow,
the fame effe& is produced as with living hair.
Wilke Swed. Tranf. 176g.

Ele@rics differ from each other with refpeét
to the facility with which they are excited,
their force when excited, and the power wich
which they retain the effets of the excita-
tion,

Silk
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Silk feems preferable to any other eleétric
{fubftance, for exhibiting a permanent and ftrong
attractive and repulfive power.

Glafs appears to have the advantage in ex-
hibiting the electric light, attraction and repul-
fion in quick fucceffion, in a very vigorous
though not a durable manner.

Negative eletrics, as amber, gum-lac, ful-
phur, refin, and all refinous {ubftances, exhi-
bit the cleCtric appearances for the greateft
length of time. A fingle excitation is fuffici-
ent to make them do fo for many weeks, in
favourable circumftances. They are alfo re-
markable for the ftrong eleftric powers which
they communicate to conduting bodies that
come in contaét with them ; and which they
will continue to communicate for a confiderable

time.

CHAP.
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CH ATV IR

Of the Eledrical Machine ; with Direclions
for exciting if.

AS foon as the propertics of eleGtricity were
4 in fome meafure developed, the philofo-
l:'hcr and the artift concurred in contriving and
exccuting a varicty of machines to excite and
accumulate this extraordinary agent. 'The
preater part of thefe have been laid afide, in
proportion as the {cience advanced, and its
boundaries were extended. I fhall, therefore,
only defcribe that ele@rical machine which is
now in general ufe, whofe conftruction is fim-
ple, and well adapted to produce the eleétric
fluid in great quantities, and to tranfmit it
in full and continued ftreams to the prime con-
duétor.

Fig, 1 and 2, Plate T, reprefent two clectri-
cal machines made on the molt approved con-
itruction. They are both mounted and ufed in
the fame muanner, and differ only in the me-
chanifin by which the cylinder is put in mo-
tion.

The cvlinder of fig. 2 is turned round by
means of the two wheels ab, c¢d, which aét
on cach other by a catgut band, part of which
as feen at e and f ; that of the machine repre-

[ {ented
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fented in fig. ¥, 18 put in motion by a fimple
winch, which is lefs complicated than the
other, and is not liable to be out of order.
Many practical elecricians, however, prefer a
machine which i moved by a multiply-
ing wheel. They think that it fatigues the
operator lefs than that which is moved by a
fimple winch ; and further, that a moderate in-
creafe of velocity in the cylinder augments the
momentum of the electric fluid, and produces a
greater quantity of it in the fame time, which
prevents its being abforbed by the cuthion.

As the two machines, which are reprefented
in fig. 1 and 2, plate I, arc nearly fimilar, the
fame letters of reference are ufed in deferibing
them.

Fig, 1 and 2. ABC reprefents the bottom
board of the machine, the two perpendicular
fupports D, E, which fuftain or carry the glafs
cylinder FGH], arc firmly fixed to the board
ABC ; the axis by which the cylinder is
moved is fixed into two caps, which are made
fometimes of brafs, and fometimes of wood ;
one is cemented on each end of the eylinder.
K, fig. 1 and 2, reprefents one of thefe caps.
The axis of the cap K paffes through the fup-
port D; on the extremity of this axis a fimple

winch 1s fitted, asin fig.”1, or a pulley, asin

fig. 2. The axis of the other cap runs in a

fmall
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finall hole which is fitted into the top of the
fupport E. O P is the glafs pillar to which
the cuthionis fixed, T a brafs ferew at the bot=
tom of this p
preflure of the culhion againft the cylinder;

illar, which is to regulate the

oghi a piece of filk that comes from the under
edge of the cufhion and pafles over the cylin-
der till it almoft touches the colled ing points
of the conduttor. Near the top of the glafs
pillar O P is an arm of wood, to fupporta con-
ductor conne@ed with the cufhion, which is
called a negarive conductor.  In both figures
this is fuppofed to be fixed clofe to the cuthion,
and to lye parallel to the glafs cylinder. In
fig. 1 it is brought forwards, or placed too near
the handle, in order that more of it may be in
fight, as at R8; in fig. 2, the end R S only
is feens
Y Z, figi 1 and 2, reprefents the pofitive

prime conductor, or that which takes the elec-
tric fluid immediately from the cylinder, L M

1

the glafs pillar by which it is fupported and

infulated; and V X a wooden foot or bafe for

the glafs piltar,  In figr 1, this condudor
placed in a direCtion 'parallel to the glafs
cylinder; in fig. 2 it ftands at ‘right angles
to the cylinder; it may be placed in eicher
pofition oceafionally, as s moft convenient to
the ‘aperator,

£ if
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If the negative conductor is required to be
placed at right angles to the cylinder, and pa-
rallel to the conductor Y Z, fig. 2, it muft
be fixed on an infulating ftand, and be connect-
ed with the cufhion by a wire, which pafles
under the cylinder.

Exreriment VIL

Put the machine in aftion, conneét the cu-
fhion by a chain with the ground, and thofe
bodies which communicate with the pefitive
conductor will be eleétrified pofitively. Con-
nect the pofitive conductor with the earth by a
chain, take ofl' the chain from the cu{hiém,
and thofe bodies which communicate with the
negative conductor will be electrified nega-
tively.

The principal parts of an electrical machine
are, 1ft. The cleétric, as the glafs cylinder.

2d. Thofe mechanical contrivances by which
the cylinder is put in motion.

gd. The cufhion and its appendages.

4th. The two prime conductors.

Before the electrical machine is put in mo-
tion, examine thofe parts of it which are lia-
ble to be injured by friction, or by dirt or
grit between the rubbing furfaces, particularly
the axes which work in the wooden fupports
D and
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D and E, likewife the axes of the large wheel ¢ d,
fig. 2. When the cufhion is taken off, thecy-
linder fhould move exceedingly free. If, on
turning it round, any grating or difagreeablc
noife is heard, difcover the place from whence
it arifes, wipe it clean, and then rub over it a
fmall quantity of tallow. KExamine, in the
fame manner, the axis of the large wheel ¢ d,
fig. 2. Put a drop of oil occafionally to the
axis of the cylinder; examine the ferews that
belong to the frame or cylinder, and if they
are loofe tighten them.

Wipe the glafs cylinder carefully, to free it
from that moifture which glafs attracts from
the air; be particularly attentive to leave none
on the ends of the cylinder, becaufe any damp
that remains on thefe will convey the elefiri-
city from the cylinder to the fupports, &c.

Take care that no duft, loefe threads, or any
filaments adhere to the cylinder, its frame, the
conduétors, or their infulating pillars ; becaufe
thefe will gradually diffipate the eleric fluid,
and prevent the machine from alting power-
fully.

Rub the glafs cylinder firft with a clean,
coarfe, dry, warm cloth, or a picce of wath
leather, and then with a piece of dry, warm,
foft filk ; do the fame toall the glafs infulating
pillars of the machine and apparatus ; thefe pils.

G lurs

3
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lars ‘mmift be rubbed more lightly than tha
cylinder, becaufe they are varnithed.

A beated iron 15 fometimes placed on the
foot of the conduéor, to evaporate the moifture
which would injure the experiments.

In order to find out an effeftual mode of ex-
citing powerfully an cleftrical machine, it is
neceffary to frame an idea of the mechanifim by
which the cylinder extra@s the eleétric fluid
from the cufhion, and thofe bodies which are
connected with it; I have, therefore, fubjoined
thofe conjeétures on which I have worked, and
by which I have been able to excite, in the
moft powerful manner, thofe machines which
have paffed through my hands.

It appears to me, that the refifftance of the
air is l;ﬂ"ened, or a kind of wvacuum is produ-
ced, where the eufhion is in clofe contact with
the cylinder, The eleflric matter, agreeable
to the law obferved by all other elaftic fluids,
is prefled towards that part where it finds leaft
refiftance ; the fame inftant, therefore, that the
cylinder is feparated from the cufhion, the fire
iflues forth in abundance, The more perfect
the continuity is made, and the quicker the {o-
lution of it, the greater is the quantity which
will proceed from the eufhion. Bur, as the
fluid in this fituation will enter with avidity
every condudting fubftance that is near it, if
any
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any amalgama lies above that part of the cu-
fhion which is in contad with the eylinder, it
will abforb and carry back part of the eleéric
fire to. the; refervoir from whenee it was €X-
tracted.

If thefe conje€ures be true, fo gxcite an
cleétrical machine effetually, we mufl,

ft. Find out thofeparts of the cufhion which
are prefled by the glafs cylinder.

ad. Apply . the amalgama only to thole
parts. .

gd. Make the line of contat between the
cylinder and cufhion as perfect as pofiible.

4th, Prevent the fire that is collc@ted from
elcdping.

About the year 1772 Lapplied 4 loofe flap of
{eather to the front of the cuthion ; the amalga-
ma was {pread over the whote of the flap ; the
cufhion was then put in its place, and the loofe
flap of leather doubled down, or rather turned
in, more or lefs; till by fucceflive X periments
the fituation was difcovered which produced
the greateft effect; for, by this means, the
quantity of amalgama afting againft the cy-
tinder: was leffened. I was naturally led to
contract the breadth of the cufhion, and place
it in fuch manner that it might be eafily raifed
or lowered.

C 1 The
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The advantages gained by this method were
confiderably improved by a very ingenious
Gentleman. He glued a bit of leather on a
large piece of cork, and placed his amalgama
on the leather ; with this he rubbed that Zone
of the glafs cylinder which bears againft the
cuthion. By this excellent contrivance, the
line of contalt between the cylinder and cuthion
is tendered very perfe&, the fmaller pores of
the glafs are filled with the amalgama, and the
fuperfluous parts of it are depofited on the cu-
fhion.

Beccaria fuggefts, that the amalgama thus
depofited on the furface of the glafs forms a
continued feries of condudting particles, which
carry the fire to the prime conduétor, and,
under certain circumﬂuﬁces, back again to the
cufhion.

Another ingenious eleftrician afcertains the
line of conta@®, formed between the cylinder
and cufhion, by placing a line of whiting,
which had been previoudly diffolved in ﬂﬁrits'r;{:
wine, on the cylinder : on turning the cylinder
this whiting is depofited on the cuthion, and
marksthe places which bear againft the evliider;
the amalgama is to be placed only on thofe parts
which are marked by the whiting.

Fither of thefe modes will fucceed. If the
firlt is ufed, no @malgama is to be placed on
the
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the cuthion; that which is rubbed into the
eylinder, and depofited by it on the cuthion
in its revolutions, will produce an aftonithing
quantity of fire. In either method, when the
cylinder is rubbed with the amalgamated lea-
ther, that part of the oil, or black filk, which
lies above the cuthion, 1s to be turned back,
and if, by accident, any particles of amalga-
ma ftick to it, they muft be wiped off carefully,

If the eletricity of the cylinder grows lefs
powerful, it i eafily renewed by turning back
the filk which lies over it, and then rubbing
the cylinder with the amalgamated leather.

A very fmall quantity of tallow placed over
the amalgama, is obferved to give more foree
to the eledtric powers of the cylinder.

Exeprzriment  VIIL

When the cylinder is put into good aétion,
a number of eircular lines of fire will iffue from
the cufhion ; prefent a row of metallic points
towards thefe, and they will difappear. The
condu@ing fubflance colle@s the eleftrie fluid
before it can take thofe appearances, or be diffi-
pated into the air.

Hence we learn, that to prevent a lofs of the
eleftric fluid which is excited, we muft pre-
vent the air from ating on the fluid, which is
put in motion by the excitation ; for the air

not
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pot only refifts the emiffion: of, the fluid, but
alfo diffipates what is colleted by means of
the conducting fubftances, which are continu-
ally floating im it.’

Thefe ends are effe@ually anfivered by letting
2 ‘non-condudting fubftance proceed from the
line of contatt to the collefting peints of the
prime conductor, and placing thefe points
within its  atmofphere. . ‘When no amal-
gama is put.on the' cufhion, 12 plain piece
of black filk, or one flightly impregnated with
bees-wax, fixed to the under- edge of the
cuthion, and proceeding from thence to the
colleéting points of -the conductor, will anfwer
e:{cceding well,  If the amalgama is placed on
the cufhion, a piece of oil’'d-filk feems ta anfwer
the beft.

I was informed, by an ingenious friend, that
he had for many years ufed a piece of 'black
filk, which was impregnated from one end to
the other with amalgama, in which a fmall
quantity of bees-wax had been mixzed ; this he
rubbed into the f{ilk with a piece of fponge.
If the force of the machine diminifhed while it
was in ufe, he refrethed it by holding an amal-

gamated {ponge againft the cylinder when it

was revolving.
It is often very advantagcous to dry the oil’d
or black filk before the machine 1s ufed.

The
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The operator ought not to think his machine
in good order till it pours forth the fire in
great abundance, and ‘ flrong denfe - {parks
are obtained in quick fuccefion from the
conductor. When the conduéior is removed,
the fire thould {parkle round the eylinder, “and
throw out many beautiful bruthes of light.

Two kinds of amalgama are much in requeft
at prefent. One is made of quickfilver five
parts, zink one part, melted together with a
{mall quantity of bees-wax : the other is the
aurum mufivum of the thops. I find it difi-
cult, after many trials, to fay which of thefe
alt the beft,

The following experiment feems to illuftrate
and confirm the foregoing conjeftures on the
mechanifin by which the fluid is extraéted
from the cufhion, and the bodies conneéted

with it,

Experimewr IX.

Break a ftick of fealing-wax in two pieces ;
thofe extremities that were contiguous will be
found eleétrified with contrary powers 3 one will
be pofitively, the other negatively, eleétrified.

Every eleftrical machine ought to be fur-
nithed with an infulated cuthion and two prime
conduttors, one for pofitive, the other for ne-
gative electricity ; as, by thefe, either eletri-

city
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city is produced at pleafure, a greater number of
experiments may be performed, and the proper-
ties of the eleétric fluid more cafily explained.

ExpErIiMENT X.

Conneét the pofitive condultor by a chain
with the table; turn the cylinder, and the
cuthion will be found to be negatively eledri-
fied. Take the chain off from the pofitive
conductor, and both will exhibit figns of elec-
tricity ; but any eleétrified body which is at-
traCted by the one, will be repelled by the
other. If they are brought fufficiently near to
each other, fparks will pafs between them, and
they will aéf on cach other fironger than on
other bodies. If they are conncéted together,
the eleétricity of the one will deftroy that of
the other; for, though it feems to proceed
from the cufhion to the conduétor, the two,
when thus conjoined, will exhibit no figns of
eledtricity, becaufe the fire is continually ¢ir-
culating from one to the other, and is kept
always in the fame {tate,

We fee, by this experiment, that electric
appearances are produced both in the electric

which is excited, and the {ubftance by which it ig
excited, provided that fubftanceé be infulated ;
but their ele€tric powers are diredtly reverfe of

cach
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each other, and may be diftiuguifhed by op-
pofite effects.

Experimezxt XI.

If the cufhion and the condu&or are both
infulated, it is obferved, that the lefs eleric
fluid is obtained, the more perfeét the infulation
15 made. A

The moifture which is at all times floating
in the air, together with the fmall points, from
which it is impoflible totally to free the cufhion,
do not permit it to be perfeétly infulated, fo as
to afford no fupply of eleftric matter to the
cufhion.

If the air, and other parts of the apparatuse
are very dry, little or no eleftricity will be
produced in the above-mentioned circumftan-
ces.

From this experiment it is inferred, that the
eleCtric powers do not exift in the cle@rics
themfelves, but are produced from the earth by
the excitation of elefirics ; or, thar the elefiric
matter on the prime conduéter is not produced
by the frittion of the cylinder againft the
cuthion, butis colleted by that operation from
it, and from thofe bodies which are conne&ed
with it

As Dr. Franklin feems to have fuggefted this
adea firft, thar the ele@ric fluid is collefted

from
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from the earth, I have {ubjoined his own ac=
count of the experiment which led him to this

conclufion,
ExperiMeEsnT - XL

e

tube, and let another perfon on wax take the
§re from the firft,. they will both of them (pro-
vided they do not ftand fo near as to touch

Let one perfon ftand on wax and rub a glafs

cach other) appear to be cle@lrified to a perfon
ftanding on the floor ; that is, he will perceive
a fpark on approaching either of them with his
knuckle. 2. But if the perfons on wax touch
one another during the excitation of the tube,
neither of them will appear to be ele@rified.
3. If they touch one another after the exciting
the tube, and draw the fire as aforefaid, there
will be a ftronger {park between them than wad
between either of them, and the perfon on the
floor. 4. After fuch a ftrong fpark neither of
them difcover any ele€tricity.

Thefe appearances he accounts for thus : he
fuppofes the ele@ric fire is 2 common clement,
of which ecach of the three perfons has his
equal fhare before any operation is begun with
the tube. A, who ftands upon wax and rubs
the tube, colleds the ele@rical fire from him-
felf into the glafs, and his communication with
the common ftock being cut off by ‘the wax,
hig
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his body is not again immediately {upplied: B,
who alfo ftands upon wax, pafling his knuckle
along the tube, receives the fire which was col-
leted from A, and being infulated he retains
this additional quantity. To C both appear
eleCtrified ; for he, having only the middle
quantity of eletrical fire, receives a fpark on
approaching B, who has an over quantity, but
gives on¢ t0 A, who has an under quantity.
If A and B approach to touch each other, the
{park is ftroiger, becaufe the difference between
them is greater.  After this touch there is no
{park between either of them and C, becaufe the
electrical fluid in all is reduced to the original
equality. If they touch while cletirifying the
equality 1s never defiroyed, the fire is only
circulating : hence we fay, that Bis ele&rified

pofitively, A negatively.

A defeription of fome parts of the eleirical
atparatus, which could not be regularly
introduced in the body of the work.

Fig. ¢, Plate II, reprefents a common dif-
charging rod 3 it is generally made of brafs
wire, with a ball at edch of its ends.  To dif«

charge a leaden bottle with it, hold the femi-

y

circular part in the hand, "place one ball of

the difcharging rod on the coating of the
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phial, then bring the other to touch the knob of
the wire which communicates with the: infide,
when an explofion will enfue, and the phial will
be difcharged.

Fig. 2, Plate II; is a jointed difcharging rod
witha glafs handle, the legs of which may be
moved and fet to any given diftance from each
other by means of the joint C; the extremities
of the legs are pointed; the points enter into
the balls a b, which fcrew on the legs, and
from which they may be unfcrewed at plea-
{ure : fo that either the balls or the points may
be ufed as occafion requires.

Fig. 3, Plate II, reprefents the univerfal
difcharger ; an inftrument which is of very ex-
tenfive ufe in forming communications to di-
rect or convey the eletric fhock through any
part of a given fubftance. Many examples of.
the utility of this inftrument will occur in the
courfe of this effay. When the univerful dif-
chatger is made on a large fcale, it is fuperior
to any apparatus hitherto contrived to enable a
perfon to eledtrify himfelf. AB, fig. 3, pl.11,
1s the wooden bafe of this inftrument ; on this
are fixed two perpendicular. glafs pillars ¢ d,
on the top of cach of thefe is cemented a brafs
cap, to which is fitted 2 double joint, or one
which has both a vertical and horizontal meo-
tion ; on the top of each joint is a {pring tube,
which
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which reccive the wires; ET, EF; thefe wires
may be fer at various diftances from cach ather,
and turned in any dire&ion ; the extremities of
the wires are pointed, the points are covered
occafionally by the brafs balls; which are made
to fit on the wires by {pring fockets. GH isa
fmall wooden table, on the furface of which a
flip. of ivory is inlaid : this table is furnithed
with 2 cylindrical ftem, which fits into a cavity
of the pillar I; it may be raifed occafionally to
various heights, and fixed at any one of them
by the ferew K. _ :

Fig. 4, P}at'e I1,. is a little woodm prefs, fur-
nithed with a ftem, which fits the cavity in the
pillar I, Fig. 3, into which it is to be placed
occafionally, when the table GH is removed.
The prefs confifts of two boards, which are
brought clofe to cach other by means of the
{crews aa. , _ o, :

Fig. 5, Plate ¥, is Mr. Kinnerfly’s ele@ri-
¢al air thermometer ; ab is a glals tube, on
cach énd of which a brafs cap is ¢cemented ; cd
is 2 fmall glafs tube, open at both ends, which
pafles through the upper, and defcends nearly
to the under plate; a box fcale, which is di-
vided into inches and tenths of inches, is ficted
to the upper part of this tube; g is a brafs
wire with a ball on it, which is fcrewed to the
under. plate, a fimilar wire is made to pafs

¥ through




through a collar of leathiers on the upper plate;
and may be placed at any convenient diftance
from the lower wire:

Ele@tricians have long wifthed for an inftru:
ment which would #fcertain, in an exact and
invariable manner, the degree of electricity
excited when any experiment is made: For this
purpofe a great miany contrivances have been
propefed and exceuted, which, upen trial, are
41l found to be vety defetive:

Mr. Achard, who bas confidered the fub-
ject with attention, fays, that an ele@rometer
ought to have the following propetties

1. That it fhould be fimple in its conftruc-
tion, and net compofed of many parts:

s, It thould not Le affected by the variations
of the atmofphere:

3. That it fhould indicate {mall as well as
large degrees of eletricitys

4. Not be adjufted to any fixed meafure.

T ele@iric power fhould be expreffed
by a fixed and invariable force, as thatof gra-
vity.

6. That the obferver be enabled to read off
¢he divifions at a diftance; which will prevent
his weakening the influence of the eleflric
powers,

This gentleman has publifhed a very ingenious
paper on the nature and properties of eleftrome-

ters,
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¢ers, which I meant to haveintroduced in this place
if I had ndt been informed that he had made @il
further improvements on the fubjeG which he
defigned to communicate to the public.

Plate 1I, Fig: 6, teprefents the quadrant
cleCtrometer, the moft ufeful infirument of the
kind yet difcovered, as well for meafuring
the degree of ele@ricity of any bedy, as to al-
bertain the quantity of a charge before an ex:
plofion ; and to difeover the exadt time the
electricity of a jar changes; when, without
making an explofion, it is difcharged by giving
it'a quantity of the contraty cleftricity. The
pillar .M is generally made of wood; the
gmduaied atch NOP of ivory, the'rod RS
is made of very light wood, with a pith ball
at the extremity ; it turms dpon the center of
the femicirele; fo as always to keep wear its
furface ; the extremity of the fiem LM miay
¢ither be fitted fo the condt&or or the knob of
ajar; When the apparatus is eleClrified; the
tod is.repelled by the ftem, and moves along
the graduated arch of the femicircle, fo as to
tnark the degree to which the éonduflor is elec-
trified, or the height to which the charge of
the jar is advanced.

" Beccaria recommends fizing the index be-
tween two femicircles, becaufe when it is
placed over one only, the eleétricity of this res

D =2 pele
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pels and counteraéts the motion of the index:
Other improvements and variations have been
made in this inftrument, which will be de-
fcribed hereafter.

Plate II; Fig. g, is an cleftrometer which was
contrived many years fince by Mr. Townfend,
to afcertain the real force of the cleétric explo-
fion. ab isa fimdll ivory plate, ¢ a loofe cone
of ivory to be placed on the plate ab, efg a
cirele which tutns ffeely on two Centers, an arm,
d, of wood proceeds from this circle and lyes
ofi the cone of ivory: The difcharge is made
to pafs under the cone which throws up the arm
d, the elevation of which is marked by the
index h ; a piece of filk firing is fixed at one
end to the bottom board at i1; and paffes
over the wheel, a weight k is ticd to the other
end to regulate the friétion of the ¢ircle efg.

Fig. 8 is an infulating ftool ; the feet are of
glafs. When it is ufed, the infulation will be
rendered more perfe@ by placing a fheet of pa-
per well dried under the feet of the flook

CHAP,
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CHAP 1L

Dhe Properties of Eleltric Attradtion and
Repulfion, illufirated by Experiments on
light Bodies,

ATURAL philofophers were originally

incited to confider the nature of electri-

from its firong attraftive and repulfive
powers, The p'h(r:nomcr.m exhibited by thofe
m)"ftérihus - properties are 1o various and fo
pleafing, that they werg led, as by enchant
ment, to purfue the fubject ; and have been
richly rewarded by the difcoveries, which are
both interefting and important, '

The powers of Genius have been exerted
with induftrious ardour to invefligate the caufes
of thofe _nropegtia_:ﬁ ; but, we ﬂrc'ibrr}" to own,
they ftill remain involved in deep oblcurity,
and we are fill totally ignorant of that
mechanifm by which light bodies, when elec-
trified, approach or recede from each other,

To enter into a difcuffion of the difficulties
which perplex this fubjeét, wauld lead me too
far from the defign of this effay ; I fhall, there-
fore, proceed to ftate thofe general properties,
or modes, of ation which are obferved in elec-

D2 tric
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tric attraction and repulfion, and then deferibe
the experimenss from. which thofe properties
have been deduced, or by which they are
slluftrated.

General Preperties of Blefirical Aitraétion
and Repulfion.

1. The ce@ric fluid, when in action, difs
ofes or places light bedies in fuch manner as
will beft facilitate its tranfmiflion through them,
with the greateft velocity ; and this in propor-
fion to the graviry of the body, its ccndd&mo
power, and the ftate of the air.

2. Bodies that are clefrified pofirively repel
each-other.

3. Bodies eleCtiified ncgatively repel each
other. .

4. Bodies ele@lrified by contrary powers at-
¢ra& each other ftrongly. '

5. Bodies that are eleftrified, attrat thofe
fubftances which are not electrified.

6. Thofe fubftances that are brought within
the influence of eledtrified bedies, became pol-
fefled of a contrary clectricity ; or, eleftrified
fubftances, witheut parting with their own
ele@ricity, act upon other bodies in their neigh-
bourhood, producing in them an electricity
which is contrary to their own; or, bodies

- which
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which are immerged in an eleftric atmofphere,
always become poffefled of a contrary eleftricity
to that of the bedy in whofe atmofphere they

are imimergec d.

Experiment XIIL

Fix the end A of the wire AB, Fig. 10,4
i the fmall hole which 1s at the end.of the
prime condutor ; turp the cylinder, and the fea-
thers, which -are conneéted with the wire by
linen threads, will feparate from cach other;
she fibrous and downy parts will become tur-
gid, and expand in 2 pleafing manner, in a
varicty of direclions.

Prefent a metallic point, the finger, or any
other condudting fubftance to the feathers, the
downy parts thereof will immediately collapfe,

the divergence of the feathers will ceafe, and
they will approach each ~ other, and cling
round thanon-cleftric body.

The feathers feparate from cach other, and
tend towards unele@rified bodies, from the
effort made by the elecricity which is commu-
nicated to them to diffufe itfelf, and the rcfift-

ance it meets with from the air,

D4 Ex-
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Exprrimeny XIV,

Fix the end € of the wire CD, fig. 11, into
the hole at the end of the condu&or, put the
machine in altion, and the two fmall balls cd
will recede from ecach other. Bring a condu&-
ing {ubftance within the {phere of their adtion,
and they will fly towards it; touch the con-
dultor with a non-eleétric, and they will imme-
diately come together.

The balls do not always diverge fo much as

<

E might be expefted from the action of their at-
] mofphere, becaufe til_f:}r are influenced by that

of the condu&or.

The balls, or feathers, will feparate, &c. in

the fame manner, if they are annexed to a ne-
| gative conductor.
i : C
Experiment XV, : '

Prefent a fine thread towards an elefirificd
conduétor ; when it is ata proper diftance it will

- fly towards and flick to the conduétor, and
] convey the eleftric fluid from it to the hand;
remove the thread to a fmall diftance from the
conductor, and it will fly backwards and fgr- -
wards with great velocity, and in a very pleaf~
ing manner ; prefent the fame thread towards
| gne that hangs from ?hp conductor, they will
attract
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gitralt and join each ether.  Bring a non-
electric bodv, as a brafs ball, near thefe threads,
the ball will repel that held by the hand, and
attract that which is affixed to the conduétor :
the upper thread renders the brafs ball nega~
tive, and therefore goes towards it ; while the
under thread, which is alfo negative, is re-
pelled. Let the ball be brought near to the
lower part of the under one, and it will be
attracted by it.  The junétion of the threads
arifes from the effort the ele&ric fluid makes
to diffufe itfelf through them.

ExrerimMenT XVL

To the edge of the brafs hoop bc d, fig. 12,
arc faftened, at equal diftances from each
other, fix or feven pieces of thread, about
four inches leng ; a wire proceeds from the
hoop which fits into a cavity in the pillar
D; ze, is a brals wire, to one end of
which are faftened feveral fmall pieces of
thread ; fit the plain end of the wire into the
hole at the end of the condutor, place the
hoop bed at right angles to the wire ze, and
directly over the threads at the end z ; turn
the cylinder, and the threads tied to the hoop
will be attra@ted by thofe which are faftened
to the wire ze, and will point towards each

other
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other as fo many radii of a civcle. The elees
gric fluid pafles from the threads of the wire
into thofe of the hoop, and thus occafions the
feeming attraction between them.

Place the hoop bcd en an infulating ftand,
and when it is fatprated with thé elefiric mats
ter, the threads which are tied to it will be
repelled by thofe of the wire ; touch the hoop,
and they will be again attracted, If the hand
is brought near the threads, they will quit
their central direftion and move towards it,
The ends of the threads appear luminqus in
the dark. -

Exvserimznr XVIH.

Sufpend the {mall metal Plﬂtﬁ F, ﬁg 13,
to the conductor by the hook H ; place the
ftand I dire&tly under it, and the large
plate G on the top of the ftand ; the upper
part of the fland I is moveable, fo that the
diftance of the two plates from each other
may be occafionally varied. Lay fmall paper
images, or any other light fubfiances, on the
under plate, then put the machine in aétion,
and the light bodies will be attradted and
repelled by each plate, and move from
one plate to the other with confiderable ve-
locity.

The
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The light bodies placed on the under plate
become poffefled of an elefiricity which ig
contrary to that of the upper plate, and are
therefore atrradted by it, and acquire the fame
eletricity with it ; they arethen repelled, and
part with this cleétricity to the fland, and are
again in a proper ftate to be attracted by the
upper plate, That thefe bodies cannot be at-
¢racted by the upper plate tijl they have ace
quired a power contrary to it, er till the equilis
brium of the fluid in them is difturbed, will be
evident from the following experiment.

EXPI;:RIMENT XVIII.

Remove the under plate and ftand, hold

in its ftead, by onc corner, a pane of glafs,
which has previoufly been made very clean
and dry ; now, as glafs does not tranfmit
ele@ricity, no contrariety in the eleciric flates
of the conduétor and the light fubftances can
be occafioned, and thercfore no attraction or
repulfion is obferved.
‘ ‘If a finger 1s pri‘.fcm'ed to the under fide of
the glafs plate, the light bodies will be at-
tracted and repelled ; the caufe of this will
be feen when the nat_t{rc of the Leyden phial is
explained. :

Mr,
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Teles,* fpeaking of this alternate ats

il
tracion and repulfion, fays, they may be
:;f{1‘x;‘"!‘.‘.'ll‘»?}" varied, by v:ctting firt the head of

the paper images, and when thefe are dry, wet-
ting the feet. ‘
¢« When you dry the head of one of thefc

¢ images, the power thrown out from the con-
¢ ductor cannot enter the image with the fame
facility with which the contrary power from
the table enters at the feet, which are not fo

this will therefore afcend te the upper

3
¢ plate and remain there. Reverle the experi-
< ment, dry the feet and wet the head, and
he images will fix themfelves to the lower
¢ plate, If the image retains fo much more of
¢ fhe artraed power as will halance agamil its
¢ weight, than there is of the contrary power
¢ wliich procu[‘.ds from the ‘conduftor, the
¢ image will be fufpended between the twa
i lﬁ:u‘,as.”

¢ This may be effetted by making the head

¢ of the image broad and round, which does

¢ not admit the power coming out fo readily

¢t 55 the feet, being fharp, admit the power
£ 2 minute alteration will make the

OO i '
gomg m;

‘ images dance Qt remain fixed to ope of the

-
-,

=

¢ plates.”
E::.’

# Philofophical Effays. Preface, page 25
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Exreriment XIX.

Place a {quare piece of leaf brafs or filver on
the under plate, hold this parallel to the upper
one, at about five or fix Inches from it, turn
the machine, and the leaf will then #ife up
into a vertical fituation, and remain between
the two plates withour touching cither of them:
Prefent a metal point towards the leaf, and it
will immediately fall down.

Experivmrint XX,

Place a brafs ball at K, fig. 14, at the end
of the conduftor, and when the leaf of brafs is
fufpended between the plate and ball, ‘move
the plate round the ball, and the leaf will alio
move round without touching either ball or
plate.

A glafs cylinder is occafionally placed be-
tween the two metal plates FG, fig. 13,
to prevent bfan, fand, or other light fub-
ftances being thrown offi

ExperimentT XXL

Place two wires directly under, and paraliel
to, each other, fufpend one from the cons
ductor, let the other communicate with the
table ; alight image placed between thele will,

when
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swhen the conduor is ele@rified, appear like 2
kind of ele@rical rope-dancer:-----See fig. 15.

Eifprrimint XXIIL

Cut a piece of leaf brafs, with an obtufe
angle at one cod, and a very acute one at the
other, prefent the large end towards an eletri-
fied condutor; and when the leaf brafs is
within its atmofphere let it go; it will then fix
1tfelf to the conduftor Uy the apex of its obtufe
angle, and, from its confinual wavering mo-
tion, will appear to be animated.

The next cxperiment requires confiderable
atiention to make it fucceed ; as a fmall differ-
ence in the apparatus, or in the force of the
miachine, &ci will make it fail ; when it an~
fwers, it generally affords pleafure to, and ex-
cites admiration in the fpedtators.

EXPERIMENT XXIIL.

Fix the ring N OP, fig. 16, to the end of
the conduétor, place the plate G, fig. 13, on ity
ftand I under it, and at a litele diftance from it,
put a very light hollow glafs ball upon the
plate but within the ring, turn the cylinder,
and the litele ball will deferibe an orbit about

the ring; and turn at the fame time about itg
' own
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twn axis ; the poles of its rotation are nearly
at right angles to the plane of its orbit:

ExpeRiMent XXIV.

Fig. iy teprefents a finall fet of bells; the
two extetior dnes are connedted to the wire VY
by a brafs chain, the middle bell and the clap-
pers are fulpended on filk.

Hang the bells on the conduGor by the hook
RS, let the chain from the middle bell touch
the table, turn the cylinder, and the clappers
will fly continually from bell to bell as lv'ng as
the eletricity continues:

The brafs chain, which conne@s the two ex-
terior bells to the condutor, conveys the elec-
tric fluid to them, which attraéts the clappers ;
thefe; when they have received the eleirie
fluid; are repelled by the exterior bell, and at=
tracted by the middle one, on which they de-
pofit their cletricity ; they are then apain -
tracted and repelled by the outer bells. Hold
up, by a filk thread; the chain X, which pro-
teeds from the middle bell, and the ringing will
ceafe, becaufe it cannot convey the ele@rie
fluid communicated by the clappers to the
ground.

Fig. 18 reprefents a more -elegint form of
mounting the bells: When thisds ufed, the

: koob
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knob a2, fhould' communicate with the com»
duéor. . ¥ :
Fig. 19 reprefents another kind. In this
the clapper is fufpended from the fly bed, the
axis of the fly refts in a fmall hole on the top
of the glafs pillar ef, the upper part of the
axis moves frecly in; and is fupported by, 2
hole itf tHe brafs piece g. Bells of different
tones are placed round the board h1 K. Re-
move the prime conductor, and ptace this appa-
ratus in its ftead near the cylinder, when thisis
in action, it will caufe the fly to turn round, the
clapper will firike each bell in rotation, and
thus produce a pleafing and harmonious {ound.

Experimens XXV.

Take 10 or 32 pieces of thread, each about
ten inches long, tie them together at the top
and the bottom, as in fig. 20, then fufpend
them from the condufor ; the threads, when
electrified, endeavour to recede from cach other,
and the knot at the bottom rifing upwards as
the repulfion of the thread inercafes; will form
them into a {pheroidal figure.

ExprriMENT XXVL

Bring a downy feather or lock of cotton tear

the end of an excited tube, or the knob of 2
charged
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charged Leyden phial, the feather will at firft
fly towards the tube, but when it is faturated
with the ele@ric matter, it will recede from it,
and may be driven about the room by the ex-
cited tube till it touches fome nen-conduor
to which it can impart its ele@ricity. .‘The
fame fide of the feather is always turned to-
wards the tube; becaufe, the eled@ricity ac-
quired by the feather; is foreed by the aétion of
the tube to that fide which is fartheft from it,
which is therefore repelled.

It is eafly to perceive, from this and the fore-
going experiments, that it is not the meére mat-
ter which is attralted, but that the different
phoenomena are occafioned by the ftate of the
eletric fluid, in thofe fubftances which are

influenced by the machine,

Exprrimext XXVIL

Put a pointed wire into one of the holes
which are at the end of the conduétor, holda glafs
tumbler over the point, ther electrify the con-
ductor, and turn the tumbler round, that the
whole interior furface may receive the fluid
from the point, place a few pith balls on the
table, and cover them with this glafs tumbler,
the balls will immediately begin to leap up and

E dowm
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down as if they were animated, and will con=
tinue to move for a long time.-=--Sec fig: 21.

This experiment may be agreeably varied
with two tumblers. Elecrify the infide of one
pofitively, of the other negatively ; put the
balls in one tumbler, and then bring the mouths
of both in contaé, the balls will pafs from one
to the other, till the contraricty between them
is deftroyed.

An cleétric fubftance contained between pa-
rallel furfaces, however difpofedy is called am

eletric plate.

ExrerimeEnt XXVIIL

Flefrified fubftances will attract thofe which
are not eleftrified, although a thin electric plate

be interpofed between them.

ExrzrimeEnT XXX,

Bodies: electrified with contrary powers at-
tralt cach other ftrongly, although an electrie
plate is interpofed between them.
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CHAPER IV,

Aitradtion and Repulfion confidered, relativé
to the two jJlates of Eleiricity.

H E experiments defcribed in this chapter

are fimple, eafily performed, and certain
in their refults ; and, though they may at firft
fight appear to be trifling, yet, on an attentive
examination, they will be found of confiderable
importance, as they afford a clue to invefligate
and explain a variety of clediric pheenomena,
and exliibit, in a flrong point of view, fome of
the contrary cffeéls of negative and pofitive
elediricity:

Thefe experiments may all be made with a

[mall and parmbh apparatus ; confifling gene«
‘l\, of two brafs tubes, as A and B; fig. 22,
vach of thefe is (upported on a glafs pillar G,
which ferews into a wooden foot Fl, a pair of
fmall pith balls Tufpended on linen threads, ag
I, K, fit upon each tube by means of a f{imall
brafs ring ; thefe tubes, with a piece of fealing
wax or a glafs tube, are fufficient to illuftrate
the greater part of the cxperiments in this
chapter, as well as fome of the principal phee-
Romena in cle@ricity.

E a The
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The apparatus will be rendeted more comm=~
plete by the addition of two more brafs tubes
with their ftands, a fmall Leyden phial, and
a piece of varnifhed filk.

Mr. Wilfon, in a mafterly tract on this fubject,
entitled, ¢ A fhort View of Eleétricity,” has,
with a fimilar apparatus, explained and il-
luftrated all its general principles

Exreriment XXX,

Touch a pair of infulated pith balls with an
excited glafs tube, they will become electrified,
and will feparate from each other ; the balls are
cle@rified pofitively, and are therefore attradt-
ed by excited wax, and repelled by excired

g‘a:ifs.

ExrepimMint XXX

Hold an excited olafs tube over one of the
brafs tubes, but at lome diftance from it, part
of the natural quantity of eleétricity contained
in the brafs tube will be driven into the pith
balls that are annexed to it, by the exeited glafs,
the balls will diverge with pofitive eletricity ;
remove the cxcited glafs, the balls will then
seturn to their natural ftate and clofe.

Ex-

.
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Exreriment XXXIL

Ele@rify the pith balls that are fufpended
from the brafs tube A, fig.27, then bring the
end of this tube in contact with the end of the
tube B, the balls of which are un-clectrified ;
the ftock of ele@ricity given tothe tube Awill be
equally divided between each pair of balls,
thofe of the tube B will open, and thofe of A
will clofe a little.

Experiment XXXIIL

Ele@rify the tubes A and B, fig. 27, equally
and with the fame power, put the ends of the
tubes together, and the divergence of the balls
will not be altered.

EXPERIMIENT XXXIV.

Eleétrify the tubes equally, but with the dif-
ferent powers, one with glafs, the other with
wax, bring the ends of the tubes in contact,
and the balls will clofe.

We learn from thefe experiments, that the
pofitive and negative powers counteratt each
other 3 whence, if both are applied at the fame
time to any body, the eletricity it acquires will
be only the difference of the two, and confe-
quently that of the ftrongeft.

E 3 E x-




AN ol 8.8 AvE

ExpERIMENT XXXV.

Hold an excited glafs tube to one of the brafs
tubes, touching this tube at the fame time with
your finger, part of the natural quantity of the
eleflrical fluid refident in it will be forced bw
the excited glafs tube into the finger, remove
at the fame inftant the finger and glafs, and the
balls will remain negatively elefrified.

Exprrimint XXXVIL

Place the brafs tubes, A and B, fig. 22, in
a firait line with their ends in contad, hold the
¢xcited glals over the tube A, part of the elec-
tric fluid naturally refident in this will be driven
into B; {eparate the tubes, the balls of A will be
negative, and thofe of B will be in a pofitive

flate.

Exrrriment XXXVIL

Infulate a long metallic rod, fufpend a pair
of pith balls from cach end of it, place one of
the ends at about two inches from the prime
conductor, the other end as far from it as poffi-
ble, eleCrify the conductor, and the cle@ric
fluid in the rod will be driven to that end which
is furtheft from the conduétor ; fo that one end
will
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will be cledrified negatively, the other end
pofitively, - as will be feen by the balls.

Experiment XXXVIL

Apn'l‘ a fHck of excited wax to the tube D,
fig. 23, as at A, while it remains there the
balls open with negative eleGricity ; raife the
wax, asat B, and the balls will elofe ; raile it
ftill higher, and they will open with pofitive

ele &I‘lC’t\ .

ExperiMENT XXXIX,

Excited glafs held over the middle of the
tube A, fig. 24, forces fome part of the natural
quantity of cletricity of A into the balls, and
fome part out at the two ends into the air.
During this experiment, the balls of A are 1e-
pelled by glafs, and are therefore in a pofitive
ftatc ; but, after the excited glafs is remov ed,
they in a very little time change to 2 negative
ftate, becaufe part of the patural quantity had
¢fcaped from the pointed ends inio the air,
while the glafs was held over the tube; but,
when the glafs 1s muovd, the over-charge in
the balls will of coutfe return, and diffufe itfelf
equally in the tube, but as this is not fufficient
to balance the lofs fuftained, the tube, tlumd
and balls mudt be in 2 negative fate, =

E 4 Ex-

# Wilfon’s Short View of Elefricity, p. 7.
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ExperiMENT XL,

Place three tubes, A, B, C, fig. 25, ina
line near to, or in conta® with, each other ;
excited glafs held over A forces out part of the
natural quantity of fluid contained in A into
B and C; feparate A from B and C; A will be
cleftrified pegatively, Band C will be in a pofi-
tive ftate. Put the three tubes into their former
fituation, the equilibrium will be reftored, and|
the balls wijl collapfe.*

ExperimentT XLI

Place four tubes, as A, B, C, D, fig. 26,
in conta& with each other ; excited glafs held
over A forces part of the fluid contained in it
into B, the quantity received in B will force
out a certain portion from C into D ; the mo-
ment before the excited glafs is removed from
A, feparate B and D from A and C, after
which it will be found, that A and C are in a
negative, and B and D in a pofitive, ftate. *

ExperimeEnT XLIIL

Excited glafs held at 2bout one inch diftance
from the end B, of afolid cylinder of glafs B, I,
fig, 28, PLIII, which is fix feet long, and

about
* Ibid, p. 8. |

|
|
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about half an inch diameter, will force part of
the fluid at the end B towards the remote end
D ; but, in doing this, the natural quantity
belonging to the glafs will undergo feveral al-
terations, which are difcovered by the effed an
excited glafs tube has on a number of pith balls,
which are fufpended at equal diftances from
cach other between B and D ; in a little fpace
of time the eletricity of thefe is changed, thofe
that were pofitive will become negative, and
thofe that were negative will become pofitive.

If the excited glafs is held in conta&® with
the end B, the additional quantity received at
8 will, in going towards D, caufe feveral al-
terations in the denfity of the fluid in B D, but
ghefe alterations will be converfe to the former,
and after a little time will alfo be reverfed.

It may be inferred from thefe experiments,
that whenever the ele@ric fluid in any body be-
comes fuddenly more denfe in any one part,
the fluid in the neighbouring parts will be
more rare, and wvice verfa. 'Thefe alternate
changes of rarity and denfity muft, from the
nature of an elaflic fluid, continue to ofcillate
many times backwards and forwards before the
fluid can be at reft ; though, when thefe mo-
tions are weakened to a certain degree, rhr}y are
imperceptible to the obferver. *

It
¥ Ibid, p.18.
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It is not improbable that the attradive and
repulfive motions of eleétrified bodies, are ow-

ol the eletric fluid on the furface of thefe bo-

_‘ ing to the alternate condenfation and delatation
|
|

dies, as they are naturally carried where they
meet with the leaft refiftance.

‘That there i3 a vibratory motion, er firuggle,
between the eleftric fluid, when in adtion, and
ol the airy s evident from that fenfation which is
& fele when a firongly excited ele@ric is brought
- near any part of the human body ; this is fuch

ol as would be occafiened by a fpider’s web drawn
‘ lightly aleng the fkin, This circumitance is
rendercd more ¢lear by an experiment made by
Dr. Priefiley, in order to difcover whether
elefiricity was concerned in- the freezing of*
water,

——

Exreriment XLIIIL

He placed two difhes with water in the open
g air in the time of a fevere froft, one of them he
. ‘ kept ftrongly ele&rified, and could obferve no
t difference in the time when it began to freeze,
or in the thicknefs of the ice when it had been

frozen fome times but he obferved, on each
fide of the electrified wire, the fame dancing
vapour which is feen near the furface of the

carth

¥
4
[ |
|
\
|
\ [
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earth in a hot day, or at any time near a body
ftrongly heated.

It appears, from feveral experiments of Be-
caria, that if the air is thoroughly exhaufted
from a glafs receiver, the .attraction and
repulfion of eleétrified bodies within the re-
geiver, grow languid, and foon ceafe altoge-
ther.

Experiments on the attrallion and repulfin
of excited filk ribbous.

Exrerimeznr XLIV.

Put a black and a white ribbon together, and
draw them through the fingers; by this opera-
tion the white ribbon will be elerified pofia
tively, the black negatively, and will confes
quently repel each other.

Expzriment XLV.

Lay cither of the ribbons upon a quire of
paper, and draw over it amber, fealing-wax,
or any other negative ele@ric, the ribbons will
be excited pofitively, ;

If pofitive cleftrics are drawn over the rib-
bons, they will be excited negatively,

Ex-
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ExrerIMENT XLVL

A piece of flannel and a black ribbon will
| excite as well together as a black and white

X ' ribbon.
‘ :
/| : ExperivmertT "XLVIL-
J Dry two white filk ribbons at the fire, ex-
- | tend them on any finooth plane, draw the edge

of a fharp ivory rule over them; while they
3 1 continue on the plane they do not feem to have
acquired any eledricity, yet, when taken up
( ftperately, they are oblerved to be negatively
eledtrined; and repel each other.
l When they are feparated from each other
x clediric fparks are perccived between them, but
when they are again put on the pla-ne, no light
is perceived without a {econd frition. '

i - ExreriMent XLVIL

‘ Place the ribbons on a rough conduéting fub-

"l ftance, rub them as before, and they will, on

| their feparation, fhew contrary eleétricities,

f which will alfo difappear when they are joined
together,

jl If the ribbons are made to repel each other

| and then joined together, and placed on the
fore-

1
1}
| [
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fore-mentioned rough fubftance, they will in a
few minutes be mutually attradted ; the upper-
noft being pofitively, the undermoft negatively,
ele&trified. .

When two white ribbons receive their fiics
tion on a rough furface, they always acquire
contrary ecleftricities 3 the upper one is nega-
tively, the lower one pofitively, ele@rified.

Experimesr XLIX.

When two ribbons are made to repel each
other, draw the point of a needle lengthways
down one of them, and they will rufh 1epes

.
NCT.

Experiment L.

Bring an electrified ribbon near a fmall infu-
lated metallic plate, it will be attratted but
feebly ; bring a finger near the plate, a fpark
will be ebferved between them, though both
together fhew no figns of ele@ricity ; on the
feparation of the ribbon they again appear to
be electrificd, and 2 fpark is perceived between

the plate and the finger.

Experiment LL

Lay a number of ribbons of the fame colour
wpon a fmooth conducting fubftance, draw the
ivory
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ivory rule over them, take them up fingly, arid
each will give a fpark at the place where it ¢
feparated from the other; the laft will do thé
fame with the conductor ; they are all negartively
ele@rified. Take them from the plate together,
they will all cohere i onc mafs, which is nega-

tively eleérified on both fides:

ExperiMenT LIL

Iet them be placed on a rough condulting
fubftance, and then be feparated fingly, begin-
ning with the lowermoft, {parks appear as be-
fore, but all the ribbons will be eletrified po-
fitively except the uppermoft: If they receive
the friction upon the rough conduétor, and are
all taken up at once, all the intermediate rib-
bons acquire the eleltricity of the higheft or
loweft, according as the {eparation is begun
with the higheft or the loweft.

The following very curious obfervations and
experiments were made by Mr. Symmer. He
had been accuftomed to wear two pair of filk
flockings, a black and a white, when thefe
were pulled off both together no figns of elec-
tricity appeared ; but, on pulling off the black
ones from the white, he heard a fmapping or
cracking “noife, and in the dark perceived
fparks between them, To produce this and

the
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the fol.lc)'-.\-'ing appearances in great perfection,
it was only neceffary to draw his hand fevera¥
times backward and forward over his leg with
the fockings upon it

When the ftockings were feparated and held
at a diftance from each other, both of them ap-
peared to be highly excited ; the white flocking
poﬁmdy, the black nc‘gﬂtwcl). While they
were kept at'a diffance from each otheér, both
of them appeared inflated to fuch a degree that
they exhibited the intire fhape of the Ieg:
When two black or two white {lockings are
held in oné hand, ‘they repel one another with
confiderable force;. When a white and a black

Rocl{mc were prelented to cach other they were
l‘

mutually attracted, and ruth together, if per-
mitted, with great violenee. As they ap-
proach the inflation gradus {ubfides, and

their attraction of foreign objects diminithes
o »

but their attraftion of one another inc

LICD

>

when they acually meet, they become flat and
joined clofe together, like fo many folds of

filk ; when feparated again, their ele@ric virtue
does not feem to be in-the leaft impaired for
having once met. 'The fame appearances will

be exhibited by them for a confiderable time,
When the flockings were fuffered to meet,
they ftuck together with confiderable force
at firft Mr. Symmer found they required from
one
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one to twelve ounces to feparate them. Anos
ther time they raifed 17 ounces. Getting the
black ftockings new dyed, and the white ones
wathed, and whitened in the fumes of new ful-
phur, and then putting them one within the
other, with the rough fides together, they re-
quired three pounds three ounces to feparate
them.

When the white ftocking was put within
the black one, fo that the outfide of the white
was contiguous to the infide of the black, they
raifed nine pounds, wanting a few ounces;
when the two rough furfaces were together they
raifed fifteen pounds, one penny weight, and @

half. [
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CHAP. Y.
of the Eleftric Sj?ﬂi‘fé",

Expsrimext LIIL

I X the wire and ball B to the end of the

conductor, as at A, fig. 29, turn the cy<
linder, and then bring the kn”uckle, or another
metal ball, as ¢, towards B ; if the machine
is powerfull, a long, crooked, brilliant, elecs
tric ipark, with the appearance of fire,
attended with a fbapping noife, will pafs be-
tween the two balls, or between the knucklg
and ball,

The experiments in the foz‘cgoing chnpter
fhow, that thofe fubftances which are brought
W1thm the influence of eleétrified bodies, will
become poflefled of a contrary chc’t“utf, and
are confequently in a proper flate to receive a
h)mI\ from any body that is charged with elec-
tric matter ; and, when brought near enough,
they will receive the fluid in one explofion. If
the conductor is negative, it receives the fluid
from the approaching body. The fpark does
not explode at the greateft diftance on a given
body, until it has firft been made to firike at

& B

o fome
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fome {maller diftance, which, as it were, en=
tices the difchatge gradually forwards.

The longeft and moft denfe iparks procecd
from that end of the conducter which is far-
theft from the cylinder, though longcurvilinear
fparks may .alfo be taken near the infulating
pillar which fupports the eondudtor.

The fpark, er quantity of electricity dif-
charged, is nearly in proportion fo the fize of
the conduétor ; fo that larger and longer fparks
are obtained frem a eonductor which has a
confiderable furface, than from 2 fmall one,
This has been extended fo far, that the force
of the fpark frem a conductor has been equal
to a fhock from a good fized phial.

The momentum or effort of the eletric
fluid feems to- be produced by the incumbent
preflure of the atmofphere on the eleétric mat-
ter, and the preflure of one part of this matter
upon another 3 which muft be very great, if
the parts of it arem contalt, or a& immedi-
ately one on the other throughout the wide im-
menfity of {pace.

When the quantity of elefricity is fmall,
and incapable of {triking at any confiderable-
diftance, the fpark appears ftrait; but, when
it is ftrong, and capable of ftriking at a greater
diftance, it affumes a crocked or zig-zag di-
jeftion ; and this, probably, becaufc the more

fluid
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fluid ele@ric matter has to pafs with great ra-
pidity through the denfer and lefs fluid at-
mofphere, which reciprocally act upon cach
bther.

It will be feen, by a great vnri;‘t'; of expec-
fiments, that the electric’ fluid 13 ; diffipated,
unlefs it is refifted by the prcﬁ'ui‘e of the at-
mofphete; which keeps the fire together in a
body, and by concentrating it increafes its
fplendor: The fpark whic h explodes in the
air is vivid; like lightening ; but, if the fame
is tried in an exhaufted receiver; inftead of a
{park and explofion, we have only a filent,

faint, diluted {ftream.

Becearia fays, that the air refifts the ele&ric

*CL

fpark in properticn to its denfity; and the thicks

aefs of the firatum it oppofes to the fpark, or
the length of the paffage they open for them-
felves th rmw‘l its fubftance. Hec allo’ thews,
by a variety of experiments, that the air is
driven in cv'*rj dire@ion by the eleftric fluid
with a foree, the aétion of which decs not im-
;-]u.l.n.. v fubfides

The cleftric fpark appears of a different
colour according to its denfity : W hen it is rare

it appears of a blueifh colour ; when more dgm

} white like the ligh ¢ of the fun:

e

F 2 T

1
i.t is }'H[Tp:{j . Whull h ;:;ll '\, con (;....u Ll 1T ;5 C}kaf
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The middle part of an eletric fpark often ap-
pears diluted, and of a red or violet colour,
the ends are more vivid and white, probably
becaufe the fluid meets with the greateft refift-
ance at its entrance and exit. '

The fpark is fometimes divided intor many
parts, as in fig. 30. The rays of the pencil
concentrate where they firike the bally and
form upon it many denfe and fhining {parks.

Exreriment LIV,

Place an ivory ball on the conduétor, take a
ftrong {park, (or pafs the charge of a Leyden
bottle through the center of it) the ball will
appear perfe&tly luminous. If the charge is
not taken through the center, it will pafs over
and corrode the furface of the balls

Experimzxt LV,

“ Take a fpark through a ball of box-wood,

“w= and it will appear of a beautiful crimfon, ot ra~
ther a fine fearlet colour : or the fhock may be.. ... =

paficd . through pieces of  wood of different

thicknefles and denfity, which will afford P

very ample field for obfervation and “experi-
mcnt.
The
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The two foregoing experiments are fo
analagous to the famous experiment of Mr,
Hauxfbee, and fome others which have been
made fince his time, that I have fubjoined
them, and hope they will lead to a further in»
veftigation of this curious fubject.

ExperiMenT LVIL

Mr: Hauxfbee lined more than half the infide
of a glafs globe with fealing wax, he exhaufted
the globe, and put it in motion, when, on ap-
plying his hand to excite it, he f{aw the fhape
and figure of it as diftinétly on the concave fu-
perficies of the wax within, asif only pure
glafs had intervened between his eye and his
hand. The lining of wax, where it was thin-
eft, would but juit allow the light of a candle
to be feen through it in the dark. In fome
parts the wax was at leaft an eighth part of an
inch thick ; yet, even in thofe places, the {hape
and figure of his hand were as diftinguithablg
as any where elfe.

Beccaria difcharged an electric fhock through
fome brafs duft {prinkled between two plates of
fealing wax ; the whole was rendered perfecily
Juminous and tranfparent.

F 3 E ;
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ExpeErimeNT LVIIL

This extraordinary experiment was made by
Dr. Pricftley, and is thus defcribed by hir,
1laid a chain, which was in contatt with the
outfide of a jar, lightly on my finger, and
fometimes kept it at 2 {mall diftance by means
of a thin piece of glafs, If I made the dil-
charge at the. diftance of about three inches,
the eleiric fire was vifible on the furface of
the finger, g o1v mg ita fudden concuffion, which
fecmed to make it vibrate to the very bone;
and, when it happened to pafs on that fide of

the finger which was oppofite to the eye, the

whole feemed, in the dark, Pcrfeé?dy tranfs
lvzzrcntq

ExeperimMent LVIIL

Connedt one end of a chain with the outfide
of a charged jar, let the other end Iye on the
table, place the end of another piece of chain
at about one quarter of an inch diftance from
the former, then fet a decanter of water on
thefe ﬁparcm.d ends, and, on making the dif-
charge through the Chdll‘l, the water will appmf
perfeétly and beautifully luminous. This experi-
ment w 2s communicated to me by Mr. Haas, the
inventor of an improved air pump, which far

excecds
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exceeds thofe that have been hitherto made
ufe of.

Do not thefe experiments indicate, that
there isa fubtle medium both in electric and
non-cle@ric bodies that renders them tranfpa-
zent when it is put in motion 2

EXPERIMENT , i B

The fparks taken over a piece of filver lea~

gher appear of a green colour,

Exrzrimext LX.

EF, fig. 31, isa glafs tube, round which,
at fimall but equal diftances from each other,
pieces of tin-foil are pafted in a fpiral form,
(hence it is called the {piral tube) {rom end to
end ; this tube is inclofed in a larger one, fitted
with brafs caps at cach end, w hich are conneét-
ed with the tin-foil ef the inner tube. Hold
one end in the hand, and apply the other near
enough to the prime condudlor to take fparks
from it, 2 beautiful and lacid fpot will then be
feen at each feparation of the tin-foil; thefe
multiply, as it were, the {park taken from the
conduftor, for, if there was no break in the
tin-foil, the ele@ric fire would pafs off unpers
goived, '

F 4 Ex
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Exreriment LXI.

The Luminous Word.-
is exaétly on the fame. principles as the fore-
going. The word is formed by the {mall fc-
parations made in the tin-foil, which is pafted
on a piece of glafs, that is fixed in a frame
of baked wood, as is reprefented in fig. 32.
To make the experiment, hold the frame in
the hand and prefent the ball G to the con-
dutor, the fpark received on this will be
communicated to the tin-foil, and follow it in
all its windings, till it arrives at the hook h,
and is ‘conveyed from thence to the ground by
a chain : the lucid appearance at each break
exhibits a word in characters of fire.

This experiment

Experimenr LXII

To take the eleftric {park with a metal point;
{crew a poiated brafs wire into one end of a
{piral tube, and prefent it to the conduttor
while the machine is in action, when a ftrong
fpark will pafs between the conductor and the
point.

ExperiMenT  LXIIIL

Take a clean dry glafs tube, of about a
quarter of an inch bore, infert a pojnted wire
: in

|\l
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in this tube, keep the pointed end at fome dif-
tance from the end of the tube, let the other
end be connefted with the ground, bring the
former towards the prime conduétor, and ftrong
zig-zag fparks, attended with a peculiar noife,
will pafs between the conductor and the point.

The feparation between the pieces of tin-foil,
in Cxpcrimem 6z, forms a refiftanc¢e which hin-
ders the immediate reception of the eledric
fluid, and thus, in fome meafure, prevents the
commion aftion of the point on the conduclor ;
or, in other words, the power of a point to pre-
vent an explofion, depends on its having a per-
fect uninterrupted metallic communication
with the carth; though this is not quite fufici-
ent, as may be feen by Ex. LXIII, where the
fluid is concentrated and cotleéted by the non-
condufting fubftence, which furrounds the
point.

Experiment LXIV.

Let any perfon fland on the infulating fool,
and conneét himfelf by a wire or chain with the
prime conductor, he will then exhibit the fame
appearances which are obtained from the con-
duétor, and will attract light bodies, give the
{park, &c. and thusafford a pl eafing mode of di=
verfifying every experiment. Itis ablolutely ne-

cefiary,
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ceflary, to the complete fuccefs of this experi
ment, that no pact of the cloaths touch the
floor, table, &c. and that the glafs feet be
I carefully dried ; a fheet of dry brown paper
placed under the ftool, will be found of con-
fiderable fervice, by rendering the infulation
maore compleat.

i It the infulated perfon lays his hand on the
cloaths of one that is not {, efpecially if they
are weollen, they will both feel as it were many
pins pricking them, as long as the cylinder ig
in motion,

! Exrerrment LXV.

\ To fire fpirits of wine with the eletric fpark,
Heat the ladle, fig. 33, then pour a fmall
guantity of {pirit of wine into it, and fix it by
its handle to the end of the prime conductor;

: or, firc the fpirits, and blow them out a few

minutes before the experiment is made; take

a fpark through the middle of the ladle with a

brafs ball, and the fpirits will be fired by it.

; Or, let a perfon, flanding on an infulating
ftool and conneéed with the prime conductor,
hold the ladle with the {pirits in his hand, and
let 2 perfon on the floor take a fpark through
thcm, and thc}" will be ﬁr{.‘d.: The expcri-.
sment anfwers equally well, if the perfon on the

floor
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fioor holds the ladle, and the infulated perfon
akes the fpark,

ExperiMzent LXVL

If oil of turpentine is fet on fire in a veffel
which is placed on the conductor, and the
{molee is received on a plate, held by a perfon
flanding on an infulated ftool, he will be elec-
¢rified thercby, and enabled to fire fpirits of
wine, &c. If the infulated perfon holds a brafs
wire at the top of the flame of burning {pirits
of wine which is connected with the conductor,
he will alfo become ele@rified. Hence we
d, that either {moke or flame condutts the

ele&rical fluid,

Mr. Volta has fucceeded in obtaining une
doubted figns of eledricity from the fimple
evaporation of water, and from various chemi~

cal effervelcences,

EXPERIMENT XV,

Tnfulate a fmall crucible, containing three of
four iighted coals, throw a fpoonful of water
on the coals, and in a thort {pace of time, an
gledrometer, which communicates with the
coals by means of a wire, will diverge with
pegative eleélricity,

From
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From hence it would feem, that the vapour
of water, and, in general, thofe parts of 2
body that are {cparated by volatilization, carry -
{ away an additional quantity of elediric fluid,

L as well as of clementary heat; and that the
body, from which thofe volatile parts have

en feparated, remains both cooled and elec-

! trificd negatively 3 and, that thofc which

! are refolved into a volatile elaftic fiuid, have

g

their capacity for holding common fire, and
the clectric ﬂtl:(i augmented.

A fpecies of air which is inflammable is Aie-
quently generated in coal mines : the air alfo
emitted by ftirring the mud of fome ftanding
! waters, has been found to be inflammable.
Putrefcent animal matter alfo emits this fluid.

Tt may be ebtained by diftillation from wax,

pitch, amber, coals, and other phlogiftic fub-
ftances. ‘The following is the mofl convenient

e

———

method of procuring it : put fome {mall nails
or iron filings into the bottle r, fig. 37, cover

thefe with water, then add to this a little oil
: of vitriol, about one quarter of the quantity
3 there is of water, put the ground end of the
bent tube s into the mouth of the bott]e,l and

. ; pafs the other end through the water of the
bafon T into the neck of the bottle K, which

is filled with water, and inverted in the bafon,

the bottle K muft be fupported during the ope-

ratroll 3

|
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ration : in a little time the mixture will effer-
velce, and emit 2 fluid which will pafs through
the bent tube, gointo the bottle K, and at {afl
fill it totally, expelling the water ; the bottle
is then to be removed, and corked as expediti-
oufly as poffible.
Fig. 39 reprefents a brafs piftel for inflam-

mable air; ab is a chamber of brafs, to the
mouth a¢ of which a cork 1s fitted, 2 perfora-
ted piece of brafs ferews on to the botcom of
this chamber, (this pieceis reprefented by itfelf
in fig. 40) a glafs tube is cemented into tL{.
perforation of this piece, and a brafs wire s
alfo cemented into the glafs tube ; one'end of
this wire s furnithed with 2 ball, the other ex-
tremity is bent, fo as to come within about a
tenth of an inch of the brafs piece. Fig. 41 isa
brafs cap, which ferews on the piftol, to preferve
the glafs tube from any accident. The air with
which the piftol is to be charged fhould be
kept in a corked bottle: take out the cork,
and apply in the fame inftant the mouth of the
piftol to the opening of the bottle, and the
common and inflammable air will mix together,
becaufe the former being lighter than the lat-
ter .will naturally defcend ; keep the piflol ia
this fituation about 15 feconds, then remove ir,

and cork both the bottle and piftol with the
utmoft expedition,

if
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If the piftol is held too long over the bottley
and is intirely filled with inflainmable air, i
will not explede

Expzriment LXVIIL

Bring the ball of the piffel, which is chargu{

. with inflammable air, near the prime con-

duflor, or the knob of a charged bottle,

the {park which paffes between the end of

¢he wire f and the pieee g; fig. 40, will-fire

the inflammable air, and drive the cork o

a confiderable diftance.  This air, like all

other, requires the prefence either of pure airy

*_ or the nitrous acid, to enable it to burn; but,

i it is mixed with a certain quantity of comi-

i mon air; an explofion will take place in pafling
the ele@ric fpark through it

Mr. Cavallo recommends a piftol made in

the following manner, to thofe who with to

make experiments on the éxplofion of inflam-

2 tnable and dephlogifticated air, or with known

quantities of commoén and inflammable airs

It confifts of a brafs tube, about one inch in

diameter and fix inches long, to one extremity

.

! of which a pf:rforated piece of wood 15 fecurely
fitted ; 2 brafs wire, about four inches longy
is covered, cxcept its ends, firft with fealing

wax, then with filk, and afterwards with feal~

ing




+ ON ELECTRICITY. 4y

ing wax again. T his wire isto be cemented in the
perforation of the wooden piece,, fo as to pro«
ject about two inches within the tube, the reft
1s on the outfide ; that part of the wire whick
s within, is bent fo as to be only about one
tenth of an inch from the infide of the brafs
tube. *

To ufe this piftol 5 fill it with, and then in-
vert it into a bafon of water ; make the re«
quired quantity of inflammable and common
2ir in another veflel, by putting in known and
proportionable meafures of each ; introduce
this mixture into the piftol, and then ftop it
with a cork, take the piftol out of the water,
and pafs in the nfual manper the fpark of =
charged jar through ir, and the inflammeble
air will be fixed.

The inftruments for firing the inflammable
air with the ele@ric fpark, are often made ia
the fhape of a cannon.

e

fLavallo en Air, p. 823,

CHAP,
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CHAP. VL

Of Eletrified Points.

ExperiMENT - LXIX.

\RESENT the pointed end of a wire to-
wards a conductor which is pofitively

ele@rified, 2 lucid globular point or ftar will
appear on the point, and the eleétric fluid will

be evidently conveyed away and diffipated from:
the conductor.

ExreriMeENT  LXX.

Prefent a pointed wire towards a condullor

that is eleétrified negatively ; a lucid cone or

bruth will be feen diverging from the point, and
the quantity of fire will be increafed.

ExperimMeixnT -LXXL

The lucid ftar is feen on the collecting
points of a pofitive conduéor, while a diverging

cone will appear on 2 point placed at the end of

the condu&tor.

Exe




ON ELECGTRICITY. 8¢

ExperiMENT LX3 11,

A lucid cone appears on the colleCtor of a
negative conduétor, and a lucid ftar on a point
placed at the oppofite end of the conductor.

The fufcepribility of points fo reccive or
part with the eleftric matter, and the different
appearance of the light on. the point, in
various experiments, has led many ele€iricians
td conclude; that thefe appearances determintd,
in a decifive manner, thé direftion of the clec-
tric fluid. They {uppofe, that the appearance
of the globu].:_u light or ftar is an indication
that the ele@ric fluid is cntering by  that
point; and that the fluid proceeds fromr the
point on which the lucid cone or bruth is
feen. This opinion is confirmed, by obferving
thet thefe appearances are conformable to
thi¢ laws obferved by othe? flutds, which di-
verge from the refiftance they meet with from
the air ; as is the cafe when the eleftric fluid
iffues from 4 point placed af the end of a pofi<
tive conduflor. To this it has been objected,
that the rays may be confidered as converging
from fo many points in the furrounding air to-
wards the metallic point. But it is difficult to
fay, why a vifible ray fhould be fuppofed to
break out frofone point of the fmmo{phuc rather
than dnother, as it is known to refift the pafiage

G of
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of the fluid, and feems to refift it equally ; and
therefore, when it proceeds from the air to a
point, it percolates flowly, invifibly, and
equally on-all fides, till it comes fo near as to
force its way through the intermediate {pace,
and fettle on the peint, where it will appear as
a luminous globule.

Exreriment LXXIIL
Bring an excited glafs tube near a point that
is fixed at the end of a pofitively eleétrified con-
ductor, and the luminous bruth will be turned
out of its dire&tion by the a&ion of the excited
tube ; if the tube is held direétly oppofite tor
the point, the bruth will vanifh..

ExperimeEnT LXXIV,

Fix the point to the end of the negative con-
duttor, the lueid ftar will turn towards the
excited tube.

Thefe two experiments coisicide with and
confirm experiments 6g, 70, 51, 72, and lead
to the fame conclufion, viz. that the bruth is a
fign of pofitive, and the flar an indication of
negative, electricity, which is fiill further con~
firmed by the following experiment.

Exrerimext LXXV,
Put a wire, which hasa ball at one end, into
the hole at the end of a pofitive conductor,

place
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place a lighted candle fo that the middle of the
flame may be even with the middle of the ball,
and about an inch from ity turn the machine,
and place the fame wire at the end of the nega-
tive conduétor, the appearance will be reverfed,
and the knob will foon be heated by ‘the flame
of the candle which is carrfed towards it,

Exrrrimenr LXXVI

Fiz a pointed wire in the hole on the upp'cr
fide of the conduéor, then place the center of
the brafs crofs K, fig.' 34, upon the point, the
ends of which crofs are all bent one way ; elee-
trify the condu®or, and the crofs will turn
upon its ¢enter with great rapidity. If the
foom be darkened, a circle: of light will be
formed by the eleric fluid on the points of
the wires, The re-aftion of the air on the di-
verging cone of clefiric matter gives the retro.
grade motion to the points of the wire.

The fly tufns round in the fame dire€tion,’
whether it is eleétrified negatively or pofitively ;
though it will not move in vacuo, unlefs the
finger, or fome other conductor, 1is applied to’
the glafs receiver oppofite to one of the points,:
it will then begin to move, and continue to do
fo brikly till the glafs is charged.

":; o Ex'—.
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EXPERIMENT LXXVIL

Elefrify the two infulated wires MN, oP,
fig. 35, and the refiftance of the air againft the
ele@ric ftream, from: the point of the fly L,
(the axis of which rolls on the wires) will force
the fly up the declivity of the inclined plané
MN, oP.

Experiment LXXVIIL

Fig. 36 reprefents 2 fmall crane, which will
move from the fame caufe as the foregoing,

and raife a fmall weight.

Fxreriment LXXIX,

Several flyers may be made to turn at the
fame time, fee fig. 37, and many other pleafing
c:spt‘rimcnts maay be contrived on the fame
principles

When the ecledri¢ fluid percolates a wooden
point, the-fiream or cone which iffues from it
feems diluted, and fomethitg fimilar to the
purple ele€iric Jight which is gbtained in vacuo.
The a&tion of the eleftric fluid on the air by an
ele€irified point, produces a enfible aura, of
wind, of fufficient force, as is feen above, toO
jput light bodies in motion, or difturb the flame

of
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of a candle, and occafion an undulation in
fluids ; the aion of the fluid is fo modified
by points as to produce an agreegble {enfation,
refembling a gentle breathing ; this {fenfation
may be rendered more or lefs flimulating, by
the refiftance the fluid meets with in its action
on our bodics, an effeé which is productive of
great advantages in medical eleétricity,

G 3 CHAP-
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@f the Leyden Phial.

THE experiments upon the Leyden phial
are fome of the moft interefting in elec-
tricity ; they excited the attention of the philo-
fopher to this fubjett more than any other ex-
periment, and are {111l viewed with wonder and
furprize.

- The pheenomena attending this very extra-
ordinary (-xpcrimént feemed totally inexplica- i
ble, till they were elucidated by the ingenious
theory of Dr. Franklin; which, in a plain and
clear manner, accounts for moft of the difficul-
ties which attend this intricate branch of elec-
tricity ; and accomodates itfelf {o eafily and (ati{-
faGorily to a variety of appearances, as to
make us almoft lofe fight of the objections

againft it.

Experiment LXXX.

Place the brafs ball of a coated jar in coatalt
with the prime condutor while the outfide
communicates with the table, turn the cylin-
ﬁcr, and the bottle will in a little time be

e
charged,
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charged, or modify the electric fluid in a pecu-
liar manner, To difcharge the jar, of reftore
it to its natural ftate, bring one cnd of a con-
dutting fubftance in conta@ with the outfide
coating, and let the other be brought near the
knob of the jar which communicates with the
infide coating, a f{trong explofion will take
place, the electric light will be vifible, and the

report very loud,

Exseriment LXXXL

Charge the Leyden bottle, then touch the
utfide coating with one hand, and the knob
with the other, the bettle will be difcharged,
and a {udden peculiar fenfation will be per-
ceived, That is called the cle@tric fthock,
which, when it is taken in this manner, gene-
vally affects the wrifts, clbows, and breaft :
when the fhock 1s ftrong, it refembles an uni-
verfal blow.  This peculiar fenfation is proba-
bly owing to the two-fold and inftantancous
2&ion of the eledtric fluid, which enters and
goes out of the body and the various parts
through which it paffes at onc and the fame
inftant. It has been alfo obferved, that nature
has appointed a certain modification of the
ele@ric fluid in all terreftrial bodies, which we
violate in our CXperiments ; vhen this vielagon

G 4 18
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15 fmall, the powers of nature operate in a gen-
tle manner to reftore the diforder we have intro-
duccd; but, when the deviation is confiderable,
the natural powers reftore the original conimu-
tion with extreme violence.

If feveral perfons join hands, and the firft
touches the outfide of a charged jar, and the
lalt the koob, the bottle will be difcharged,
and they will all feel the thock at the fame in-
ftant ; but the greater the number of perfons
that join hands to take a fhock, the weuker

1E 15,

The force of the fhock is in propm'tirm to
the quantity of coated furfaces, the thinnefs of
tl
the effe@ of the Levden phiul is increafed, in

1¢ glafs, and the power of the machine ; or,

s |

1)1-0}703'?1011 as we deftroy the equilibrium on
the furfaces.

If a churgcd jar is coated very high, it will
difcharge itfelf before it has received near the
charge it would take if the coating was lower.
If it is coated very low, this part of the furface
may be charged very high, but a confidérable
part of the glafs is not charged at all.

When a jar is charged very high, it will
often explode or difcharge itfelf over the glafs
from one coated furface to the other ; or, if
he glafs is thin, it will make a hole through
, and fwell the coating on both fides,
the

Sk b iy
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the glafs in the hole will be pulverized, and
very often a varicety of fiffures will proceed from
1t in various direCtions.

A Leyden jar very often recovers ifs
cleétricity, in a fmall degree, after a dif-
is called the refiduum of a charge.

The form or fize of the glafs is no ways
material to the receiving of a charge.

To avoid rcceiving the eletric fhock, be

carciul never to touch the top and bottom of

the jar at the fame time, and never to enter a
¢ircuit formed between the infide and outfide
of a jar. By atteading to this obfervation, jais
of any fize may be handled with fafety. Indeed,
the human frame makes fo little refiftance to
the free paflage of this {ubtle agent,  that no
other inconvenience will attend a fhock from a
common-fized charged jar, than a tranfient dif-
agreeable fenfation.

Touch the knob of a charged jar, no fhock
will enfue ; but the finger, or part that touches
the ball of the jar, will be affe€ted with a fharp
fenfation, as if it had been pricked with a

needle.

A charged phial, fet upon eleétric fubflances,
may be taken hold of without danger, either by

the coating or the wire 3 a fimall fpark only will
proceed from eithes.

Br.
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Dr. Franklin's Theory of the . Leyden
Boitle.

Glafs is fuppofed to contain at all times, op
its two furfaces, a large quantity of the electric
fluzd ; which 15 fo difpofed, that if you increafe
the quantity en one fide, the other muft throw
off an equal proportion ; or, when one fide is
pofitive, the other muft be negative ; now, as
no more of the eleiric fluid can be forced on
one fide than can go off an the other, there is
no more in the bottle after it is charged than
was there before 3 the quantity is neither in-
creafed eor leflened on the whole, though a
change may be made in its place and fituation 3
i.e. we may throw an additional quantity on
one of its fides, if, at the fame time, an equal
quantity can cfcape from the other, and not
otherwife, That this change is effefted by lining
parts of its two furfaces with a non-electric;
through the mediation of which, we are enabled
1o eonvey the elediric fire to every phyfical
point of the furface we propofc to charge,
where it exerts its activity in repelling the elec-
tric particles naturally belonging to the other
fide 5 all of which have an opportunity of efca-
Piug by the lining in contact with this furface,

which,
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which, for that purpofe, muft communicate
with the earth : when the whole quantity be«
longing to this furface has been dif

irged, 1n

confequence of an equal quantity thrown upon
the other furface, the bottle is charged as much
as it can poffibly be. The two furfaces are at
this time in a ftate of viglence ; the inner, or
pofitive fide, ftrongly difpofed to part with its
additional fire, and the outer, or ncgative fide,
equally defirous to attra@ what it has loft, but
neither of them capable of having a change
an its flate cffefted, without the equal and
contemporary participation of the other. That
notwithftanding the vicinity of thefe two fur-
faces, and the ftrong difpofition of the eleétric
flmd contained in one of them to communicate
its fuper-abundance to the other, and of that
to receive it, yet there 1s an impenetrable bar-
yier between them ; for, foimpermeable is glafs
to the electric fluid, (though it permits one
fide of it to a& on the other) that its two fur-
faces remain in this ftate of contrariety till a
communication is formed between them, g5
¢gxira, by a proper conductor, when the equili-
brium is fuddenly and violently reftored, and
the eleétric fluid recovers its original ftate of
equality on the two fides of the glafs.




Experiments on charging and difcharging
the Leyden Phial, intended to elucidate

. i s el o il 1 g d i IR 7
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ExrzrIMENT LXXXIL

Screw a Leyden phial, whofe coating is free
from points, upon an infulated ftand, and place
it fo that its knob may be in contatt with the .
conduor, (taking care that no conducting
fubftance is near the coating of the jar) turn
the cylinder round a fufficient number of
times to charge the phial, then examine it with
a difcharging rod, and you will find it had re-
ceived no charge 3 which fhews clearly, that
except the cleftric fluid ean efcape from ong
fide of the jar, it can receive none on the

other.

Exrerimext LXXXIII.

Place the fame infulated phial {o that its knob
may be about half an inch from the conduttor,
and, while the gcylinder is turning, hold a brafs
knob near the coating of the jar § this knob
will receive a {park from the coating for every
one that pafies between the condu&tor and the
knob,
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knot, and- the jar

charged, by adding eledtricity to enc fide, and

will in 2 little time be

raking it away from the other

ExprriMeENT LXXXIV.

Screw the phial a,  fig. 42, on the infulated
pillar d, and bring its knob in contact with the
condudter 3 hold another bottle ¢, of the fame
fize with a, fo that its knob may be in contact
with the outfide coating of the bottle a; turn

the cy linder, and when the bettle 4 is charged,

ple
plz.u_ ¢ on the table, then unfcrew a from its
ftand, and place it alfo on the table, but at
fome diftance from the other; fit a brafs ball
to the bottom ftem of the quadrant eleCtrome-
ter, and hold the eic&mm-:—tcr by a filk ftring,
foy that the brafs ball may touch the knob of

the bottle ; obferve at what L-:"c;ht the index of

the ele@rometer ftands, and-then remove 1t 1o

the other bottle, which will :';:.u'c: the index to
the fame height; fhewing clearly, that the

el

~tele has thrown off from the outfide as mueh
30T iL i

:i &ricity as it recetved on the infide,

ExperiMenT  LXXXV.

Place the kaob of an infulated bottle in con-
tat with a pofitive conductor, and conpect the

cuier
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outer coating with the cufhion, or a wegative
conductor, turn the cylinder, and the bortle
will be charged with its own clericity ; the
fluid from the exterior coating being tranf-
ferred to the interfor one.

FEXPERIMENT LXXX"VI‘..

Cliarge the two bottles, fig, 43, pofitively 3
conneét their outfide coatings by a wire or
chain, then bring their knobs together, there
will be no fpark betwéen them, and the bottles
will not be difcharged, becaufe neither fide
has any thing to communicate to the other.

ExreriMENT LXXXVIIL

Charge the infulated bottle, fig. 43, nega-
tively, and the other pofitively ; connet the
coating by a chain, and bring the knobs to=
wards each other, an explofion will take place,
and the bottles will be difcharged. If a lighted
¢andle is placed between the knaobs, the ex-
plofion will be made through the flame in @
beautiful manner, and at fome inches diftance,
Bee fig. 44.

Exrrriment LXXXVIIL

Fix' 4 gquadrast eleftrometer to the ball of
a Leyden bottle, and charge it negatively 3
when
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when it has received a full charge the index
will ftand at 9o degrees ; then place the botde
with its eleGtrometer at the pofitive condultory
turn the cylinder, the eleftrometer will de-
fcend, and the bottle will be difcharged by the
contrary eletricity,

ExperimenT LXXXIX,

Infulate two Leydenbottles ; let their coatimgs
be in contal, and while you charge the infide
of one pofitively, let a perfon, ftandiag on
the floor, touch the top of the other with his
finger, and it will be charged negatively.

Experiment XC:

1. M, fig. 45, reprefents a Leyden jar, whick
1s furpifhed with moveable coatings of tin ;
the inner one, N, may be removed by the filk
{irings f, g, h; the jar may be taken from the
outer coating.

Charge the jar, and then remove the coat-
ings, bring 2 pair of pith balls towards the jar,

Rt |

and they will be ftrongly attracted by it; re-
place the coatings, and the jar will give a con-
fiderable fhock ; which thews, that the power
or force of the charge is refident in the glafs,
and nor in the coatings.

Ex:




ExrrErIMERT  XCI.

TV, f‘:g. 46, 1‘(,‘1)rt'ﬁ?nrs a bottle, whole ex-
terior coating 1s formed of fmall picces of tin-
fail, placed at a little diftance from each other.
Charge this bottle in the ufual manner, anidl
ftrong fparks of clectricity will pafs from one
{pot of * tin-foil to the other, in a variety of di-
rections ; the feparation of the tin-foil making
the paflage of the fluid from the outfide 1o fhe
table vifible. Dilcharge this bottle, by bring-
ing a pointed wire gradually near the knob,
arid the uncoated part of the glafs between the
fpots will be pleafingly illuminated, and the
noife will refemble that of fimall fired crackers.
If the jar is difcharged fuddenly, the whole
outfide {urface appears 1llunnmted. To pro-
duce rhefe appearances the glafs muft be very

dry.
ExperimenT XCIL

String a parcel of fhot on a filk ftring, leav ing
4 {mall fpacc between each of them ; ﬁlfpcnd
this from the conduétor, fo' that it may reach’
the bottom of 2 coated phial, which is placed
on an infulated ftand ; connet another firing’
of thet t6 the bsttom of the jar and let it com-
mumcate with the table, turn thie machine, and
a
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a vivid fpark will be feen between each of the
fhot, both within and without the bottle, as if
the fire pafled through the glafs.

Exreriment XCIII,

Hold a phial in the hand which has no coat=
ing on the outfide, and prefent its knob towards
an ele@rified conduétor ; the fire, while it is
eharging; will pafs from the outfide to the
hand, in a pleafing manner ; on the difcharge;
beautiful ramifications will proceed from that
knob of the difcharger which is on the outfide
all over the jar.

ExpeEriMENT XCIV.

Let a chain be fufpended from the condu&or
and pafs into an uncoated bottle, fo that it
does not touch the bottom ; put the machine
in attion, and the chain will move round, in
order, as it were, to lay the fire on the infide
of the jar, and thus charge it by degrees,

Experivment XCV,

Fig, 47 reprefents two Leyden phials, placed
one over the other. Various experiments may
be made with this double bottle, which are

H very
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very pleafing, and elucidate clearly the received
theory.

Bring the outfide coating of the bottle A in
contaét with the prime conductor, and turn the
machine till the bottle is charged, then place
one ball of the difcharging rod upon the coat-
inig of B, and with the other touch the knob of
the jar A, which will caufe an explofion..  Now
place one ball of the difcharger on the knob of
A, and bring the other ball to its coating
and you have a fecond difcharge.  Again,
apply one ball of the difcharger on the coating
of B, and carry the other to the coating of A,
and it will produee a third explofion. A fourth
is obtained by applying the difcharge from the
coating of A to its knob.

The outer coating of the upper jar commu-
nicating with the infide of the under one, con-
veys the fluid from the conductor to the large
jar, which is therefore charged pofitively ; the
upper jar does not charge, becaufe the infide
cannot part with any of its ele@tric fluid 5 but,
when a communication 15 formed from the
outfide of A to the infide of B, part of the fire
on the infide of A will be conveyed to the ne-
gative coating of B, and the jar will be dif-
charged. The fecond explofion is occafioned’
by the difcharge of the jar A; but, as the out-
vdt: of this communicates by conduéting fub-
{tances
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flances with the pofitive infide of the jar B, if
the ball of the difcharging rod remains a fimall
time after the difcharge on the knob of A, part
of the fire of the infide of A will ¢fcape, and
be replaced by an equal quantity on the outfide
from the jar B, by which means A is charged
2 fecond time ; the difeharge of this produces
the third, and of B the fourth explafion.

The contrary State of the two oppofite Sides
of a charged Leyden Bottle; fhewn by
their refpective attraclive and repulfive

P riioiome
L owers,

ExperimeENT XCVL

~Screw the bottle H, fig. 49, with the belt fide-
ways on the infulating ftand, asin fig. 48, and
charge it pofitively, then touch the knob wirh a
pair of pith balls, thefe will diverge with pofitive
ele€tricity ; hold another pair to the coating,
and they will feparate with negative elece

?:'ricitj,_
Experrinment XCVIIL

Ele&rify two pair of the pith balls which are
fixed to the brafs tubes, as in fig. 22, PL II,
by the knob of a pofitively chareed bottle,” and

¥ I Py D Ed

H 2 place
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ace them at a fmall diftance from each othes,

pt
then pufh them together till the ends of the
tubes are m conta&, and the balls will remain

. the fame flate they were in before they were
brought together, becaufe their ele@ricity 18
of the fame kind. The refult is the fame if
both pair are electrified by the coating 5 but if
one pair is electrified by the coating and the
other by the knob, when they are brought in
contact they immediately clofe.

EXPERIMENT XCVIIL

A cork ball, or an artificial {pider made of
burnt cork with legs of linen thread, fufpended
by filk, will play between the knobs of two
bottles, onc of which is charged poficively, the
other negatively, and will in-a little time dif-

charge them.
ExpErRIMENT - XCIX.

A ball, fufpended on filk, and placed be«
rwo brals balls, one proceeding from the

outfide, the other from the infide of a Leyden

jar, when the bottle is charged, will fly from

3
one knob to the other, and by thus conveying the

tween

fre from the infide to the outfide of the bottle,

will foon difcharge ir,

Ex=
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Experiment G,

An infulated cork ball, after having received
a {park, will not play between, but be equally
repelled by two bottles which are charged with
the fame power,

Experrimexr CL

At fig. 58 a wire is fixed to the under part
of the infulated coated phial, b ¢ anether wire
firted to, and at right angles with the former,
a brafs fly is placed on the point of this
wire 3 charge the bottle, and all the time
the bottle is charging the fly will turn round ;.
when the bottle is charged the needle ftops.
Touch the top of the bottle with a finger, or
any other conducting fubftance, and the fly
will turn again till the bottle is difcharged.
The fly will eleftrify a pair of balls pofitively
while "the bottle is charging, and negatively
when difcharging.

Fxperiment CII,

Place a clean dry and excited pane of glafs,
about one foot fquare, on an infulated box with
pith balls, it will caufe the balls to diverge

H 3 with
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with pofitive eleftricity, and they will continue
to repell each other upwards of four hours in
dry air. When the balls come together, re-
move the glafs, and they will open with nega-
tive cle@ricity ; replace the glafs, and they
will clofe ; remove it, and they will open
again ; and thus alternately, as long as any
ele@ricity remains in the glafs.

If the pane of glafs be placed in a frame of
wood, and a light pith or cork ball be laid on
its furface, on prefenting towards it the end of
a finger, or the poist of a pin, the ball will
yecede frem them with a very brifk motion,
and may thus be driven about on the furface of
the glafs, like a feather in the air by an excited
fube. 'The ball being deprived of its eleiri-
city by the pin, it inftantly flies to that part
of the glafs which attrats it moft forcibly.

To excite the pane of glafs ; lay it upon a
quire of large paper, well dried, and then rub
it with a ‘piece of clean dry flanncl.
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The contrary States of the different Sides of
a Leyden Phial, and the Direction of the
Elesiric Fluid in the Charge and Dif-
charge thereof, invefligated by the Appear-
ances of the Electric Light.

In chapter 6 we obfervedy that the differ-
ent appearances of light on cletrified powts
was deemed a criterion of the direétjon of the
cle@ric finid. ‘That the lumineus ftar, or glo-
bule, thews the point is receiving the eleétric
matter, whilft the lumineus brufh, or cone,
indicates that it is preceeding from the point.
We fhall now examine the ftates of the difier-
ent fides of the Leyden bottle by thefe appear-
ances. For this, and many other purpofcs,
the apparatus which is reprefented in fig. 49
will be found very cenvenient ; I have en-
deavoured to cembine the parts of it in fuch
manner as will render the apparatus exrenfively
ufeful, without being complicated. A is an
infulated pillar of "glafs, which is fcrewed to
the wooden foot B ; all the different parts of
the apparatus may be fcrewed alternately on
this pillar, C is an exhaufted tube of glafs,
furnithed at each end with brafs caps; at the
end D is a valve, properly fecured under the

H 4 brafs
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brafs plate, a brafs wire with a ball projedts
from the upper cap, a pointed wire procecds
from the bottom plite this tube is called the
jnminous conductor. The fafk, reprefented
at B, is called the Leyden vacuum. It is fur-
nithed with a valve under the ball E ; this ball
unferews, in order to come more readily at the
valve; a wire, with a blunt end, projects a
ittle below the neck of the flafk, the bottom
of the flafk is coated with tin-foil, a female
{erew is cemented to the bottom, in order to

{crew it on the pillar A,

F is a fyringe to exhauft the air occafionally
either "r)m the luminous conduor, or the
Leyden yacuum. To do this; unfcrew the
ball of the Leyden vacuum, or the plate of the
luminous conductor, and then {crew l]’IL {yringe
in the place of cither of thefe pieces, being
careful that the bottom of the female ferew G
hears clofe aga ainft the leather which covers the
fhoulders ab, cd, then work the fyringe, and
in a few minutes the glaffes will be fufficiently
exhaufted. H and I are two Leyden bottles,
each of which has a female fcrew fitted to the
bottom, in order that they may be convenicntly
fcrewed on the pillar A, The bottle H is fur-
nifhed with a belt, that it may be {crewed fide-
ways on the pillar A. K and L are two {mall
wires, which are to ferew occafionally into
gither
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either the ball E, the knobs e or f, the cap C,
et the focket g, on the top of the pillar 5 the
balls mav be unfcrewed from thefe wires,
which will then exhibit a blunt point. M 1is 2
wooaden table, to be ferewed on the glafs pillar
occafionally.

Experimexnt CIIL

Screw the jar I on the infulating pillar, and
the pointed wire into the hole g, place another
pointed wire at the end of the conduéor, bring
the knob of the jar near this wire, and then
turn the cylinder, a pencil of rays will diverge
from the pointed wire in the conductor to the
knob of the jar, at the fame time another pen-
cil of rays will diverge from the point at the
bottom into the air.  See fig. 50.

Repeat this experiment with the negarive
conduétor, and a luminous ftar will appear on
the end of each wirc, -

ExpzrimenT CIV.

Serew a pointed wire into the Knob of the
jar, (fee fig. 51) charge the bottle pofitively,
the fire will be received from the conductor by
the pointed wire, and appear there as a lumi-
nous flar, while the wire on the outfide of the

jar will throw off a diverging cone.

Fio,

o
o
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Fig. 52 reprefents the foregoing appearances
reverfed, by eharging the jar negatively at the
pofitive conduétor,

This experiment may be further wvaried,
by applying the bottle to a negative con-
1
L

o)

uCior

Experivzent CV.

After the jar is charged, as ip the foregoing
experiments, turn that wire from the cylinder
which before was neareft to it, then put the
machine in adtion, and the afflux and efflux
will be more apparent than before ; one point
throwing off, and the other receiving the fluid
with extreme avidity, which will in a Kitdg

time difcharge the jar,

Exrerimenr CVL

Charge the jar as before, then touch the
wire which is connefted with the negative
fide, and the oppofite wire will throw off a
diverging cone ; but, if the pofitive fide is
touched, a luminous cone only will be feen an
the other wire.

Experrmeznt CVIL

Fig, 53 is an ele@ric jar, BB the tin-foil
coating, C a ftand which fupports the jar, D 2
{focket
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focket of ‘metal which carries the glafs rod E;
2 curved mctallic wire, pointed at each end,
is fixed to the end of the rod G, which rod is

i

moveable at pleafure in a {pring tube N, that
tube being fixed by a focket upon the top of
the glafs rod E, the charging wire communi-
cates with the different divifions of the infide
O3 !Unn' of the 3 jar by horizontal w 11:’5.,

" Place the jar as ufual, and put the machine
in altion, a fmall luminous fpark will appear
apon the upper point of the wire F, (a plain
indication that the point is then receiving elec-
tricity from the upper ring of the coating on
the outfide of the jar) a fine fiream or pencil of
rays will at the fame time fly off, beautifully
diverging from the lower point of the wire F
upon the bottom ring of the coating on the jar ;
when thefe ap"mmnra% geafe, which they will
as foon as the jar is charged, let a pointed wire
be prefented towards the prime conducor,
shis will {foon difcharge the jar filently, during
which, the lower point will be 1]hmu..cd with
a fmall fpark, while the upper point of the wire
will throw off a pencil of rays, diverging to-
wards the upper ring of the coating. *

FxprrimenT CVIII

Take a Leyden wh'iql the neck of which
thould-not be very broad fet the coating on
the
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the conductor, and charge it negatively ; when
charged, if not too dry, the upper edge of the
coating will throw off one or more bruthes of
light into the air, which will vifibly incline to-

wards the eharging wire of the bottle, and
fometimes a@tually reach it. Prefent the knob

to the prime conductor, and charge the jar po-
fitively, afmall fpark of light will firft appear
on thc edge of the cork in the neck of the bot-
tie, through which the wire pafles after a few
turns of the cylinder; this fpark becomes a
biuth, darting out from the cork, and gradually
lengthening till it forms an arch, the end of it
extending downwards till it reaches and touches
the end of the coating. If the bottle be dry,
it will in both cafes be difcharged {pontancoudly,

Bee figy 54 and &5

Exreriment CIX.

An infulated pofitively charged bottle wilt
give a fpark from its knob to an excited ftick

¢ wax, while no {park will pafs between it and
an excited glafs tube.

ExpzrimMEnNT CX,

An analyfis of the Leyden phial, by means
of the Leyden vacuum E, fig. 49, ~——Screw

this
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this on the infulated ftand, with' the pointed
wire from the bottom. Fig. 56 reprefents the
appearance of the fluid on the points when the
bottle is charging negatively, at a condultor
loaded with pofitive eleftricity.

Fig. 57 the appearances it difplays when it
is charging pofitively at the fame conduttor.

Fig: 59 is the fame bottle charging pofitively
at a negative conductor.  Fig, 60 it is charging

negatively at the fame condultor.

Expzrimext CXL

Fig. 61 reprefents the luminous conductor
on the infu]nmw ftand. Set the collecting
point near the cylinder, and place the knob of
an uncharged phial in contal with the ball,
or hang a chain from it to the table, and, on
working the machine, the ball will be envelo-
ped in a denfe eletric atmofphere. it the
point be brought in L_ontac—’( with an infulated
rubber, and a communication is made from the
ball to the table, the atmofphere will be on the
point in the tube. If a bottle, pofitively
charged, be prefented, the appearances in the
tube will be as delineated in fig, 62. But,
if a bottle negatively charged be thus ap-
plied, the appearance will be as in fig- ©

This
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This tube, when mounted on its infu]ntmgf
ftand, may be ufed inftead of the prime con-
duor, and all the common experiments may
be performed with it 3 the tube will be lumi-

fious during the whole of the operation.

Of the Diretion of the Eletiric Matter, in
the Difcharge of the Leyden Phial.

ExrerimMenTt CXIL

Place a ch:u'gtd jar on a fmall glafs f{tand
ander the receiver of an air pump 5 as the re-
teiver 15 exhaufting the ele@ric fire will iffue
from the wire of the phial, in a very lumi-
nous pencil of rays, and continue flathing to
the coating till the air is exhaufted; when the
jar will be found to be difcharged.’

If the phiatis charged negatively, _t'h.c clurs
rent of fire will appéar fo have a different di-
fection from that which it had before.

From this experiment we may infer the
effefts of the atmofpheric preflure upon the
charge of the Leyden phialy and learn that it is
the natural boundary to every charge of eclettri-
tity we can give ; and, confequently, that
phial would contain double the charge, in air
doubly condenfed, as it does in the common
At1T10-



ON ELECTRICITY. 1:x

atmofphere, fince it would increafe the intenfity
of the electric atmofphere.

ExperimMenT CXIIL

Place a {mall lighted taper between the two
balls of the univerfal difch ger, then pafs a
very Imall charge of a pofitive phial through
them, and the flame of the taper will be ats

\roer

a
fi
1t

trafted in the diretion of the flnid towards the

4 b

¢oating. See fig. 63«

ExpeErrvmenT CXIV,

The fame fmall charge from a negative botels
&ill reverfe the appearance.

In both thefe experiments it is neceffary to
ufe the leaft charge that can be given, juft
fufficient to leap the interruption in the cir«
cuit,

Experimenr CXV.

- Place a card on the table of the univerfaf

difcharger, and bring one of the points under
the card, then conneét this point with the cout-
ing of a jar pofitively charged, place the other
point on the top of the card, and at abotit ap
ihch and a half from the former » now complear

?
the circuity by bringing a difcharging rod
from

ging
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from the laft wire to the top of a bottle, ant
the ele@ricity will pafs through the upper wirey
along the furface of the card, till it comes to
the point which is underneath, where it will
make a hole in the card, and pafs through
the wire to the coating; of the bortle. See
fig. 64«

Ekperiment CXVIL

Four cork balls, A, B, C; D, being placed
at equal diftances from each other, from the
balls of the difcharging rod, and from the
coating of a pofitively charged bottle ; on ma-
king the difcharge, the ball A" next the rod
was repelled to B, which was again repelled tof
€, C remained immoveable; but D flew to the
coating of the bottle.

Exrerimzxt CXVIL

Take a card, and pdiat beéth fides with ein-
nabar 2bout the breadth of the finger, fix this
card vertically by a little wax on the table of .
the univerfal difcharger, let the pointed ends of
one of the wires touch one fide of the card,
and the end of the other wire the oppofite fide 3
the diftance of the points from each other muit
be proportioned to the firength of the charge
difchargse
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difcharge a jar through the wires, and the
black mark, left by the explofion on the ¢o-
loured band, fhews that the eleCric fluid pafled
from the wire, communicating with the infide
of the bottle, to that which communicates
with the outfide, dgainft which it makes a
hole.

Escperiments which feem to militate againft

(=]

the received Theory of Eleclricity.

ExpcrIMENT CXVIIL

Lect the furfaces of an &le@ric plate bé very

L
flightly charged and infulated, let an inter-
rupted circuit be formed, the two powers will
be vifible, illuminating the points of the inters
tupted circuits, and cach power will appear to
extend farther from the furface contiguous to
it, the ftronger the charge is communicated to
the plate ; but, if the illuminations on each
fide meet, there will immediately follow an
explofion of the whole charge.

Experiment CXIX,

If a cylindrical plate of air, contained in the
receiver of an air-pump, be charged, it is ob-

i ferved,




114 AN ESSAY

ferved, the more air that is exhaufted from
between the furfaces the more eafily the pow-

ers will unite.

Experiment « CXX.,

If an exhaufted receiver be made part of the
cle@ric circuit, and the charge thould not be
Gufficient to caufe an explofion, an clectric light
will appear to proceed in oppofite direction
from the parts communicating with the nega-

tive and pofitive furfaces.

Expzrimzent CXXIL

‘Let a coated phial be fet on an infulating
ftand, and let its knob be touched by the knob

of another phial negatively eletrified, a fmall
fpark will be feen between them, and both
fides of the infulated phial will be inftantly

negatively eletvified. #

Exrrriment CXXIL

# Faften 2 pith ball eleGrometey by a little
5 1

wax to the outfide coating of a jar, charge
the jar flightly with pofitive ele@ricity, and fet
it

pmdia Brittanica, Vol IV, p. 209

Lala}
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it on an infulated fland, the ball will either not
diverge, or only a very little 3 bring the knob
of a bottle which is {trongly charged with
pofitive ele@ricity near the knob of the former,
and the balls will diverge with pofitive elecs

ricity. .

~

Exerriment CXXIII,

Let the {ame phial, with the pith balls af
fixed to its outfide coating, be flightly charged

e et Do the ko)
negatively, and then infulated, bring the knob
of a phial, which is ftrongly eletrified nega-
tively, to that of the infulated one, and the
pith balls will diverge with negative eleftri«

ety

Exreriment CXXIV.

Charge a jar pofitively, and then infulate ity
charge anothér ftrongly with negative clectri-
city, bring the knob of the negative bottle near
that of the pofitive one, and a thread will play
between them ; but, when the knobs touch
each other, the threads, after heing attracted,
will be repelled by borh: The negative elec-
tricity is fome-how fuperinduced on the pofitive,
and, for a few minutes after they are feparated,

Ia2 both
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both will appear negatively ele&rified ; but,
if the finger is hrought near the knob of that

bottle on which the negative eledricity was
fuperinduced it will inft intly be diffipated; a
{mall fpark will firike the finger, and the bot-
tle will be pofitively charged as before.
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CHAP VIL

Of the Eleclrical Battery, and the lateral
Explofion of charged fars.

. O increafe the force of the .eleflric ex-
plofion, feveral Leyden phials are con-
neted together in a box ; this colledtion 1s
termed an cle@rical battery. Fig. 65 repre-
fents one of the moft approved form.

The bottom of the box is covered with tin-
foil, to connect the exterior eaatings ; the in-
fide coatings of the jars are connected by the
wires b, ¢, d, ¢, f, g, which meet in the
large ball A C is a hook at the bottom of
the box, by which any fubftance may be con-
neted with the outfide coating of the jars;
a ball B proceeds from the infide, by which
the circuit may be conveniently compleated,
The following precautions are neceflary to be
attended to by thofe who make ufe of an elec-
trical battery.

To keep the top and uncoated part of the
jars dry and free from duft, and after the ex-
plofion to conne& a wire from the hook to the
ball, which fhould be left there till the battery

1 is

2
2
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is to be charged again, which will totally ob-
viate the inconveniencies that have occafi-
onally happened from the refiduum of a4
charge.

If one jarin a battery is broke it is impoffi-
ble to charge the reft till the broken jar is
removed,

To prevent the jars of a large battery break-
ing at the time of the explofion, it has been
recommended not to difcharge a battery through
a good conductor, except the circuit is at leaft
five feet long ; but what is gained on one hand
by this method is loft on the other, for, by
Iengthening the eircuit the force of the fhock
1s weakened proportionably.

I have been informed, that it is very diffi-
cult to break by an explofion the jars which
are made of green glafs, fabricated at New-
caftle, but have had no opportunity to make
any experiments on this glafs myfelf,

The force of a battery may be confiderably
increafed by concentrating the fpark from the
explofion, which is effected by caufing it to
pafs through fmall circuits of non-conduéting
fubftances. By this means the refifting medi-
um, through which the fpark is to pafs, may
be {o prepared as to augment its power. If the
fpark is made to pafs through a hole in a plate
of glafs, one twelfth or onec fixth part of an
inch




ON ELECTRICITY. g

fnch in diameter, it will be lefs diffipated,
more compact and powerful. If the part round
the hole is wetted with a little water, the {park,
by converting this into vapour, may be con-
veyed to a greater diftance, with an increafe of
rapidity, attended with a louder noife than
common,

Mr. Morgan, by attending to thefe and fome
other circumftinces, has melted wires, &c.
with fmall bottles. I hope he will be induced
to communicate this, as well as the reft of
his important difcoveries, to the public.

Exrezrimeznt CXXV.

Pafs the charge of a firong battery through
two or three inches of fmall wire, it will fome-
times appear red hot, firft at the pofitive fide,
and the rednefs will proceed regularly towards

the other end,

ExperimenT CXXVL

Difcharge a battery through a quire of pa-
per, a perforation will be made through it ;
each of the leaves is protruded by the {troke
from the middle towards the outward leaves, as
if the fire darted both ways from the center.
If the paper is very dry, the fire meets with

I B morc
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more difficulty in its paffage, and the hole is
fmall.  If that part of the paper,. through
which the explofion 1s made, is wet, the hole
is larger, the light more vivid, and the ex-

plofion louder.

Exprriment CXXVIL

The difcharge of a battery through a {mall
fleel needle will, if the charge is fufficient,
communicate magnetifm to the needle.

ExreriMent CXXVIIIL

The difcharge of a battery through a finall
and flender magnetic needle, will generally de-
ftroy the polarity of the needle, and fometimes
invert the poles thereof. To fucceed in this
experiment, it is often neceflary to pafs feveral
ftrong charges through the needle before it is
removed from the eircuit.
It appears, from Beccaria’s experiments,
that the magnetic polarity, which is commu-
nicated to the needle by electricity, depends |‘

on the pofition of the ncedle when the charge
15 fent through it, and is not regulated by the
direction of the eleftric matter in entering the
needle.

Exe




ON ELECTRICITY. jsar

ExperimexTt CXXIX.

Difcharge a battery through a flender piece
of wire, ex. gr. one soth of an inch in diameter,
the wire will be broken to picces, or mclted,
fo as to fall on the table in glowing balls.

When a wire is melted in this manner, the
{parks fly frequently to a confiderable diftance,
being fcattered by the explofion in all direc-
tions.

If the force of the battery is very great, the
wire will be entirely difperfed by the force of
the cxplofion. Small particles of fuch fub-
{tances as cannot be eafily drawn into wire, as
platina, grain gold, ores, &c. may be placed
in a groove of wax, and then put into the cir-
cuit, if a difcharge of fufficient flrength is
pailed through them they will be melted.

The force by which wires are melted by a
battery varies with the length of the circuit, as
the fluid meets with more refiftance in propor-
tion as the paffage through which it is to pafs
is longer. Dr. Pricflley could melt nine in-
ches of fmall iron wire at the diftance of 15
feet, but at twenty feet diftance he could only
make 6 inches of it red hot.

L x-
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Exreriment CXXX.

Inclofe a very flender wire in a glafs tube,

difcharge a Dattery thi ough this wire, and it

will be thrown into globules of different fizes,
which may be collefted from the inner furface
of the tube : they are often found to be hollow,
and little more than the fcoria of the metal,

Many experiments have been made, in order
ta try the different condufting powers of me-
tals, by pafing the difcharge of 2 battery
through them ; but it has nat yet been deter-
mined, whether the greater facility with which
fome metals are exploded depends on the eafe
with which the fluid pafles through them, or
whether it proceeds from the degrec of refift-
ance they make to its paflage, or from a wane
of ductility in the metal, which is thercfore
kefs capable of expanfion.

Experiment CXXXIL

Difcharge a battery through a chain which
1s laid on paper, and black marks will be left
on the paper in thofe places where the rings of
the chain touch each other ; the rings will be
more or lefs melted at thofe places.
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Experiment CXXXIL

Take two pieces of window glafs, of about
3 by 2 inches, place a flip of brafs or gold leaf
between them, leaving the metallic leaf out be-
yond the glafs at each end ; then place the two
pieces of glafs in the prefs of the univerfal dif-
charger, bring the points of the wires E'T,
EF, fig. 33, to touch the ends of the leaves,
and pafs a difcharge through them, which will
force part of the metal into the glafs, and flain
it with a colour which differs from the metal
that is made ufe of. -~ The metallic leaf fhould
be made narroweft in the middle, becaufe the
force of the eleftric fire is in proportion to its
denfity, which is increafed when the fame quan-
tity of fire is compelled to pafs through fewer
conduéting particles.

The explofion in melting the ftripes of leaf-
gold, &c. renders them non-condudting, and
lefs capable after each difcharge to tranfinit
another. Some particles of the metal are driven
into the glafs, which 1s really melted ; thofe
parts of the metal which lye contiguous to the
glafs are the moft perfectly fuled. The pieces
of g]afﬁ which cover the ﬂ1p of metal are gene-
rally breken to picces by the difcharger.

Ex-
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Exrerniment CXXXIIL

Place a thick picce of glafs on the ivory plata
of the univerfal dilcharger, fig. 3, PL 11, and
a thick pieee of ivory on the glafs, on which a
weight from one to feven pounds is to be pla-
ced; bring the points of the wires EF ET
again{t the edge of the glafs, and pafs the dif-
charge through the wires, by conneéting one of
the wires, as EF, with the hook C of the bat-
tery, fig. 65, P1. 1V, and forming a communi-
cation, when the battery is charged, from the
other wire ET to the ball, and the glafs will
be broken, and fome part of it thivered to an
impalpable powder, When the piece of glafs
is ftrong enough to refift the fhock, the glafs
15 often marked by the explofion with the moft
lively and beautiful colours, I have been in-
formed by Mr. Morgan, that if the glafs is
cemented down the effeét is the fame as when
it is prefled by the weights ; and this mode is
in various experiments more convenient,

ExperimentT CXXXIV.

If the difcharge is pafled under the picce of
ivory with the weights upon it, without any
glafs between the piece of ivory and the table
GH
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GH of the univerfzl difcharger,
will be lifted up by the lateral force of the di

charge ; the number of weights muft be pros
portioned to the force of the explofion.

= Sl
ExrperimznT CXXXV.

Fig. 66, a, x'c:prc'l'cnts an infilated roc’., riearly

muchmt* a charged jar d, b is anather infulated

placed in a line with and near to the fors
mer ; make the difcharge by the rod e, from
which a chain hangs that does not touch the
bottom of the jar, and the rod b will reccive
1 electric {park, which quits it again almoft in
the fame inftant, becaufe the finelt threads
hung upon it will not be eleftrified by the
ﬁ)ﬁrk.
his eleftrical appea itance; without the ¢ir-
cuit of a difcharging jar, is called the Lateral
Explofion.
If pieces of cork, or any light bodies; be
pluc' d near the C\.Joﬁou of a jar or battery,

C
i

they will be move 1 out of their | '!.,1'\‘..': in all di-

retions from ‘a‘!:-_: center of the explof
the greater the force of th
greater will the diftance lm to w nLh they
removed. It is not furprifing, therefore, that
heavy bodies fhould be removed to confiderable
diftances by a firong flath of lightening, Dr.

Pricftley
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Prieftley apprehends, that this fpecies of lateral
force is produced by the explofion of the air
from the plaee through which the eleétric dif-
charge pafles.

This lateral force is not only exerted in the
neighbourhood of an explofion, when it is
made between pieces of metal in the open air,
but alfo when it is tranfimitted through pieces
of wire that are not thick enough to conduct it
perfectly. The fmaller the wire is, and the
greater the fufion, the greater is the difperfion

of light bodies near it.

Exrrriment CXXXVL

If circuits, different in length and of differ-
ent fubflances, form a communication between
two charged furfaces of an electric plate, it i
obferved, the difcharge will be made through:
the beft condutors, whatever be the length of
the others.

2. If circuits of the fame fubftance be dif-
ferent in length, the difcharge will be made
through the fhorteft of them.

3. If the circuits be the fame in every re-
fpect, the difcharge will be made through ma-
ny of them at the fame time.

I have been informed by a gentleman, that
it was his cuftom to make a varicty of circuits
for
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for the (llll.]]digﬂ of al large jai or bdtmw ; and,
that having a fufficient uumbc‘r of thefe, he
could introduce himfelf into one of them, and
take his part of the thock without inconyeni-
ence, it even was not difagr gl ; and be
could by this means leflen i:h nfation almoft
to nothing,

ExrerimMeNT CXXXVII

¥ !

Mr. Henly made a double cireuit, the firft

£

by an iron bar, enc inch and a half in diames
ter, and half an inch thick; the fecond, by
four feet and a half of fmall chain, On did-
charging a jar, containing five hundred {quare

inches of coated furface, the elefiricity pafied

L5}

in beth eircuits, {pa being vifible on th
{mall chain in many places. On making the
difcharge of three jars, containing togerher ﬁ:v
tcen fquare feet of coated 1;.1““, throug

three different chains at the {ame time, fig

ui.
The

bright fparks were vifible in *.'n em alk
chains were of iron and brafs, of very differ-
ent lengths ; the thorteft ten or twelve inches,
the longeft many feet in length. When rhofe
Jars were difcharged through the iron bar be-
fore-mentioned, together with a fmall chain,
three-quarters of a yard in length, the whole
chain was illumined, and covered throughous

with

D S

e
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with beautiful tays; like briftles, or golden
hair. Having placed a large jar in contatt
with the prime condu@or, and affixed to the
coating of it an iron chain, which was alfo con-
nected with a plate of metal, on which was
made the difcharge by the difcharging rod 3
this dome, he hooked another chain, much
longer, and of brafs, to the oppofite fide of
the jar, and brought the end of it within eight
inches and an half of the metal plate. In con-
ta& with this end a fimall oak flick was laid,
eicht inches long, which was covered with
faw-duft of fir-wood. '~ On making the dif=
charge upon the plate, both the chains were
fuminous through their whole lengths, as was
alfo the faw-duft, which was covered by a
ftreak of light, making a very pleafing appear-
ance.

At the glafs-houfe there is generally a great
number of folid fticks of glafs, about one quar-
ter of an inch diameter y if thefc be examined
narrowly, feveral of them will be found tubu-
lar a confiderable length ; the diameter of the
cavity feldom exceeds the 2ooth part of an
inch. Sele@ and break off the tubular party
which may be filled with quickfilver by fuck-

ing, care being taken that no moifture previs
oudly infinuates itfelf ; the tube will then bé
prepared for the experiment,
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ExperimenT  CXXXVIIL

Pafs the fhock through this fmall thread of
quickfilver, which will be inftantly difploded,
and will break or fplit the tube in a curious
mannet. ®

FxperimenT CXXXIX,

Takea glafs tube, the bore of which is about
one quarter of an inch, fill it with water, and
ftop the ends with cork, infert twe wires
through the corks into the tube, fo. that their
ends may nearly touch, make the ends of thefe
part of a circuit from a battery ; on the dif-
charge, the water will be difperfed in every di-
reftion, and the tube blewn to pieces by the
difcharge.

The eleétric fluid, like common fire, con-
verts the water into an highly elaftic vapour.
Dr. Franklin, on repeating this experiment
with ink, could net find the leaft flain upon
the white paper, on which the tube had been
placed. Beccaria pafled the fhock through a
drop of water, which was fupported, in the
center of a folid glafs ball, between the ends
of two iron wires, and the ball was fhivered in
pieces by the explofion. On this principle he

K contrived
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contrived what he, calls an eleftrical mortar,
which will throw a fmall leaden ball to the dif-
tance of twenty feet, It is clear, from feveral
of the foregoing experiments, that the cleétric
flvid endeavours to explode in every direCtion
the parts of the refifting fubftances through
which it paffes.

Experimenxt CXL.

Place a building, which is formed of feve-
ral loofe picces of wood, on a wet board in the
middle of a large bafon of water, let the elec~
tric flath from a battery be made to pafs over
the board, or over the water, or over both ;.
the water will be ftrongly agitated, and the
building thrown down. The report is louder
than when the explofion paffes only through
the air. The ele@ric fluid endeavours to pafs
néar the furface of the water where it meets
with more refiftance, than if it is forced to pafs
through it. This partly arifes from the power
the ele@ric fluid has of raifing an expanfive
vapour froni the furface of the water, whicl
drives off the refifting air.

A difcharge paffed over the furface of a piece
of ice will leave on it fmall unequal cavities,
exhibiting the fame appearance as if a hot

chain had been placed on it,

A
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A difcharge fent through a green leaf tears
the furface in wvarious direftions, 13.«1\-1!‘{; an
e in miniature of fome of the cffeits: of
lightening: A difcharge will pafs to a certain
diftance over {pirit of wine, without inflaming

it ; but, if the diftance is increafed; it will fet
it on fire. From hence it appears, that the
facility with which the eledtric fire is tran[mit-
ted over the furface of moift fubftances, de-
pends on the eafe with which they dre turned
into vapours. .

The difchargé; in® melting the particles- of
inerals, drives into its paflage the condudting

vapours which arife from them ; and, in pro-
portion as the parts of any body are more rea-

dily driven into vapour or duft, the fpark will

run to a greater - diftance;
Experiment CXLIL
If is ftretched by weights, and 4

fhock is fent through it that will 1emlr°r it red
hot. it is found to be confiderably _Lnejl‘_.kned
When the wire is loofe,

ened by the explofion.

ExeprrimenT CXLIL

If 4 lotig narrow trotigh of water is made

part of the circuit in the difcharge of a battery,

v %
2.
i"a. 2z anda
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and a perfon’s hand be immerged in the water
at the time of the explofion, he will feel an odd
vibration in the water, very different from an
clectrical fhock. The quick firoke from the
repercuffion of the air and the vapour, is com-
municated to the hand by the water, and the
hand receives a thock fimilar to that received
by a thip at fea during an earthquake.

Exprriment CXLIIIL

Place a plain piece: of metal between the
points of the univerfal difcharger, pafs feveral
explofions of a battery through the wires, and
the difcharges will gradually form on. the
metal different circles, beautifully tinged: with
the prifinatic colours.  The circles appear
fooner, and are clofer to each other, the nearer
the point is to the furface of the metal. The
pumber of rings, or circles, depend on the
j]‘lﬂrpnc]‘s of the point; the experiment there-
fore fucceeds better if a tharp needle is faffened
to one of the points of the difcharger.

Several very curious experiments were made
by Dr. Watfon and others, to afcertain the dif-
tance to which the ele&ric fhock might be
conveyed, and the velocity with which it moves.
In his firft experiment, the fhock was given
and 1pirits fired by the eleftric matter which

had
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had beén conveyed through the nver Thames.
In the next experiment, the eletric fluid was
made to pafs through a circuit of two miles,
croffing the New-river twice, going over feveral
gravel pits, and a large field. It was afterwards
conveyed through a circuit of four miles. It
paffed over thefe fpaces inftantaneouily as to
fenfe. This fenfible inftantaniety in the morion
of the elettric fluid, was afcertained by 2n ob-
ferver, who, though in the room with the
charged phial, was, at the fume time, in the
middic of a circuit of two miles, and felt him-
(elf fhocked at the fame inftant he {faw the phial
difcharged.

Notwithftanding thisfurprizing velocity, it
is certain, that both fides of a charged phial
may be touched fo quickly, even by the beft
conduétors, that all the eleétric matter has not
time to make the circuit, and the phial will
remain but half difcharged ; and there are fe-
veral inftances where its motion appears flow,
and not eafily reconcilable with this immeafura-
ble velocity; and it 18 alfo certain, that this
fAuid is refifted in its paffage through, or over,
every fubftance.

The wonderful part of the foregoing cxperi-
ments will vanifh, if we admit the reafoning of
Mr. Volta on this fubject; and the reader will
find his reafoning confiderably firengthened by

K3 experi-
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experiments 118, 119, 120 of this eflay, whicl
were originally made by Mr. Atwopd ; though
it muft be owned, thefe experiments feem tq
lead much further, and give an ides of the diree-
tion of the eleCtric fluid in the difcharge of the
Leyden phial, which differs altogether from the
received theory.

The following account is extradted from a
very long paper of Mr. Volta, in the Journal
de Phyfique for 17759 :

Let us fuppofe that a4, 4, ¢, d, e, 5 oey by
i, &y I, my n, 0, hold hands; let & gralp
the outfide of a charged Leyden phial, and o
touch the knob ; at the inftant o receives the
fire difcharged from the.infide by the knob, «
will furnith from his natural flock to the our-
fide, without waiting till the fire arrives to him
from o, by #, to m, &c. in the mean while
the lofs of a is compenfated from 4, and 4
is furnithed with frefh matter from ¢, and {o
on. It is fill true, that there is but one
ftream, if we confider only the dircion of the
fluid, which is excited fimultancoudly at the
two cxtremities, and moves at the fame inflant
of time; t'hough, to {peak more accurately,
it is not one flream, but two united in one.
It the extream rapidit}/‘ with which the fire
pafles, did not prevent our perceiving the fuc-
ceflive commotions received by the perfons who

form
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foem the chain, we fhould find they did not
follow the order o, #, m, I, but were felt
fimultaneoufly, firft at the twe extremitics o
and @, then at #» and 4, m and ¢, &c. advan-
cing towards the middle of the chain. Agree-
able to this, if the bottle is fnall, the longer
che circnit is made, thofe who are furtheflt

from the extremities find the fhock weaker.
To render this account Iere clear, feparate
the circuit, and form on a dry floor two rows,
0y by €y dy — 5 585 B interrupted in the
middle ; let 4 grafp the bottle by the outfide,
and @ excite the difcharge by touching the
knob of the bottle ; now, if the eleftric fire was
obliged to take the fhorteft courle to come to
the exterior and negative furface, it ought to
defcend to the feet of e, pafs over the boards
to the feet of 4, and then through him to the
outfide, without ating on fy £, kb, which
would be out of its circuit. but, contrary to
this, the fluid goes out of the direct courfe, to
follow that of the cendudting perfons, which
afford it a proper receptacle, and comes to the
outfide by another {ource. The fire which goes
from the infide from ¢ t0.f5 &> b, gives them
a fenfible fenfation in their hands and their
heels, fhewing itfelf by 2 fpark, if the hands
and the feet are foparated a litcle from cach
other, and finithes by diffipating itfelf in- the
K 4 commnon
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common refervoir.  In the fame manner 4,
who firft gives the fire to the outfide, receives
it fucceffively from ¢, &, 4, who all draw it
in from the floor. The ftream therefore which
proceeds from the knob of the bottle, pafling
through the condu@ing fubftance, lofes itfeif
in the general fource; while, from the fame
fource, a fufficient quantity is taken to fupply
the deficiency of the exterior furface.

If f, g, b, do not form a chain, but are
irregularly placed round ¢, the pofitive part of
the fluid may be feen to fpread itfelf on differ-
ent fides, and divide itfelf in different branches
to reach the floor. The fluid will in the {ame
manner rife from the floor to reach 4, 'if 4, &,
and ¢, are irregularly placed round him; fo
that each furface excités its own ftream ; one
that enters the bottle, the other proceeding
from it. ‘Thus alfo, in the foregoing experi-
ments of Dr. Watfon, where it has been fup-
pofed that the eleétric fluid has made fuch
amazing circuits through rivers, over fields,
&c. The fluid from the infide was difperfed
in the river, at the inftant that the outfide col-
lected, from the faijne fource, fupplies for its
own deficiency. '

It appears alfo, from other experiments,
that one fide of a charged eleétric may contain

more
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more of one power than is fufficient to balance
the contrary power on the other fide. For, if
a charged jar is infulated, and the difcharge is
made by a difcharger with a glafs handle, after
the explofion, the difcharger, and both fides of
the jar, will poflefs a contrary power to that
which obtained on the fide of the jar, which
was touched the laft before the difcharge,

It may not be improper to introduce here an
hypothefis which has been offered to the publig
inftead of the received theory.

12 bl S e L 5 L S S G

1. The two ele@ric powers exift together in
all bodies.

2. Since they counteract each other when
united, they can be made evident to the fenfes
only by their feparation.

3. The two powers are feparated in non-elec-
trics by the excitation of eleftrics, or by the
application of excited electrics.

4. The powers cannot be {eparated in electric
fubftances.

5. The two eleftricities attrac each other
ftrongly through the fubftance of eleCrics.

Eleétric {ubftances are impervious to the two
ele@ricities.

7+ Either power, when applied to an unelec-
trified body, repels the power of the fame fort,
and attralls the contrary power.

CHAP.
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On the Influcice 5;‘" pointed Condullors for

% 17 33 00¢C
Ed—t’[ﬁ.fn‘g).

HE importance of clericity, as well as

its univerfal agency, becomes more con-
{picuous, in proportion as our acquaintance
with it increafes. We find no fubftance in na-
ture which is not afted on by it, either as a
conductor or non-condu&or 3 and difcover, the
furprizing pheznomena of thunder and lighten-
ing owe their origin to and are of the fame na-
ture with it.  Very little progrefs had been

made in eletricity when the analogy between

the electric (park and lightening was difcovered
but the fublime idea of real zing thele conjec-
tures, and proving, that the fire which flathes
in the fky is the {ame agent which explodes and
gives a thock in our ('xpw"!m:":':ii, was given o
Dr, Franklin ; who alio firft fuggefted the utility

of pointed conduétors U.‘ me J, to preferve

[0
2‘:‘

buildings from the dreadful effeéts of lighten-
ing 3 an idea which was received with general
applaufe and approbation. Since this period,
many eleéricians have been induced to
CI".angU their opinion telative ta the utiliny
Ol
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of thefe conductors ; and, among thofe who
the fubjeft well, it has been dif

underits

puted, whether the preference fhould be given

wductor with a pointed end, or to one

1 has an ebrufe termination.

experiments which have been made on
this fubject are very numerous, but the greater
Part appear to me very inconclufive, and pre-
{ent only 2 very partial view of the fubjed.

A pointed conduétor, which communicates

'th, hasnot any particular power of

ing ele@ricity, and aéts only as any other

onrluéting fubftance which does not refift the
pailige of the electric fluid.

It is true, that eleétricity pafles with more eafe
from an electrified body to a conduétor which is
pointed, than to one which is flat or globular ;
becaufe, in this cafe the elafticity of the electric
fluid, and its power to break through the air,
are weakened by the flat furface, which acquires
a contrary cledtricity, and compenfates the di-
minithed intenfity more than a point can ; the
point being eafily rendered negative, while the
effort of the fluid to efcape from the eleétrified
body is greater than when it is oppoled by a
flat furface. So that it 18 not the particular
property of a pf}:.n!;, or flat, but the different
{ftate of the eledlrified body, which caufes it
to part with its eleftricity eafier, and from a
greater diftance, when a pointed conduéting
fub-
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fubftance is prefented to it, than it does to a
flat or globular conduftor, #

The capacity of conductors to hold eledir;-
city is in proportion to the furfaces which are
free, or uninfluenced by a fimilar atmofphere ;
a circamftance which will, more or lefs, affect
thofe conductors which are applied to buildings,
according to the ftate of the clouds and their
atmofphere, the time their influence has been
exerted, the nature of the condaéting ftrata of
the earth, and its eleétric fituation.

Fig. 68 reprefents the gable end of 2 houfe,
fixed vertically en the horizontal board FG;
a2 fquare hole is made in the gable end at hi,
into which a piece of wood is fitted ; a wire is
inferted in the diagonal of this little piece ; two
wires are alfo fitted to the gable end ; the lower
end of one wire terminating at the upper cor-
ner of the fquare hole; the top of the other
wire 1s fixed to its lower corner ; the brafs ball
on the wire may be taken off, in order that the
pointed end may be occafionally expofed to re-
ceive the explofion.

Experimenr - CXLIV.

Place a jar with its knob in conta& with the
conduttor, connec the bottom of the jar with the
hook H, then charge the jar, and bring the ball

: under
# See Voltas Parer, Phil. Tran. vol. 72.
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@
under the conductor, and the jar will be dif-
charged by an explofion from the cénductor to
the bail of the houfe. The wires and chain
being all in connexion, the fire will be conveyed
to the outfide of the jar without affe&ing the
houfe ; but, if the {quare piece of wopnd 1is
placed fo that the wires are not connected, but
the communication cut off, the ele&ric fluid,
in paffing to the outfide of the bottle, will
throw out the little piece of wood to a confi-
derable diftance by the lateral force of the ex-
plofion. Sce fig. 68.

Unferew the ball, and lct the poi nt which 1s
underncath be prefented to the conductor, and
then you will not be able to charge the jar; for
the fharp poimt gradually draws the fire from
the Condu-':rf.}‘-:, and conveys it to the coating
on the outfide of the jar.

The prime conductor is fuppoled to reprefent

a thunder cloud dmhm ing its contents on a

weather cock or any other metal, at the tp of
a buldin f-_—- From this experiment many have

inferred, that if there is a conneftion of retal

to comluf’s 1.?1@ electric 41 to the carth,

the building will rece:

where the connefion is 1mpx
from one part to another,

1.1 o L)
the whole building.
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* ExperRIMENT CXLV.

Mr. Henly affized to the top of a ql']_]_-"
{tand a wire, three-eighths of an inch in di-
amcter, ferminated at one end by a ball, three-
fourths of an inch in diameter, and at the other
end by a very tharp point; (fee fig: €g) round
the middle of this wire hung a chain, 12 inches
. 101lg : he connetted the chain with the coating
of a charged bottle, and brought the knob of
; it very gently towards the ball on the infulated
wire, in order to obferve precifely at what dif-
tance it would be dilchatged uprm it which
conftantly happencd at the diftance of half :
inch, with a loud and full ex ploﬁon. I'hcn
charging the bottle, he brought it in the fame
gradual manner towards the point of the infu-~
lated wire, to try alfo at what diftance it would
be ftruck ; but this, in many trials, never hap-
pened at all the point being approached in
this gradual manner, always drew off the charge
imperceptibly, leaving fcarce a fpark in the

bottle.

Exprrpimzyt CXLVL

The fame gentleman connected a jar, con-
taining 509 {quare inc ches ef coated furface,

Wi.tn the 1)11111(: conductor, (SE': ﬁgm 63} If
the
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the jar was fo charged as to raife the eleftrome-
rer to 60°, by bringing the ball on the wire of
the thunder houfe to half an inch diftance from
that connefed with the prime conduétor, the
jar would be difcharged, and the piece in the
thunder houfe thrown out to a confiderable
diftance. Ufing a pointed wire as a conduétor
to the thunder houfe, inftead of the kneb, the
charge being the fame, the jar was dilcharged
filently, though fuddenly, and the picce waw

pot thrown out.
Ezperivent CXLVIIL

He afterwards made a double circuit to the

thunder houfe 3 the firft by a knob, the fecond
by a fharp pointed wire, at an inch and 2 qua

diftance from each.other, but exactly the fa:

height. The charge being the fame, the knoly

was firft brought under the prime cond

which was half an inch a

- & ..ot B 1 Ao
JOVE 1Ly and iollowed
)

by the point at an inch and a quarter diffance,

vet no explofion fell upon the ball; as the poi
drew off the charge filently, and the picce ip
the thunder houfe remained unmoved,
Exprriment CXLVIIL
He infulated a large jar, and connec&ted, by
chains, with the external coating, on ene fide, a
knob,
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knob, on the other a fharp pointed wire, both
being infulated, and flanding five inches from
each other, (fee fig. 50) and placed an’infu-
lated copper ball, eight inches in diameter, fo
as to ftand exaltly at half an inch diftance both
from the knob and the point ; the jar was then
charged, and the difcharge made by the dif-
charging rod on the copper ball, from whence
it leaped to the knob A, which was three-
quarters of an inch in diameter, the jar was:
difcharged by 2 loud and full explofion, and
the chain was very luminous.

Exreriment CXLIX.

Mr. Henly fufpended by a filk firing from
one end of a wooden bar, which turned freely
in a horizontal direftion upon the point of a
heedle, a large bullock’s bladder, gilded with
leaf copper ; the bladder was balanced by a
weight at the other end of the arm ;5 (fee fig.
51) he gave a ftrong fpark from the knob of 2
charged phial to the bladder, he then prefented
towards it a brafs ball, two inches diameter,
and obferved that the bladder would come to-
wards it at the diftance of three inches, and
when it got within an inch, would throw off
its ele@ricity in a full fpark. He then gave it

L ~ . .
another fpark, and prefented a pointed wire to-
wards
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wards the bladder, which never approached
teethe point, nor ever gave any fpark, the elecs
tricity being carried off.

ExperIiMENT CL.

Take two or three fine locks of cotton, fafs
fen one of them to the condudtor by a fine
thread, another lock to that, and a third ta the
fecond, put the machine in action, and the locks
of cotton will expand their filaments, and will
extend themfelves towards the table; Prefent a
fharp point under the loweft and it will {hrink
up towards the fecond, and this towards the
firft, and altogether towards the prime con-

ductor, where they will continus as long as' the

point remains under fhem.

ExepegrimenT , CLIL

Faften a number of fine threads or hair td
the end of the prime conduétor ; when the cy-
finder is turned, thefe will diverge like rays
prut.n_tdlu" from a center ; continue turnir ng; the
cylinder, and l?‘,LjLut a point towards éne fide
of the conductor, and the threads on one fide
will hang down, andlofe their divergence, but
thofe on the other fide will ftill continue to' di- -
yerge ; which thews, that the power of points

L lg
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to draw off cle@ricity does not extend round
the eleétrificd body when means are ufed to keep
up the fupply of ele&tricity.

Fig. 72 reprefents an oval board, three feet
jeng and two feet broad, coated on both fides
with tin-foil, and fufpended by filk lines from
the double hook, this turns onan axis, which
is faffened to one arm of a nice balance, and
counter-poifed at the other arm by a weight,
part of the table underneath the board is to be
covered with tin-foil, and ‘communicate to the

floor by a chain.

Exrerimext  CLIL

Conrelt the pendulous board with the prime
conduétor by a {fmall wire, ‘a few turns of the
machine will ele@rify the apparatus. When
this experiment was made, the board was
attraCed by the table at 15 inches diflance, and
difcharged itfelf with a firong fpark ; the fame
happened to a metal ball which was placed on
the table, the board approaching till it was
about one inch from the ball, and then difs
charging itfelf by a fpark. 1If 2 peint is
fixed on the board inftead of the knob, the
pendulous board, though it begins o approach,
ftops at about four or five inches from the table,

and it will not approach neareror give a fpark =

a {mall light is feen upon the point in the dark,

A
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A Leyden phial was then connefted with the
prime condudtor 3 it now required more turns
of the machine to charge the apparatus, the
effect was the fame as before.. The counter=
poife was now held, that the board might not
defcend till it had received a full charge; when
fet at liberty, it wasnot only attraded by, but
alfo gave a loud explofion on the point, infos
much, that the tin-foil round it was flained by
the overflowing of the fire: -

The following experiment 13 extra&ed from
¢ An Account of Experiments made at the
Pantheon on the Nature and Ufe of Con-
ductors,” by Mr; Willon: It was made in
order to point out what he deemed erroneous
in an experiment of Mr. Henly, which is the
148 of this effay.

The circuit of communication was divided
Mto two parts :

A bent rod of brafs, with 2 ball of the fame
fmetal, three quarters of an inch in diameter,
ferewed on to the upper extremity of it, and
a copper ball, five inches in diameter, fcrewed
on to the lower end, forms one of the parts,
This part was fupported by a ftand of wood
that had a cap of brafs.at the top, into which
the brafs rod was occafionally {crewed.

L g The
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The other part of the circuit confiffedt of 2
brafs rod alio ; one end of which branched out
in the form of a fork, with two prongs that
pointed towards the center of the copper ball ;
and thofe prongs were fo con firuéted, that either
of them could be made longer or fherter, juit
as the experiment required:  On the end of
one of the prongs was fixed a ball of brafs,
thrde quarters of an inch in diameter, and on
the other a fharp fteel point or needle. The
fhoulder of this fork ferewed into 4 fmall plate
of iron, that was fixed on the infide of a wood-
en veflel, which contained the greateft part of
a cylindrical glafs jar, twelve inches three
quarters high, and about four inches in dia-
meter. This glafs was rather thick than other-
wife, and the coating of it (which was tin-foil)
meafured nearly 144 fquare inches on each fur-
face. Befides this coating, part of the infide
of thie wooden veflel was coated alfo with tin-
foil, for the purpofe of making a fecure com-
munication betsveen the iron plate and the out-
ward eoating of the jar. Within the jar itfelf
was fitted a cylinder of wood, that was covered
with tin-foil alfo, to make a communication
between the infide coating of the glafs and a
brafs rod, that was fixed upright in the center
of the wooden cylinder. Llus upright tod
having a ball.of brafs at the end, three quar-
ters
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ters of an inch in diameter, was bent towards
the firft part of the circuit; fo that the two
balls A and B, in fig. 73, being upon a level,
looked towards each other, but were pl aced
from time to time at different diftances, as oc-
cafion required ; and thus anfwered the purpofe
of an cleftrometer.

Mr. Wilfon began the experiments where
the ele@rometer was firuck at the greateft
diftance, and then adjufted the diftances of the
ball accordingly ; fo that if the point was

firuck when they were adjufted, the moving ¢ of

the ball the thirty-fecond part of an inch would

occafion the ball to be ftruck in preference to
the point, and wice verfa. Afterwards he leffen~

ed the firiking diftance of the eleCtrometer, in
every experiment, till he attained the leafl
diftance.

Upon reverfing part of the apparatus, and
fixing the ball to the bottle, and the fork to
the fiand, all thofe experiments were repeated
g.im ; the copper ball being put neareft to the
glafs, in the place of the forked part, and ¢l
forked part in the place of the copper bzui
This fet of r:\peume*w; being compleated, he
made others, where the ball only was appefed ;
and after them, whcre the point only was op-
pofed to the copper ball.

: L3 Having

a
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Having gone through all thefe experiments,
as they are fet down in the firft rable, he then
repeated the experiment with the chain, aftes
Mr. Henly’s manner., The refult of which;
and with the apparatus reverfed, will appear
in the fecond table,
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T ABLEAL

EXPERIMEN TS made at Dr. Hiccivs’s,
Fune 19, 1778, with the LEYDEN PHIAL
and forked Apparatus.

N. B. The meafures exprefled in the following tables were
taleen from a feale containing 32 paits in one inch.

The number oppofite the word ele@trometer, denotes the
diftance between the balls which conflitueed che eleftro~
meter ; and the numbers oppolite to the words 2a// and

pint, fhew the g_reatcll diflance at which they were re«
fpettively ftruck,

Apparatus Ball Pe,

Ball and Paint oppofite Ball Pt.
rewerfed, ondy. only.

the Leyden Phial. ondy. only,

Ele&rometer 32 ( 32 { 32 32 {32;31
L. Ball — — 34{48{—- {3+ 264 —
{Point — 450— 188 L43 1—— 42
E. — =~ 2828 28] (28 28‘328
j§ 5 {B. —_ = 30{43{_ {36 {33. =
P. — — 38L—(78] L42 -—239
E. — — 252626 ¢25 26 ¢ 26
IH.{B. —_— 23{36{-—-— '&31 {32{_-
Po— = gt t67 32 =X713
E., — = 20r720(20 f?.o 20 ( 20
IV.{B. — — 28d209—| 429 325{_-
P. — — sg1l—Ll6g| L28 — 24
E. — =— 16 16516 16 15[16
V. {B. —_— 22{20 — 3‘22 {23 =
P. — — 44 — L4zl Cay ._125
E. — — 13(13(? 65 1301
veln — — it Jf{{-f- {m {;3{_’71
1. — — 38!.—— 3Nk — {22
E. — — 10(ro(Io 10 10 ( 1O
VII{B. —_— 19_{10{-—- {13 {12{-—-
P, — ~— 18Ll—1L25] L20 — (20

L 4 TABLE
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TTASLE ;. b
EXPERIMENTS with the CHAIN,

after Mr. HENL¥’s manner.

Point and Bell oppofite
2he Leyden Phial.

152

Apparatus reverfed.

Ele@trometer 23 — — C2 2

{bd” — — 26 — —— izg } iiep:ia;sf- { '1_(3)

Point — 24 — L ¢ 5p | enttimes, 30
T Bk B...111

The EXPERIMENTS of the 2d and 3d
Table, repeated at Mr. ParTivcTON s,
Fune 23, 1778, aBrafs CHAIN being made
ufe of inftead of the forked Apparatus.

Ball and Point oppofite B.  P.| dpparatus B P
the Leyden Phial. ontly. a:nl-y reverfed. only. onlys
Eleftrometer 3 32— 3232
i {Ball - 5 {30 — -{it){w—-
Point,  — 7 1 38 — i9
E. s—— 18 28 28 — 28
II.{B. e e {29 T ke
3 - 2 66| Lg7 —— L—Ls8
E. — — 259 3 r25C 26 @26
HI.{B. - = { {28} i {z.‘s;.) 37{_
T 64| Ls £ 4301y
B, — — 20| C20 ——
1V. j B, —  — { g R e— %?c‘){ ii’
B
e oy lis e 7
B, — — 16 16 T
vir = zafsio abas §u8
Eo P “  } '5 "
Vi {B. — — { {.14 o { 15
P, — = T e _
E, — — 10 ¢ 10 10 I 10
VII{B. e 190 dter §1°
Pol s = 19 nately, } "~
Eler‘lrometcr —_— 23
{Bﬂﬂ Pt } Apparatus reverfed. -5:5
Point — — 64 L 30

& Ever
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« Ever fince the difcovery of the identity of
eleétricity and lightening, it has been allowed
by all parties, that conductors of fome kind are
in a manner neceflary for the fafety of build-
ings in thofe countries where thunder ftorms
are very frequent. The principle on which
they at is this : that the ele€ric fluid, when
impelled by any POWET, always goes to that
place where it meers with the leaft refiftance,
Now, as metals are found to give the leaft re-
fitance to its paflage, it will always choofe to
Tun ulong a metaline Tod, in preference to 2
paffage of any orher kind. But it 15 neceffary
to oblerve here, that eleftricity never firikes
a body merely for the fake of the body
itfelf, but as by means of that body it can
arrive at the place of its deftination. ~ When
a quantity of eleftricity is colle@ed from
the earth, by means of an elefiric machine, a

bedy communicating with the earth will receive

a firong, fpark from the prime conduétor ; it
receives this fpark not becaufe it is capable of
containing all the eletricity of the cylinder
and condu@or, but becaufe the natural fituation
of the fluid being difturbed by the motion of
the machine, a fiream of it is fent off from the
earth., The natural powers, thercfore, make
an effort to fupply what is thus drained off from
the earth; and, as the individual guantity

which
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which comes out is moft proper for fupplying
the deficiency, as not being employed for any
fiatural purpofe, there is always an effort made
for returning it to the carth. No fooner, them,
is a conducting body, communicating with the
earth, prefented to the prime conduétor, than
the whele effort of the eletricity is directed
againft that body ; not merely becaufe it is a
conductor, but becaufe it leads to the place
where the fluid is directed by the natural pow-
ers by which it is governed, and at which it
would find other means to arrive, though that
body were not to be prefented.  That this is
the cafe we may eafily fee, by prefenting the
fame conduéting fubftance in an infulated ftate
to the prime condudlor of the machine, when
we fhall find only a fmall fpark will be pro-
duced. Inlike manner, when lightening ftrikes
a tree, a houfe, or a thunder-rod, it is not be-
caufe thefe obje@s are high, or in the neigh-
bourhood of the cloud, but becaufe they com-
municate with fome place below the furface of
the ground, againft which the impetus of the
lightening is direfted, and at that place the
lightening*would certainly arrive, though none
of the above-mentioned objeéts had been inter-
pofed.

“ When the atmofphere begins to be eletri-
fied, cither negatively or pofitively, the earth,
by



DN ELECTRICYT Y. 153

by means of the inequality and moifture of irs
furface, but efpecially by the vegetables which
grow upon it, abforbs that eletricity, and
quickly becomes ele@rified in the fame man-
ner with the atmofphere; this abforption, how-
ever, ceafes in a very fhort time, becaufe it
cannot be continued without fetting in motion
the whole of the elefiric matter contained in
the earth itdfelf. Alternate zones of pofitive
and negative eleltricity will then begin to tak
place below the furface of the C'—zrth for rea-
fons given in the courfe of this eflay. Be-
tween the 'mnol]ﬂurc and one of thefe zones
the firoke of lightening will always be. Thus,
fuppofing the atmofphere is pofitively eleétri-
fied, the {furface of the earth will, by means
of trees, &c. quickly become pofitively electri-
fied alfo, we will fuppofe to the depth of ten
feet : the eleCricity cannot prnctrﬂte furcher,
on account of the refiftance of the ¢leéiric mat-
ter in the bowels of the carth. At the depth
of ten feet from the furface a zone of negatively
eleétrified earth begins, and to this zone the
cle@ricity of the atmofphere is attradted; but
to this it cannot ger, without breaking through
the pofitively eleftrified zone, which lies up-
permoft, and fhattering t0 pieces every bad
conductor which lies in its way. We are there-
fore fure, that in whatever place the outer zone
of
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of pofitively eletrified earth is thinneft, thers
the lightening will ftrike, whether a conduétor
happonq to be Pt’e{énl. or not. If there 15 a
conductor, either with a kneb or fharp pointed,
the lightening will infallibly firike 1t: but it
would alfo have firuck 2 houfe fituated on that
fpot without any conduétor ; and if the
houfe had net been there, it would have firuck
the furface of the ground itfelf. Again, if we
fuppofe the houfe with its conductor to ftand
on a part of the earth where the pofitively
ele@rified zone is very thick, the conduéter
will neither filently draw off the eleétricity,
por will the lightening ftrike it; though, per-
haps, it may i’c;;ku a2 much lewer objeét, or
even the furface of the ground itfelf at no great
diftance ; the reafon for which undoubtedly is,
that there the paﬁtively electrified zone is thin-

r than where the conductor was,

<« To fuppofe that a pointed conductor will
exhauft a thunder cloud of its eledtricity, muft
at firft fight appear trifling, to infift on it, ridi-
culons. Innumerable ohjeéts are all con{piring
to draw off the eleftricity as well as the con-
duétor, if it could be drawn off ; but of ef-
fefing this, there is an 1mpoﬂ’11nh£ beeaule

3 s

:ﬂwy h&ve the {ame kind of cledt mll(.n F with the
clouds themfelves.

¢ Befides,
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¢ Befides, Becaria has obferved, that dusing
the progrefs and increafe of the ftorm, though
the lightening frequently ftruck to the earth,
yet the fame cloud was the next moment ready
ro make a greater difcharge, and his apparatus
continued to be as much affefted as ever.

¢¢ The condutor has not even the power of
attrafting the lightening a few feet out of thé
direction it would choofe itfelf : of this we have

a moft decifive inftance in what h_.gmmd ta

the magazine at Purfleet; in Eflex. That
houfe was furnifhed with a conduéter, rafed
above the higheft part of the building ; never-
thelefs, a flafh of ‘ightcninw ftruck an ironm
eramp in the corner of the wall of the build-
ing, conﬁdtmbh Iovvcr than the top of the
Ondll'n[OT, and only forty-fix fectin a floping
line diftant from the point.

The conduftor, with all its power of
drawing off the ele@ric matter, was neither able
to prevent the flath, nor to turs it forty-fix feet
out of its way: The matter of fakk Is, the
lmhtm g Was determined to enter the earth
at the place where the Board-houfe flands, or
vear it 3 the conductor, fixed on the houfe,
offered the eafieft communication, but forty-fix
feer of air intervening between the point of the
conduéor and the place of the explofion, the
refiftance was lefs through the blunt eramyp of

iron,
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iron, and a few bricks moiftened with the raift
to the fide of the metalline conduétor, than
through the forty-fix feet of air to its point;
for the former was the way in which the light-
ening actually paffed.

“ The ziz-zag kind of lightening is the motfl
dangerous, becaufe it muft overcome a very
vielent refiftance of the atmofphere, and where-
ever that refiftance is in the fmalleft degree
leflened, there it will updoubtedly firike, and
even at a confiderable diftance: It is otherwife
with that kind which appears in flathes of no
determinate form @ the elefric matter of which
is evidently diffipated in the air by fome con+
ducting fubftances which are prefent there, and
they are therefore rendered lefs powerful.

¢ The moft deftructive kind of lightening
18 that which affunies the form of balls;, Thele
arc produced by an exceeding great power of
eleélricity, gradually accumulated till the re-
fiftance of the atmolphere is no longer able to
confine it. In general, the ligltening breaks
out from the ele@rified cloud by means of the
approach of fome conduéting fubftance ; but
the fire-balls {eem to be formed not becaule
there is any fubflance at hand to attra&t the
eleric matter from the cloud; but becaufe the
eleCtricity is accumulated in fuch a quantity
that the cloud ¢an no longer contain it. Hence,

{uch
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fuch bails fly off flowly, and have no particular
deftination ; their appearance indicates a pros
digious commotion and accumulation of elec-
tricity in the atmofphere, without a proportion=
able difpofition in the earth to receive it, This
difpefition is however altered by a thoufand
circumftances, and the place which firft becomes
moft capable of admitting eleétricity will firfk
receive a fire=ball.  Hence this kind of light-
ening has been known to move flowly back-
wards and forwards in the air for 2 confiderable
time, and then fuddenly fall in one or more
houfes, according to their being more or lefs
affefted with an ele &nuty {)U]‘Olltb to that of
the ball at the time. It will allo run along the
ground, break into feveral parts, and produce

feveral explofions at the fame time.
¢ TIr is very difficult to imitate this kind of
lightening in our eleftrical experiments. The
only cafes in which it hath been L‘;un;: 1 any
degree are thofe in which Dr. Prieftley made
the explofion of a batttery pafs for a confidera-
ble way over the furface of raw flelh, water,
8-c., In thefe cafes, if, while the electric flath
paffed over the furfaces of the flelh, it had
been poffible to interrupt the metallic eircuit by
taking away the chain, the eleflric matter Jile
charged would have been precifely in the firua-
tion of one of the above-mentioned fire-balls ;
i.c.




f.e. it would have been at a lofs for a condultor;
The negative fide of the battery was the place
of its deftination, but to that it could not cafily
have got, becaufe of the great quantity of
atmofphere which lay in its way, and the in<
capacity of the neighbouring=bodies to receive
it.  But, white the cle&ric matter was thus
flationary for want of a conduéter, if any one
ftanding near, or fouching the negative fide of
the battery, prefented 4 finger to this feemingly
moffenfive luminous body, he would be infiantly
ftruck very violently, becaufe a free commu-
nication being now made by nreans of his body,
the powers by which the cleétric fluid is im- 1
pelled from ene place to another would urge
it upon him. But if we fuppefe a perfon, wha
has ne communication with the battery, to
prefent his finger to the fame body, he may
ht fpark from 1t, but not
a fhock of any confequence.

perhaps receive a flig

“ We may now account for the feemingly
capricious nature. of all kinds of lightening,
but efpecially of that kind which appears in
the form of balls, Sometimes it will ftrike
trees, high hounfes, &c. without touching cot-
tages, men, or other animals, who are in the
neighbourhood ; in other inftances, low houfes'
and cattle have been firuék, while high trees
and fteeples in the ncighbourhoed have
efcaped,
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efcaped® The reafon of this is, that in thun-
der-florms thére is a zpne of earth confiderably
under the furfice, which the lightening de-
fires to flrike, (if we may ufe the expreilion)
becaufe it has an elettricity . oppofite to the
lightening itfelf.  Thofe objeds, therefore,
which form the moft perfeét conductors between
the eleétrified clouds and that zene of ecarth
will be firuck by lightemng, whether they are
high or low. Let us fuppofe a pofitively elec-
trificd cloud is fermed over a cerrain part of
the earth’s furfaces; the elefiric matter flows
out from it firft into the atmofphere all round,
and while it is doing fo, the atmofphere is
electrified negatively. In proportion, however,
as the ewrrent pervades greater and greater
portions of the atmofpherical fpace, the vefift-
ance to its motion inhcreafes, till at laft, the
air becomes pofitively eleétrificd as well as the
cloud, and they both at as one body. - The
durface of the earth then begins to be eledri-
fied, and it filently receives the elefric matter

15 of the trees

grafs, &ec. which grow

.’
M upon

&

i)‘.' mc
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% OFf this two reniarkable inftances have been ad-
duced, in a paper read by Mr. Achard ac the Berlin
Academy of Sciences.  And Becciria cautions perfons
from depending on a higher, or, in all cales, a better

condudtor than their own baody.
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upon its furface, till"at laft, it becomes alfo
pofitively eleétrified, and begins to fend off a
current of eletricity from the furface down-
wards.

¢ The caufes which firlt produced the elecs
tricity flill continuing to act, the power of the
elefric current becomes inconceivably great:
The danger of the thunder-florm now begins ;
for, as the force of the lightening is direted to
fome place below the furface of the earth, it
will certainly dart towards that place; and fhat+
ter cvery thing to pieces which refifts its
paflage.

¢ The benefit of condu&ing-rods will now
al{o be evident. For we are fure, the eleftric
matter will, in all cafes, prefer that way where
it meets with the leaft refiftance, and this is
over the furface of metals: Infuch a cafe, there-
fore, if there happen to be a houfe furnithed
with a condu@or dire&ly below the cloud, and
at the fame time 4 zone of negatively elettrified
earth not very far below the foundation of the
houfe, the conduétor will almoft certainly be
ftruck, but the building will be fafe. If the
houfe wants a conduétor, the lightening will
neverthelefs firike in the {fame place, in order
to get at the ele@rified zone abovesmentioned 3
but the building will be now damaged, becaufe

the
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the materials of it cannot readily condu the

electric fluid.” #

Ma - CH A P:

% See Encyclopmdia Britannica, Art, Lightening;
Vol. VI. p. 4224.

That the eleltric niatter, which forms and ani-
mates the thunder~clouds, ifiues from places far below
the {urface of the earth, and buries itfelf there, is pro=~
bable, fromt the decp holes that have been made in
many places by lightening, by the violent inundations
that have accompanied thunder-ftorms, not oceafioned
by rain, but by water burfing from the bowels of the
carth, from which it muft have been diflodged by fome
internal concuflion, &c, See Dr. Pricftley’s Hiftory
uf Ele&iricity, p. 228
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C H A Py
To charge a Plate of Air.

S air is an ele€tric, it will receive a charge
like all other cle@ric fubftances. Tothis
property may be afcribed many of the pheeno-
mena which are obferved. in the courfe of the
common cle@rical experiments ;  for the air
which furrounds an eleétrificd non-cleétric 1s
always in_fome degree charged with the fluid,
and thus adts upon the atmofphere of the elec-
trified conduélor, not only by its preflure, but
alfo by its acquired eleflric powers ; and that
it pervades the air to a confiderable diftance is
cvident, from the different methods by which
the air of a room may be eletrified.

Cover two large boards with tin-foil; fufpend
one by filk ftrings from the cieling, and then
connedt it with the conductor ; place the other
board parallel to the former, on an infulating
ftand that may be eafily raifed or lowered, to
regulate the diftance of the plates from each
other. Or place the boards in a vertical fitu-
ation, on infulating ftands of the fame height.
In moft cafes this form will be found the moft

convenient. - Thefe boards may be confidered

¢
as
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as the coatings to the plate of air which is be-

tween them.

Experiment CLIL

Conneét the upper board with the pofitive
conduétor, and the other with the ground;
turn the eylinder, and the upper one will be
cle@rified pofitively, and the under one nega-
tively 3 the fpace of air between the two plates
als as a plate of glafs, it {eparates and keeps
afunder the two eledtric powers. Touch the
negative plate with one hand, and the upper
one with the other, and a fhock will be received
fimilar to that from the Leyden phial.

The ele@ric fhock will always be felt when-
ever a quantity of the fluid pafies through any
body in an inftantaneous manner, and the force
of the thock will be proportional to the quantity
of eletricity accumulated, and the eafe with
which it can cfcape ; for the whole energy of
the ele@ricity depends on its tenfion, or the
force with which it endeavours to fly off’ from
the eledirified body.

The two plates, W
firongly attract cach other, and will come to-
not kept afunder by force.

hen in contrary {tates,

oc ther, if they are
A fpark will fometimes pafs between the plates,

and deftroy the electricity of each, If an emi-

M 3 aence
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nence is placed on the under plate, the fpark,
in the fpontaneous difcharge, will firike it.
The experiments with thefe beards will be
more pleafing, if one furface of the upper board
is covered with gilt leather, The two plates,
when charged, are fuppofed to reprelent the
ftate of the earth and the clouds in a thunder-
florm. ‘The clouds being in one ftate, and
the earth in an oppofite pne, while the plate ot
air acts. as.the eleétric, and the {pontancous
es exhibit the pheenomena of light-

An obfervation has been made on this expe-
riment, which fecms to affect one of the prin-
cipal fupports of the received theory. 1 have
fubjeined i, in order to invite thofe who are
converfant with ele@ricity to a clofer invefti-
gation of the fubject.

In this experiment it feems impoffible to de-
ny, that the air is penctrated by the electric
fluid. The diftance between the plates is {o
fmall, that it muft appear abfurd to fay that
this fpace is penetrated only by a repulfive
power, when in other cafes we fee the fluid

pervading much greater fpaces of air. But if
one eledtric fubftance is penetrable by the elec-
tric fluid, we muft be led ftrongly to fufpe
at leaft that all the reft are fo too. If glafs was
altogether impenetrable to the fluid, it is na-

tural
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tural to think that it would run over its fur-
‘face very cafily, But inftead of this, fo great
is its prapenfity to enter, that a fhock fent
through between two glafs plates, if they are
prefied pretty clofe together, always breaks
them to picces, and even reduces part of them
to a powder like fand.  This laft effe@ cannot
be attributed to any other than the eledtric

o

fluid entering the pores of the glafs, and meet-
ing with refiftance, the impetus of its pro-
greflive motion violently forces the vitreous
particles afunder in all diretions.

E};PER imenT CLIIT,

Tura that fide of the upper board on which
the gilt leather is pafted towards the lower one ;
place one or two fmall metal hemifpheres on
the lower board ; connet  the upper board
with the pofiive conductor, and the lower
one with that which is negative, put the ma-
chine in aétion, and the upper board will dif-
charge the whole of its contents on on¢ of the
hemifpheres, in a firong flath, attended with a
{mart explofion ; vivid corrufcations of electric
light will be feen darting in various diretions
on the furface of the gilt leather. This experi-
ment, fays Mr. Becket, is more than a refem-

M 4 blance
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blance of lightening, it is Nature imvefted
If with her own attire,

i Conneét a coated phial with the pofitive con-
\ ddétor, fo that i1t may be difcharged with the
boards, and the flathes of light will extend
turther, and the explofion will be louder.

b b T
't Exreriment CLIV.

Place the wire, fig. 10, with the feathers
tied to it in the middle of one of thefe large
boards, their divergence will not be near
much in this fituation as when they are at the

-
10y

edge of the board. If a piece of down or a

-_!' feather is placed near the edge of the board, it
will fly off to the neareft non-elefrified body ;
but, if it is placed in the middle, it will be a
confiderable time before it will move, and it
I will fearcely thow any figns of attradtion.
Experimext CLV.

Place bran, or {mall pieces of paper, ncar
the center of the lower board ; when the ma-
chine is put in action thefe will be alternately
attrafted and repelled with great rapidity, and
agitated in an amazing manner. A pleafing
variation is made in this (.‘xpurinw'nr by taking

|
2 SRRLCLE, '
off the chain from the lower board, and now |
and
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and then touching it with the hand ; touch
both boards at the fame time and the motion
ceafes.  But the moft furprizing appearance in
this experiment is, that fomerimes, when the
clefricity is firong, a quantity of paper or bran
will accumulate in one place, and form a kind
of column between the boards, it will fuddenly
acquire a {wift horizontal motion, moving 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.

ExperiminTt CLVL

Take two phials, the one charged pofitively,
the other negatively, place them on the infu-
lated board, but as far from cach other as the
board will permit ; infert a range of candles
in a piece of wood, about two inches  dif-
tance from each other; fo that the flame of
each may be exactly parallel ; when thefe can-
dles are quickly introduced between the knobs
of the phials, the fpark will be feen to dart
through all of them, and will have the appear-
anee of a line of fire, variegated in a thoufand

different curves.

CHAP.
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CHAP X1
Of the Ekﬁf'@%arozﬁs.

FIG. 73 reprefents an eleCtrophorous. This
inflrument was invented by Mr. Volta,
of Coma in Italy* It confifts of two plates
of a eircular form, the under plate is of brafs
covered over with a fiyatum of an ele@rical
fubftance, generally of fome negative eletric,
as wax, fulphur, &c, the upper plate is of
brafs, with a glafs handle fcrewed on the center
of irs upper furface.

Refinous eledtrics generally fucceed better
for an eleCtrophorous than thofe made only of
glafs, not only as they are lefs affected by the
humidity of the air, but as they feem to have
the power of retaining longer the eleftricity
which is communicated to them.

To ufe this apparatus, firft excite the under
plate ¢, by rubbing its coated fide with 2 piece
of clean dry flanncl, or hare-fkin ; when this
plate is well excited, it is to be laid on the
fable with the eleétric uppermoft. Secondly,

place
* Mr. Wilck, in Anguft, 1762, contrived a refinoys ap~

paratus, to which he gave the name of a perpetaal eleflio-
phorous. Sce Scripta Academize Suecy 17(2,
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place the metal plate upon the eleftric, asin fig,
s4and 75. Thirdly, touch the metal plate with
he finger, or any other condudor, Fourthly,
{eparate the metal plate from the eleftric by
she glafs handle, 'This plate, when raifed te
fome diftance from the under gne, wili be found
ftrongly eleltrified with the power which is
contrary to that of the elellrig plate, and will
give a {park to any condutor that is brought
near it. By repeating this operation, 1.¢. by
ferting the metal plate on the eleétric, and then
touching it with the finger, a great numbcr of
{parks may be fucceflively obtained w nhout a
frefh excitation of the eleétric,

The following experiments, which were
made with a view to analyfe this curious liftle
infirument, are extraced from a paper of Mr,
Achard’s, in the Memoirs de 'Academic Roy-
zle de Berlin for 1776,

Exreriment CLVIL

34r. Achard placed horizontally a circular
plate of glafs, which was about two tenths of

an'inch in thicknefs, and one foot in diameter,
on a tin plate, which only touched the glafs in
a few places; having Lxutcd the upper furface
of the glafs, it produced all the effeéts of the
eleGtrophorous ; from whence he infers, that
it
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it ts not neceflary that the inferior metsllic
plate thould touch exadtly in all its furface the
ele€lric coating.

Experimenvt CLVIIL

He infulated, ina horizontal pofition, a plate
of glafs of one foot diameter, he excited this,
aud then applied the upper plate in the ufual
manner, aad obtained a fucceffive number of
weak {parks ;. but inorder to procure them, he
was. obliged to let the finger remain fometime
on the upper plate. If, inflead of infulating
the plate of glafs by glafs, he infulated it by
wax or pitch, he conftantly found that the
fp:lrks were ﬁ;—gnger. From this experiment
he concludes, that the inferior plate is not ne-
ecflasy to the production of the effeéts obferved
in this inftrument, and that when deprived of
i, retains all its properties.

Experiment CLIX.

Having excited the upper furface of an clec-
t'ropﬁorbus of wax, he placed the upper plate
on it, and after fome time lifted it off by its
mfulating handle, without previoufly touching:
it with the finger; it gave no fpark, and was
not pofleficd of the lealt power of attraflion and
repulfion §
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repulfion ; which proves, that the cle&rophe-
rous cannot render the upper plate cledtricy
arlefs it is touched by a body which #sca-

pable of givingor raking cleftricity from it
“ - -

Fxprrimest CLX.

Place the upper plate oo an excited elecio-
phorous, bring 2 finger near the upper plate,
and a fpark will pafs between thentt. Now as
che clectric fluid never appears as a fpark, €x-
cept when it pafles with rapidity fromone body

| to another, and as the upper plate exhibits ne
eleftric appearance, if it has not been prewiowdly
touched by a conductor, we may conclude,
that the eleétrophorous only renders the upper
plate ele@ric when it has received or loil 2

quantity of eleftricity.

ExrrrimisT  CLXL

Place one of the fmall brafs conduttors with
its pith balls on the upper plate, and then put
them both on the cleGrophorous, the balls will
immediately {eparate 2 little 3 touch the upper
plate with the finger and the divergence ceafes;
but on lifting this plate from the elcltropho-
rous by its glafs handle the balls diverge wirh

great force, forming a very large angle; on

-

¥ Jneor
a.kl..b
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taking a {park from the plate they inmimec fately
clofe. 'The feparation of the balls thews clearly
that the upper plate cither abforbs a quantity
of electricity, orimparts a portion of its natural
fhare to the under one; it alfo thews; that the
former;asf{oonasit is laid onthe eleCtrophorous,
acquires a fmall degree of eleltricity, which it
fofes on being touched with the finger 5 but it
again becomes clectrical when it is feparatcd
from the ele@rophorous.

-

EXpPERIMENT CLXIf.

Infulate an ele@rophorous, and fufpend 2
pith ball by a linen thread, in fuch manner
that it may De about one quarter of an inch
from a piece of metal which is conne@ed with
the bottom plate ; the ball does not move when
the upper plate is laid on the eleCtrophorous,
but when this is touched by the finger the ball
is attracted; As foon as the upper plate is ta-
ken off, the miferior mietallic coating attracts
the ball, but quits it if the ci)a:ﬁng‘-is touched
by the finger. It is alfo attrated” thithe upper
plate is put on before the fpark has been taken
from it, though it lafts longer and is ftronger
if the fpark is taken before it is placed on the
electrophorous.

Ex-
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ExpeErimenr CLXIIL

Eleélrify the under fide of the eleftrophd:
rous, by connelting the under plate with the
wndué’tor of a machine ; the upper plate will
¢ ftrong fparks to the hand, or any other

b U.-.

101~ ulc‘ux 1c; 'T'ouch the upper plate with ene
hand, and the under one with the other, =
fthock will be receiveds ‘The {ame cfle@ is
produced if the upper plate is clectrified by ¢l

machine,  See fig: 74:
Exrerriment CLXIV,

Infulate an ele@rophorous which is not ex-
cited, and place the upper plate upon it, then
electrify the under plate by a chain from the
prime conduétor; take 2 fpark from the chain,
and the eleftrophorous acquires all the pro-
ucrues which are given ‘to it by exciting the

...Pp(‘l .1(.
Exprrrssexr CLXV,

Connelt the upper plate by a chain with ths
brime condultor, and elefrify it, then take a
ipark from the chain; and the eleétrophorous
will aequire as before the fame powers which
it gains when the upper furface 3¢ rubbed.

X xd
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ExprriMENT CLXVL

The fame effe€t i1s produced by Pplacing a
Leyden phial on the upper plate of an unexcired
eleétrophorous, then charging and difcharging
it on the plate. 3

From the three laft experiments we learn,
that the ele@rophorous may be put in action
by communication as well as by friction.

Experiment CLXVIL

Mr. Achard placed the upper plate on an exci-
ted eletrophorous, and a cube of metal, furnith-
¢d with a glafs handle, an this plate ; on taking
the cube by its handle from the upper plate,
without previoufly touching ity it attracted a
light ball. On repeating this experiment, and
touching the upper plate before the cube was
taken off, it did not appear in the leaft elec-

trical.

ExperiMenT CLXVIIL

By examining the ele€trophorous with finall
pith balls we find,

1. That as foon as the upper plate is placed
on an ele@rophorous of wax it acquires a weak
poﬁtive electricity ; and the contrary, if placed
on an electrophorous of glafs.

2. That
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5. That when thé¢ upper plate is touched by
the finger it lofes all its eledtricity.

3. When the upper plate is touched by the
finger and removed from the ele@rophorous, it
acquires a ftrong negative eleltricity; if the
ele€trophorous is of glafs; and a pofitive elec-
tricity if it is of wax:

The cle@rophorous may be confidered as
formed “of feveral horizontal flrata ; fo thas
when the upper one is excited, either by fric
tion or communication, it is infulated by the
mfetior flrata : now all infulated ele@ries pre-
ferve their electricity a confiderable time, and
7 is from that caufe that the eleéiricity of the
* electrophorous continues fo long:

Infulated and excited glafs induces the nega-
tive eleltricity on bodies brought within the
fphere of its aftion; while negative eleétrics,
in fimilar circimflances, produce the pofitive
electricity. Therefore the furface of the elec-
trophorous ought to communicate immediately
a pofitive eletricity if it is of wax, the nega-
tive i it is made of glafs, which is perfecily
conformable to cxperimentss But when the
upper plare is touched by the finger, the upper
furface of the eleftrophorous ceafes to be infu.
lated, and gives the ncgative cle@ricity to the
upper plate, if ir s of g_ﬂ:lfi, and the contrary

N if
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if of wax, agreeable to the different experiments
which are deferibed in Chap. IV,

Fleftric bodics do not put the fluid in that
degree of motion which is neceflary to produce
the fpark, or exhibit the pheenomena of at-
traCtion and repulfion, while they are in con-
ta® with conduéting fubftances, which is the
reafon why the upper plate exhibits no figns of
ele@ricity while it remains in contadt with the
under one, though they become fenfible the
inftant it is removed from it.

As the theory of this inftrument has been
deemed very intricate, I have fubjoined another
explanation of it, which is given by the editors
of the Monthly Review.

¢ Therefore, (in the cafe of a glafs electro-
phorous) as it is a cafe which admits of a fome-
what eafier illuftration, the excited plate atts
upon the eledtric matter naturally contained in
the upper brafs plate, {0 as to repel a part of its
natural quantity from it in form of a fpark, at
that part where the finger is applied toit. If
the brafs plate in this flate is lifted up by its
handle, it will receive a fpark from the finger.
On being replaced, and the fame operation ta-
king place, the fame refult will be obtained ;
which may be continued for a great length of
time, without diminithing the virtue of the
excited eleftric, which in faft does not part
with
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with any of its own ele@ricity, but only repels
# part of what is in the upper plate, which is
tepeatedly reflored to it from the earth by the
perfon who makes the experiment.”

ExreximMenT CLXIX,

Place a piece of metal ont an excited cle@ros

horous, it may be of any thape ; a pair of tri-
P ’ » .

angular compaffes are very convenient for this

purpofe. - Electrify the piece of metal with the

power which is contrary to that of the eleGro«
phorous, and then remove it by means of fome
eleftric; and afterwards fift upon the eleétropho-
rous [ome finely powdered refin, which will

form on its furface curious radiated figures.
When the plate is negative, and the piece of me-
tal pofitive, the powder forms itfclf principally
about thofe parts where the metal was placed 5
but if the plate is pofitivé, and the fpark is ne-
gative, the part where the metal touched will
be free from powder; and the other parts morc

cavereds
Fxrerinmenw® CLXX,

Infulate 2 metal quart mug, . and fulpend a
pair of {inall pith balls by filk, fothat the whole
of the cle@trometer may be within the mug,

N 2 elec

%
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ele@rify the mug, and the eleflrometer will not
be in the leaft affeted. The fimilar atmo-
{pheres counteract each other ; and as no con-
trary power can take place in the cle@trometer,
it will remain unelettrified. Touch the mug
with fome conduing fubflance, and it will
immediately attra@ the balls.

ExperimenT CLXXL

Sufpend a fmall cylinder of gilt paper by tin-
foil, and then touch the cleétrified and infulated
mug with it, a fpark will pals between them,
and the elericity will be diffufed in cach in
proportion to their capacity. Now plunge the
infulated cylinder to the bottom of the mug,
and it will reftore to it the cleftricity it had re-
ceived, and does not give the leaft fign of elee-
tricity when taken out.

Exreriment CLXXII

Conneét a pair of pith balls with an infulated
metal veflel, in which a metal chain is placed,
raife the chain by means of a filk thread, and
the divergence of the balls will diminith in pro-
porfion as the chain is raifed and difplayed ;
fhewing, that the eleétricity is rarified, and its
denfity is diminifhed, in proportion as it {preads
itfelf
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sefelf from the furface of the veflel on the ex-
tended chain ; which is confirmed Dby the balls
diverging again when the chain is let down
into the veflel. ~ ‘This experiment affords an
eafy folution for many of the pheenomena of at-
mofpheric cleétricity, as why the vapour of
ele@rified water gives fuch fmall figns of elec-
tricity, and why the cletricity of a cloud is in-
creafed by being comprefied or condenfed.

EXPERIMENT CLXXIII.

Excite a flip of white flannelor a filk ribbon,
and take as many fparks from it as it will give,
then double or roll it up, and the contracted
flannel will be ftrongly ele€trical, give {parks,
and thrpw out brufhes of light,

Of the advantages awhich may be derived
from an imperfect Infulation, and of ren-
dering very fenfible wery | fmall degrees of
natural and artificial Eleéricity, by Mr.

Volta.

A conductor, properly conftructed for making
obfervations on atmofpherical ele€tricity, will
{eldom affet the moft fenfible eleétrometer when
the fky is free from ¢l eétricalclouds; butby means

N 2 of

o
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of the apparatus now to be defcribed it will
appear, that thele conducters are always elec-
trical, and confequently the air which furrounds
them muft be atall times ele@rified. This me-
thed not only determines the exiftence, but alfe
the quality of the ele@tricity, whether pofitive
or negative, and that, even when the conductoy
will not attract the fineft thread ; but if a very
{mall-attradion is vifible in the conductor, then
the apparatus will give long fparks.

The eleétrophorous ufed for this purpofe may
with propriety be termed a micro-cle€trometer,
or condenfer of ele@ricity.

Whenever the atmofpherical conduétor gives
fufficient figns of eleétricity, then the conden-
fing apparatus becomes ufelefs. For when the
eleftricity is ftrong, it often happens that part
of the elcétricity of the metal plate is imprefied
upon the other, in which cafe the apparatus
afts as an eleftrophorous, and becomes unfit
for our purpofe.

The apparatus adapted for this purpofe con-
fifts of the upper plate of an eletrophoraus,
and a femi-eledtric, or an imperfeét conduéling
plane, which will enly hinder in a certam de-
gree the paflage of the fluid. Many conduc-
tors of this kind may be formed; {uch as
a clean dry marble flab, 2 plate of wood, co-
vered with a epat of varnith, &c. The furface
of thofe bodies not contraéting eleftricity, oF
il
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if any fhould adhere to them it foon vanifhes,
on account of their {emi-condufting nature;
for which reafon they cannot anfwer the end of
an ele@trophorous, but are fit to be ufed as
condenfers of eleftricity,

Care fhould be taken however in choofing
this plane, thar it be not of too free a conduét-
ing nature, nor likely to become fo by ufe, it
being abfolutely neceffary that the ele@ricity
fhould find a confiderable refiftance in pervading
its furface. In preparing fuch a plane, by dry-
ing, or otherwife, it is much better fo come
too mear than tco tar from a non-conductor.
A marble flab or board, properly dried, an-
fwers well, and is preferable to any other
plane; otherwife the plate of the clectropho-
rous is preferable to all bodies unprepared.

The worft fort of marble, if coated with. co-
pal, amber, or lac-varnifh, and then kept in
an oven for 2 fhort time, will anfwer very well,
even without previoufly warming for the expe-
riment. '

This, in fac, it may bg faid, is returning
to the eleftraphorous ; as marble, wood, &c.
varnifhed, if they are hot, may be excited by
a very flight friction, and fometimes by only
laying the metal plate on them ; to prevent
which, they fhould be ufed without warming.

N 4 The
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The advantages plates of this kind have over
the common eleéirophorous are, 1. That the
varnith is always thinner than the common
refinous ftratum of an eleftrophorous ; and,
2, That the varnifh acquires a fmoother and
plainer furface : hence the metal plate can with
more advantage be adapted to it.

Any fort of plane, coveréd with dry and
clean oil-cloth, or oiled-filk, or fattin, and any
other filk ftuff that is not very thick, may be
‘ufed with equal advantage, if it is flightly
warmed.  Silk “ftuffs anlwer better for this
purpofe than thofe made of cotton or weol, and
both better than linen. Paper, leather, wood,
ivory, bone, and every other fort of imperfect
condudtors, may be made to anfwer to a certain
degree, if they are previoully dried, and kepe
kot .during the experiment.

This apparatus is rendered more fimple by
applying the filk, &c. to the upper plate
ef metal, which 1s fixed to the glafs handle,
inftead of the marble or other plate, which
now becomes ufelefs ; for in its ftead, a planeof
any kind may be ufed, as a common wooden
or marble table, even not very dry ; a piece of
metal, a book, or any other conduclor, with a
flat furface,

Nothing more is requifite in thefe expeyis
faents, than that the eledricity, which tends
to
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g6 pafs from one furface to the other, fhould
meet with fome refiftance or oppofition in one
of the furfaces, as will be evidentin the fecond
part.

It is immaterial whether the non-conduéling
er femi-condufting ftratum be laid upon one
or the other of thefe planes 3 all that is neceflary
, that rhey fheuld coincide together, which
senders it proper to ufe two planes that have
been ground together, and one of them var-
vithed. A fingle metal plate, covered with
flk, with three filk ftrings faftened to it by
way of handle, may be conveniently ufed for
ordinary experiments.

18

To ufe the apparatus, the upper metal plate
muft be placed upon the uneledtrified plate,
and in perfect contact with it.

The plates being, thus placed, let a wire,
gommunicating with the cenductor, be brought
to touch the metal plate of the electrophorous,
and that only.

The apparatus being left in that fituation a
certain time, will acquiré a fufficient quantity
of cleétricity, though but very flowly.

Remove the communicating wire from the
meta) plate, and, by means of its infulated
kandle, ;‘épumt-e it from the under one ; it will
now attract a thread, cleltrify an ele@trometer,
and, if it is ftrong, will give fparks, &c.

though
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though the atmofpherical conductor thewed noj
or only fmall figns of i

It is not eafy to détermine the exa® time
neceflary for this apparatus to remain in cons
rat with the conduflor, as it will depend on
many circumftances 3 for, if there are no figns
of eledricity in the conduor, it will require
eight or ten minutes, but if it attracts a fine
thread,.as many feconds will be found fuffi-
cient, l

It is difficult alfo to determinc the precife
degree to which the eleftricity. may be con-
denfed, or how much the eieétrical pheeno-
mena may be increafed by this apparatus, as it
depends on varipus circumftances, The aug-
mentation is, however, greater in proportion
as the body which {upplics the metal plate hag
a greater capacity, and is larger in proportion
as the eledtricity is uealfcra Thus, though
the atmolpherical condudtor has {carcely power
fufficient to attract a fine thread, it is neverthe-,
lefs capable of giving fuch a quantity of elec-
tricity to the metal plateof the ele@&rophorous,
as not only to aftuate an eleGtrometer, but
even dart ftrong {parks, But if the elelricity of
the atmofpherical conduétor is ftrong enough
to afferd fparks, or to raife the index of the
cleftrometer to 5 or 6 « degrees, then the re-
ceiving plate of the ele Ctrophorous, according

1o
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to this method, will raife its index to the high-
eft degree, and.givea ﬂrongm fpark 3 yet it
may be plainly pu‘c&wcd that the condenfation
is propostionably lefs in this than in the other
cafe 3 for this reafon the eleftricity cannot be
accumulated beyond the greateft degree ; that
is to fay, when it is increafed fo much as to be
diffipated every way- Therefore, as the clec-
fric power, which fupplies the condenler, is
neareft to the higheft degree, the condenfation
i proportionably lefs ; but in this cafe the con-
denfer is nfelefs; its principal ufe being to
collect and render fenfible that {mall quantity of
cle@ricity which would otherwife remain ime

perceptible and unobferved.

Hitherto we have adapted our condenfer to
the dete@ing weak atmofpherical cledricity,
as brought down by the conductor ; but thls;
though the principal, is not the only ufe to
which it may be applied. It will likewife dif-
cover artificial ele@ricity, when it is fo weak as
qof to be difcoverable by any other means.

A Leyden phi:ﬂ charged, and then difchar-
ged by touching its coated fides with the dife
Ch.).rvruw rod or the hand, appears to be quite
deprived of its eleltricity 5 yet, if you touch
the knob of it with the metal plate of the con-
denfer, (fituated L"‘OD an unpertc{t conduting
plane) and immediate take up the plate, it

will
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will be found to give very confpicuous figns of
ele@ricity. But, if juft fufficient charge is left
in the P'”"l to attract a fine thread, and the me-
tal plate is then brought to touch the knob for
a mement, it will, when lifted up, give a
fpagk, and if touched again, a fecond
fcaree fmaller than the former ; and thus, fpark
after fpark may be obtained for a long time.
This methed of producing fparks, by means

arong
&

of a phial which is not charged fo high as to
give fparks of itfelf, is wery convenient for
varigus pleafing experiments ; as to fire or light
the umi;nmable air-piftel, er lamp ; efpecially
when a perfon is provided with one of thofe
phials contrived by Mr. Cavallo, which, when
eharged, may be carried in the pocket a long
time, Thefe phials, as they retain a fenfible
charge for {everal days, will retain an infenfible
one, for ‘weeks and months ; or, fuch a one as
cannot eafily be difcovered without the con-
denfer, in which cafe it becomes more than
fenfible, and fufficient for the experiments of
the inflammable air-piftol, &c.

Secondly. If you have an cleftrical ma-
chine fo far eut ef order that its conductor
will not give a fpark, nor attract a thread,
then let this condutor touch the metal plate
of the condenfer, and continue in that fituation
a few minutes, (the machine being till in mo-

tion)
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tien) life up the metal plate, and you will obtain
from it a {trong {park.

Thirdly. If the cle@rical machine acts welly
but the conduétor is fo badly infulated that it
will not give a fpark, either from its being con-
neted with the walls of the room, or by having
a2 chain from it to the table, let the conduétor
in this ftate touch the metal plate of the con-.
denfer while the machine is in a&ion, the
plate will afterwards give {ufficient ftrong figns
of mc:.‘u’mm;-; which proves the great power
this apparatus has of drawing and condenfing
the eleétricity.

Fourthly. Where the eleCtrometers are nst
fufficiently fenfible to difcover the. quantitics
of excited ele€ricity, thole quantities may
be readily explored by the condenfer. ¥or this
purpofe, rub thofe bodies with the metal plate
of the condenfer, which fc:" this purpofe muft
be naked, and if the plate be then prefented to
an eletrometer, 1t will be found confiderably
eletrified, altheugh the body rubbed may have
acquired little or noelectricity. - The quality,
whether pofitive or negative, may be eafily af-
certained, fince the eleéricity of the mezal
plate muft be the contrary of that body on
which it was rubbeds Mr. Cavallo made uie
of this mcthod to difeover the eleétricity of
many bedics, Put a il better method may

be
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be ufed in cafe the bodies to be examined can-
not eafily be adapted to the metal plate, viz.
The metal plate being laid on the imperfett
conduéting plane; the body to be tried is
tubbed againfl, or repeatedly ftroaked upon it,
which done, the plate is taken up and cxa-
mined by an ele@rometer. I the body tried is
leather, a flring, cloth, velvetr, or other im-
perfe@ conduor of the like fort, the plate
will certainly be found ele@rified, and incom-
parably more by this means than if it were
firoaked by the fame bodies, whilft fanding
infulated in the air. In fhorty by either of
thofé methods you will obtain ele@ricity fron
badies which could hardly be expedted to give
any, even when they are not very dry: Indeed,
toals and metals exeepted, every other body
will afford fome ele@ricity: Ele@ricity may.
dften be obtained by firoaking the platc with
the naked hand:

The metal plate has a much greater power
to retain clectricity when it lies upon a proper
plane, as mentioned in the foregoing experi-
ments, than when quite infulated:

It is eafy to comprehend; that where the ca<
pacity of helding eletricity is greateft, there
the intenfity of the eleitricity is proportionably
tels, for it will then require a greatcr quantity
to raife it to a given degree of intenfity ; {o that
the
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the capacity is inverfcly as the dwtenfity; by
which we mean, that endeavour, by which the
elettricity of an ele@rified body tends to efcape
from all parts of it; to which tendency or cn-
deavour, the eleftrical pheenomena of attraltiow
and repulfion, and c{pecially the degree of ele-
vation of an eleftrometer, correfpond.

That the. fztenfity of eleCricity muft be in-
verfely propertional to the capacity of the bad:

Ve

electrified will be clearly exemphified by th

{1”0\1 ne ’1’(1)6;"1111(:1-

Fal

Exrerimentr CLXX

Take two metal rods of equal diameter, t
one a foot, the other five feet long; let the
firt be eleCtrified till the index of the eledtio
meter rifes to 60°, thea let it touch the other
rod 3 and in that cafe it 1s evident, thatthe in-
tenfity of the eleirieity being diffufed bets
the two rods, will be diminithed as the capacity
1s increafed ; fo that the index of the cle@ro-
meter, which before was elevated to 60°, wiil
now fall to 10°, viz. to onc fixth of the for-

mer intenfity. For the fame teafon, if the like

guantity of eleQricity was comanunicated to a
rod 6o feet long, its intenfity would be dimi-
nithed to one degree; and on the contrary,
if the elefricity of the long conduftor was

con-

,,
=
¢

-
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one

contracted into the 6oth part of that capacity;
its intenfity would be increafed to 6o.
Condu@ors of different bulk have not only

different capacities for holding eleétricity, but
alfo the capacity of the fame condutor is in+
creafed and diminifhed in proportion as its fur-
face is enlarged and contraéted 5 as 1§ thewn i
Dr. Franklin’s experiment of the can and chain,
&ci from which it has been concluded, that the
eapacity of condu&ors is in propertion to their
furface, and not to their quantity of matter,

This conclufion is true, but does not com-
prchend the whole theory, fince even the exten-
fion contributes to increafe the capacity. In
fhort, it appears from all the experimerts hi-
therto made, that the capacity of conductors
is not in proportion to the furfaces in generaly
hut to the furfaces which are freey or uninflu-
enced by fuimilar or homologous atmofpheres ;
and further, that the capacity of & condudlor,
neither altered in its form or furface, is in-
creafed, when inftead of remaining quite infu-
lated, it is prefented to another not infulated 3
and this increafc is more confpicuous, as the
furfaces of the conduétors are larger and ap-
proach nearer to each other.

The above-mentioned cireumnftances, by
which the natural capacity of conduétors is
greatly augmented, has been overlooked, and

there-
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therefore no advantage has hitherto been de-
duced from it. The following experiment
will fhew this increafed capacity in the fim=

pleflt manner.

Experiment CLXXV,

Tike the metal plate of an eleGrophorous;
hold it by its handle in the air, and eleétrify it
fo high that the index of an eletrometer an-
nexedl fo it may be clevated td 60°, then lower
the plate by degrees to a table, or other plaie
tonduéting furface, the index will gradually
fall from 60° to 50°, 40°, 309, &c: and yet
the quantity of eleétricity in the plate remaing
the fame, except it is brought fo near the table
s to occafion a tranfmiffion of the eledricity
feom the former to thie latter 3 ac leaft, ic will
remain 2s near the fame as the dampnefs of the
air, &c, will permiti The decreafe of intenfity
is dwing to the increafed capacity of the platey
which is now not infulated, or jfelitary, but
conjugate, or communicating with another con-
ducor : for; let the plate be gradually re-
moved from the table, the cleftrometer will
rifé dgain to its former ftation, namely, t0 66° ;
excepting the lofs that the air, &ci riay have
occafioned during the experiment,

0O The
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The reafon of this pheenomenon is eafily de-
rived from the aftion of eletric atmofpheres.
The atmofphere of the metal plate; which for
the prefent I fhall fuppofe elefrified pofitively,
acts upon the table, or other conductor, to
which it is prefented ; {o that the eleéric fluid
in the table, retiring to the remoter parts of it,
becomes more rare in thofe parts which are ex-
pofed to the metal plate, and this rarefaction
increafes, the nearer the eleérified metal 1%
brought to the table. If the metal plate is
ele@rificd negatively, the contrary effects take
place. In fhott, the parts which are immerfed
in the {phere of adtion of the eleCrified plate,
by contrafting a contrary ele@ricity, give the
clectricity of the metal plate an nnpmwmw to
expand iefelf, and will thus diminifh its inten-
fity, as 'is fhewn by the depreffion of the
eletrometer,

The two following cxperiments will throw
more light upon the reciprocal adtion of the

cle&ric atmofpheres.
. I

Experiment CLXXVL

Ele@rify two flat conduétors, either both
pofitively or negatively, then bring them gradu-
ally towards each other, and it will'appear, by
ewo annexed cle@rometers, that the nearer they
3 m)f{};‘::.‘?‘_
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approach cach othier; the more their denfities
will increafe, as all elaftic bodics re-act 11 pro-
portion as they ate acted on; which hews;
that cither of the two comjugate powers has a
fauch lefs capacity to receive more fluid now
than when fingly infulated, and out of the in-
fluence of the others This experiment explains,
why the tenfion-of the cleftric atmofphere on
an’ electrified condultor is greater when 1t is
tontradted into a ﬁnal er lmlk ; and ;}‘-i'n \*«'h\' a

than a more compné‘c ohe, iuppoimg 1heu

i i

tjuantity of furface and eledtricity to be the

fame ; becaufe the homologous atmolpheres of

their parts interfefe lefs with cach other in the
former than in the latter cafe, and of courfe,
ds thelr aftion 18 lefsy the re-a&ion is allo

HGET

Expenivent CLXXVIL

Flednfy one of thefe flat conda&ors pofis
tively, the other zzvgr:u'n'c:lj , and the effects will

then be m.' the reverie
s . dim
the intenficy of their cleétricities will be dimi-

af the 111'c—<:<:dinfr; ViZ.

nifhed, becaufe their capacit us, or their power
and facility of expanding arc! increafed the nears
¢r the conduétors come to cach other. '

o8 Apply
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Apply the explanation of this laft experiment
to that mentioned before, viz: the bringing the
cledtrified metal plate towards a conducting
plane which 1s not infulated ; for, as this plané
acquires a contrary elefricity, it follows, that
the intenfity of elefiricity in the metal plate
muft be diminifhed, and the annexed eleCtrome-
ter is deprefled according as the capaeity of
the plate is increaled, or as the denfity of its
atmofphere is diminifhed ; and confequently;,
the plate in that fituation is.capable of receiving
a greater quantity of eleftricity.

"This will be rendered ftill clearer by the fol-

lowing experiment.
" EXPERIMENT' CLXXVIII,

Infulate the condutting plane whilfl the
other cleGrified plate is upon it, and after-
wards feparating them, both the metal plate
and condu@ing plane, which muy be called the
inferior plane, will be found eleftrified, but
poflefled of contrary cledricities, as may be
afcertained by eleClrometers.

If the inferior plane is infulated 6irt, and
then the ele@rified plate is brought over it,
then the latrer will'caufe an endeavour in the

£ pprid . e e e :
former to acquire a contrary eleltricity, which

+he infulation prevents from taking place; hence

Ll
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the intenfity of the cle@ricity of the plateis not
diminifhed, at leaft, the eleftrometer will thew
a very little, and almoft imperceptible depref-
fion, which fmall depreffion is owing to the
imperfetion of the infulation of the inferioy
plane, and to the fmall rarcfzétion and conden-
{ation of the ele@ric fluid which may take place
in different parts of the faid inferior plane.
But if, in this fituation, the inferior plane be
touched fo as to cut off the infulation for a mo-
ment, then it will acquire the contrary clec-
tricity, and the intenfity in the meral plate will
be diminifhed.

If the inferior plate, inftead of being infu-
fated, were itfelf a non-condudling fubitance,
then the fame pheenomena would happen, viz.
the intenfity of the ecleétrified metal plate laid
upon it would not be diminifhed. This, how-
ever, is not always the cafe, for if the fuid in-
ferior non-conduing plape is very thin, and
is laid upon a conduétor, then the intenfity of
the elefrified metal plate will be diminifhed,
and its capacity will be increafed by being laid
upon the thin infulating ftratumm ; as in
that cafe, the condufting fubftance, which
frands under the non-conducting {tratum, ac-
quiring an elericity contrary to that of the
metal plate, will diminith its intenfity, &ec.
204 then the infulating ftracum will enly dimi-

O 2 H"Lf!l
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aidh the mutual aétion of ‘thetwo atmofplicres
more or lefs, according 'as it keeps thom at
greater of {maller diftances from each other,
The intenfity or cleélric attton of the metal
plate,” which  diminifhes gradually as it 1
brought nearer and mcawer: to a conduéting
plane not infulated, becomes almoft nothing
when  the plate is ncarly in contact with the
plane, the con apenfation | or natural balance
being nearly puiLd Hence, if the iaferior
plane gnly oppofes a fimall refiftance to the pal-
fage of the elet Aricity, (\\fh:tlwr fuch refiftange
15 occefioned by a thin clefiric dtratum, oOF by
the plane’s imperfect conducting nature, as is
tle cafe with dry wood, marble, &¢) that re-
filance, joincd to the intery al, however fmall,
¢hat is berween the two plates, cannot be over-
com¢ by the weak intenfity of the eleétricity of
the metal plate, which on that account wilil
ot dart any fpark to'the inferior phtm, (ex
cept its cletricity were very powerful, or its
edges not well rounded) and will rather rerain
its eleétricity ; fo that being remov ed from the
inferior plane, its cletrometer w ill pearly re-
cover its former height.  Befides, the eleciri-
fied plate may even come tO touch the imper-
feftly condufting plane, and may remain in
¢hat fitvation for fome time 3 in which cafe,

aleg

;]1' intenfity being reduced almoit to nothing,
the
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the ele@ricity will accordingly pafs but flowly
to the inferior plane. _ But the cale 1s different,
if, in performing this experiment, the electri-
fied metal plate touches the inferior plane edg-
wife, for then its intenfity being greater than
when it is laid flat, as appears by the ele¢trome-
ter, the eleCtricity eafily overcomes the {mall
refiftances, and paffes to the inferior planc,
cven acrofs a thin firatum, becaufe the electri-
city of one plane 15 balanced by that of the
ether, only in. proportion to.the quantity of
{urface which they oppofe to each other within
a given diftance ; fo that when the metal plate
touches the other plane in flat and ample con-
fa&, its eledtricity is not diffipated. 'This ap-
parent paradox is clearly explained by the theo-
ry of eleftric atmofpheres.

"Tis fiill more like a paradox, that neither
rouching the metal plare with a finger or picec
of metal will deprive it of all its cletricity,
while ftanding upon -the proper planc ; fo that
it generally leaves it fo far cletrified, thar
when feparated from . the plance it will give a
fpark.  Indeed, this: pheenomenon could not
be explained on the fuppofition, that the finger
or metals were perfect conductors. But, fince
we do not know of any perfect conductor, the
metal-or. finger oppofc a fufficient refiftance to
retard the immediate diffipation of the eletri-

O 4 city
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city of the plate, which is in that cafe actuated
by a very {mall degree of intenfity, or power
of expanfion ; fo that, fuppofe for inftance,
the picce of metal or finger touching the plate,
took off fo much of its eleltricity as to reduce
the intenfity of the remainder to the soth part
of a degrec, this remaining eletricity would
be then nothing ; but when the plate, by being
{eparated from the inferior plane; has its capa-
city fo far diminithed as to render the intenfity
of its eledtricity 100 times greater, then the
intenfity of that remaining eleétricity would be-
come of two degrees or more; Viz. {fufficient
to afford a {park.

Having confidered in what manner the ation
of cleltric atmofpheres modifies the eledtricity

of the metal plate in its various fituations, we
fhall now confider the effeéts which take place
when the elefricity is communicated to the
metal plate, whilt ftanding upon a metal
plane. As the whole bufinefs has been proved
in the preceding pages, it is eafy to deduce
the applications from it; neverthelefs, it will
be ufeful to exemplify it by an experiment.

EXPI’.R!MEN'I“ CLXXIX.

Suppofe a Leyden phial or a conduétor, fe

weakly eleCtrified that its intenfity is on halfa.

degree,’
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degree, or cven lefs : if the metal plate of the
condenfer, when ftanding upon its proper
plane, was to be touched with that phial or
conductor, it is evident, that either of them
would impart to it a quantity of its eleftricity,
proportional to the plate’s capacity, viz. fo
imuch as fhould make the intenfiry of the elec-
tricity of the plate equal to that of the eleétri-
city in the conductor or phial, viz. half a de-
gree ; but the plqte’s éapacity, now it lies
upon a proper plane, is above 100 times great-
er than if it ftood infulated in the air ; or,
which is the fame thing, it acquires 100 times
more ele€tricity from the phial or conductor.

Tt naturally follows, that when the metal plate

is removed from the proper plane, its capacity
being leffened fo as to remain equal to the rooth
part of what it was before, the intenfity of its
eledtricity muft become 50°, fince the intenfiy
of the ele€tricity in the phial or condutor was
half a degree.

If a{mall quantity of ele&ricity, applied to
the metal plate of the condenfer, enables it to
give a firong fpark, it may be afked, What
would a greater quantity do? Why nothing
mote. Becaufe, when the eledtricity commus-
nicated to the metal plate is fo ftrong as to
overcome the fmall refiftance of the inferior
plane, it will be diffipated. :

t
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It ts eafy to erftand, that if the metal

nd
.",
plate of the condenfer can receive a good thare

&

of eletricity fw.n a Leyden phial or amplc*
eonduétor, however wezal <ly aé‘n-re-’i, it can-
npt reecive any confiderahle quantity of it from
g condutor of {mall.c capacity ; for this conduc-
tor ennnot give what it has nat, cxcept it were
continvally rece iving a ftream, hovrvcr ima.l!
as is the cafe with an atmofpherical conductur
or with the conduétor of a machine which ads
¢ poorly but continues in a&ion. In thofe
cafes it has been obferved, that a confiderable
time 1s required before the meral plate has-ac<
quired a {ufficient guantit ty of cleétricity.

As an ample condudctor, weakly electrified,
1r‘1i"1} ts & confiderable quantity of clectricity tq
the metal plate of the condenfer, o, when this
plate 1s afterwards s feparated from its plane, the
electricity in it appears.much condenfed and
vigorous ; fo, when the fame plate contains a
fmall quantity of ele@ricity, fuch ag cannot
give a {park or affeét an eleGtrometer, that elec-
tricity may be rendered very confpicuous by
communicating it to another {mall plate or cons
(.li_l‘lf-tl.

Mzr. Cavallo firft thought of this i improvement,
by reafoning on Mr. Volta’s experiments, Hf
made a fmall metal plate not cxcecd] ng the fize
of a Thilling. This fecond condenfer i of great

Ul'-.--
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ufe in -many cafes where the eleftricity is fo
fmall -as not to be at all, or not clearly, obfcr-
vable, by one condenfer enly, as has been fully
proved. Sometimes the ufual metal plate of
my condenfer acquired fo fimall a quantity -of
cle@trieity, that being afterwards taken from
the inferior plane, and prefented to an ex-
treamly {enfible ele@trometer, made by Mr. Ca-
vallo, it did not affeét it.  In this cale, it the
faid plate, thus weakly eletrified, was made to
touch the other fmall plate properly fituared,

and was afterwards brought near an ele@trome-

ter, the electricity was then generally ftronger

cient merely to afcertai

than was ful
quality.

Now if, by the help of both condenfers,
¢he intenfity of the cleétricity has been aug-
mented 1coo times, which is by ne means an
exaggeration, how weak muft then be the elec-
tricity of the body examined ! how fall the
quantity of cleétricity that is produced by rub-
bing a picce of metal with one’s hand ! fince,
when it 1s condenfed by both condenfers, and

+hen communicated to an eletrometer, it wil}

hardly affe@ that inftrument, and yet is fuffi-
cient to afford conviétion that the metal cap
be eleétrified by the friftion of a perfon’s hand,
Before the difcovery of the condenfer and
Mir. Cavallo’s yery fenfible eleRrometer, we

WEre
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were far from being able to difcover fuch weak

excitations 3 whereas, at prefent, we can obferve
a quantity of eledtricity incomparably fmaller
than the fmalleft obfervable at thofe tines.
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C'H A P31,
Of Atmofpherical Eleétricity,

OR the fubjett of this chapter we are piid-

cipally indebted to P. Beccaria, who has
for many years accurately obferved the yarious
changes in the electricity of the mnoilneu,
and their relation to the other pheenomena of
the weather. His apparatus was admirably well
adapted for this purpefe, and fuperior to any
thing that we are at prefent acquainted with,
for intimating eafily and at all times the elecs
tricity of the air, It nor belng at firft fufhected;

that cleftricity wa3 fo intimately bicoded w

every operation of hature, 2s it i5 now known
to-be. The labourers in this part are of courfe
very few, the principal are P. Beccaria, Mr.
Ronayne, and Mr. C.s\-’ﬂ'tirh.

I have extrated and ¢ dized the refults
of the obfervations made lry P. Beccidria, intro-

ducing pccafionally thofe made by others, that
the reader might be in poffeffion of the moft
material faés, and extited to invceftigate and
purfise with attention this delicate and impor-
tant qubjeét; for, indeed, little cvcrmin-:}-' can
be expected from any fyftem of mcreorology
where the ation of the principal agent is not
particularly confidered and J\_\,U]d_d t0:

Ths
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The apparatus ufed by P: Becearia, for
1o the elediricity of tllc armo{phm,

veftigating
was an iron wire, which he t an exploring

wire, ore hundred and tIanj-.'—t\.‘.'o fect long:
Tr was fixed at one €iid to a pole raifed over the
chimney, the other end was faftened to the top
of a cheriy-tree. The extremitics of the wire
were infulated, add covered with 1 finall um-
brella of tin: Anpether wire was brought {romt
this, (through a thick glafs tulbe, coare »d witlt
fealing-wax) into the room ; by which means,
continual information of the ftate of the clees
tricity in the exploring wire was obtained. - He
uonncé‘taf with this wire a fimall {lip of metal,
sn each fide of which was a fimall pith bally
one ‘;:nc diameter 3 the balls were fufpended by
filk threads, fixteen lines long:

The eledtricity, in feren weather, generally
makes cach of the balls diverge about 6 lines ;
shen it is very ftrong, they will diverge 15 or
a0 degrees from the metal plate; when weaky
the divergence ig vety fmall:

In ferene weather, the wire, after being
tguched, will take a minute or langer hc{'orc it
“again fhews fighs of ele@ricity ; though,

other times, it will become cleétrified in the

{pace of a fecond.
The eledtricity during fercric weather is al<

Ways }'Oﬁtl‘m- There are few inflances in
which
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which ‘it is negative, and then it is brought
over by the wind from fome part of the atmo-
fphere, (perhaps very diftant from the place of
obfervation) where there is ecither fog, fnow,
rain, or do‘uds. The whole feries of obfer-
vations which P. Beccaria has made-cenfirm
this pofition. Hc fecms to have met with only
threc or four inftances to the contrary.

Dr. Franklin has obferved; that the clouds
are fometimes negative, which is certainly
true ; becaufe they will at times abforb at, and
through the apparatus, a large and full bottle of
poﬁtl 1= Lm&lluLjﬁ, of which the apparatus
could not have received and retainéd the 1octh
part. And it is eafy to conceive, how a ftrongly

ged large pofitive €loud may reduce fimaller

char
clouds to a negative ftate.

The cledtricity of the atnio i 15 very
much comneéted with the ffate of .h: air, as to
moifture and drynefs; fo that it is neceffary to
attend to the hyvgrometer, in order to form a
proper judgment of the different degrees of
ele@ricity at different times:  That invented by
Mr. Coventry, which is made of hatters’ paper,
will anfwer beft ; it is very fenfible, abforbs
moifture foon, and parts with it eafily. Com-
parative obfervations may alfo be made with
it, It is alfo neceffary to place a thermometer
near the hygrometer, ro aflcertain what quantity

of




208 AN ESSAYX

of moifture the air can keep in folution wh:I-i
a given degree of heat. Though this object
will more p"(}b’lb]) be obtained by ohlenmei
accurately the quantity of moifture evaporated
irom a given furface at different times. Itis
alfo to be ofaii‘r\'c‘(f, that the different degrees
of denfity in the air will affe€t the quantity of
ynoifture which is rct‘aincd. in the air.

~ The moifture in the air is the conftant con-
du@or of the armofphcric eleéricity during
cleat veather ; and thie quanuty of cleftricity
is pr'opor'::-.:nul to the quantity of moifture
which furrounds the ucplmmw wire ; except
there is fo much as to leflen the exanefs of
the infulation of th(_ wire and of the atmo-
fphc‘rc. o ul\ ftate of the air it will fome-
fimes be above a minute before the Lull, will
manifeft any cleétricity afrer the wire has been
touched 3 though in a damper {tate, a {econd
will fearce elapfe before rapid ofciliations of
the balls may be obferved between the imgcr
and the plate of brafs to which they are

gthxed.®

'i'hc

# In making obfervations on the eleftricity of the atma-
fphere in clear weather, it is effential to repeat them very
irequently 5 i. e. to obferve the vetocity with which the elec-
tricity rifes after it has been annihilated ; which P. Beccari#
generally eftimated by the number of feconds clapfed before
the balls began to mani'ed their eledinicity,
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The eleétricity, when the weather clears up,
is always pofitive, When the weather is clear
ing up, and becomes dry quickiy, the elec-
tricity rifes to a great degree of intenfity, and
affords frequent opportunities for repeating the
obfervations. It fometimes happens, that the
c:l::&riciry, caufed by the clearing up of the
weather, continucs in its ftate of intenfity for a
long while ; and alfo, after being interrtip-
ted, it begins afrefh. Thefe accidents feem
to be owing to the eletricity being brought
over by the wind from great diftances.

P. Beccaria fays, that whenever he obferved
that the thick low clouds which were over
his head began to break, and the rare even
clouds, which are above the formcr became
dilated, that the rain (.szfcd and the balls
dnerggd with poﬁtwe ele&nmt), he always
wrote down cerfain tendency to clear sweather.

Prior Ceea fays; that a i‘troncr pofitive elec~
tricity after rain is an indication that the wea«
ther will continue fair for feveral days. If the
eletricity is weak, it is a fign that the fair
wreather will not laft the whole day, but that ie
will foon be cloudy, and even rain.

If when the j’k}r grows C]OUd(‘d over thC
place of obfervation, and a high cloud j
formed, without any fecondary clouds uuder

3 it,

{
{
!

/
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5¢, and that it is not an extenfion of a cloud
which drops rain clfewhere ; cither no ele@ri-
city takes place, or it 1s pofitive.

1f the clouds which are g&thf.nng arc fhaped
tike locks of wool, and keep moving firft nearer
to, and then feparating from cach other; or, if
the gencral cloud which is forming lies very
’ucrhj and is firetched downwards like defeend-
ing fmoke, then pofitive elericity commonly
takes place, which is more or lefs firong in
proportion to the quicknefs with which this
cloud forms ; and it foretells the greater or lefs
quantity and velocity of the rain or fnow which
s to follow.

When =2 thin, even, and extenfive cloud is
forming, which darkens the fky, and turns it
into a grey colour, 2 a ftrong and repeated pofi-
tive ele@ricity takes place ; but in proportion.
as ‘the gathering of the cloud flackens, this
ele@ricity leflens, or even fails. On the con-
trary, if the rare extenfive cloud is gradually
formed of finaller clouds, like locks of wool,
which are continually joining to, and parting
from each other, the pofitive electricity com-
monly continues.

Low and thick fogs, (efpecially when as
they rife che air above them 1s free from moif-
ture) carry up to the cxploring wire an elec-
tricity
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tricity which will give fmall fparks repeatedly,
and produce a divergence of the balls from
20° to 23°, or even 30% If the fog grows
fluggith, and continues round the exploring
wire, the eleétricity foon fails 3 but, if it con-
tinues to rife, and another cloud fueceeds, it
electrifies again the wire, though lefs than be-
fore. Sky-rockets fent through fueh thick,
low, and continued fogs, often afford figns of
electricity. P. Beccaria, under any one of the
circumftances above deferibed, never met with
an inftance of negative eledtricity ; except,
perhaps once, when he fent a fky-rocket, to
which a firing was fixed, through a low thick
fog; though he had afterwards every reafon
to think that he had miftaken o falfe little

Jar for a true one.
Mi: Ronayne obferved, that the air in Tre-

land was generally clectrified in a fog, and even
in 2 mift, and that both day and night, but
principally in winter; {cldom in fummer, €x-
cept from pofitive clouds, or cool fogs. The
cleétricity of the air in a froft or fog is always
pofitive. He fays, that he has often obferved,
during what feemed the paffing of one cloud,
fucceffive changes from negative to pofitive,
and from pofirive to negative,

N. B. Moft fogs have a fmell very like an
excited glafs tube.

P2 Mr,
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Mr. Henly has fhewn, that fogs are more
firongly cle@rified in, or immediately after a
froft, than at other times ; and that the elec-
tricity in fogs is often the firongeft foon after
their appearance.

Whenever there appears a thick fog, and at
the fame time the air is fharp and frofty, that
fog is ftrongly electrified pofitively.

Though rain is not an immediate caufe,
yet he is inclined to think it was always a re-
mote confequence, of cleétricity in the atmo-
phere; and he generally found, that in two
or three days after he had difeovered the air to
be firongly cle@rified, we had rain, or other
falling weather.

If, in clear weather, a low cloud, which moves
flowly and is confiderably diftant from any
other, paffes over the wire, the pofitive clec-
tricity generally grows very weak, but does
not become negative ; and when the cloud is
gone, it TELUrDS 1O its former ftate, When
many whitith clouds, like locks of wool, keep
over the wire, fometimes uniting with, and

then feparating from, each other, thus forming
a body of confiderable extent, the pofitive
eledricity commonly increafes.  In all the
above, cirewmnftances the pofitive cleéricity
pever changes to a negative one.

The
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The clouds which leffen the ele@ricity of the
exploring wire are thofe which moves though
thofe that are low feem alfo to have the {ame

effelt.

Of the Diurnal Asmofpherical Eledlricity.

In the morning, when the hygrometer indi~
cates a degree of drynefs equal to, or litde lefs
than that of the preceding day, an eletricity
takes place before the fun rifes 3 which is
manifefted by junétions, adhefions, or even a
divergence of the balls, and is proportional to
the drynefs of the air, and the {mallnefs of its
difference from that of the preceding day. If
this ftate of drynefs does not obtain, no dif-
cernable ele@ricity will be perceived before, or
even for a little while after, the rifing of the
fun. As the airis generally damp in the nighe,
eleétricity is feldom obferved before the fun
rifes. During three months obfervatians P. Bec-
caria found the ele@ricity before the fun rele
only eighteen mornings ; and from the whole
of his numerous obfervations it appears, that
the appearance of ele@ricity in wintey before
fun-rife is more frequent than in the fummer,
efpecially if the dampnefs from hoar-froft is
prevented from affecting the apparatus,

' P 3 In
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In the morning, as the fun rifes higher, the
eleGricity, whether it begun before fun-rife or
only after, gradua]ly increafes.  This gradual
increafe of the morning elellricity begins fooner
if the hygromecter continues after fun-rife to
indicate a greater degree of increafing drynefs,
The intenfity and the rife of the eleéricity
(after it has been annihilated by touching the
exploring wire) lafts in ferene days, in which
no impetuous wind takes place, and the hy-
grometer is fationary at the higheft degree it
has attained that day, till the {un draws near
the p].ace’ of its fetting, When the fun 1s near
fetting, and in proportion as the hygrometer
abforbs the moifture, the intenfity of the daily
electricity leffens.

Though the hygrometer may indicate equal
degrees of drynefs at twelve o’clock, in differ-
ent days, yet the ele@ricity will appear fooner
after being deftroyed on fome days than on
others; and this is in a great meafure propor-
tioned to the increafe of heat, The eleGricity
moreover commences on fuch days later in the
morning, and falls fooner in the evening.

The friction of winds againft the furface of
the earth is not the caufe of atmofpheric elec.
tricity. Impetuous winds leflen the intenfity of
the ele@ricity in clear weather. If they are
damp, they leflen its intenfity in proportion te
the
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the diminution they caufe in the exadine(s of the
infulation, both.of the wire and atmofphere.

OF the Eleclricity produced by the Evening
- Dew.

In cold feafons, if the fky is clear, little wind,
and a great degree of increafing drynefs, an
gle@ricity of confiderable intenfity arifes after
fun-fet, as {foon as the dew begins, The fre-
guency of fuch elefricity is moreover greater
than that of the dasly ele€tricity, and it vanifhes
flowly,

In temperate or warm feafons, if the fame
circumftances as above take place, an elefri-
city intirely fimilar to the former arifes as foon
as the fun has fet ; only its intenfity is not fo
conftant, it begins with greater rapidit_\', and
ends {ooner. : ] ;

If, under the above circumftances refpectives
1y, the general drynefs of the air happens to

be lefs, the eleéricity that arifes in the even-”

ing, when the dew begins, is lefs in proportion
to the diminutions of the exaétnels of the infu-
lation of both the. exploring wire and the at-
mofphere ; but correfpondently to the greater
quantity of dew, the frequency of the cle@ricity

is greater,

P4 The

——
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“The eleétricity of dew feems to depend on the
quantity of dew, and to follow in its various
changes proportions fimilar to thofe which take
place between the electricity of calm mild rain,
and that of rainy and frormy weather, and varies
alfo according to the feafons.

As rain, fhowers, the Aurora Borealis, and
the zodiacal light, have a tendency to appear
for feveral fucceffive days with the fame cha-
racteriftic accidents, fo the eletricity of dew
feems to have as it were an inclination to appear
for feveral evenings fucceffively with the fame
charadters.

Experiment  CLXXX.

Let the air in a well-clofed room be eleétri-
fied ; that is to fay, the moifture and other va-
pours diffufed in it : then let a bottle, filled with
water colder than the air in the room, and in-
fulated on a tube of glafs, be raifed pretty
high in this room. Care muft be taken to pre-
ferve the infulation of the glafs with warm
cloths. ‘The eleftric ﬁgns that will arife in two
threads fufpended to fuch bottle will exactly
reprefent the ele@ricity of dew ; and they will
exhibit the different manner after which this
electricity takes place, according as the elec-
grificd vapours in the room are more or
lefs
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{efs rare, as the difference between the heat of
the air in the room, and that of the water in
the bottle, is lefs or greater, and the infulation
of the bettle is more or lefs exact.

In a thunder-ftorm Mr. Ronayne oblerved,
that the flathes would caufe fudden changes,
Sometimes the eleétricity would be extended,
{fometimes diminifhed 5 at other times increafed,
and fometimes even changed to the contrary
again, though none was perceived before ;
it would come on fuddenly with a flath of light-
ening. A large thunder-cloud, when it dark-
ens the hemifphere, does not produce fo much
eleétricity as a branch of it, or even as a comn-
mon fhower ; that a flerm does not go in a
regular current of the wind, but obliquely and
zig-zag ; Viz. it rains in that region from
whence the ftorm is to proceed.

Experiments and Obfervations on Atmgfpheri-
cal Eleclricity, by Mr. Cavallo,

Thefe were principally made with an elefli]-
cal kite, which will colle eleétricity from the
“air at any time. 1The power of this inftrument
refides in the ftring. The beft method of ma.
king the firing is by twifting two threads of com-
mon twine with one of that copper thread whjch
is ufed for trimming : a fchool-boy%s kite with
this
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this ftring anfwers the purpofe as well as any
other, When a kitc, conftructed in this man-
ner, was raifed, Mr. Cavallo fays he alwayg
obferved the firing to give figns of eleciricity,
except once ; 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 : afterwards, when the wind in-
creafed, he obtained as ufual a firong pofitive

eledtricity.
1f the kite was raifed at a time when there
was any probability of danger from the great
quantity of ele@ricity, Mr. Cavallo connected
one end of a chain with the firing, and let the
other end fall on the ground, and placed him-
felf alfo on an infulating flool, Except the kite
is raifed in a thunder-florm, there is no great
danger that the operator will receive a fhock,
Although he raifed his kite hundreds of times
without any precaution whatever, he feldom
received cven a few flight fhocks in.the arms.
But it is not advifeable to raife it while flormy
clouds are overhead. This is alfo lefs necefiary,
as the ele@ricity of the atmofphere may then
be eafily obferved by other means. When the
Kite was raifed, he often introduced the ftring
through a window into a room of the houfe,
and faftened it by a firong filk lace to a heavy
chair in the room. Fig, 78, AB reprefents part
o
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of the firing of the kite which comes within
che room, C the filk lace, DE a {mall prime
conductor, which, by means of a {mall wire
is connetted with the firing of the kite; F 2
quadrant electrometer, fixed upon an infulating
ftand, and placed near the prime conductor ;
G a glafs tube about 18 inches long, gn aball
and wire of brafs, which are fixed to the glafs
fube. This imall inftrument is ufeful to de-
termine the quality of the eleCiricity when it
is not fafe to come near the ftring. This is
effected by touching the flring with the wire,
which takes a fufficient quantity from it to al~
certain thereby the quality of the cledtricity,
either by the attraction and repulfion of light
balls, or the appearances of the eleétric light ; or
it may be afcertained by a Leyden phial, which
will retain a charge for a confiderable time;
and then the kite need not be kept up any
longer than is neceflary to charge the phial,
by which the quality will be fhewn even at
fome days diftance.

If a charged phial is carcfully kept from
any of thofe means by which it is known to be
difcharged, it will retain its charge for a long
time, On this prineiple the above-mentioned
phial is conftructed : the bottle is coated in the
ufual manner, the uncoated part of the glafs
is covered with wax, or elfe well varnithed.

' A
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A glafs tube, which is open at both ends, 15
cemented into the neck of this phial, having a
piece of tin-foil connefted with its loweft ex-
tremity, which touches the infide non-electric
coating. A glafs handle is fixed to the ball on
the wire which pafies into the foregoing glafs
tube; the wire is of a proper length to touch
the tin-foil which is at the bottom of the tube,
Charge this bottle in the uftial manner, and
then take out the wire from the glafs tube by
means of the glafs handle. This may be done
without difcharging the phial ; and, as the fire
cannot now efcape eafily, the charge of a phial
may be preferved for many weeks. '

Fig. 80 reprefents a very fimple inftrument
(contrived by Mr, Cavallo) for making experi-
ments on the cle@ricity of the atmolphere, and
which, on feveral accounts, appears to be the
beft for the purpofe. A B is a common jointed
fithing rod, without the laft or fmalleft joint :
from the extremity of this rod proceeds a {mall
glafs tube C, covered with fealing-wax, a cork
D is fixed at the end of it, from which an elee-
trometer with a pith ball is fufpended. HGI
is a piece of twine, faftened to the other ex-
tremity of the rod, and fupported at G by a
fmall firing FG. At the end of the twine T
a pin is faftened, which, when puthed into the

cork D, renders the ele@rometer E uninfulated.
When




When the eledlricity of the atmofpere is ob-
ferved with this inftrument, thruft the pin T
mnto the cork D, and hold the rod by the lower
end A; place it out of a window at the upper
part of the houfe, raifing the end of the rod
with the clcE’tyomctfer, fo 2s to make an angle
of 50 or 6o degrees with the horizon. Keep
the inftrument in' this fituation .for a few fe-
conds, then pull the twine at H, and the pin
wili be difengaged from the cork D; which
operation caufes the firing to drop in the dot-
ted fitnation K L, and leaves the eleftrometer
infulated, and clefrified with an clectricity
contrary to that of the atmoflphere. This being
done, you may draw the elctrometer into the
room, and examine the quality of the ecleftri-
city, without obftruction cither from wind oz
darknefs.

Fig: 81 is an eleCtrometer for ramn, con-
trived by Mr. Cavalle. ABCT is a ftrong
glafs tube, about two feet and a half long,
having a tin funnel DE cemented to its ex-
tremity, which funnel defends part of the
tube from the rain. The outfide furface of the
tube from A to B 1s covered with fealing-wax,
and fo is the part of it which 18 covered by
the funnel. F D is 2 piece of cane, round
which brafs wires are twifted in diffirent di-
rections, o as to easch the rain cafily, and at

the
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the fame time to make no refiftance to the wind:
This piece of cane 15 fixed into the tube, and
a {mall wire proceeding from it goes through
the tube, and communicates with the ftrong
wire A G, which is thruft inte a piece of cork,
faftened to the end A of the tube: The end G
of the wirc AG is formed into a ring, from
which a fenfible pith ball eleétrometer is to be
fufpended. This inflrument is faftened to the
fide of 2 window frame, where it is fupported
by ftrong brafs heoks at CB; which part of
the tube is covered with a filk lace, in order to
adapt it better to the hooks. The part FL is
out of the window, with the end F clevated a
little above the horizon: The remaining part
of the inftrument comes through a hole in one
of the lights in the fath, within the room, and
no more of it touches the fide of the window
than the part CB. When it rains, efpecially
in pafling fhowers, this inftrument is frequently
electrified ; and by the divergence of the cledtro=
meter, the quantity and quality of the rain may
be obferved, without any danger of a miftake.
With this inftrument, in rainy weather, Mr.
Cavallo has been able to charge a fmall coated
phial at the wire AG. It fhould be fixed
in fuch a manner that it may be eafily
taken off from the window, and replaced again,
as occafion tequires; as it will be neceflary
to
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to clean it often, particularly when a thower of
rain 1s approaching.

Defeription of @ finall portable Atmofpheri-
cal Eleltrometer, by Mr. Cavallo,

The principal part of this inflrument is =
glafs tube CDMN, cemented at the bottom
into the brafs piece AB, by which part the
inftrument is to be held when ufed for the at-
mofphcrc; and it alfo ferves to {crew the in-
ftrument into its brafs cafe ABO, fig. 6.
The upper part of the tube CDMN is thaped
tapering to a fmall extremity, which is intirely
covered with fealing-wax ; into this tapering
part a fmall tube is cemented ; the lower ex-
tremity G being alfo covered with fealing-
wax, projeéts a fmall way within the tube
CDMN ; mto this fmaller tube a wire is ce-
mented, which, with its under extremity,
touches the flat piece of ivory H, faftened to
the tube by means of a cork ; the upper ex-
tremity of the wire projects about a'quarter of
an inch above the tube, and ferews into the
brafs cap EF, which cap is open at the byt-
tom, and ferves to defend the wazxed part of
the inftrument from the rain, &c.

TM™M

a——
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~TM and KN are two narrow flips of tin<
foil, ftuck to the infide of the glafs CD MN,,
and communicating with the brafs bottom A B.
They ferve to convey that clefricity which,
when the corks touch the glafsy 1s commruni-
cated to it, and, being accumulated, might
difturb the free motion of the corks.

To ufe this inftrument for artificial eledtri-
¢ity, ele@rify the brafs cap by an electrificd
fubflanice, and the divergence, of convergence
of the balls of tle éleftrometer, at the ap-
proach of an excited electric, will fhew the
quality of the cle@ricity: The beft manner to
¢leétrify this inflrument is, to bring excited
{vax fo near the cap that onc or both of the
corks may touch the fide of the bottle CDMN;
after which they will foon collapfe and appear
uneleérified: If now the wax is removed,
they will again diverge, and remain eletrified
pofitively.

When this ele@romefer is to be ufed to try
the eleétricity of the fogs, air, clouds, &c.
the obfetver is to do nothing more than to un-
ferew it from its cafe, and hold it by the bot-
tom A B to prefent it to the air a little above
liis head, fo that he may conveniently fee the
corks P, which will immediately diverge if
there is any eletricity ; 1.e. whether pofitive
or negative may be af¢ertained, by bringing an
excited
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exciteéd piece of fealing-wax or other eletrio
towards the brafs cap E F;

General Laws deduced from the Experiments
performed with the Bleflrical Kites,

. THe aif appears to be ele@rified at all
times: Its electricity is conftantly pofitive,
and mueh fironger in frofty thian in warrh wea-
ther ; but it is by no means lefs in -the night
than in the day time:

2. The prefence of the clouds generally
leffens the eleétricity of the kite: fometimes
it has no effe@ upon it, and it very feldom ins
ereafes it.

3. When it rains the electricity of the kité
is gencrally negative, and feldom pofitive.

4: The Aurora Borealis feems not to affet
the elericity of the kite:

5 The eleftrical fpark, taken from the
ftring of the kite, or from any infulated con-
duétor connefted with it, efpecially when it
does not rain, is feldom longer than a quarter
of ‘an inch, but it is exceedingly pungent.
When the index of the eleGtrometer 15 not
higher than 20°, the perfon who takes the

fpark will feel the effect of it in his legs; it

(L appears
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appears more like the difcharge of an elee-
tric jar, than the Ipark taken from the prime
conduétor of an eleftrical machine.

6. The eleétricity of the kite is in general
fironger or weaker, according as the flring is
longer or fhorter, but it doss not keep any exact
proportion to it.  For inftance ; the eledtricity
brought down by a flring of a hundred yards
may raifc the index of the ele&trometer to 20°,
when with double that length of flring the in-
dex of the cleGtrometer will not go higher
than 25°

7. When the weather is damp, and the
eledtricity is pretty firong, the index of the
eleCtrometer, after taking a fpark from the
ftring, or prefenting the kneb of .a coated
phial to it, rifes furprizingly quick to its ufual
place, ‘but in dry and warm weather it rifes
exceedingly flow. :

It appears, from the ¢ obfervations which have
been made on the cledlricity of the atmoiphere,
that Nature makes great ule of this fluid in
promoting ve gctzltmn.

1. In che fpring, whenplants begin to grow,

o
&

then t:':n‘_-i)r-";zz'y cleéirical clouds begin to ap-
pear, and pour forth eleftric rain. The elece

1A

tricity of .irh suds and of the rain continues

Cio
to increafe till that part of the aurumn in

¢ gat’:hcrcd.

whichthe laft fruits a

2 I

§
.
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g. It is this fluid which fupplies common
fire with that moifture by the help of which
it aftuates .and animates vegetation; it 1S
agent that collefs the vapours, forms the
clouds, and is theh cmployed to diforder and
lilth ate them 1h rain

3. From the fame principle may be ex-
plained the proverb, that No watering pives
the country fo fmiling a4 ‘look as rain,  The

clouds of rain; by extending their eleltiic at-
mofphere to the plants, difpole the pores of the
latter to receive with greater facility the water
which is impregnated with this penetrating and
dilating fluid.  Befides, it is natural to fup-
pofe, that the pofitive eletricity which con-
tinually prevails in ferefic weather; will contris
bute to promote Vugjetatmn, fince this has
been found to be the effedt of even arrificial

elefrieitys
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Of the Imperfeilion of Meteorokgy, fo long
as Barometrical, Thermometrical, and FHy-
grometrical Obfervations are not accompa-
nied with the regular Obfervation of the
Eleétricity of the Atmofphere, of the Elec-
tricity of Rain, Snow, Mifts, and aqueous
Meteors in general. By Mr. ACHARD.

As it is now clearly afcertained, that elec-
tricity is a caufe of various meteorological
phaznomena, it is rather furprizing that philo-
fophers have not perceived the abfolute neceflity
of joining an inftrument by which ebfervations
may be made on the eleéricity of the atmo-
fphere, to thofe which indicate its weight,
heat, and hunudity.

Without confidering in this place the differ«
ent proofs of the influence of electricity on
meteors, it will be fufhicient to remark, that
we cannot attain to an adequate knowledge of
any phesnomena, occafioned by the concur-
rence of various caufes, without being ac-
quainted with them all; for if any one is
negledted, it will be abfolutely impofiible tho-
roughly to explain the pheenomena. If elec-
tricity is not the fole caufe of feveral meteor=
ological appearances, it is undoubtedly con-

cerned
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eerned more or lefs in their formation ; fo that
by negleting to obferve it, as well as the ba-
rometer, &c. we lofe the fruits of other, even
very exact, meteorological obfervations. -

The influence of ele@ricity on vegetation 15
proved by a fet of obfervations macde by differ-
ent philofophers; but it evidently appears,
that the betanic meteorological obfervations
slone will never be fo ufeful as might be ex-
pected, till we unite thofe made by an inftru-
ment which will indicate the ele@ric ftate of
the atmofphere, to thofe made with other in-
fruments. It is owing to this caufe, perhaps,
that it is impoffible to draw any conclufion
from the botanical metcorological obfervations
of Mefits. Gautier and Duhamel, which were
continued from 1751 to 1769,

Mr. Achard has had an opportunity of making
only a few obfervations, but they were fuffici-
ent to convince him of the intimate connetion
that fubfifts between the formation of the moft
part of metcors, and atmofpherical eleCiri=
city. g

To difcover if the atmofphere was eleétrical,
he made ufe of a pair of light pith balls which
were attached to a refinous rod. This elettro-
meter, from its fimplicity, is almoft preferable
to any other for merely difcovering that clec-
tricity exifts in the atmofphere.

Q_3 During
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Achard obferved daily the clefricity of the
atmofphere in the merning, at noon, and in
the evening, with a pair of fmall pith balls,
which were placed above the roof of the houfe,
above 40 feet high, and fufiiciently diftant
from buildings, trees, &c. During the whole
time there was only 10 days which gave no figns
of ele&ricity 3 17 days, including the foregoing
10, in which he could obferve no ele@ricity in
the morning, though it became very fenfible at
noon, and was very much increafed towards
the fetting of the fun. Every other day he
found the air electrical during the whole day,
but always frongeft a little before fun-fer, a
fhort time after which it began again to dimi.
nith.

If in ferene weather the {ky became fuddenly
cloudy, the electrometer indicatéd continual
changes in the cleétricity of the atmofphere ;
fometimes increafing, then difappearing, then
re-appearing 3 in which cafe, it had generally
changed froimn pofitive to negative, or wvice
verfa.  In windy weather he found it difficuls
to obferve with the ele&rometer, on account of
the continnal motion of the balls. It f{eemed
to vary confiderably when the air was heavy,
but not windy. When the weather was very
calm, and the {ky without clouds, the eleétro-
' metey
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meter did not alter in the leaft, except towards

fun-fet, when it inereafed in a finall dcgrs"u.

It 1s remarkable; that in thofe days in w hich
he obferved no eleftricity in the air, there was
no dew at night; while on the other nights, it
fell in greater or lefs quantities. He does not
think thmlt obfervations are fufficient to deter-
inine that the ‘dew is occafioned by elelricity,
but it may, he t..llnlx.w, be fairly inferred, that
the elevarion and fall of the dew is obftru&ted
or promoted by the eleétricity of the air. It
is cafy to point out in what manner eletricity
may ‘produce the effect. et ws fuppofe the
air to be either paﬁtivclv or negatively eleétri-
fied, but the furface of the globe where we are
not to be fo; the agqucous and volatile parts
of the vegetables exhaled by the rays of the
fim, and fufpended in the air, will become
cle@ric by communication. The air cooling
by the ablence of the folar heat, will not, af-
ter the fetting of the fon, retain the aqueous
particles with the fame force 3 and thefe being
attratted by the non-ele@ric bodies which are
on the furfice of the earth, their fuperficies
will be covered with dew. Again, let us fup-
pofe that the fusface of the earth is ele&trical,
but that the air is not electrical, and the effe&
will be fimilar to the preceding cald, If the
air and the earth are both ele@rificd, Bue with”

Q4 contrary
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contrary powers, the attraction will be ftronger
and the dew more abundant, but no dew will
fall if they are both poflefled of the fame pow-
er, and in the fame degree. It is known that
the dew does not fall with the fame facility
upon all bodies, and that eleftric bodies are
thofe on which it falls with the greateft abun-
dance. This faét admits of an eafy explana-
tion, if we fuppofe eleétricity to be the caufg
of the dew ; for the eledtric bodies do not rea-
dily receive eletricity from the medium which
furrounds them ; there is, therefore, always a
greater difference between the elericity of the
air and that of the eleétrics which are placed in
it, than between the elediricity of the air and
the condulting bodies which it envelopes,
Now it is in the ratio of this difference that
the power of eleftric attra&tion acts, and con-
fequently thefe bodies ought to be covered
more abupdantly with dew.

As elelricity is often, if not always, the
caufe of dew, no one will doubt the neceffiry
of attending to it in the botanjcal meteorology,
as every one is acquainted with the influence of
dew on the growth of vegetables.

In the Phil. Tranf, for 1773, are obferva-

tions on the ele@ricity of fogs, which prove

that they are generally eleftrical. Mr, Achard
has made feveral obfervations, the refults of
' ' which
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which correfpond entirely with thole, for he con-
ftartly found that the air was more or lefs eleg:
trified by a fog. Twice he obferved, that in
the fpace of a few minutes the fog ceafed alto-
gether, and fell in form of a fine rain; and
f[wugh it was very thick, difappeared in about
even miinutes. It 15 alfo very probable that
rain is occafioned by cleétricity 5 and of this
we fhall be convinced, if we confider the attrac-
tions and repulfions that the terreftrial or atmo-
fpheric eleftricity muft occafion, as well be-
tween the furface of the globe and the vapours
contained in the air, as between the particles
of wapour which always neceffarily tend to dif-
perfe. or unmite the aqueous particles which
fwim in the atmofphere, and to bring them
nearer, or carry them farther from, the earth.
Having proved the neceflity of combining
oblervations on the ele&ricity of the atmofphere
with other meteorological obfervations, Mr.
Achard proceeds to deferibe the properties re-
quifite in a good atmofpherical cleCtrometer,
the want of which accounts for the neglect and
fapinene(s of philofophers on this fubject.

Neceffary
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Neceffary  Reguifites in  an Atmofpherical
wlelTrometer,

1. It fhould be eafy in its ufe.

2. It thould not only indicate that the air is
eletrical, butin what degree.

+3. 1t is neceffary that we may learn whether
it is pofitive or negative.

4. That the obferver thould be in no danges
m flormy weather.

5. That it be portable,

The number of difficulties which oppofe the
conftruction of an inftrument which will unite
all thele advansages are 'vcry confiderable,
The greateft is to infulate the metal which re-
ceives the eleGricity from the air, fo that rain,
may not eftablith a communication between it
and the earth, and that the infulation is fuffi-
ciently perfect to prevent too quick a diffipation
of the eletricity received by the metal, Mr.
Achard does not pretend that he has furmount-
ed all thele difficulties, but after feveral trials
he has contrived an inftrument fufficiently
portable, eafy to obferve with, and that with-
out danger, i

Df:/i‘."i;b!fﬁﬂ
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Defeription of the por'z‘ﬁblﬂ Aimofpherical
Eleftrometer, contrived jfor the Purpofes

already mentioned,

This inftrument is compofed of a hollow and
¢runcated cone of tin, whofe upper end is open,
and which is clofed at bottom by a plate of the
Game metal. ‘This plate is covered, in the in-
fide of the cone, with a layer of rofin two
inches thick : to the lower {urface of thislaycr
of rofin. a tube of tin is cemented, which,
when it is placed ona wooden pedeftal, fup-
ports the cone in fuch a manner, that the great
1af{e is horizontal, and turned downwards ; the
rofin infulates the cone perfectly, and, when
the latter becomes eleGric, prevents the lofs of
its electricity by tranfmiffion. The cone muit
be high enough, and its inferior bafe muft ex-
ceed far enough, in diameter, its fuperior ex-
tremity, to prevent the rain, even though it
fhould fall in an oblique direétion, from wetting,
either in its fall, or by rebounding from the
pedeftal, the lower {furface of the rofin-layer,
with which the bottom of the truncated cone i3,
internally covered : otherwile the cone would
ceafe to be infulated, and the eleCtrometer
would be changed into a condutor. On the
sruncated part of the cone Mr. Achard faftens

a
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a fquare irpon branch, on which he places a
thermometer and two eleCtrometers ; the one
very light, and thus capable of being fet in mo-
tion by {mall degrees of elericity ; the other
heavier, and which, confequently, only rifes
when the eleéricity becomes too ftrong to be
meafured by the light eleCtrometer. Befides
thefe two ele@trometers, Mr. Achard tied to the
iron bar a thread, which indicates, by its rifing,
the fmalleft degrees of ele@ricity : the whole
s inclofed in a receiver of glafs, open above
and below ; the bafe of this receiver 1s alfo
infulated with rofin, that it may not derive any
ele@ricity from the tin cone; the remaining
fpace of the upper part of the receiver, bctﬁtenl
the bar of metal, which paffes through it, and
the glafs, is likewife filled with rofin, to pre-
vent the communication of ele@ricity to the re-
ceiver ; to preferve this rofin from rain, which,
by moiftening it, would form a communication
between the receiver and the bar, it is covered
over with a glafs funnel, through which the
bar paffes, and which hinders the rain from
falling on the rofin. This receiver is alfo in-
difpenfably neceffary to prevent the ation of the
wind upon the ele@rometers, which would
render the accurate obfervation of them impoffi-
ble. At the end of the metal bar, which pafies
thraugh the receiver, hollow tin pipes may be

placed,




ON ELECTRICITY. 237

placed, of a {mall diapieter, to render them
as light as poffible, and they may be railed to
the height of 104 20, or 30 feet. The upper
end of the pipe terminates in an iron point, €X-
tremely tharp and well gilt ; the gilding is ne-
ceflary to hinder the point, which muft be al-
ways even and fmooth, from contratting ruft.
With refpect to the elevation that it may be pro-
per to give to the tin-pipe, this muft vary with
the height of the buildings or trees in the dif-
ferent places where obfervations are made ; for
the height of the pipe muft always exceed, at
leaft by fix feet, the elevation of all the bodies
that are near it. Mr. Achard joins a thermome=
ter to this machine, which may be obferved at
the fame time, and be the means, perhaps, of
difeovering the relation, if any there be, be-
tween eleftricity and the temperature of the
gir. A barometer and hygrometer may, with
facility, be added to this inftrument for the
{ame purpofe.

In order to know whether the eleéricity of
the air be pofitive or negative, Mr. Achard
fufpends a ball of cork, by a linen thread, on
the wire which communicates with the iron
bar, and which paffes through the rofin, with
which the bafe of the truncated cone is cover-
ed. The wire muft be of fuch a length, that
bodies, pofitively or negatively cle@rical, may

be
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be commodioufly brought near the cork ball,
which is fufpenided on it; and it is according as
ihefe badies attra@ or repel the ball, that the
oblerver ledins, whether the eledtricity which
the inftrument has received from the air, be
pofitive or negative.

That the obferver may be in no danger froni
fudden accumulations of ele@ricity, which
fometimes happen; Mr. Achard faftens to the
bafe of the pedeftal an iron bar; which not only
communicates with, but even enters into, the
eround, feveral fect deep: This bar; whofe
upper part terminates in a round knob or ball;
muft be only at the diftance of an inch from
the cone. When the eleétrical fluid is fo ac-
cumulated that the inftrument can no longer
contain it, it will difcharge itfelf againdt this
metal bar; which will condué it under ground.
The fame thing would, if the lightening fell
upon the inflrument; and the obferver would
be in no fort of danger, even at the diftance
of a few feet:  When the infirumerit is placed
in a garden, this method of formﬁ‘ig a commu-
nication with the ground is fubje€t t6 no incon-
venieney ; but if it thould be judged proper to
employ the inftrument in a houfe; (which may
be done by making the tin pipe pafs through 2
fole in the roof, and placing the inftrument in
a g;‘-_:‘;‘et) the manner above-mentioned of form=

ine
Ll't-'ﬁ
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ing its communication with the earth would
not be {o eafily executed : in this cafe, the
communication muft be effefted by means of
a bar of metal defcending from the garret to 2
depth of fome feet under ground; and for
greater {ecurity againft the too great proximity
of a thunder-ftorm, it would be proper to place
the metallic bar in conta& with the cone of tin &
thus the inftrument would become a real con-
duétor, which, inftead of expofing the houfe
to danger, would, on the eotitrary, preferve it
from all the ‘accidents thar are occifioned by
lightening. '

When the inflrument is placed in a garret,
or on the platform of a houfe, no inconvefiis
ence 1s to beapprehended from afcending dews ;
but when it is placed in a garden, the dew ad-
heres to the rofin which covers the truncated
bafe of the cone, and forming thus a commus-
nication between the cone and the earth, makes
the infirument lofe the ele@ricity with which it
may have been charged.. To prevent this ac-
cident, it is ‘neceflary to pave the ground on
vhich the inftrument is placed; and that in fuch
a manner, thatthe pavement may extend itfelf
on all fides, at lcaft two or three feet beyond
the circumference of the lower bafe of the cope »
the rifing of the dew, which by :1r.ihc-ring to

the
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the rofin might damage the inftrument, will
be thus effeCtually prevented.

When the air is eleétrical; it muft neceffa-
rily communicate its clectricity to the vapours
which it contains. This is evident from the
formation of lightening, whieh is not produced
by the difcharge of the eletrical matter of the
air, but by that of the vapours which float in
that atmofpheres Hence it follows; that rain;
fnow; hail, mift, and dew; muft be very often
eleftric. As it appears to Mr. Aehard a matter
of great confequence to know and obferve exs
a&ly the eletricity of thefc meteors, he had
conftructed a machine that is adapted to dif-
cover both its nature and degiee. This ma-~
chine is compofed of a truncated tin cone,
clofed at the top, open at bottom, and infula-
ted upon a pedeftal, like that of the machine
employed to meafure the eleCricity of the
air. In the center of the upper truncated
part of the cone, Mr. Achard fixes an iron bar
terminated by a ball; he covers the whole with

‘an infulated glafs receiver, high eneugh to
have its fummit at the diftance of three inches
from the ball, which terminates the iron bar,
to, which he faftens a very fenfible eleCirometery
and alfo a linen thread to difcover the malleft
degrees of cle@ricity. As this inftrument is
but little elevated, and has ne pointed extre=

mity,
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mity, it is not eafily charged with the eleftri-
eity of the air, which, at fuch a degree of
proximity té the earth, is always imperceptis
ble ; but rain, fnéw, hail, mift, and dew, if
they are eletrical, will render it alfo cle@rical
by falling upon the cone ; the degree of elec-
tricity. is rafcertdined by the. ecle@rometer,
which is under the receiver: and in order to
know+whether it “bepofitive or negative; the
obferver has only to employ the method indi-
cated above, in our account of the inftrument
ufed to meafure the eleétricity of the air. Be-
fides the nfe of this inflroment in difcovering
the cleétricity of aquedus meteors, it fuay ftill
ferve farther pufpofes : it may be highly ufe-
ful to compare it with the atmofphetical elece
trometer; in order to difcern the true principle
of the ele@ricity with which i is charged,
and to fee whether it proceeds immediately
from the air, or from the heterogeneous bodies
that are fufpended in the atmofphere ; for the
atmofpherical eleftrometer may alfo become
ele@ricdl by rain, fnow, hail; or mift; and
the comparing thefe two inftruments is the
only method that occurs to Mri Achard by
which we can know, whether it receives its
tleltricity dﬁe&ly from the air, or by the in-
tervention of bodies (indued with A condusiing
power) which are diffufed in it. If, during

K rai,
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sain, hail, fnow, or mift, the atmofpherical
ele@rometer is elefirical, while that which  in-
dicates the ele@ricity of aqueous meteors i8
w0t [0, We may conclude, with certainty, that
the eleétricity of the former proceeds only
from the air; if, on the contrary, they ar¢
both ele@rical, it muft then be inquired, whe:
ther thev-be fo in the fame degree; if this be
the cafe, it-is only to. therain, or fnowy &c.
that the éleétricity muft be. attributed: I need
not ohferve (concludes Mr. Achard) that when
there is neither rain, fnow, hail, or mifl, the
atmofpherical ele@rometer will always indiedts
the eleétricity of the air.
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C H F= %I

On the Diffufim and Subdivifion of Fluids
by Eleétrieity.

F. are chicfly indebted to the AbBE

Nollet for what is known on the fub<
ject of this chapter, which was inveftigated
by him with inctediblé induftry and patience,
I have only fubjoined the principal refult of his
experiments, and muft refer the reader, for a
more ample account, to the Abbé’s own wri-
tings, or Dr: Pricftley’s Hiftory of Elec-
Ericity.

Ele&ricity augments the natural évaporation
of fluids; finee, ecxcepting mercury and oil,
all the others which were tried fuffered a dimi=
hution that eould net be aferibed to-any other
caufe than eletricity, :

It increafes the evaporation of thofe fluids
moft which naturally tend to evaporate rea<
dily.  Volatile fpirits of fal<immoniac loft
more than was

v

more than fpirits of ‘wine, thi
LET, &C.

Eleftricity alls ﬁmngd’t upon fluids when
the veflels which contain them are non-ele@rics.

X2

The
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The evaporation was greateft in the moft open
veffels, but did not increafe in proportion to

their apertures. It does not make any liquor

evaporate through the pores either of metal or
of glafs.

To extend thefe principles further, the Abbé
made a great variety of experiments on eleétri-
fied capillary tubes, and found, that the ftream
would be fub-divided, but is not fenfibly ac-
celerated, if the tube is not lefs than one tenth
of an inch diameter in the infide.

Under this diameter, if the tube is wide
enough ro let the fluid run in a ftream, electri-

city will ‘aceelerate its motion in a fmall de<
gree.

1f the tube is fo far ‘.1p1111r\; that the water
only iffues from it in drops, € the eleftrified jet
becomes a continued ftream, it will even be
divided into feveral {maller ones, and its motion
is confiderably accelerated ; the fmaller the di-
ameter of the tabe, the greater is the accelera-
tion. When the furface is wider than one
tenth of an inch, ele@ricity feems rather to
retard the motion of the fluid.

ExperimentT CLXXXL

]Fig 7, teprefents a metal phial, to Which 2
llary nﬂu, is adapted, which will only per-
mit
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mit water to pafs through it in interrupted
drops. Fill the pail with water, and fufpend
it from the prime conductor, then turn the cy-
linder, and the water will pals through the
ube in a continued ftream, this will feparate
into other ftreams, that will appear luminous

in the dark,

Exreriment CLXXXIL

Sufpend one pail from a pofitive conductor,
and another from a negative one, fo that the
end of the tubes may be about three or four
inches from each other, and the ftream proceed-
ing from one will be attracted by that which
ifues from the other, and form one fircam,
which will be luminous in the dark.

If the pails are fufpended on two pofitive,
or two negative condufors, the ftreams will

cecede fram each other.
Exrerimext CLXXXIIL

Place a metal bafon on an infulating -ftand,
and conneét it with the prime conductor ; then
pour a fmall fiream of water into the bafon,
which in the dark will have a beautiful appear-

R 3 ance,
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ance, as the fiream will be divided into a great
number of lucid drops.

ExperiMEnT CLXXXIV.

Dip a fponge in water, and then fufpend it
from the conductor ; the water, which before
only dropped from it, will now fall faft, and
appear in the dark like fiery rain

Exprzimeznr CLXXXV,

Hold a pail, which is furnithed with feveral
capillary tubes placed in various directions, near
an eleftrified conductor, and the water will
{tream out of thofe jets near the conductor,
while it will only drop at intervals from thofe
which are oppofite to it.

Exreriment CLXXXVI

The knob of a charged jar will attract a drop
of water from a faucer, &c. This drop, the
moment the bottle is removed from the faucer,

aflumes a conical fhape, and if it is broughc
near any conducting fubftance, it is driven for-
cibly away in {mall fireams, which are lumi-
nous 1n the dark,

It
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It appears by this experiment, that the
cle@trie fire not only tends to feparatc the par-
ticles of water, and to diffipate them wto va-
pour as common fire, but that it effelts this
with uncommon rapidity.

Experiment CLXXXVIL

Difcharge a battery through a drop of water,
previoufly placed on the knob of one of its
bottles, the whele will be inftantly exploded
into vapour 3 the fparks will be much longer
than common, and more compact.

Beccaria obferves, that by fending a dif-
charge to a greater or lefs diftance, through
one or more drops of quickfilver, the difcharge
diffufes itfelf into drops, and drives them into
vapour ; part of it rifing into the air in the
form of fmoke, the other part remains on the

glnﬁ.
EXPERIMENT .CI_.‘XXXVI.II.

A drop of watet, :hanging from the con-
denfing ball of an ele@rified conductor, -will

{tretch rowards water placed in @ cup. under it,

lengthening and thortening itielf according to

the force of the eleéricity.

R 4 Ex-
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ExprriMenTt CLXXXIX,

Place a drop of water on the prime condues
tor, turn the machine, and long zig-zag {parks
may be taken from it; the drop will take a
conical figure ; the body that receives the {park
will be wetted, and the fparks will be confider-
ably longer than can be obtained from the con-
ductor without the water.®

EXPERIMENT CXC.

Stick a piece of fealing-wax on the conductor,
in fuch manner that it may be eafily fet on fire
by a taper ; while it i3 ﬂammo‘ turn the cylin-
der, the wax will become pomted, and fhoot
out an almoft invifible thread into the air, to
the lengthof a yard and more. If the fila-
mients that are thrown out by the wax are re-
ceived on a fheet of paper, the paper will be
covered by them in a very curious manner, and
the particles of the wax will be fo far fub-
divided as to refemble ﬁne cotton. To faften
the picce of wax convenmntly to the conductor 3
ftick it firft on a fmall piece of paper, then
twift the end of the paper fo as to fit one of the
holes which are made in the prime conductor ;

v when

# Nicholfon’s Intraduétion to Philofophys
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when it is thus placed, it may be readily fired
by a taper.*

xperimeEnT CXCL

Infulate a fountain, made by condenfed air,
and which emits only one ftream ; ele&rify the
fountain, and the fiream will be feparated into
a great number ; thefe will diffufe themfelves
equally over a large fpace of ground. By lay-
ing a finger upon the conduétor, and taking it
off again, the operator may command either
the fingle fiream or the divided one, at plea-
fure,

Exreriment CXCIL

Eleétrify two fmall infulated fountains with
the different electric powers; the ftreams of
both will be difperfed into very minute parti-
cles, which will run together at the top, and
come down in heavy drops, like a fhower of
Fain.

CHAP,
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Exrerivensr 'CXCHIL

AKE a tall dry receiver, and infert in

the top, with cement, a wire with a
rounded end, then exhauft the receiver, and
prefent the knob of the wire to the condudtor,
and every {park will pafs through the vacuum
in @ broad ftream of light, vifible the whole
Iength of the receiver, The ftream eften di-
vides itfelf into. a variety of beausiful rivulets,
which are centinually dividing and uniting in
a moft pleafing manner, If the veflel is grafped
by the hand, at every {pask a pulfation is felt,
like that of an artery, and the fire bends itfelf
towards the hand, This pulfation is even felt
at fome diftance from the receiver, and in the
dark, a light is {een between the hands and the
glafs.

From fome cxperiments made feveral years
fince by Mr. Wilfon, with an excellent air-
pump of Mr., Smeaton, he obferved, that very
fmall differences of air occafioned very material
differences in the luminous effects produced by
the clectric fluid ; for when all the air was taken

ont
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out of the receiver, which this pump at that
time was capable of extracting, DO cleétric
light was vifible in the dark. Upon letting in
a2 little air by a ftop-cock, a faint cleétric light
was vifible, and by letting in a little more air
increafed the light, which again decreafed on
letting in more air ; fill at laft, on admitting
great quantitics, it intircly vanifhed, By this
experiment it appeared, that a -certain limited
quantity of air was neceffary to occafion the
greateft luminous effect.

Experiment CXCIV.

Fig. 82, reprefents an exhaufted receiver,
ftanding on the plate of an air pump, @4 an
cledtrified wire difcharging a fiream 2 ¢ of the
eletric fluid on the plate of the air pump. If
she ftratum of air on the outfide of the receiver
be leffened by the application of the finger to

¢he recejver, and by this means an opportunity

be given to the fluid on the outfide to clcape,
the ﬂmd within will be impelled to that part,
as at def, 1t has been inferred from this
experiment, that no repulfive power exifts be-
tween the p:utlcles of the eleftric fluid; be-
caufe, if it was in itfelf really elaftic, or en-

dowed with a repulfive power of its own, it is
not probable it could pafs in an uninterrppted
ftream,
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fircam, as at b, when the refiftance was ta-
ken off; it would then {pread wider, and difplay
its claftic power.

It is more confiftent, fays Dr. Watfon, te
fuppole, that the repulfion of thefe particles
vhich is feen in the open air, is occafioned by
the refiftance of the air, and not to any natural
tendency of the electricity itfelf.

The following experiment of Beccaria con-
veys a clear idea of the refiftance the air makes
to the paflage of the cletric fluid, and of the
diminution of that refiftance in an exhaufted
receiver, :

Exrrriment CXCV.

Before the air was exhaufted from the re-
ceiver, if the wire at the top of it was electri-
fied, adiverging bruth proceeded from it, about
an inch long. On exhaufting the receiver the
following changes took place : firft, the rays
of the bruth became 1oﬁger; fecondly, the
rays diverged lefs, were fewer in number, and
the fize of the remaining rays was increafed ;
thirdly, they all united at laft, and formed a
continued column of light, frem the wire to
the plate of the air pump.

From this experimeat it is clear, that the air

is the agentby which, with the affiftance of
other
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other eleétrics, we are able to communicate
ele@ricity on eleltrics, as well as non-electrics ;
for when this is removed, the fluid pervades
the vacuum, and flies off to a confiderable
diftance:

Experiment CXCVE

To diftinguifh with great accuracy the chan«
ges in the form and length of the eleétric
fpark when it is paffing through a receiver; the
air of which is more ‘or lefs farefred ; fix a ball
to the rod, let another proceed from the plate
of the air pump; the balls are to be placed
about one inch from each other: «When the
vacuum is good, a fiagle uniform ray, of a
purple colour, pafles from one ball to the other ;
but in proportion as the air is admitred; the
ray aequires a quivering motion, which indi-
cates that 2 refiftance to its motion then begins,
and this interruption is followed by a divifion of
the ray or ftream ; the ray now acquires a more
vivid light 3 and, laftly, it becomes thé comInon
fpark, which is emitted with greater or lefs
facility, in proportion to the power of the ma-
chine, and the refiftance of the airy
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Exprpg imwewt - CXCVIH;

Prefentathinexhaufted flatk, fimilarto that res
prefented at E, fig: 49, but without any coatibg
on the outfide, to the candutor; and the bottle
will be luminous from end to endy and when
taken from the conduétor, will continue lumi-
nous, moving in various curvilinear directions
for a confiderable time, flathing at intervals in
a manner which very much refembles the Aurora
Borealis. The light may be revived by pafiing
the flafk through the hand. The firoke of the
fluid againft the glafs is very fenfibly heard and
felt in this experiment

The flexuocus motions of the eleftric fuid
in an exhaufted receiver may, in fome degfeey
be produced at pleafure. By wetting the out-
fide of the receiver, the fire will follow the di-
rection of the wetted line; as the refiftance is
now leflfened on one fide ; and the fire ean ad-
here and accumulate itfelf on the infide of the
receiver, becaufe, by means of the dampnefs,
it can expel a portion from the outfide:

This experiment may be exhibited very pleaf-
ingly; by making a toricellian vacuum in =z
glafs tube about three feet long, and then fealed
hermetically. Hold one end of this ‘tube in
the hand, and apply the other to the conduétory
and
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and immediately the whole tube will be illumid
nated from end to end, and will continue fo for
a confiderahle time after it is removed from the
conductor, - flathing at intervals for many
hours. '

ExsrrimeNnTt CXCVIIIL

Another beautiful appearanice may be pro-
duced in the dark, by inferting a fiall Leyden
phial into the neck of a tall recciver, fo that
the outward coating may be expofed to the
vacuum. Exhauft the receiver, and then charge
the phial, and at every {park which pafies from
the conductor to the infide; a flafh of light is
feen to dart from every part of the external
furface of the. jar, fo as to fll the receiver.
Upon making the difcharge, the light is feen
to return in a clofe body.

Experimzent CXCIX.

A very perfeft vacuum for the paffage of the
eleCiric fluid may be made by. a deuble barome-
ter, or long bent tube of glafs filled with mera
cury and inverted, cach leg ftanding in a bafpn
of mercury; the bent part of the tube above
the mercury forms a compleat vacuum. If a

bottle
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bottle is difcharged through this fpace, the
tight appears uniform through the whole {paces
but is moft vivid when the difcharges are ftrong:
Dri Watfon infulated this apparatus, and then
made one of the bafons of mercury communi
cate with the conduor, and touched the other
with a nonceleéttic ; the eletric finid pervaded
the vacuum in acontinued flame, without any di-
vergence : when one of the bafons was connected

with the infulated cuthion, the firc appeared ta
pervade the vacuum in a different diretion.

Exrerimext CC.

1r<1cr 3, reprefents a glafs tube, fuch as 1s
O"c.nt“r:tllv ufed for barometers ; on the end 4 a
ficel cap is cemented, from which a Wi ire and
ball ¢d proceed into the tube.  Fill this tube
with quickfilver, and then, by fending up a
large bubble of air, and repeatedly 1 nv rerting the
tube, free the quickfitver and iron ball from
ajr, according to the ordinary mode of filling
batometers 3 then place a fmall drop of =ther
on the quickfilver, and put the finger on the
end of the glals tube, invert the tube, and then
infert theend £ in a bafon of quickfilver, taking
care not to remove the finger from the end of

the tubes till the end 1s 11111‘1&.1’{':& helf am ek
under
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tinder the filver.  When the finger is removed,
the quickfilver Wwill defcend; and the cther
will expand itfelf, leflen the vacuum, and de-
prefs the mereury in the tube; now prefent
the metallic top of the tube to a large charged
conduttor, and a beautiful green {park will pafs
from the ball to the quickfilver. By admitting
a fmall quantity of air into the vacuum; an
appearance fomething fimilar to a falling ftar
is obtained. I an indebted for this valuable
experiment to Mr. Morgan, of the Equitable
Affurance Office.

See alfo Ex. 110, 111, 119, 120, of this
Effay, for further obfervations on the appear-
ance of the eletric light in vacuo,

CIHAP.

g
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C B AP XV,
Of Medical Eleflricity.

HT. Abbé Nollet fays, that he received

mote pleafure when ke difcovered that the
motion of fluids in capillary tubes, and the
infenfible tranfpiration of animated bodies were
augmented by eledtricity, than by any other
difcovery he had made; becanfe they feemed to
promife fuch abundant advantages to mankind,
when propesly applied by a fkilful hand. But
how much would this pleafure have been aug-
mented, if he had lived to fee his hopes rea-
lized, and this branch of eletricity obtain the
fame medical certainty as the bark in inter-
miitents !

It is true, that like every other fimple me-
dicine which has proved beneficial to mankind,
Lleftricity met with much oppofition from the
interefted views of fome, and the ignorance
of others ; has been treated with contempt, and
injured by mifplaced caution. 1 fhall recom-
mend to thofe who thus oppofe it, not to
condemn a fubject of which they are ignorant,
but to hear the caufe before they pafs fentence

to take fome pains to underfland the nature of

cletricity 3
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ele@ricity ; to learn to make rthe eleftrical ma-
chine act well, and then apply it for a few
weeks to fome of thofe diforders in which it has
been adminiftered with the greateft. fuccefs;
and there is no doubt but they would {oon be
convinced that it deferves a: diﬁinguiﬂ‘lccl rank
in medicine, which is the offspring of phi-
lofophy. :

The icience of medicine and its pratitioners
have been reproached with the inftability and
fluctuations of practice; at ene time cold as the
ice at Zembla, at another hot as the Torrid
Zone ; that they are led by fathion, and influ-
enced by prejudice. On this ground it has
been predicted, that however great the benefits
which may be derived from eleétricity, it
would {till only laft for the day of fathion, and
then be configned to oblivioa. T muft confefs,
that I cannot be of this opinion, nor eafily led
to think a fet of men whole judgment has been
matured by learning and experience, will ever
neglect an agent, which probably forms the moft
important part of our conftitution. EleCricity
is an active principle, which is neither generated
nor deftroyed ; which is every where, and al-
ways prefent, though latent and unobferved ;
and 15 in motion by night and day, to maintaip
an equilibrium that is continually v'_lr}-‘ing. To
give one inftance, among manv, it has heen

S 2 thewn,

praa— S
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fhewn, that the rain which defcends in a ftofna
is ftrongly impregnated with electricity, and
thus brings down what the heated vapours car-
ried np into the air, till the deficiency of the
carth is fupplied from the fuperfluity of the
heavens. A variety of other cauies concur to
vary continually the equilibrium of this fluid ;
as the perpetual inteftine and ofcillatory motion,
which contributes fo much towards carrying on
the operations of nature. Further, if a parti-
cular portion of this fluid is diftributed to every
fubftance, then every alteration of its capacity,
which is continually changing by heat or cold,
muft move and operate on it.

As heat, or fire in action is the firft mover
in the animal niachine, and the chief aétive
principle during its exiftence, and as-electricity
exhibits fo many pheenomena, which cannot
be diftinguithed from thofe of fire, we are na-
turally led to conceive high ideas of the im-
portance of this fluid to medicine. Though
the vital ftate of it is not te be eftimated
by the degree of heat, abfiracledly confider-
ed, becaufe the degree of heat only afcer-
tains the quantity which is afting in a peculiar
manner.

It is known, that this vivifying principle

haflens the vegetation of plants. Myrtle-treesy
which "were ele@rified, budded fooner than
others
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others of the fame kind and fize, and in' the
fame green-houfe. Seeds, daily elettrified,
have thot up, and grown more in three or four
days, than others of the fame kind, and alike
in all other circumftances, have done in eleven
or twelye days. In the fame manner Mr.
Achard has fhewn, that it may be ufed asa
fupplement for heat, to hatch the chicken from
the egg. The fuppofition of an ingenious
writer is by no means improbable, that the ve-
getating power which is opcrating during the
whele year in ever-greens, may arifc from thefe
trecs having mere refin in their compofition
than thofe whofc leaves fall in autumn, by
which they are enabled to attra@ and retain
thofe juices which give them their continual
verdure, and fupply, in fome degree, the ab-
fence of folar heat. This may be inferred
from their natural properties, and is confirmed
by the firong cle@ric power poflefled by their
leaves. The fame writer thinks, that the fluid
colle&ed in our eleétrical experiments is only
thofe folar ra_s-‘s.th.ar have been difperfed in, and
are arrefted by the earth ; an idea which is
ftrongly corroborated by the obfervations made
on atmofpherical elefricity, and by the de-
du@®ions which have been made from the rela-
tive Rﬁ']lllit_if;s of fire, light, and heat,

83 The
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The agency of this fluid, and -its exiftence
in animated nature, has been fully proved by
the experiments that have been made on the
Torpedo and the gymnotus clectricus ; for the
fimilitude eftablithed between the clectrical fluid
of the Torpedo and that of nature at large, is
{uch, that, in 2 phyfical fenfe, they may be
confidered as precifely the fame.  Mr. Hunter
has well obferved, fays Sir J. Pringle, and I
think he is the firfl who has made the obferva-
tion, that the :ngnitude and number of the
nerves beftowed on thofe eletric organs, in pro-
portion to their fize, muft appear as extraordi-
nary as their effets ; and that, if we except
the important organs of our fenfes, there is no
part, even of the moft perfeét animal, which, for
its fize, 1s more liberally fupplied with nervesthan
the Torpedo; nor yet do thefe nerves of the elec-
tric organs feem neceflary for any fenfation that
can belong to them : and with refpect to action,
Mr. Hunter obferves, that there is no part of
any animal, however ftrong and conftant its
action may be, which enjoys fo large a portion
of them. If then it be probable, that thefe
nerves are unneceffary for the purpofe either of
{fenfation or action, may we not conclude, that
they are fubfervient to the formation, colle@ion,
and management of the eleftric fluid ? efpe-
cially, as it appears from Mr, Walfh's experi-
ments,
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ments, that the will' of fhe animal comthands
the elé@ric powets-of its organs. I thefe re-
He&ions are juft, we may with fome probabi-
lity foretell, that no' diféovery of confequence
will ever be made by future phyfiologifts con-
cerning the narure of the nervous fluid, with-
out acknowledging the lights they have bor-
rowed from the experiments of Mr. Walfh
upon the fiving Torpedo, and the diffection of
the dead animal by Mr. Hunteér,

A variety of curious faéts clearly evince,
that the eleftric firc is eflentially connelted
with the humag frame, and is continually ex-
erting its influence wpon it,  Mr. Brydone men-
tions 2 lady, who, on combing her hair in
frofty weather in the dark, had fometimes ob-
ferved fparks of five toiffue from'it 5 this made
him think of attempting to collect the electrical
fire from hair alone, without the affitance of
any other eleCtrical apparatus.  To this end, he
defired ‘2 young lady to ftand on wax, and
comb her fifter’s hair, who was fitting in a chair
before her ; foan after the had begun to comb,
the young lady on'the wax was furprized to
find her whole body eleétrified, and darting out
fparks of fire againft every objed thatr ap-
proached her.  The hair was ftrongly ele&trical,
and affeCted an ele@rometer at a confiderable
diffance. He charged a metallic conduélor from

S 4 i,
* Sir John Pringle’s Difcourfes, p. 84.
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it, and in the fpace of a few minutes colledef
a fufficient quantity of fire, to kindle common
{pirits, and by means of a fmall jar, gave many
fmart ftrokes to all the company.

Mr. Cavallo obtained, by means of a fmall
condenfing plate, very fenfible figns of clectri-
city from various parts of his own body, and
the kead of almoft any other perfon.

When the difoveries in this fcience, fays Mr.
Brydone, are further advanced, we may find,
that what we call fenfibility of nerves, and ma-
ny other difeafes, which are known only by
name, are owing to the bodics being poffefled
of too large or top fmall a quantity of this {ubtle
fluid, which is perhaps the vehicle of all our
feelings. It is known, that in damp and hazy
weather, when this fire is blunted and abforbed
by the humidity, its a&ivity is leflened, and
what is colleéted is foon diffipated ; then our
{pirits are more languid, and our fenfibility is
lefs acute. And in the fierce wind at Naples,
when the air feems totally deprived pof it, the
whole {yftem is unftrung, and the nerves feem
to lofe both their tenfion and elafticity, till the
north-weft wind awakens the activity of the ani-
mating power, which foon reftores the tone,
and enlivens all nature, which feemed to droop
and languifh in jts abfence : nor can this aps
pear furprizing, if it is from the different ftace
of
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of this fire in the human body, that the ftriGtum
and laxum proceeds, and not from any alter-
ation in the fibres themfelves, or their being
more or lefs braced up, (ameng which bracers
cold has beea reckoned one) though the muf-
cular parts of an animal are more braced wheu
they are hot, and relaxed when they are cold.
Mr. Jalabert and Profeffor Saufiure, when
paffing the Alps, were caught amongft thim-
der-clouds, and found their bodies full of
ele@rical fire ; {pontancous flathes darting from
their fingers, with a crackling noife, @#nd the
fenfations they felt were the fame as when
firongly elettrified by art. It feems pretty evi-

dent, that thofe feelings were owing to their bo- -

dies containing too great a fhare of electrical
fire; and it is not improbable, that many of
our invalids owe their feelings to the oppofire
caules 2

Exreriment CCL

Pafs the charge of alarge jar, or battery,
from the head to the back of a moufe; .this,
if the thock is fufficiently ftrong, will kill the
animal. After its death, make the difchargc
in the fame manner, and the fluid will pafs vie
fibly ever the body, and not thmugh it ; evin-

cing,

-

-

e
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cing, that the pawer or mediom which tranfs
mitted- the thock through. the animat, is loft
with its life. - 'Fhis experiment is taken frons
Mr. Cavalle’s treatife on medical elettricitys
Its importance 15 felf-cvident, and it certainly
merits 2 further inveftigation, by thofe who are
acquainted with the animal ceconomy, as well
as electricity.

The following experiment thews, thar the
eletrie fluid paffes through that feries of muf=
cles which form the fhorteft paffage for it, and
whole conduéting power; or eleétric capacity,
is moft favourable to it.

Exrernrmenr CCIL

Let A' grafp a Leyden phial with his righe
kand, and touch, with a brafs rod held in his
Iefr hand, the naked right foot of B; let the
left foot of B communicate by a brafs rod with
the right foot of C; let D with his right hand
held the left ear of C, and touch the knob of the
bottte with his left hand : A will feel the fhock
in the mufcles of the right hand and arm, of
the thorax, and of the left hand and arm ; B
will feel the commotion in the mulcles of his
right foot, right leg and thigh, and thofe
which are conneéted with the left thigh, leg,
and foot, while C will perceive it in that feries

which
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which goes from the leg to:the ear by which
he communicates with D. The aétion of the
fluid on the human body in the fhock, is the
{ame when it pafies through fimilar parts with
the fame denfity. Its action is more extenfive
when the fire is denfeft, and therefore moft ins
tenfe when it meets with any refiftance.

Affifted by a furgeon, Beccaria made feveral
experiments upon the cffects produced by elee-
tricity op the mufcles in the left leg of a cock.
The mufcles were ftrongly contraéted when a
thock was pafled through them, and the con-
traftion was always accompanied by a {udden
and pr:oporti.cjzml {ivelling of the mufcles, ex-
cepting at the part where the membtane is in-
ferted, which fcparates one mmicle from ano-
ther, which was always deprefled. T he mem-
brane which invefted rhat part of the mufcle
through which the fluid paffed, became dry
and wrinkled, and a vapour arofe from that
part 3 when one mulfcle was contracted, 2 ge-
neral contraftion took place in thofe that were
contiguous to 1t, and they were a little con-
vulfed after the fhock.

In another inftance, where the -mufele swas
relaxed and parted from the thigh, on paffing
the thock through it the muicle contracted it-
fclf, and was drawn back into its natural place,
and could not be again difplaced but by foree;

a
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a circumftance which ftrongly manifefts the
power of eletricity to- give tone to a flaccid
fibre. Indeed, when we confider, fays a very
fenfible writer, that the mufcles have been
brought into action by the eleétric fire, that it
has rendered palfied limbs plumip, and reffored
a power of aftion and motion to many, whofe
pa'lﬁcs did not arife from the {pinal marrow.
¥s it not a convincing proof, that the vital fire
15 the caufe of mufcular motion, and that this
is the fame with that which is colteéted by the
eleCtrical machine ?

As the fcience of medicine knows of na
fpecific, fo we are not to fuppofe, that ele@ri-
eity will triumph over every diforder to which
it is applied. Its fuccefs will be more or lefs
extenfive, according to the difpofition of the
fubje®, and the talents of thofe who dire& it ;
it cannot therefore appear furprifing, that many
diforders have been refraltory to its powers,
and others have only yielded in a fimall degree ;
or, that the progrefs of the cure has often been
ftopped by the impatience, or prejudice, of the
dileafed : but, at the fame time, it muft be ac-
knowledged, that even mn its infancy, when
it had to combat againft fear, prejudice, and
mtereft, its fuccefs was truly great: we have
furely then the higheft reafon to expeét a con-
fiderable increafe of fuccefs, now that it is cul-

tivated
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tivated and promoted by profeffionsl jmen of
the firft merit.

Experiuvent CCIIL

This experimerit fhews, that the cleric
pawers may be put in action by heat and cold:
it was originally made By Mr. Canton. He
procured fome thin glafs balls, of about an
inch and a half diameter, with ftems or tulies,
of eight or nine inches in length, and eleftri-
fied them, fome pofitively on the infide,
others negatively, and then fealed them herme-
tically ; foonafter hi¢ applied the naked balls to
his eleCtrometér, and could not obferve the
leaft fign of their being eleéirical ; but holding
them at the fire; 4t the diftance of five or fix
inches, they became ftrongly eleftrical in a
a fhort time, and more {fo when they were eool-
ing.  Thefe balls would, every time they were
heated, give the eleftric power to, or take it
from, other bodies, according to the plus or
minus ftate of it within them. Heating them
frequently diminithed their power, but keeping
onc of them under water a week did not in the
leaft impair it. The balls retained their virtue
above fix years. The tourmalin, and many
other precious ftones, are alfo known to acquire
elettricity by heat.  The tourmalin has always,

at
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at the fame time, 4 pofitive and negative elec-
tricity ; one fide of it being in one ftate, the
other in the oppofite. Thele powers may be
excited by friction and by heat; nay, even by

plunging it in boiling water.

Experiment  CCIV,

Infulate a fenfible mercurial thermometer,
and place the bulb between two balls of wood,
one affixed to the conduétor, the other com-
municating with the ground, and the eleétric
fluid, in paffing between the two balls, will raife
the mereury in the thermometer confiderably.
With a cylinder, of abeut feven inches and a
half in diamerer, the fluid pafling from a ball
of lignum vite to a ball of beech, and thence
to the grcund, clevated the quickfilver in the
thermometer from 68° to 110°, repeatedly to
105. The thermometer was raifed from 68°
t0.85°, by the fluid paffing from a point of box
to a point of lignum vitz ; from 67° to 1c0°,
from a point of box to a ball of box ; from
66° to 100°, from a ball of box to a brafs
point ; from 69° to 100°, from hall to ball;
the. bulb of the thermometer covered with

flannel.

A
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A Lift of difeafes, in which it has been fuc<
cefsful, is given by fome writers, but I refrain
from followiag their example, becauie T under-
fiand there is a rational fyftem formed on the
experiments of the laft four years; to compre-
hiend which, 2 knowledge of difeafes, their
caufes and {ymptoms, 1s requifite.

In this fyftem, it is ranked as an anti-fpafine-
dic, is confidered as thie moft powerful extermat

application to difeafes, and, from the varieus’

manners in which it is ufed, ferves the purpofes
of a2 fedative, a ftimulant, and a deabitruent,
In medicine, it becomcs then applicable to
palfies, rheumatiims, intermittents; to {pafm,
obftrution, and inflammation. In furgery it
has confiderable feope for aétion ; where con-
tractions -and {prains, tumors, particularly of
the glandular fort, wafting of the mufcles,
and ether incidents, form a cataloguie of vifible
difcafes, as diftrefing to the fight of others as
to the patients themfelves. The gout, and the
fcrophula, or king’s evil, two difeafes which
have tormented mankind, and been the difgrace
of medicine to the prefent time, are ranked
among thofe to which this remedy 13 applica.
ble; and in the commencement of the coma
plaings, -I am informed, has been “-'onderfully
fuccelsful. - To remove -ill-placed fits' of the
gout, it fhould {feem to be'a more rational ap-

slication

1
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plication that any medicineg, for it applies di-
reétly to the feat of the difcdfe, with a power
and rapidity unknewn in phyfic, and perfectly
manageable at diferetion § and, 4s it is a remje.
dy which applies to the undcrﬁaflding as well
a8 to the feelings, I fhould think it better worth
the artention and contemplation 6f men of 1i
beral education, than the compoundifig a medi-
cine; in which they place. litfle fdith, or
applying a phaifter, in which they Have none
at all:

The fuccefs of cleftricity, i relieving the
fofferings of mankind; has been confiderably
promoted, and its operations rendered more
rapid, fenfible, and efficacious, by applying it
in different manners and quantities to the hu-
man frame. The modes formerly ufed were
the fhock, the fpark, and fbmetimes, though
very feldom, fimple ele@rification. Thefe
modes are now varied, and their number aug-
mented:; The {tream of the ele@ric fluid may,
without a fhock, be made to pafs through any
part of the bady ; it may alfs be thrown upon,
or extrafted from any part, and its afion it
each cafe varied, by caufing the fluid to pafy
through materials which refift its paffage in dif=
ferent degrees; it may be applied to the naked
integuments, or to the fkin covered with dif-

ferent refifting fubftances ; and its power may.
be
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be rarefied or condenfed, confined to one {pot,
or applied in a more diffufive manner, at the
diferetion of the operater

The apparatiis neceflary for this purpole is
fimple, and confifts of the following articles.

1. An eleftrical amachine, with an infulated
cuthion, propetly confiructed to afford a con-
tinued and firong ftream of the ele@rical
fiuid.

2. A ftool with infulating fect, or rather an
arm chair fixed on a large infulating flool.
The infide part of the back of the chair thould
move on a hinge, that it may occafionally let
down to ele@rify conveniently the back of the

patient : the arms of the ehair {hould alfo be

made longer than is ufual.

3. A Leyden bottle with an eletrometer.

4. A pair of large dircCtors and wooden

01nts.

5. A few glafs tubes of different beres, forme
of them with capillary points.

To thefe may be added; an univerfal dif-
charger on a large {cale, a pair of fmall direc-
tors with filver wires, and a pair of infulating

foreeps.

Fig. g3 reprefents the directors, the handlcs
are of glafs, A is a brafs wire with a ball o
its'end. The wire of one is bent, for the more
copveniently throwing the eleric fluid on the

T €¥C,
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eve, &c. The balls may be unfcrewed from
the wires, and the wooden point B fcrewed in
its place, or the pownted end of the brafs wire
fnay be ufed. The dirc&ors thould always be
held by that extremity of the glafs handle
which is fartheft from the brafs, and care
thould be taken that the heat of the hand does
not make them moift.

Fig. 85 is the medical bottle, furnifhed
with an ele€rometer, to limit the force of the
fthock, and enable the operatot to give a fuc-
ceffive number of them of the fame force. €
is a bent picce of glafs, on the upper part of
which is cemented a brafs focket D, furnithed
with a fpring tube E; the wire F moves in
this tube, fo that the ball'G may be fetat a
convenient diftance from the ball H. The
end T of the bent piece of glafs is alfo furnithed
with a {pring tube, which flides upon the wire
K, communicating with the infide of the
bottle.

To ufe this bottle, place the ball Hin contact
with the conduftor, or connelt them together
by a wire, and then charge it in the ufual man-
ner. Neow, if a wire proceeds from the ball
1. to the outfide coating, the bottle will be dif-
charged whenever the fluid has acq uired fuffici-
ent foree to pafs through the fpace of air be-
tween the two balls; confequently the fhock
15
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1s ftronger in ptoportion as the diftance between
the two balls is increafed.

It is obvious, that when the cle@rometer is
thus conneéted; it aéts in the fame manner as a
common difcharging rod; and forrs the com-=
fmunication from the outfide to the infide of
the bottle ;3 with this difference only; that the
diftance of the end which is to communicate
with the infide may be limited and regulated.
The fhock may be given to any part of the hu-
man bodyby introducing that part of the body
intothe circuit which is made between the outfide
and infide of the bottle. This is conveniently
effeéted, by connedling one direftor by a piece
of wire with the eleGtrometer, and the other to
the outfide of the bottle s then hold the direc-
tors by their glafs handles, and apply the balls
of them to the extremity of the parts through
which the thocks are to be pafled.

The force of the thock, as we have already
obferved, 1is augmented or diminithed by ine
creafing or leflening the diftance between the
two balls, which muft be regulated by the ope~
fator to the firength and fenfibility of the pa<

tient.

The handles of the dire&ors thould be care-
fully dried, as alfo the bent piecc of glafs C,
and thofe parts of the bottle which are above
the coating. It is likewifc neceffary to prefs

* 2 the
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the ends of the direCtors againft the part; to
convey the fhock more readily.

Some gentlemen have thought the eletric
forceps a very convenient inftrument to conduét
the thock through any particular part of the
body. Theirufe is evident from an infpection
of fig, 86.

The following mode of extralling the con-
denfed fluid from the infide of a charged Ley-
den jar has been found, in certain circomftances,
peculiarly advantageous. Conneét a dire&or,
by means of a wire, with the ball of a Leyden
jar, charge the jar, cither compleatly or parti-
ally, and then apply the ball or point of the
condu@or to the part intended to be eleérified,
and the fluid, which was condenfed in the phial,
will be thrown on the part in a denfe flow
fiream, attended with a pungent fenfation,
which produces a confiderable degree of
warmth. If a2 wire, that communicates with
the ground, is placed oppofite to the end of
the direCtor; the paffage of the fluid will be
rendered more rapid, and the fenfation fironger.
It 1s obvious, that in this cale the circuit be-
tween the infide and the outfide of the jar i3
not compleated, therefore the thock will not be
fel, - The condenfed fluid pafles in a denfe
flow fiream through the required part, while
the outfide acquires a fufiicient quantity, from

the
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the conducting fubflances near it, to reftore
the equilibrium.

To pafs a ftream of the eleétric fluid through
any part of the human body, conneét one di-
reétor by a wire with the pofitive condudtor,
and another diretor with the negative conduc-
tor, or infulated cufhion, then place the end of
the dire@ors at the extremities of the part, and
wurn the cylinder, the fluid will pafs through
the part from one director to the other.

To throw the fluid on any part of the body,
conneét the diretor with the pofitive conduc-
tor, turn the cylinder, and then prefent the
brafs end of the direftor towards the patient,
and the fluid will pafs between the ball and the
patient. Or you may infulate the patient, and
then draw the communicated elericity from
him by the direttors. In this cafe, a wire thould
pafs from the brafs part of the director to the
ground, or to the hand of the operator.. In
cither of thefe cafes, the quantiry of the fluid
and its mode of aflion may be varied, by
making the fluid pafs through points or balls
of metal or of wood, or by covering the
fkin with flannel ; whenever the flefh-bruth
is advifed, it is highly probable that covering
the affected part with flannel, and then rubbing
it with the ball of a dire@tor, conneted with
the machine, would have a f{uperior effect

1.3 The
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The refiftance to the fluid’s motion may be va-
ried by increafing the thicknefs of the cover-
ing, or the nature of the fubftance through
which it is to pafs.

Some peculiar effefts have taken place from
the application of the interrupted fpark ; that is,
a fpark received from a fecond condudtor,
placed within the ftriking diftance of the prime
condudor. It is not improbable, that in this
cafc the condenfation and expanfion of the
fpark may be more rapid than when it is re-
ceived from the prime conductor alone, The
dirc&tor, when the interrupted {park is required,
fhould be connected with the fecond conductor,
and then ufed as in other cafes;

Fig. 87 reprefents an univerfal difcharger
upon a large feale, with a patient fitting be-
tween the two pillars, one ball refting at A, the
other being placedat B. The convenienceof this
apparatus is obvious, froman infpetion of the
figure ; for as the joints have both an horizon-
al and vertical motion, and the wires pafs
through two {pring fockets, they may therefore
be placed in any direftion, and the balls fixed
in any required fituation. Hence, by connect-
ing one wire with a pofitive conductor, and the
other with a negative one, of onc with the bot=
tom of a Leyden bottle, and the other with
¢he elc@trometer ; the fhock or ftream may be

Con=




ON £EECTRICITY. 279

eonveyed to any part, with the greateft facility,
It is alfo evident, that a perfon may, by means
of the two joints of this fimple apparatus,
electrify himfelf with eafe, (or any patient, con-
veniently) without the affiftance of any other
perfon ; that is, he may turn the machine with
one hand, while he is receiving the fluid, or
the fhock, by means of this univerfal dif-
charger. But this may alfo be readily effeted,
by faftening a wire to one of the conduttors,
and pinning the other end of it to one extremity
of the part through which you intend to pafs

the fhock, or convey the fluid ; then connect a

direGor with the other conduétor, and hold it
to the other extremity of the part. If the fitu-
ation is fuch as to occafion the wires to touch
the table, pafs a fall glafs tube over them,
which will prevent a diffipation of the fire,

L and M, fig. 84, veprefent glafs tubes,
through which fmall wires arc made to pafs,
to convey the fluid direftly to the ear ar
throat.

Fig. 88 reprefents another glfs tube, of a
larger fize, the end  of which is capillary 5 a
fmall quantity of rofe-water, or any other fluid,
is to be poured into this tube, then con-
nect it with the prime conduclor by a’ wire ;
turn the C}'lindcr, and a f‘leL{i‘,"iLl\:'d, g-'l‘-il'-',

T 4 andl




280 AN ESSAY

and refrefhing fiream of this fluid may be
thrown on the patient,

It is in allcafes moft advifeable to begin with
the more gentle operations, and proceed gra-
dually to increafe the force, as the ftrength and
conftitution of the patient, or the nature of
the diforder requires. The ftream from a wood-
en point, a wooden ball, or brafs point, may
be firft ufed ; fparks, if neceflary, may then be
taken, or fmall fhocks given.

In rheumatic cafes, the eleflric friion is
generally ufed. If the pains are local, {mali
thocks may be given. To relieve the tooth-ach,
very fmall thocks may be pafled through the
tooth ; or, cover the part affected with flannel,
and rub it with a direftor, communicating with
the machine,

In inflammations, and other diforders of the
eyes, the fluid thould be thrown from a wood-
en point : the fenfation here produced, is that
of a gentle cooling wind; but, at the fame
time, it generates a genial warmth in the part
affected.

In palfies, the eleétric frition and fmall
thocks are adminiftered. Streams of the fluid
fhould always be made to pafs through the
affeéted part.

The only Treatife we have yet had from the
Faculty, on the fubject of Medical Ele@ricity,

15
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§s a pamphlet intitled, ¢ Confiderations on the
Efficacy of Ele@ricity inremoving Female Ob-
frructions,” by Mr. Birch; to whom I am in-
debted for a variety of important obfervations
and practical remarks on the different branches
of ele@ricity ; and if its merits were to be con-
fined to this difeafe alone, (in which it may be
reckoned a {pecific) it would be entitled 1o the
attention of practitioners ; but we have reafon to
expect much more from it, fince the prejudices
of the Faculty fecm removed, and the practice
is becoming more general cvery day.

CHAP.




C HAP. "' XVL
Mifcellaneous Experiments and Obfervations.

HE difpute conceming the preferable
utility of pointed or knobbed conductors,

+ for fecuring buildings from lightening, occafi-
oned the {fetting up a more magnificent appara-
tus than had ever appeared before. An immenfe
conductor was conftructed, .at the expence of
the Board of Ordnance, and fufpended in the
Pantheon, under the dire®ion of Mr. Wilfon.

It confifted of a great number of drums, cover-

ed with tin-foil, which formed a cylinder of
about 155 feet in length, and more than 16.
inches in diameter ; and to this va@ condu@or
was occafionally added 4800 yards of wire.
The eleric blaft from this machine fired gun-.
powder in the moft unfaveurable circumftan-
ces, mamely, when it was drawn off by a tharp
point. The method of doing it was as fol-
lows: upon a ftaff of baked woed a flem. of
brafs was fixed, which terminated in an iron
point at the top; this point was put into the
end of a fmall tube of India-paper, made fome-
what in the form of a cartridge, about an inch
and a quarter long, and two tenths of an inch

10
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sn diameter, when the cartridge was filled
with cammon gunpowder unbruifed ; a wire,
communicating with the earth, was then faf-
tened to the bottom of the brafs ftem. The
charge of the great cylinder being continually
kept up by the motion of the wheel, the top
of the cartridge was brought very near the
drums, fo that it frequently touched the tin-
foil with which they were covered. In this firu-
ation, a fmall, faint, luminous ftream was
frequently obferved between the top of the car-
tridge and the metal. Sometimes this ftream
would fet fire to the gunpowder the moment it
was applied, at others, it would require half a
minute or more before it took effect.  This dif-
ference in time was fuppofed to be owing to
fome fmall degree of moifture in the powder,
or the paper.

Gun-powder may alfo be fired by a fiream
from 2 large charged Leyden jar, in the fol-

lowin g manner :

Expegrimeyr CCV.

Fix a fmall cartridge on a metallic point,
which is fired to a wooden or glafs handle ;
make 2 communication from the wire to the
ground, then prefent the cartridge to the knob

s

of
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of the phial, and the gun- powder will be fired
by the paffage of the ele@ric fiream through
the cartridge. Tinder, or touch- wood, placed
in a metal cup, may be lighted, by paffing
the fiream from the infide of the jar through
them, as in the foregoing experiment, WlthOUt
compleating the circuit.

As it therefore appears, that the eletric fluid,
when it moves through bodies, either with great
rapidity, or in great quantities, will fet them
on fire, it is fcarce difputable, that this fluid is
the fame with the element of fire.

Exrezriment CCVI.

To fite the fmall electrical cannon, charge iz
with gun-powder in the ufual manner, then
fill thc ivory touch-hole with gun-powder,
ram it well down, and puth the brafs pin down,
fo that the end of it may be near the bottom of

the hole; make a communication between the
outfide of a large charged jar or battery and
the body of the cannon, by placing one end, of
the difcharging rod on the pin which pafles
down the touch-hole, and bring the other end

to the knob of the jar, and the difcharge will
fire the pow der:

Ex-




Experiment CCVIL

Fig. 89 is a perfpective view of the powders
houfe; the fide of the roof next the eye being
omitted, that the infide may be more conveni-
ently feen. The front of this model is fitted
up like the thunder- houfe, and is ufed ia the
fame manner ; the fides of the houle, the back,
and fore-front, are joined to the bottom by
hinges ; the roof is divided into two parts,
which are alfo faftened by hinges to the fides ;

the building is kept together bv a ridge on the

roof ; when the roof is blown up, it will fall
down with the fides, the back, and fore-front.
To ule this model, fill the fmall tube ¢ with
gun-powder, and ram the wire ¢ a fmall way in
l"m: tube, then connectthe hook e with the bot-
tom of a large jar or battery ; when the jar {s
charged, io,m a communication from the hook
d to the top of the jar ; the difcharge will fire
the powder, and the explofionof the gun-pow-
der will throw off the roof, and the fides, the
fore and back fronts will then all fall down,

Fig. go reprefents a wooden pyramid, de-

figned to thew the experiments which are made
with the thunder-houfe, and is ufed in the
fame manner, When the picce @ is thrown
out




286 AN ESSAY

out by the difcharge, the upper part of the
pyramid falls down.

Exrezrivext CCVIIL

Fix the ladle I, fig. 33, into the hole at the
end of the conduftor, place a fmall piece of
camphor in the ladle, fet the camphor on fire,
and then put the machine in ation ; the
camphor will throw out a variety of {mall
{hoots, and have the appearance of an imperfeét
vegetation.

ExrzrimMent CCIX,

Wrap fome loofe cotton, which has been pre-
vioufly rolled in fine powder of yellow refin,
round ane of the balls of a difeharging rod,
and hold the other end to the outer coating of
a charged jar; then bring the knob with the
refin towards the ball of the jar, and the ex-
plofion will fire the refin, and this will com=
municate the flame to the cotton.

Fig. g1 reprefents the inflammable air lamp,
invented by Mr. Volta. A is a glafs globe te
contain the inflammable air, B a glafs bafon, or
referveir, to hold water ;3 D is a cock, whigh is
to form occafionally 2 communication- between
the
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the refervoir of water B, and that of air A ¢
the water pafles into the latrer through the me-
tal pipe gg, which s fixed to the upper part
of the refervoir A : sis a finall cock, to cutoff)
or open a communication with, the air in the
ball, and the jer K. N is afmall pipe to hold
a piece of wax raper, L a brafs pillar, on the
top of which is a brafs ball ; 2 is a pillar of
glafs, furnifhed at top with a focket; a wire 2
flides in this focket, aball is ferewed on to the
end of the wire. F is acock, by which the
ball A is filled with inflammable air, and which
afterwards ferves to confine the air and the
water that falls from the bafon B inte the
ball A.

To ufe this inflrument, after having filled
the refervoir A with pure inflammable air, and
the bafon B with water, turn the cocks 1D and
S, and the water which falls from the bafon B
will force out fome of the inflammable air, and
caufe it to pafs through the jet 'K into the air.
If an eleétric fpark is made to pafs from rhe
brafs ball m to the brafs ball #, the inflammable
jet, which pafles through the pipe K, will be
fired. To extinguifh the lamp, fhut firft the
cock S, and then the cock D.

To fill the refervoir Aa with inflammable air,
which is to be made in the nfual manner, and
with the wfual apparatus, having previcuily

filled
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filled A with water, place the foot R under
water, on a board or fleol in a large tub of
water, that the bent glafs ¢ube, through which
the inflammable air paffes, may pafs commodi.
oufly under the foot of the lamp ; when the
air has nearly driven out all the water, turn the
cock F, and the apparatus is ready for ufe.
Fhis inftrument is convenient to preferve a
quantity of inflammable air ready for any occa-
fional experiment; as charging the inflam-
mable air pifiol, &ec.  Itis alfe convenient to
light a candle for ceconomical purpofes, as the
imalleft {park from an electrophorous, or a
fmall bottle, is fufiicient to fire the air.

A fmall battery of inflammable air piftols is
occafionally made, that affords eonfiderable
amufement ; as either one pifiol, or the whele
together, may be fired at the pleafure of the
operator.

The following experiment was made by Mr.
Kinnerfly with his eleétrical thermometer,
which is defcribed in page 33 of this Effay.

Exreriment CCX.

Having put fome tinged water into thc-lm’gc
tube, he placed the two wires within the tube
in contaét, and paffed a large charge of el?‘:*

ITI1CITY
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tricity from above thirty fquare feet of coated
glafs, which produced no rarefation 1o the
air, and fthewed that tlie wires were not heated
by the fire pafling through them. When the
wires were about two inches afunder, the charge
of a three-pint bottle, darting fromvone to the
other, rarcfied the air very evidently. ‘Fhe
charge of a jar, which contained about five gal-
lons and a half, darting from wire to wire,
occafioned a very confiderable expanfion in the
air; and the charge of a battery of thirty fquarz,
feet of coated glafs, would raife the water in
the {mall tube quite to the top : upon the co-
alefcing of the air, the column of water inftantly
{fubfided, till it was in equilibrio with the rare-
fied air ;. then gradually defcending as the air
cooled, fettled where it ftood before. By
calt.m}ly obferving at what height the defcend-
ing water firft ftopped, the degree of rarefadtion
might be eafily difcovered.

.

EFxperiment CCXIL

Take 2 glafs tube, about four inches long,
one quarter of an inch in diameter, and- open
at both ends; moiften the infide of the tube
with oil of rartar per deliquium, then fix twe
pieces of cork into the ends of the tube, znd

pafs a wire through each cork, fo that the ends
U of




R By % Al L S
= -

250 0 T ANTESSAY

of the wires, which are within the tube, ma
be about three guarters of an inch afunder.
Connect one wire With: the outfide coating of 2
larpe jar, and form a communication from the
other to the ball of the jar, fo as to pafs the
difcharge through the tube; repeat this feveral
times, -and the oil of tartar will very often give
manifeft figns of eryftalization.®

¥
J
5
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ExperimEntT CCXII,

Charge a Leyden phial, (the top of which
is cemented into the bottle) place it upon an
miulated ftand, and then take hold of it by the
ball, and prefent the coated furface towards the
condenfing ball of a prime conductor while the
cylinder is charging, and a large bruth and
{park will pafs bﬁtwwn the coating of the bot-
tle and the ball of the conduétor, from four to

iwelve inches and npwards in length,

Experiment CCXIIL

Take fome of the powder of Canton’s phof-

phorus, and by means of a little {pirit of wine,

fick it all over the infide of 2 clean glals phial,

then fiop the bottle, and keep it from the

Lghtw

& Cavallo on Medical Ele&ricity, p.117.




light. "To illuminate this phofphorous, draw
feveral firong {packs from the conduor, keep-
ing the phial about twe or, three.inches from
the fparks, fo that it may be expoled to their
light ; the phial will afterwards appear lumis
hous, and remain fo for a confiderable time,

Expscrimenr CCXIV.

Difcharge a jar over a thin picce of wood,
which is cut im the fhape of a crefeent, and
covered with this phofphotus, and the crefs
cent will be luminous in the dark:

Place a fmall key on the phofphorus, and
difcharge a Leyden phial oyer the phofpho-
rus, and then throw the key off from it, and
when it is exhibited in the dark, the form of
the key and all its wards will be perfectly
{een.

As the experiments on phofphotus 4re in
themifelves exceedingly curious, and appear to
me to be intimately connefed with the nature
of elettricity, I hope I thall not be thought to
have deviated too far from the fubject of this
eflay by introducing fome experiments of My,
Wilfon on this fubject ; the more fo, as the
producing the prifinatic colours is by no means
difhieult, as little more is required than a few

U 2 oyfter=
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oy fter-fhells, and a good fire of any kind. - For,
if thole fhells are thrown carelefsly into the
middle of the fire, and con dnued there for a
proper time, (which may be from ten minutes,
a quarter, half, or three quarters of an hout,
toone, two, or three hours, according to the
thicknefs and compaétnefs of the thells, and the
degree of firc they are expofed to) they will
exhibit lively prifmatic colours, after they are
removed from the fun into the dark fuddenly,
and the eyes have been previoudly prepared a
little to receive them.  Mr. Wilfon excited alfo
the light of thefe thells with electricity, in the
fleloWing Manner.

ExrperimexT CCXV.

He placed upon a metal ftand, which was
rounded at top, and about half an inch in dia-
picter, a prepared fhell, that would exhibit
the prifmatic colours very lively ; on the upper
furface of this thell, and near the miiddle, where
the. colour-making parts preﬂ.onﬁﬂatcd, he
brought the end of 2 metal rod, and then con-
netted the two metals properly with the coat-
ings of a charged phial, 18 order to difcharge
the fluid, Tn this circuit there was lefe, de-

fienedly, an interval of about three inches, un-

occupied by metal, and next one fide of the
glals;
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glafs ; the difchargf: was made by compleating
the circuit with metal where the interval was
left. ‘The fhell, at thatinftant, waslighted up |
to-an exceeding, great advantage, fo that all s
the colours appeared perfeétly difting, and in i
their re.f!pe&i\-'c places, anfwering to their differ-
eat colour-making - pasts. . Thele colours con-
tinved vifible feveral minutes, and when they
ceafed toappear, a white purplith light occu-
pied their places, which lafted for a confiderable
rime.  And notwithflanding: this experiment
was repeated with the fame and other fhells,

the-eolours continued. in their relpective places, i
arid nearly of the fame degree of brilliancy;

- ; ! o
excepting, that in or near thoie parts where i
the explofion took place a few fcales were dri- i
ven off. !i

Exreriment CCXVL
711 Al N { 5T i
Which proves, that bodies of the {ame na- .‘

ture,  but of different volumes and different
mailes, are charged with eieétrical matter onty
in proportion to their {urface, without'any in< !
fluence or concuwrénce, of their maffes"m' this ‘

cafe.
The following experiment, which” we' thatl
give in Mz, Achard’s own words, {cems to de-
18] 2 cide
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cide this queftion, on Which: philofophers hava
entertained very different opinions.

I cleftrified (fays he)'a eylindrical; hollow
brafs conductor, feven inches- long, and one
and 2 half in diameter : when it had acquired
forty degrees of eledtricity, 1 drew from it a
Ipark, ‘with a condu&or- 6f liollow - brafs; of
feven inches long, and one and a half diametery
which weighed eight ounces, and was carefully
safulited,” The firft ‘ednduélor lott fifteen de=
grees of 1ts cle@yicity, - T repeated the fame
experiment, when the condudtoer had thirty-des
orees of eledtricity, and dhen it loft tén degroes,
Tinally, when the conduftor had’ twenty des
orees of cle@ticity, itloft only feven by its ins
fantancous contalt with “the {ame cylinder,
After having filled this cylinder with leady
which produced an addition of five pounds to 1S
weight, and confequently to its mafs, 1 repeated
the fame experiments, and obtained from them
the very, fame refults,

This. is followed by other experiments, which
are a farther copfirmation of Mz, Achard’s
opinion.

Thefe experiments fhew, 1ft. That'bodies
of an equal furface, but different in mafs,

when they are placed in the fame circumftances,

are charged with an cqual quantity of ¢leétri-
cal matter ; and 2dly, That bodics équal in
mafs,
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mafs, but different ‘in-extent of furface, when
they are placed in fimilar cir¢unitances, are
charged with an unequal quantity of ¢letrical
matter, and that the body; whofe {urface is lar- §
ger, ‘receives more than:that whofe furface is [
lefs.  Thercfore, it is in: proportion ‘to itheir
furfaces, and not to their mafs, that bodies are
charged ' 4with ‘a greatesior lels quantity of the 5
eleétrical fluid: ‘

Before thefe experiments were: made it had
been oblerved, that the extreme fubtilty, and,
in moft cafes, invifibility of the ele@ric fluid,
render all reafoning about its motion precarious,

It is' however 'incredible, that this flnid fheuld |
pafsithrough the very fubflance of. metatlic bo- '
dies, and ‘not be retardéd by their folid parti- %
cles, In thofe cafes, where the folid parts of

metals arc evidently. penctrated, i e when i
wires are exploded, there is 2 mamifeft refift. (
ance, for the parts of the wire are feattered |
about with vielence in all diretions:

The like happened in Dr, Prieftley’s circles, ]
made on fmooth pieces of metal.  Part of the i
metal was alfo difperfed and thrown off; for the {
circular fpots were ‘compofed of little cavities, '
If therefore the fluid-was difperfed thratighoue
the {ubftance, and not over the furface of the
metal," it 1s plain, that 2 wire, whofc diameter
is equal te one of thafe circular fpots, ought ‘

U s atlo |
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alfo to have been deftroyed by an explofion-of
equal firength fent through it; whereas; a wine;
whofe diameter 18 equal to onc of thofe fpots,
would “without injucy conduét a fhock -much
greater than any battery. hitherto conftructed
could <give. It; is. moft: probable, therefore,
that though violent flathes of .eleétricity, which
a& alfo as fire, will enter:intp the {ubftance: of
metals and confume them, yet it immediately
difperfes iefelf -over: their furface, without en-
tering. their fubftance any more, till-being for-
ced to collést. itfelf: into a narrow compals; it
again aéts as fire.

In many cafes the eleétric fluid will: bé con-
ducted very well by mietals reduced to-a mere
furface. © A piece of white paper will mot con-
duét a thoek, without being torn to pieces, as
it is an cleétric fubftance ; but 2 line drawn on
it with a black lead pencil, ‘will fafely convey
the charge of feveral jars, It is impoflible we
can think, that the fire here pafles through the
fubftance of the black lead firoke, it muft run
over its furface; and if we confider fome of
the propertics of metals we fhall find, that there
is great reafon to fuppofe that their conducting
power lies at their furface.

Fig. g2 reprefents a fmall glafs tube, ftopped
at one end with a piece of cork ; & is’a 'wire
which pafies through a piece of cork, fitted into
the
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the other end of the tube, the upper part of
the wire is furnithed with a brafs ball, the end
of the wire within the tube is bent at £ right an-
gles to the reft of the wire,

ExreriMmezyt CCXVIL

Take out the upper cork and wire, pouy
fome fallad oil into the tube, and then fit in
the cork, and pufh down-~the wire, fo that
the end of it may be mnear or rather
below the furface of the oil ; prefent the
ball towards a prime conduétor, holdmu the
finger or. any ether non-conduétor oppofite the
bent end of the wire, and when a {park pafles
from the conduflor to the brafi ball, another
will pafs from the end of the wire, and perfo.-
rate the glafs, the oil will be curioufly agita-
ted,

This experiment appears more beautifu}
when it is made in the dark. After the firt
hole is made, turn the end of the wire roungd
towards another part of the glafs tube, and a
fecond hole may be made in the fame manner,
This experiment was communicated to me by
the Rev, M. Morgan, of Norwich, who has
carried it much farther, by flling fing]) bottles
with cement, and then paffing the fhock in 2

fimilar
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fimilar mode ?H.rd=1gh themii " The 'petforation
miay be made with water in thé tube inftead
if oil. : '
Mr. Laullen produced very confiderable eifeéts
i
ferted in . tubes. filled with oil. The fpark
appears larger in its paflage through ail, than

by pafling the ma‘;ck through wires that were
-l -

when it paffes through water.

M. Vileree ‘flled'd difh of “metal “with oil,
4ndd “when he had eleétrified the difh, he phmged
4 eedle into the'oil, and received a very ftrong
fisark ‘as foon as'the point of ‘it cathe within 2
firtall diftance of the dith. A fimall cork ball
being made to {wim in this oil, upon the ap-=
proach of the thick end of the flalk of a lime,
it plinged to the bottom,’ and immediately rofe

art

up 31{-“!“ .

Analdgous to this experiment of Mr. Mor-
gan- are fome obfervations of Dr, Prieftley,
who conftantly found, that whenever he had
covered the fra&ured place of a jar with any
kind of cement or varnith, it always broke at
the place where the cement terminated ; there
the glafs was perforated, and a new frafture
was made, which had no communication with
the former. The jar always broke at the firft
charge, generally before it had received half
its charge. Struck with this pheenomenon, the

by

Dottor proceeded to try the ecxperiment on

.
4
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2 jar which was not broke, and whofe ftrength
be had previoufly afcertained by repeated difs
charges : he took off a little of the outfide
coating, and put on the glafs a patch of ce-
ment, about an inth in: diameter, then drawing:
the coating over it, he charged the Jar, bug
before it had received half its charge, it burft
by a {pontancous  explofion;-not -indeed at the
termination, but at the middle of the patch of
cement, where the glafs was thinneft, He cos
vered another entively with cement, and ir
broke near the bottom, where the glafs is ge-
nerally thickeft, A jar that was covered en-
firely both infide and outfide with cement, and
then coated with tin-foil, burft at the very ficft
attempt to charge it

Exrzrrment CCXVIIL

The magic pictuie is a coated pane of glafs,
proper to anfwet the purpofe of the Leyden
experiment ; over the coating on ene fide is
pafted ‘a pictute, on the other fide a picce of
white paper is pafted, fb as to cover the whols
glafs; it is then put into a frame, with the
pifture uppermoft, and. a communication ig
formed from the tin-foil of the under fide to
the bottom' rail'of the frame of the picture,
which rail is covered with tin-foil, q

L ﬁ)}
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Lay the piGireon the table, wich the prine
uppermoft, and-a picce of money on it, et a
chain fall from the eonductor to'the print,
sarn the eylinder, and the plate of glafs wilb
foon be chargedy now take hold of the pitture
by the top:rail; and let another perfon take
hold of the bottom rail and endeavour to take
off tle piece of amoney, -in doing this they will
reecive a fhock, and generally fail in the ats
tempt.

Experiment CCXIX.

Put s quantity of brafs- duft into a coated
jar, and when-it is.charged invertir, and throw
forme of the duft out, which will be fpread in an
equable and uniform manner on any flat furface,
and fall juft like zain or fnow. May it not be
queftioned, fays an ingenious writer, whether
water, falling from the higheft . region of the
clouded atmofphere, would not meet the casth
in much larger drops, or in cataradts, if the
coalefcing power of the drops was not counters
acted by their eleftric atmofpheres 2

Exrzriment CCXX.
Place a piece of fmoaking ~wax-taper on the

prime conductor,: turn the eylnder; the vo-
lume
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Tome of {moak will become more contracted,
and its motion upward accelerated. - Take off
the ele@ricity of the condu&or, and fufpend a
pair of pith balls over i, and about five feer
diftance from it, turn the machine, and in 2
few feconds the balls will open half an ineh :
remove the taper, and the balls will not fo-
parate. '

This experiment, therefore, clcarly evinces,
that {imoke is-a conductor of electricity.

Exrrrivment CCXXL

Take around board, well varnithed, and lay
on it a chain in a {piral form, ler the interior
end of the chain pafs through. the board, and
connect it with the coating of a large jar; £z
the exterior end to a difcharging rod, and thea
difcharge the jar 5 a beautiful fpark will Le
feen at every link of the chain. The illumina-
tions to be produced by a chain are capable of
an infinite varicty of modifications.

Experimenr CCXXIL

PMace fpots of tin-foil, at equal diffances
from each other, on a picce of bent olas. and
2 t o 2

ler the ends of the glafs be furnifhed wirh brafs
balls,
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balls, and a glafs handle be fixed to the middle
of the bentglafs, This inftrument will ferve
as 2 difcharger, and at the fame time exhibit,
at each feparation of the tin-foil; the eleiric
tight.

1 made feveral of thefe luminous difcharging
rods, many years fince, in order to fhew, that
the eleftric fluid iffues from the negative and
pofitive coating of each difcharge, agrecable to
the idea conveyed by Mr. Atwood’s - experi-
ments, fee Exp. 118, 119, 120, of this Eflay.
But I foon found, that the circuit of a dif

charging rod was not fufficiently extenfive for

the purpoft‘.

Expsrivent CCXXIIL
reprefents feveral fpiral tubes, - placed
oard, a glafs pillar is fixed to the
nd on this pillar is cemented a metal
1 point; a brafs wire,

Fig. g8
round a b
board, a
cap, carrying a fmall ftee
farnifbed with a ball at cach end, and nicely
balanced, is placed on this point: place the
middle of this wire under a ball proceeding
from the conduétor, fo that it may receive
2 continued fpark from tlie ball,
wire a rotative motion, and the balls in revolving
will give a fpark to each ball of the fpiral tube,

which

then give the
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sehich will be communicated from thence 1s
the board ; forming, from the brilliancy of
the light and its rapid motion, a very pleafing
experiment. :

All thefe experiments on the interrupted
fpark may be pleafingly and beautifully varied,
and the {park made to appear of different co-

lours, at the pleafurc of the operator,

Exrerimznr CCXXIV,

<
3

Sufpend a light cork ball, which 15 covered

over with tin-foil or gUM*I«;.’lf, by a pretty i(_:ng

filk thread, fo as juft to touch the knob of a
charged jar placed on a table; it will be firlt
attrated and then repelled to fome ditance,
where, after a few vibrations, it will remain
at reft. If a lighted candle is now placed ar
fome diftance behind it, fo that the flame of
the candle may be nearly as high as the knob
of the phial, the cork will inftantly be agitated,
and, after fome irregular motions, will defcribe
a curve round the knob of the phial, and this
it will continue to do for fome time.

Fig. 96 and gy reprefent an eleftrometer,
nearly fimilar to that contrived \h}-’ Mr. Brogke.
The two inftruments arc fometimes combined
in one, or ufed feparately, as in thefe figures.

The
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The arms FH fh, fig. 97, when in ufe, arz
to be placed as much as poffible out of the at-
mofphere of a jar, battery, prime conduétor,
&c. The arm F H and the ball K are made
of copper, and as light as poffible.  The divi-
fions on the arm FA are each of them exa@ly
a grain. They are afcertained at firft by placing
grain weights on a brafs ball which is within
the ball I, (this ball is an exa& counterbalance
to the arm F H and the ball K when the fmall
flide r 1s at the firft divifion) and then re-
moving the flide r till it, together with the
ball K, counterbalances the ball I and the
weight laid on it.

A, fig. 6§, is a dial-plate, divided into go
cqual parts.  The index of this plate is carricd
once round when the arm BC has “moved
through go degrees, or a quarter of a circle.
"The motion is given to the.index by the repul-
five power of the charge alling between the
ball D and the ball B.*

The arm BC being repelled, fhews when
the charge is increafing, and the arm FH
fthews what this repulfive power is berween two
balls of this fize in grains, according to the
number the weight refts at when lifted up by
the repulfive power of the charge : at the fame
time the arm B C points out the number of de-

g;"cC-‘i.
* Philofophical Tranfadtions, Vol. 82, p. 384.
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arees to which the ball B is repelled 5 fo that,
Iw repeated trials, the number of degrees, an-
fwering to a given number of grains, may be
afcértained, and a table formed from thefe ex-
periments, by which means the elfe@fometer,
fig. 96, may be ufed without that of fig. 97.

Mr. Brooke thinks that no glafs, charged
(as we call it) with eleftricity, will bear a
greater force, than that w hofe repulfive power.
between two balls of the fize he ufed, is equal
to 6o grains: that in very few inftances it
will i’('md 6o grains weight ; and he thinks
it hazardous to go more than 45 grains.

Hence, by knowing: the quantizy of coated
furface, and the diameter of the balls, we may
be enabled to fay, fo mueh ceated furface,
with a repulfion; between balls of fo many
grains, will melt a wire of fuch a fize, or kill
{uch an animal, &c.

M:. Prooke thinks, that 11e i3 net ac-
quainted with all the advantages of this elecs
rometer 3 but that it is clear, it fpeaks &
language whick may be wniverfally underftaod;
which no other will do;' for though other ¢lec-
trometers will fhew whether a charge is greatex
or lefs, by an index being repclled to greatey
or-finaller diftances, or by the charge exploding

different diftances, yet the power of th *;'
chxmge is by ne means afcertained : bue. this

X eleg=
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ele@trometer thews the force of the repulfive
power in grains ; and the accuracy of the inftru-
ment is eafily proved, by placing the weight
on the internal ball, and feeing that they coin-
cide with the divifions on the arm FH, when
the flide is removed to them.

Obfervations and Experiments made by Dr.
Pricflley on the Effels of Electricity on
different elaflic Fluids.

ExreriMmenr CCXXV.

To change the blue colour of liquors,
tinged with vegetable juices red. The appa-
ratus for this purpofe is feen in fig. g4. AB
is a glafs tube, about four or five inches long,
and one or two tenths of an inch diameter in
the infide ; a piece of wire is put into one end
of the tube, and fixed there with cement; a
brafs ball is placed on the top of this wire;
the lower part of the tube from 2 is to be filled
with water, tinged blue with a piece of turn-
fole or archal.. This is eafily effefted, by fet-
ting the tube in a veflel of the tinged water,
then placing it under a receiver on the plate of
the air pump ; exhanft the receiver in part,
and
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gnd theny on letting in the air, thetinged liquor
will rife in the tube, and the elevation will be
in proportion to the accuracy of the vacuum,
now take the tube and veflel from under the
receiver, and throw firong fparks on the brafs
ball from the prime conductor.

When Dr. Prieflley made this experinient,
he perceived, that after the ele@ric fpark had
been taken, between the wire 4 and the liquor
at g, about a minute, the upper part of it be-
pan to look red; in two minutes it was manis
feftly fo, and the red part did not readily mix
with the liquor. If the tube was inclined when
the fparks were taken, the rednefs extended
twice as far on the lower fide as on the
uppers In proportion as the liquer became
red, it advanced nearer to the wire, {o that
‘the air in which the fparks were taken was dj=
ininifhed ; the diameter amounted to about
one fifth of the whole fpace; after which, a
continuance of the cleétrification produced no
{enfible effedt.

To determine, whether the caufe of the
change of colour was in the air, or in the elec-
tric matter, Dr. Prieftley expanded the air int
the tube, by means of an air pump, till it ex~
pelled all the liquor, and admitted freth Llye
liquor in its place; but after this, cleCiricity
produced no fenfible effeft on the air or on the

Xa lagueor 3
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liquor ; fo that it was clear, that the clectria
matter had decompofed the air, and made it
depofit fomething of an acid nature. The re«
fult was the fame with wires of different me-
rals. It was allo the fame when, by means of
a bent tube, the fpark was made to pafs from
the liquor in one leg, to the liquor in the
other. The air, thus diminifthed, was in the
higheft degree noxious.

In paffing the ele@ric fpark through differ-
ent elaftic fluids it appears of different co-
lours. In fixed air, the fpark is very white;
in inflammable and alkaline air, it appears of a
purple or red colpur.  From hence we may in-
fer, that the condudting power of thefe airs is
different, and that fixed air is a more perfet
non-conduétor than inflammable air,

The {park was not vifible in air from 2 canf-
tic alkali, made by Mr. Lane, nor in air
from fpirit of falt; fo that they feem to be
more perfelt conductors of eleciricity than was
ter, or other fluid fubftances.

The cleétric {park, taken in any kind of oil,
produces inflammable air. Dr. Prieftley tried

it with ether, oil of olives, oil of turpentine,
and cffential oil of mint, taking the eleftric
{park in them without any air to begin with 3
inflammable air was produced in them all.

Dx.
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Dr. Pricftley found, that on taking a fiail
eleftric explofion for an hour, in the {pace of
an inch of fixed air, confined in a glafs tube
one tenth of an inch diameter, when water was
admitted toit, only one fourth of the air was
imbibed.  Probably the whole would have
been rendered immifcible in water, if the elec-
trical operation had been continued a fufficient
time.

The eledtric fpark, when taken in alkaline
air, appears of a red colour; the eleétric ex-
plofions, which pals through this air, increafc
its bulk ; fo that, by making about 200 ex-
plofions in a quantity of it, the original quan-
tity ‘will be fometimes increafed one fourth.  If
water is admitted to this air, it will abforb the
01‘iginal quantity, and leave abour as much
elaftic fluid as was generated by the eleétriciry,
and this elaftic fluid is a ftrong inflammable
air,

Dr. Priefley found, that when the ele&ric
fpark was taken in vitriolic acid air, that the
infide of the tube in which it was confined was
covered with a blackifth fubftance. He feems
to think, that the wholc of the vitriolic acid
air is convertible into this black matter, not by
means of any union which it forms with the
eleétric fluid, but in confequence of the con-
cuffion given to it by the explofion ; and that,

X 3 if
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if it be the calx of the metal which fupplied
the phlogifton, it is mot to be diftinguithed
from what metal, or indeed from what fub-
ftance of any kind, the air had been ex-
tracted.

" Dr, Prieftley made 150 explofions of a com-
mon jar in about a quarter of an ounce meafure
of vitriolic acid air from copper, by which
the bulk was diminifthed about one third, and
the remainder feemingly not changed, being
all abforbed by water, In the courfe of this
procefs, the air was carefully transferred three
times from one veflel to another ; and the laft
veilel, in which the explofions were made in it,
was, to all appearauce; as black as the firfl;
fo that the air fcems to be all convertible into
this black fubftance,

Thinking this diminution of the vitrielic acid
air might arife from its abforption by the ce-
ment, with which the glafs tubes employed in
the laft experiment were clofed, he repeated it

with the air from quickfilver, in a glafs {yphon
confined by quickfilver, and the refult was the
fame.

That this matter comes from the vitriolic
acid air only, and not from any combination of
the ele@ric matter with it, will appear from the
following experiment,

He
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He took the fimple cle@tric {park fiom a con-
duétor of a moderate fize, for the fpacc of five
minutes without interruption, in a quantity of
vitriolic acid air, without producing any change
in the infide of the glafs ; when immediately
after, making in it only two explofions of a
common jar, each of which might be produced
in lefs than a quarter of a minute with the fame
machine in the fame ftate, the whole of the
infide of the tube was compleatly covered with
the black matter., Now had the eleftric matter
formed any union with the air, and this black
matter had been the refult of that combination,
a1l the difference that would have arifen from
the fimple fpark or the explofion, could only
have been a more gradual, or a more fudden

formation of that matter,
A large phial, about an inch and a half

wide, being filled with this air, the cxplofion
of avery large jar, containing more than two
feet of caated furface, had no effect upon it 3
from which it fhould feem, that in thefe cafes,
the force of the thock was not able to give the
quantity of air fuch a concuflion as was ne-
ceffary to decompofe any part of it.

He had generally made ufe of copper, but
afterwards he procured this air from almoft
every fubftance from which it could be
obtained ; the eleftric explofion taken in it

X 4 pro-
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produced the fame effe@. But, as fome of the
experiments were attended with peculiar cir-
cumftances, he brieily mentions them, as fol-
fows. -

When he endeavoured to get vitrialic acid
air from lead, putting a quangity of leaden
fhot into a phial containing oil of vitriol, and
applying only the ufual degree of heat, a con-
fiderable quantity of heat was produced ; but
afterwards, though the heat wis encreafed til
the acid boiled, no more air could be got. He
imugined therefore, that in this cafe the phlo-
gifton had, in fa&, been fupplied by fome
thing that had adhered to the fhot. However,
in the air fo produced, he took the elefric ex-
plofion ; and in the firft quantity he tried, a
whitifh matter was produced, aimeft covering
the infide of the tube; but in the fucceeding
experiments, with air produced from the fame
fhot, or from fomething adhering to it, there
was lefs of the whitith matter ; and at laft, no-
thing but black matter was produced, as in all
the other experiments. - Water being admitred
to this air, there remained a confiderable refi,
duum, which was very flightly inflammable,

Vitriolic acid air is eafily procured from
{pirit of wine, the mixture becoming black be-
fore any air is yielded. The eledric explofion
raken
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taken in this air alfo produced the black
matter. ]

The experiments made with ether feem to
throw moft light upon this fubject, as this
air is as eafily procured from ether a3 any
other fubftance, containing phlegifton. In
the air procurcd by ether the eleéric cxplo-
fion tinged the glafs very black, more fo thzn
in any other experiment of the kind ; and,
when water had abforbed what it could of this
air, there was a refiduum in which a candle
burned with a lambent blue flame. But what
was moft remarkable in this experiment was,
that befides the oil of vitsiol becoming very
black during the procefs, a black fubftance,
and of a thick confiftence, was formed, which
{fwam on the furface of the acid.

It is very poffible, that the analyfis of this
fubftance may be a means of throwing light
upon the nature of the black matter, formed
by eleétric explofions, in vitriolic acid air,
as they feem to refemble one another very
much,

The eleftric fpark or explofion, taken in
commen air, confined by quickfilver in a glafy
tube, covers the infide of the tube with a black
matter, which, when heated, appears to be
pure quickfilver. This, therefore, may be the
gafe with the black matter into which he fups
| polcd
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pofed the vitriolic acid air to be converted by
the fame procefs, though the effect was much
more remarkable than in the commoen air,
The explefion will often produce the diminu.
tion of common air in half the time that fimple
fparks will do it, the machine giving the fame
quantity of fire in the fame time : alfo, the
blacknefs of the tube is much fooner produced
by the fhocks than by the fparks, When the
tube confiderably exceeds three tenths of an
inch in diameter, it will fometimes become ve-
ty black, without there being any fenfible dis
minution of the quantity of air.

Exrerimons CCXXVI,

This curious experiment was made by Mr,
Martham, originally with a view to melt wires
with a fmall Leyden bottle, The effects are
curious, and feem ta open a new ficld for ins
veftigating the force and diretion of the elec.
tric fluid. He fixed a fmali piece of wax upon
the outfide coating of the Leyden bottle, the
head of a fmall necedle was ftuck in the wax,
fo as to be at right angles to the coating ; op-
pofite to the point of this ncedle, and at half
an inch diftance another needle was fixed,
by being forced through the bottom of a chip
box, this was connefled with the difcharging
rod

— e
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sod by a wire. On difcharging the bottle, the
needle with the wax was driven from the coat-
ing of the bottle, and fixed into the box ops
pofed to it.  The diftance between the needles
was then increafed to two inches and a half,
which was the greateft ftriking diftance, The
head of the ncedle, which was fixed to the
bottle, was evidently melted in two or three
places, If the charge was ftrong, and the wax
was not ftuck faft to the coating of the bottle,
both the wax and the ncedle would be driven
{fome inches from the bottle. On placing a
ball of wax an the point of each needle, and
paffing the difcharge through them, the ball
was thrown from that conneéted with the bottle
full two feet. Repeating this again, he could
not producc the fame effeét,

Mr. Marfham now fixed the needle, oppofed
to that on the bottle, with wax ona brafs plate,
On paffing the charge through them, when the.
needles were half an inch diftance from each
other, the needle was thrown fix inches from
the brafs plate, while the other remained in its
firuation. On increafing the diftance, the effects
were the fame, till it came to onc inch and g
half, when neither were thrown off. In many
inftances, both were thrown off, leaving the
wax behind them.

The




3[6 AN ESSAY

The needles in all thefe experiments pafféd
through the wax, fo 2s to touch the coating of
the bottle and the brafs plate, both the coating
and plate were beautifully fufed at each ex.
plofion.

- Mr. Marfham then fubffituted fiiall pieces
of putty inftead of wax ; when, on making the
difcharge with the points, at only three-eighths
of an inch, the needle was driven from the bot-
tle, and the putty forced up the ncedle. The
points were then placed as near cach other as
was poffible ; when, on making the difcharge,
the putty of both néedles was blown to preces,
and the needle thrown at a confiderable difs

tance ; the braf¥ plate was alfo curioufly melted,
and the bottle broke.
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On the Analogy between the Produttion and
Effeits of Eleclricity and Heat, and alfo
between the Power by whbich Bodies con-
dutt  Electritity and receive Heaf, with
the Defeription of an Inflrument to mea-

" Jure the Quantity of the Electrical Fluid,
which Bodies of a different Nature will
conduct, when placed in the fame Circum-
flances. By Mr. Achard.®

The produétion of heat is fimilar to that of
Ele@ricity.

Every kind of fri®tion produces heat and
clectricity. It may be objefted to this, that in
order to render the analogy perfet, it would be
neceflary that the friction of every body fhould
preduce electricity, which appears contrary to
experience, as metals and other conduéting
fubftances do not become electrical, but by
the conta& of ele@ric bodies, and that the
immediate friction of thefe fubftances will not
tender them eleétrical.

To this it may be anfwered, that when ap
eleétric body is excited by friction againft a
non-eleétric, that the laft, if it is infulated,
gives as flrong figns of eleCtricity as thofe
of the eledric itfelf. This clettricity "is not

coms

# Memoirs de I"Academie de Beilin, for 177g.
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communicated by the ele@ric; fince it is of
an oppofite kind : negative, if the eleétric is
pofitive; and the contrary.

This ebfervation proves, not only that the
conduéting bodies become eleétrical by friction,
as well as clectric bodies, but alfo,’ that to pro-
duce ele€tricity it is neceflary that the equili-
brium between the ele@ricity of the rubbing
bodies thotld be deftroyed ; if each fubftance
is equally adapted to reccive and tranfmit
the eleftrical fluid, it is clear, that the equilis
brium of the fluid between them cannot be de-
ftroyed ; becaufe, that at the inftant one re«
ceives from the other any given quantity, it
willy by its elaflicity, be again divided between
them : we may therefore conclude,

1, That the electricity produeed by the frid-
tion of two bodies is greater, in proportion to
the increafe of the difference between the
conduting power of thofe badies.

2. That where two bodies are equally adapted
to receive and tranfmit the eleétric fluid, they
give no fign of eleéricity ; not becaufe they
cannot become ele@rified by friéion, but be-
caufe the ele¢tricity, which is difturbed by the
friction, is at the fame inftant reftored, on ac-
count of the facility with which it penetrates

cach fubftance. For a reafon nearly fimilar,
clee-
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eled@rics, when rubbed together, do not appear
electrified.

It {eems therefore, that we may conclude
from this theory, which is founded on fa&, that
in all cafes, and whatever is the nature of the
fubftance, the fri¢tion always produces elec~
tricity ; and when the effeé is- not fenfible, it
is only becaufe eleftricity is loft as {oon as pro-
duced. : '

That there are no fubflances, that are rubbed
againft a body, which tranfmit the eleétric fluid
with greater or lefs difficulty, but what give
fipns of eclefricity: that metals arc as elec-
trical by themfelves as glafs and wax.

That as friftion always, and in all cafes, pro-
duces eleftrieity, there is a perfect analogy be-
tween the production of heat and clectricity.

The effefts which are produced by ele@ricity, are
Similar to thofe produced by beat.

Heat dilates all bodies. The a&tion of the
ele@tric fluid on the thermometer fhews its
dilating power al{o ; apd if we do not generally
perceive it, it is becaufe the force with which
bodies cohere together exceeds the dilatingi
power of elericity.

" Heat premotes and accelerates vegetation as
well as germination : Eleétricity, whether po-
pofitive or negative, does the fame.

Eleftricity,
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Ele&ricity, as well as heat, accelerates ¢vz~
poration. :

Heat and eleftricity accelerate the nmiotion’
of the blood- Leaft fear, confiraint, or the
attention to the experiment, might accelerate
the pulfe and this be attributed to cleétricity,
Mr. Achard made the experinient on a dog
when a fleep, and always found, that the num-
ber of pulfations was increafed when the ani-
mal was eletrified. 3 :

The experiment made by Mr. Achard on the
eggs of a hen, and by others on the cggs of
moths, prove that ele&ricity, as well as heat,
favour the developement of thofe animals. The:
cleétric fluid, in common with fire, will throw
metals into fufion.

I fubftancesy with unequal degrees of heat,
touch each other, the heat is diffifed uniformiy
between them. In the fame manner, if two
bodies with unequal degrees or different kinds
of electricity, touch each other, an equilibrium
will be eftablifhed.

There is en exail amalogy between the faculty
wifh which bodies condut the eleciric fluid and re-
ceivg beat.

If bodies of différent kinds, and of équal de-
grees of heat, are placed ina medium of a dif*
ferent temperatare, they will all acquire, at the

end
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efid of a certaintime, the fame degree of heat,
There i5'a confiderable difference, howeves, in
the fpace of time in which they acquite the
temperature of the medium, ex. gr. metals
take lefs time than glafs, to acquire or lofe
an equal degree of heat:

Onxn attentive examination of the bodies
which receive and lofe their heat foonefty-when
they ate’ placed in'mediuins of différenf tempe-
raturey they will be found to be the famfeaghich
receive and lofe their cleétricity, withq-the
greateft facility.  Metals, which become, srarm
or' grow cool the quitkeft, are the fubftarices
tvhich receive and part with  their eledricity
fooneft. Wood, which requires more time to
be heated or cooled, receives and lofes eleftri=
city!flower than metals. - Laftly, glafs and re-
finous dubftances; which reecive and lofe
flowly the clectric fluid, acquire with dificulty
the temperature of the medium which furs
rounds them.

If one extremity of an iron rod is heated
red-hot, the other extremity, though “the bar
is feveral feet long, will become fo warm in a
little time that the hand cannot hold it; be-
caufe the iron conducts heat readily ; though a
tube of glafs, only a few inches long, may be
held in the hand, even while the other end is
mclt_‘il‘jg. The cleftric ﬂmd in the fame than-

54 nery
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ner, pafles with great velocity from one end

of arod of iron to the other; but it is 2
confiderable time before a tube of glafs, at one
end of which an excited electric 15 held, will
give electric figns at the other.

Thefe obfervations prove, that feveral bodies
that reccive and lofe with difficulty their ac-
tual degree of heat, receive and lofe  alfo
with difficulty their eleéricity, To determine
if thisfaw is general, and what are the excep-
tionstoit, will require a variety of experi-
mends.

Ifwé fuppofe two fubftances, one of which
is ele@rified, but the other not, that the firft
has a known degree of eleftricity, and that the
laft in touching it, deprives it of a given de-
gree of eletricity ; this lofs of a part of its
ele@ricity, determines the facility with which
the body that touches it receives the eleétric
fluid., PBefides the figure and volume of this
{ubftance, the time the two bodies remain in
contadt, will alter the quantity taken from
the elefrified fubftance ; fo that all other
circumftances being the fame, the property of
bodies to deprive other bodies of their clecs
tricity, or, in other words, tocondult the elece
tric fluid, 15, in the inverfe ratio of the time,
neceffary to make them lofe an equal degre
aof eleCricity.

The
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The inftrument which is ‘reprefented fig. g5,
is conftructed on thefe principles, and with it
the quantity of elericity that one body lofes
in a.given time, when touched by another, may
be accurately afcertained: AB is a very fen-
fible balance, at the extremity of eéach arm two
very light balls of copper areaffixed; CF D
a divided femicircle, which is faftened to the
cock which fupports the dxis of the balance
the degrees may be pointed out by a needle; or
by the arms of the balances the cock is fixed
to a brafs cap, which is cemented on the glafs
pillar G G, which is fixed to the board QR ST
this pillar fhould be at leaft 18 inches high.
Uis a Leyden béttle ; to the wife Z Z, which
commuricates with its infide coating, three
horizontal wires, VZy XZ; and ZY, are fixed;
the ends of thefe wirés are furdithed with hol-
low brafs balls ; the bottle U is fo fixed to the
board, that when the beami is horizontal, the
ball B touches exa@ly the ball V, as is repre-
fented in the figure:

KN is a metal lever; which turns upon an
axis 4t I, fo as to move freely in a wertical
plane, which fhould coincide with the bar VX ;
the lever KN is fupported by a wooden pillar
IH, which is fixed to the board QRS T; at
the end K of the lever is a {crew, to hold the
fubftance on which the experimentis to be made 3

X 2 - the
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the upper end of this fubftance thould be turh
ed info a convex form. A thread N O is'tied
to the end N of ‘the lever; at O is a {mall
hook, on which’'a ball Pis to be fufpended.
The diftance of'‘the pillar I H, from the bottle
is'to be 'fo" adjufted, that when the end N is
iowered, the body T.'may touch in one.point
the ball X, the proportion between the weight
of the'arms of ‘the lever, the ‘weight I’ and the
body L, and the léngth of the pillar IH to
the .thread ‘N O, 1§ to be fuch, that when the
fubftance I touches the ball X, at the fame
moment the ball P will' touch the board
QR ST, and ‘be'difengagcd from the thread
N O; the fubftance L. will alfo at the fame
inftant guit the ball X ‘
To ufe this inftrumefit, connelt the bottle
U with the prime conductor by the ball 'Y,
and form a commiunication by a wire from
Y to the cap G; 'chnrgc ‘the bottle, and “the
ball V will repell the ball B, the angle of re-
pulfion will be marked by the needle I F.
Suppofe this to be 20 degrees, and let L be
brought, as before deferibed, to touch X, it will
abforb a quantity of ele&ricity proportionable
to its condufing power, and the ball B will
fall in proportion to the quantity abforbed, and
the difference will be feen on the femicircle,
It the difference be five degrees'; repeat the
experiment,
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experiment, only fubftituting fome other
ftance in the place of the body E 3 fuppole that
with this fubftance the diminution of the angle
is 8 degrees, then is the conducting power of
thefe two fubftances in the propertion of 5 to 8.

Fig. 98 reprefents an apparatus, to fer a
wirc on fire by the electric explofion in dephlogi-
fticated air. I am obliged to defer the deferip-
tion and ufe of it to fome future opportunity,
as 1 have not had any time to try its {uc-

cefs.
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ADVERTISEMENT,

; THIS {mall Effay is publifhed to illuftrate
and exemplify fome ufes of a Magnetical
Apparatus, conftructed in order to exhibit
the general pheenomena of Magnetifm. It
is extracted from a larger work, which is

laid afide for the prefent, as it is probable w

the public will foon be favoured 'with 2

treatife on this fubje&t by Mr. CavaLrro.
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MAGNETIS M.

HOUGH the pheenomena of the mag-
T net have, for many ages, engaged the at-
tention of natural philofophers, not only by
their fingularity and importance, but alfo by
the obfcurity "in which they are involved ; yet
very few additions have been made to the dif-
coveries of the firft enquirers upon the fubjett.
The powers of genius which have been hither-
to employed in profecuting this {ubject, have
not been able to frame an hypothefis, that will
account, in an ealy and fatisfaltory manner, for
all the various properties of the magnet, Of

pomt
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point out the links of the chain which conneét
it with the other pheenamena of the univerfe.

It is known by the works of Plato and Ari-
flotle, that the antients were acquainted with
the attradtive and repulfive powers of the mag-
net ; but it dees nor appear, that they knew of
its pointing to the pole, or the ufe of the com-
pafs. As they were not acquainted with the
truc method of philofophifing, and contented
themielves with obfervation alone, their know-
ledge of nature was confined within very narrow
fimits, and did not afford any confiderable ad-
vantage to fociety. Modern philofophers, by
combining experiment with obfervation, {foon
extended the boundaries of fcience, and dif~
covered the polarity of the loadftone, a proper-
ty which in a manner conftitutes the bafis of na-~
vigation, and gives being to commerce.,

The loadftone, or natural magnet, is an iron
ore or ferruginous ftene, found in the bowels
of the earth, generally in iron mines ; of all
forms and fizes, and of various colours,

Loadftones are in general very hard and brita
tle, and for the moft part more vigerous in
proportion to their degree of hardnefs. Con-
fiderable portions of iron may be extracted
from them. Newman f{ays, that they are al-
moft tatally foluble in {pirit of nitre, and par-
tially in the vitriolic and marine acids.

Artificial magnets, which are made of fteel,
are now generally ufed in preference to the na-
tural
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¢ural magnet; not only s they may be pro-
cured with greater eafe, but becaufe they are
far fuperior to the natural maghet in ftrength,
#d communicate the magpetic Virtue more
powerfully, and may be varied in their form
more cafily.

The power poﬁ?:ffcd by the loadftone, which
is alfo communicable to iron and fteel, is called
Magneti{m.

A rod, or bar, of iron or ftecl, to which a
permanent polarity has been communicated, is
called a Magnet.

The points in a magnet which feem to poflefs
the greateft power, of in which the virtue feems
to be coacentrated, are termed the Poles of 2
magnet.

The Magnctical Meridian is a vertical circle
in the heavens, which interfeéts the horizon in
¢che points to which the magnetical needle, when
at reft, is direted. :

The Axis of a magnet is a right line, which

affes from one pole to the other.

" The Equator of a magnet is a line perpens
dicular to the axis of the magnet, and exaétly
between the two poles. }

The diftinguithing and charaderiftic proper-
ties of a magnet, arc,

Firft, Its attradive and repulfive powers,

Secondly, The force by which it places it-
GIf, when fufpended freely, in a certain direc-

+ion towards the poles of the earth.
Thirdly,
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Thirdly, ¥ts dip or inclination towards a point
below the horizon.

Fourthly, The property which it poflefles of
communicating the foregoing powers to iron gr
fteel.

Ao, HYPOTHESIS

Mr, Euler fuppofes, that the two principal
caufes which concur in producing the wonder-
ful properties of a magnet are, firft, a particus
far ftructure of the internal pores of the magnet,
and of magnetical bodies ; and, fecondly, an ex-
ternal agent or fluid, which aéts upon and pafles
through thefe pores. This fluid he fuppofes to
be the {olar atmofphere, or that fubtil matter
called ether, which fills our {yftem.

Indeed, moft writers on the fubjed agree in
fuppofing, that there arc corpufcles of a pecu-
liar form and energy, which continually circu-
late around and through a magnet ; and that a
vortex af the fame kind circulates around and
through the earth.

A magnet, befides the pores which it has
in common with other bodies, has alfo other
pores confiderably imaller, deftined only for
the paflage of the magnetic fluid. Thefe pores
arc fo difpofed as to communicate onc with the
ether, forming tubes or channels, by which
the magnetic fluid paffes from one end to'the
ather,
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other. The pores are {o formed that this fluid
can ‘only pafs through' them /jn one direction,
but cannot return back the fame way ; fimilar
to the veins and lymphatic veflels of the animal
body; which are fuinifhed with valves for this
purpefe.  So that the pores of the magnet may
be conceived to be formed into feveral narrow
contiguous tubes, parallel to each other, as af
A B, fig. 99, through which the finer parts of
the cther pafles freely from A to B, but cannot
roturn Back on accovnt of therefiftance it meets
with at 4, a, &, b, nor overcome the refiftance of
the grofler ethet, which occafions and continues
vl motion.  For fuppofing ‘the ‘pole A of 2
magncf, flled with~feveral mouths or open
“ends of fimilar tubes, “the magnetic fluid,
prefled by the grofler parts of the ether, will
pafs towards Biwith an ineoneeivable rapidity,
which is proportiomble to the clafticiey of tlj‘n':
erher itfelf’s ‘this matter which, till it arrives ar
B, is feparated by the rubes from ' the more
groi’s parts, then meets with it again, and has
its velocity rétarded, and'its direétion changed ;
cthe ftréam, réfle@ed by the gther, with which
4t cannot immiediately mix;, ‘is bent on beth
fides towards Cland D, and deferibes, but with
Yefs velocity, the curves DE and CFe; and
approaching by the curves d and ¢, fallsin
arith the afluent ‘matter 7 m, and again enters
the magnet ; ‘and’ thus forms that remarkable

atmo-
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atmofphere which is vifible in the arrangement
of fteel filings on a piece of paper that is placed
over a magnet.

There is a fendency in iron ahd a magnet fe
approach each other, and ‘attach themfelves toge-
ther, and that with fuch force, as often 10 require
& confiderable weight to feparate them.

Thefe curious pheenomena may be ifluffrated
by cither of the magnets contained in the ap-
paratus, as they will lift greater eor fmaller
weights in preportion to their ftrength.

Place a piece of iron on 4 cork, and put the
cork into watery the piece of iron will be at-
traéted by, and fallow, a magnet, in a pleafing/
manner.

On this principle niany ingenious and emter-
taining’ pieces of mechanifin have been contti-
ved.  Small fwans fwimming in the water
have been made to point out the time of the
day, &c. ;

Place a magnet upon one of  the brafs ftands,
and prefent one end of a fmall needle towards
it, holding the other end by a piece of thread,
to prevent the needle fixing itfelf to the bary,
and the needle will be pleafingly fufpénded in
the air,

Sufpend a magnet under the fcale of a ba-
lance, and counterpoife it by weights in the
other {cale, then prefent a picce of iron towards
the
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the magnet, it will immediately defcend, and,
if the iren is not placed at too great a diftance,
will adhere to it : now fufpend the iron under
the fcale inftead of the magnet, then bring the
latter towards it, and the iron will defcend and
adhere to the magnet.

The powers or properties of a magnet wmay be
comuunicated to iron and fleel.

To give a detail of the various procefles
which have been fuggeited, for the rouching
br communicating the properties of the mag-
net to iron or fleel, would alone £ll a volume.
I thall therefore only give an account of two
general and good methods " which I prefume
vill be found adequate to every common pur-

PG(E‘. -
1. Place twomagneticbars AB figi oo, inaline,

with the north or marked end of one, oppofed 1o
the fouth or unmarked ¢nd of the other, bur ac
fuch a diftance from cach other, that the mag-
net-to be touched imay reft with its marked end
on the unmarked end of A, and its unmarked
end on the 'marked end of B, then apply the
north end of the magnet D and the fouth end
of E to the middle of the bar C, the oppofite
ends being clevated as in the figure 5 draw D
and E afunder along the bar C, one towards A,
¢he other towards B, preferving the fame ele-

' vation,
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vation, refhove Diand C a foot or two from the
bar when they-are off the ends, then bring the
north and fouth poles of thefe magnets togethet
and apply them again to the middle of the bas
C as before’s repeat the fame procefs five or fix
times, then turn the bar, and toucl the oppo=
fite furface in the fame manner, and afterwards
the two rémaining {urfaces, and by this miecans
the bar will acquire a flrong fixed mag-
netifm.

2« Place the two bars which are to be touched
parallel to each other, and then tnite the ends
by two picces of foft iron called fupporters, in
order to preferve, during the operation, the cir-
culation of the magnetic matter ; the bars ark
to be placedifo that the marked end B, fig. 101,
may be oppefite the unmarked end D, then place
the two attracting poles G and I on the middleof
one of the bars to be touched, raifing the ends
to that the bars may form ah obtuft angle of 100
or 120 degreess the ends Gand I of the bars
are to be feparated two or- three tenths of an
inch from each other. = Keepingthe bars in this
pofition, move them flowly over the bar A By
from one end to the other, going from end to
end about fifteen times. - Having done this,
change the poles of the bars, * ‘and repeat the
fame operation on the bar C D, and then on the

eppofite

# That is the marked end of one Is always to be againft the
rnmarked end of the other.
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oppofite faces of the bars; the touch, thus
¢ommunicated; may be farther increafed, by
rubbing the different faces of the bars with
fets of magnetic bars difpofed as in fig.
102Z.

It feems, that in order to render fteel magne-
tical; we muft fo difpofe the pores that ;hey
may form contiguous tubes parallcl to each
other, capable of reeeiving the magnetic fluid;
and then propagating and perpetuating 1ts mo-
tion, fo that the magnctic ftream may enter
with eafe, and be made to circulate through
tt with the greateft force : to this end, it i$ ne-
ceflary to be particularly attentive in the chaice
of the fteel which is to be touched ; the grain
fhould be equal, fmall, homogenous, and with-~
out knots, that it may prefent a number of
équal and uninterrupted channels to the fluid,
from onc end to the other : this is mere iimme-
diately important in the choice of the fteel for
the needles of fea compafles, for, if the ftecl
is impure, or the mode of touching Impropery
the needle may have different poles communi=
cated to it, which will more or lefs impede the
altion of the principal needle according to their
ftrength and fituation. .

The ftecl fhould be well tempered, that the
pores may preferve for a long time the difpofi<
tion they have received, and better refift thofe
changes in their direction, to which iron and
{oft fteel are liable. The difference in the na-

L
wure

L
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ture of fteel is cxcecding great, as is eaﬁ"lv
proved by touching in the fame manner, and
with the fame bars, two pieces of fteel of
equal fize, but of different kind.

Sceel that is hardened; receivesa more per-
manent magnetifin' thar {oft fteel, tho’ it does
not appear that they differ froms each other in any
thing but the arrangement of the parts; per<
haps the foft fleel contains phlogifion in its
Targeft pores;, while hardemed fieel contains it
i the fmaller. Iron, or fleel, have very little
air incorporated in their pores; when they are
feparated from the ore, they ate expofed to a
moft intenfe degree of heat, and moft of the
changes t6 which they are afterwards fubmit-
ted, are effeéted in a red hot ftate. A piece of
f"ln'ing--'tempﬂfed fteet will not retaim as much
magnetifm 2s hard fteel, foft fleel fill lefs, and
iron fcarce retains any. From fome experi-
sments of Mr. Muflchenbroek, it appears, that
when iron is united with an acid, #t will nor
become magnetical ; but if the acid is feparated,
and the phlogifton reftored, it will become as
magnetical as ever.

The dimenfions and fhape of & magnet will
make a difference in its force, therefore, the
bars to be touched, fhould neither be too long
nor too thort, but in proportion to their thick-
nefs; if they are too long, the paflfage of the
magnetic matter coming eut of one pole, and
proceed-
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proceeding round the magnet to enter the other,
will be impeded, and its velocity leffened. If
they are too thort, the fluid which comes out
from one pole, will be repelled and thrown
back by the other acting parts of the magnet,
and thus be carried too far from the pole into
which it ought to enter; and prevent the conti-
nued circulation of the magnetic matter. If
they are too thin, then the number of pores are
too few to receive a fream fufficiently firong to
refift the obftacles in the exrernal fpace ; while,
if they are too thick; the ftrait and regular di-
rection of the chanmel #s injured by the diffi-
culty which takes place in thé arrangement of
the interior channcls, as the magnetic matter has
not fufficient force to penetrate the fleel to any
confiderable depth; and this injutés the circu-
lation of the fluids™ . _

All the pieces thould be well polifhed ; it j¢
of the greateft importance that the ends fhould
be flat and true, fo as totouch; i as many
pointsas is poffible, the ends of foft iron which
keep up the circulation. Inequalities on the
faces, but principally near the poles, are to be
avoided, as thefe occafion irregularities in the
circulation, 'and thus diminith its veloeity,
which is énc of the principal fources of mag-
netic power. : :

While the bars are touching, the ends of foft
iron thould be kept inconflant contag with
the bars, for a momentary feparation is fufficient

Z 2 ol
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to deftroy the cffeétof the operation, as the fluid
will be inftantly difperfed in the air.

The opetator ought not to ftep longer on the
firft bar than is neceflary to open the pores, and
to arrange them magnetically, pafling imme-
diately to the other, to form an opening for
the fluid which iffues from the firft.

It is mofl advantageous to turn the bar that 13
quitted, while the touching magrets arc placed
on theother ; by this means, the ftream that is
tobe excited will difpofe the channels of the firft,
and thus render the operation more efficacions ;
befides, by only turning one bar at atime, the
touching bars need never be totally removed
during the wholeoperation, acircumftance which
will contribute to the firength of the magnet.

The touching bars thould never be feparated
but at the equator of the magnet 3 and their mo-
tion over the others; thould be flow and regular,

The magnetic power of touched needles has
been encreafed by leaving them for fome time in
linfeed oil. 4

It may contribute to the effe@ts of the epe-
ration if the bars A and B, fig. 100, are placed
in the dire&tion of the magnetic meridian, and
are inclined to the horizon in an angle equal
to the dip of the needle.

The fixed power, thus communicated to z
3

magnet, is impaired if’ it is laid amongft iron,
or by ruft; it may be injured alfo by fire, as
gach of theft circumftances will change, or

o oly

tonfill

¢ the direction of the maguetic fiream,
Place
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Place a fmall magnetic needle on the pivot of
ane of the fmall fands, and put it between two
magnetic bars, fo that the north end of the bar
may be near the fouth end of the needle 3 the
finall needle will, without any apparent caule,
be thrown into a violent vibratory motion, and
feem as it were animated, till it is farurated with
magnetifm, when it will become quiefceﬁr,
The vibratory motion is probably occafioned by
the irregularity of the impreffions it receives
from the magnetic fluid, and the difficulty that
fluid finds in entering the needle.

All caufes, that are capable of making the
magnctlc fluid move in a ftream, will produce
magnetifm in thofe bodies which are properly
qualified to receive it.

1f bars of iron are heated, and then coaled
equally, in various dizeltions, as pavallel, per-
1){2}*1(1'1(:_111211‘, or inclined to the dipping needle,
the polarity will be fixed according to their po-
fition, ftrongeft when they are parallel to the
dipping needle, and fo lefs by degrees, till they
are perpendicular  to it, when they will
have no fixed polarity ; but if upon cooling a
bar of iron in water, the under end is confider-
ably hotter than the upper, and the upper end
is cooled firft, it will fometimes become the
north pole, but not always. If iron, of fteel;
undergo a violent attrition in any one particu-
Jar part, they will acquire a polarity ; if the
iron is foft, the magnetifin remains ;-'cry lictle
Jonger than while the heat continues. Light-

Z 3 ening
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ening is the firongeft power yet known in prg-
ducing a ftream of Magnetifin ; it will, in an
inftant, render hardened fteel frongly magne-
tical, and invert the poles of a magnetic needle
To make a magnetical bar  with feveral
poles, place magnets ar thofe patts where the
poles are infended to be, the poles to be of a
contrary name to thofe required, and if a fouth
pole is fixed on one part, the two next places
muft have north poles fet againft them ; con-
fider each piece between the fupporters as a
feparate magnet, and touch it accordingly,

There are certain points in 4 maguet in which its
Virlues feem as it were concentraled,

Let a magnet be placed on one of the brafs
ftands contained in the apparatus, and then
try what number of iron balls it will {uftain at
different parts ; it will be found to

Tupport moft
near the ends, ev

incing that the magnetic

power is excrted there with the greateft force.
Place the fmall brafs weight, which is in the

box, on the north end of the fmall dipping

needle, and then prefent the fouth end of a
magnet to the end of the arch, this will repel
the end of the needle to a certain degree ; then
move the magnet progreflively forwards, and
the needle will fall down gradually til] it comes

If the magnet is moved farther, the
indczg will be attracted towards it.

{0 Zero,

Te
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T find the Poles of & Magnet.

. Let a magnet be placed under one of thofe

panes of glafs which are contained in the bot-
tom of the box; fifr fome fteel filings on this
glafs, and then ftrike it gently with a key, in
order to throw the glafs inte 2 vibratory me-
fion ; this will difengage the filings, and they
will foon be arranged in a plcnﬁng manner :
thofe parts of the magnet from which the
curves feem to take their rife, aid over which
the filings feem to be almoft creét, are the
poles of the magnet. :

In this, as well as many other magnctical expe=
riments, a mechanical force is evidently exerted,
detaching the particles of irgn from one fitua-
tion, removing them to another, and then retain:
ing them there with confiderable foree.

The poles of a magnet may be afcertained
with greater accuracy by means of the fmall
dipping needle; place this on a magnet, and
move it backwards and forwards till the needle
is perpendicujar to the magnet, it will then
Po'mt direétly to one of the poles; when it 15
beeween the nerth and fouth poles, fo that their
mutual actions balance each other, the center
of the needle will ftand over what is called the
equater of the magnet, and the needle will be
exaltly parallel to the bar. If it is then removed

Z 4 ({ohy
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towards either pole, it will be differently in-
clined according to its diftance from the poles.

Hold a common fmall fewing needle (with
fome thread in its eye) near a magnet for a few
feconds, then bring it gra du.lllv towards the
middle of 2 magnetic bar, and the powers of

the magnet will fo far counteract the force of
gravity as to keep it fufpended in the air, in a
pofition which is nearly parallel to that of the
magnet,

There is no magnetical attraCtion without
polarity ; it is confequently abfurd to fuppofe,
that a magnet may have a {trong attractive
power, but a weak polarity, or diredive
power,

Let an iron rod be exafily balanced and Juf~
pended om @ point, fo as fo revolve ina plane pa-
vallel to the horizon ; communicate the magnetic
Virtue to this rod, and ome extremity will be al-
ways direlled towards the novth.

Place any of the untouched needles in the
apparatus on a point, and it may be fixed, or
will remain in any required fituation ; commu-
nicate the magnetic virtue to it, and it will no
longer be indifferent as to its fituation ; but will
fix upoen one, in preference to any other, one end

pointing towards the north, the other towards
the fouth,
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3

it is not improbable, that in fome future pe-
riod, it may be difcovered, that moft bodies
are poflefled of a polarity, and will affame di-
rections relative to the various affnities of the
elements of which they are compounded.

The direftive power of a touched needle is
of the greateft importance to mankind, as it en-
ables the mariner to traver{e the ocean, and thus
unite the arts, manufactures, and knowledge of
diftant countries, together. The furveyor, the
miner, and the aftronomer, derive many ad-
vantages from this wonderful property. :

The mariner’s compafs confifts of three parts,
the box, the card or fly, and the ncedle.

The card is a circle of fiiff’ paper reprefent-
ing the horizon, with the points of the compafs
marked on it ; the magnetical needle is fixed tg
the under fide of this-card ; the center of the
needle is perforated, anda cap,witha conical agate
atits top, is fixed in this perforation ; this ca pis
hung on a fteel pin, which is fixed to the bot-
tom of the box; the-box has a cover of glafs,
and is mounted on jimbals. At fome future
period, I mean to treat of the various modes
that have been adopted mn confirutting fea com-
pafics, and of their various faults and excels
lencies.

It is by no means clearly decided who wag
the original inventor of the mariner’s compafs 3
by fome it is attributed to Flavio Gioa, of A-
palfi, in Campania, who lived abont the be-

ginning
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ginning, of the 14th century ; feme fay it came
from the Eaft; others that it was known even
garlier in Europe.

The contrary poles of two magnets attract
each other. (

The north poles of two magnets,when brought
contiguous, repel each other. The fouth poles
alfo, when brought near, repel each other.

Thefe pheenomena are eafily illuftrated by a
garicty of pleafing experiments. |

Sufpend en a peint a touched needle, then
neclent towards its north pole the fouth pole of
a magnet, and it will be attracted by, and fly
towards it; prefent the other pole of the mag-
net, and the needle will fly from it.

sl

b

Fix two needles horizontally in two pieces of
cork, and put them in water ; if the peles of the
fame name sare placed together, they will mu-
tually repel each other. I the poles of a con-
trary denemination are turned towards each
other, they will be attracted and join. |

Dip the north or fouth ends of two magnets
in fteel filings, which will hang in clufters from
the end of the bars ; bring the ends of the bars
towards each other, and the ficel filings on one
bar, will recede from thofe on the other. Dip
the fouth pole of ene magnet, and the north
pole of the other, into fteel filings, then let the
ends be brought near to each other, and the
rufts of filings will unite, forming {mall circu-
lar arches.
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Place the cylindric magnet, which forms
part of the apparatus, on a {mooth horizontal
plane, and bring the fteel fith near and parallel
to it, with its head towards the marked end of
the magnet, and the round bar will roll from it ;
turn the fith fo that the tail may be towards the
marked end, and the magnet will follow it

This curious property of the magnet was the
foundation of the experiments thatwere thewn in
London fome years fince by Comus, a great va-
riety of them are defcribed in ¢ Hooper’s Ra-
tional Recreation,” To explain the nature of
thefe, a piece of brafs, filed into the fhape of
an heart, 18 included in the apparatus; a magnet
is inferted in this piece of metal ; putthe heart
into its box, and placea compafs over the box
with the north point towards the middle of
that part of the box where the cover {lides
out: obferve the direction of the needle; then
gake out the metal, invert it, put it in its place
again, and obferve the dire@ion of the necdle;
by keeping thefe obfervations in mind, you
may readily difcover which fide of the heart is
uppermoft, though put in unknown to you.

The magnetic matter MOVES in a flream from
ene pole to the other, internally, and is then carvied
lack in curved lines, externally, till it arvives
ggain at the pole, where it firft entered, o0 be again
admitted. ;

Put one of the glafs panes over a magnetical
bar, fift fteel filings on the glafs, then ftrike

the
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the glafs gently, and the filings will difpole
themfelves in fuch manner as to reprefent,
with great exatnefs, the courfe of the magne-
tic matter. The curves by which it returns
back to the pole, where it firft entered, are alfo
accurately exprefled by the arrangement of the
filings. The largeft curves rife from one polar
furfaee, and extend to the other ; they are larger
in proportion as they rife nearer the axis or
eenter of the polar furface ; the curves which
arife from the fides of a magnetical body, are
inserior to thofe which arife from the polar
furfaces, and age {maller and fmaller in pro-
portion to their diftance from the ends. That
the magnetic matter dees move back, in a di-
rection contrary to that with which it paffes
through the magnerical body, is confirmed by
its action on a fmall compafs needle, when pre-
fented to it at different places.  See fig. 103.

The greater the diftance is between the poles
of a magnet, the larger are the curves which
arife from the polar furface.

The immediate caufe why two or more magne-
tical bodies, altraét each other, is the pafjage
of ane and the fame magnetical flream through
them.

Let two magnets be placed at fome diftance
from each other, the fouth pole of one oppofed
to the north pole of the other, lay a pane of
glaly
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gtifs over them, and fprinkle it with fteel
filings, then ftrike the pane gently with a key,
and the filings will arrange themfelves i the
dirction of the magneric virtue. The filings
which lay between the two polar furfaces, and
near the common axis, are difpofed in ftrait
lines going from the north pole of one, to the
fouth pole of the other: the pores being now in
the fame dire@ion, fo that the fluid which paffes
thro’ A B, fig. 104, finds the pores at thepble 2
open to receive them, it will therefore pafs
through this, and coming out at will tarn
towards A, to continue its {tream through the
magnet, and thus form one atmofphere or vor-
tex, which prefled, on all fides, by the clafiic
force of the other, carries the magnets towards
each other. At different  diftances from the ¢
axis the filings deferibe regular curve lines,
swhich run from one polé to the other, and di-
verge from ¢ach other in moving from the
fouth pole, till they come half way, they then
converge more and more, till they arrive at the
north pole. If the oppofed poles are diftant
from cach other, fome arches will pafs from
one pole to the other of the fame magnet; fewer
will be formed in this manner if they are
brought ncarer together, and more will proceed
from one magnet to the other; the fiream of
the magnetic matter will feem more concen-
trated and abundant.

While
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While the magnets remain in the foregoing:
pofition, placea fimall untouched bar or needle
in the ftream of the niagnetic virtue ; this
will pafs through it; and give it a polarity in
the diretion of the fiream.

On the fame principle, a large key; or other
untouched piete of iron, will atiratt and fup-
port a fmall piece of iron; whilc it is within the
{phere of attion of the pole of a magnet, but
will let them fall when it is out of the magne-
tic fiream.

A ball of foft iron in contaét with a magnet;
will attradt a fecond ball, and that a third, till
the fiream Dbecomes too weak to fupport =
greater weight.

Pur into motion one of the fmall whirligigs
with an iren axis, and then take it up by a
nagnet; it will preferve its rotatery motion
much longer than if it were left to whirl on
the table 3 a fecond and a thitd whirligig may
be fufpended one under another; according to
the firength of the magnet, and yet continue in
motion. _

Place a magnet upon each of the brafs flands,
with their poles of contrary names oppofed to
cach othier, and a pleafing chain of iron ballg
may be fufpendéd berween them: Prefent.
¢ither pole of another magnet towards them,
and they will fall down.

If a Targe piece of iron is held at one pole of

4 magnet, it will encreafe the attraltion of the
other
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sther pole, and enable it to lift more than i
would otherways do.

Magietic Repulfion arifes from the accuimula-
tion of the magnetic fluid, and the refifance
formed to its entrance in the magnet.

If the two poles of the fame name of two mag:=
nets are brought near to each other, and placed
under a pane of glafs,on which iron filings have
been firewed, the filings will be difpofed ints
curves, which feem toturn back from each -other
towards theoppofite pole: The fluid which pro-
ceeds from B, fig. 103, meeting with refiftance
from the pores at D, is forced to turn back, and
eirculateround its own magnet,and thus formtwo
atmoipheres,which al qnamﬁ eachgther,in pro-
portion to the foreeand quantity of the fiream
which paffes threugh the magnets.

Take a fteel ncull\, with a very fine point,
and rub it from the eye to the point five or fix
times with the north pole of a magnetic bar; the
eye will be the north, and the point the fouth
pole of the needle.

The attraftion and repulfion of magnets is
not hindered or encreafed by the mturpoftmn
6f any body whatever. 3

])11) the point of the needle in fleel filings,
and it will take up a confiderable quantirys
Take the magneric bar in one hand, and the
nepdle with the filings in the other, hold them

paralich
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parallel to the horizon, with the point of the
needle near the fouth pole of the magnet, and
the fteel filings will fall from the point of the
needte s as foon a8 the filings diop off from the
point, withdraw it from the fphere of aétion of
the magnet, and the point will be fo far de+
prived of its attractive quality, that it will
fot again attract the fteel filings. If the needle
is not taken away, but continues for a few mi-
nutes about Falf an inchi from the bary the po-
larity of the needle will be changed *.

Hang a tumber of balls to each ather, by ap-
plying the firft to the north pole of a magnet,
prefent the fouth pole of another magnet to one
of the middle balls, and all thofe below it will
{hercby be deprived of the magnetic firean,
and  fall afunder; the ball to which thé
magnet was applied will be attraéted by ir, and
a1 the others will remain fufpended. If the
horth end of the ragnee be prefented, then the
Tall, to which it 1s applicd, will alfo drop.

A fingular fact is related by fonie ancient
writers on magnetifm. That if two loadftones,
a fironger and 2a weaker, have their repcllent
poles brought together, the weaker will have
its power confufed, and will not come to itfelf
for fome days; the polarity of the part, in con-
ta&t, becomes inverted by the fironger power;

but as that power feaches but a little way be-
yond

# Farther Proos, &c. by Mr. Lyen, p.0o.
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yond the polar furface, the unaltered power, in
the remaining part of the ftone, 15 able, by its
contrary force, td reftore the confufed part of
the ftone in a few days.

It does mot appear that there is any certain
liw of attraction peculiar to magnetifin ; for in
different puirs of magnets, the forte will vary
at different diftances. The magnetic attraction
is not to be computed from the center of
the magnets; but from the eenter of the
pole: _

Tho’ thany experimehts have been made to dif-
eover, whether the force by which two magnets
ate repelled or attradted, atts only fo a certain
diftance; whether the degrees of its action with-
in, and at this diftance, is uniform or variable,
ahd in what proportion, to the diftanced it en-
creafes or diminifhes; yet we can only infer
fiom them, that the magnetic power ex-
tends further at fome times, than it does at

others; and that the fphere of its ation is

variable. :

The fmaller thie loadftone or the magnet is,
the gredter is its force, cateris paribus, i
proportion to its fize. Though when the
axis of a magnet is fhort, and of courfe its
poles very near, their aién on each other
vieakens the magnetic force. A variety of other
caufes will alfo decafion great irregularity in the
sreraction of magnetifm. M one end of a magnet
15 dipped in fteel filings, we fhall find that they

; Aa are




982 AN ESSAY

are very feldom diftributed with uniformity, bu#
difpofed in little tufts, fome places more thick
than others: The force of magnetic attrac-
tion between the lame magnets, and at the fame
diftance, may be varied by turning the magnets
on their axis, and making different parts of the
polar futfaces regard each other. If a firong
magnet be applied to a weaker, a kind of re-
pulfion feems to take place even between poles
of the fame name, but its force is overpowered
by the attraltion of the {tronger.

If a touched needle is placed near a magnet,
dts diretion to the magnetic meridian is fuf-
pended, and it aflumes a direction relative to its
fituation and diftance from the poles of the
magnet. Place a fmall peedle on the pointed
end of one of the brafs ftands, and then bring
it near the magnet, the needle will dired itfelf
differently, according to its diftance from
the poles of the magnet. Thefe relative
fituations and tendencics are more pleafingly
pbferved by placing feveral touched needles
round the bar at the fame time. The motion of
the fmall dipping ncedic furcher illuftrates this
propofition. From the three laft experiments
various others of confiderable importance may
be derived for accurately invefligating the
qurves, according to which. the magnets ad,
and ‘illuflrating further fome of the intricate

branches of magnetifm,

The
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The northern magnetifm is deftroyed by the
fommunication of the fouthern; and wice verfa.
Hentce it is clear; that the two Magnetic powers
tounteract each other; and that if both be com=
municated to the fame arm of 4 magnet, the
magnetifin acquired by thé arm will be that
of the firongeft, and as the difference between
the two powers: Ry

Two ftrait magnets will not be weakened, if
they are laid parallel to onec another, with
poles of the oppofite denomination correfs
ponding to each other; the ends being con=
nected together by picces of iron, whick
will keep up and facilitate the circulation
of the magnetic fluid through them ; but they
thould never be fuffered to touch each othery
except when they lie in the fame direction, and

‘with poles of contrary fiames;

A fingle ftrait magnet fhould be alwa y$ kept
with its fouth pole towards the north, or downe
“wards in the northern magnetic hemifphere, and
vice verfa, in the {outhern hemifphere:  Iron
thould never be lifred but by the fouth pele of
a ftrait magnet in this hemifphere of the world;

Every kind of violent percuffion weakens
the po‘-.:.rer of a magnet; a ftrong magnet hag
been entirely deprived of its virtue by receiva
ing feveral finart firokes of a hammer ; mdeed;
whatever deranges, or difturbs the internal pored
of a magnet, will injure its magnetic force, a§
the bending of touched iron, wires, &c.

Aao Fill
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Fill a fmall dry glafs tube wich iron filings;
prefs them in rather clofe, and then touch
the tube as if it was a ftecl bar, and the tube
will aterac 2 light necdle, &c. fhake the tube
{o that the fituation of the filings may be dif*
turbed, and the magnetic virtue will vanifh.

But though a violent percuffion will deftroy a
fixed magnetifin, yet it will give polarity to an
iron bar which had none before ; for afew fmart
firokes of an hammer, on an iron bar, will give
it a polarity, and by hitting, firft one end of
the bar, and then the other, while it is held i 2
vertical fituation the poles may be changed.
Twift a long picce of iron wire backwards
~and forwards {everal times, then break it off at
the twifted part, and the broken end will be
magneticals

If 2 magnet be cut through the axis, the feg-
ments, which were joined before; will avoid
and fly from cach other.

If a magnet is divided by 2 {fetion perpen-
dicular to the axis, the parts which were joined
before will have acquired contrary poles, one
porth, the other fouth, thus generating a new
magnet at every {ection

From thefe, and fimilar cxperiments, Mr.
Ecles infers, that magnetifm confifts of two
different diftinét powers, which in their natural
ftate are conjoined, and exert but little fen-
fible 2%tion, and ftrongly attraét each other at
a1l times ; but when they arc feparated by force,
thoy aét like thofe of ele@ricity ; for if mag-

‘ netifiy




&

ON MAGNETISM. 33

sctifin is excited in two different pieces of fteel
by the fouth pole of a magnet, the ends repel
cach other ; but if one picce be excited by the
north pole, and another by the fouth, they will
attraét each other. He further fuppofes, that
2 magnet attralts, and is attracted, not entirely
according to its own ftrength, but according to
the quantity of iron tobe attracted 5 and that
magnetifm is a quality inherent in all iron, and
of which it cannot be divefted ; for fire, which
will deftroy a fixed magnetifm, does not de-
prive it of its natural quantity ; on the contrary,
it will give it a polarity, or fixed magnetifin,
according to the manner of heating or cooling
the iron.

In an unarmed magnet, the magnetic ftream
is carried back, on all fides; in curved lines to
the contrary peles ; but when armour, or plates
of iron, are applied to each pole, the dire@ion
of the magnetic fluid is changed, and it 1s con-
duéted, united, and condenfed, at the feet of
the armour; fo that if the feet are conncéted by
another picce of iren, which is called a lifter,
the ftream procecding fram cne pole 1§ carried
by the lifter to the other, which caufes it to
a;':lhcre with confiderable force, A chain of
balls may be formed between the two feet in-
flead of a lifter. ‘

Place the armed magnet under a glafs plane,
firewed over with fteel filings, and thefe will be

Aag arranged

e B e o -

i —




358 AN ESSAY

arranged in curves which go from one foot to
the other.

The armour thould be formed of foft homo-
genous iron, well firted to the ends of the mag-
nets; it fhould alfo Dbe thicker, in propor-
tion as the diftance of the poles from each
other encreafes.

Mr. Savery has adduced feveral inftances to
fhew the force and action of the earth’s mag-
netifin 3 among others, that it will fupport {mall
pieces of iron. He hung up a bar of iron, about
five feet long, by a loop of {mall cord, at the
upper end, and then carefully wiped the lower
end, and the point of a nail, that there might
be no duft or meifture to prevent a good con-
tacl ; then holding the nail under the bar, with
its point upward, he kept it clofe to the bar,
holding only one finger under its head for the
{pace of thirty or more feconds, then withdraw-
ing his finger gently downwards that the nail
mi-ghr not vibrate ; if it fell off, he wiped the
point as before, and tried fome other part of
the plane at the bottom of the bar. If the ends
are fimilar, and the bar has no permanent vir-
tue, it is indifferent which end is downwards ;
if ‘it has an imperfect degree of polarity; one
end will anfwer better than the other.

The upper end A of a long iren rod, which
has no fixed polarity, will attract the north end
of a magnetic needle; the under end B repels the
north end of the needle; invert the iron bar,
and the end B, which is now the upper one,
will
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avill attraét the north pole of the needle that it
repelled before 5 the cafeis the fame, if the bar
is placed horizontally in the magnetic meri-
dian, the end towards the fouth will be a north
pole.

Iron bars of windows, which have remained
long ina vertical pofition, acquire a fixed po-
larity. Mr. Lewenhock mentions an iron crofs,
which was fuppofed to have flood on the fteeple
of a church, at Velft, about 200 years; which
had acquired a ftrong figxed magnetifm,

The needle of the mariner’s compafs, does nof
point exalftly to the norlh, but is obferved to change
its azimuth, pointing femetimes towards the eaff,

and fometimes to the weft of the meridion.

This deviation from the meridian is called
the variation of the needle, and is diffcrent at
different parts of the world, being weft at fome
places, eaft at others, and in parts where the
variation is of the fame name, its quantity is
very different.

'fhough the diretive power of the compafs
was applied to the purpofes of navigation in the
fourteenth and fifteenth century, it does not
appear that there were any apprehenfions during
that time of its pointing otherways~than dug
north and fouth.

The variation of the compafs is faid to have
been firft difcovered by Cohlmbus, i his voy-

Aa 4 age,
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age, the latter end of the fifteenth century, for

the difcovery of that partof the world which

is now called the Welt Indies. But the firft |
perfon who difcovered that it was real, and |
was the fame to all needies in the fame place,
is genernlly allowed to be Sebaftian Cabot.
This was about the year 149%.

After the variation was difcovered by Cabot,
it was thought, fora long time, to be invariably
the fame, at the fame places, in all ages; but
Mr. Gellibrand, about the year 1625, difco-
vered chat” it was different, at different times,
in'the fame place, '

If a needle, which is aceurately balanced,
apd fulpended, fo as to turn freely in a vertical
plane, be rendered magnetical, the morth pole
awill be depreffed, and the fouth pole elevated above
the borizon 3 this property, which is called the
dip of the nécdle? was difcovered by Robert
Norman, about the year 1576.

It is clear, that the magnetic ppwer exerts |
3e{:1f in two manners on a compalfs needle; by
one force it is direfted towards the magnetic \!

meridian ; by the other, it forms an angle with
: 8 .

the horizon.
" The pofition of a dipping needle, when at
oft in the magnetigal meridian, is called the
magnetical linc. '

Various kinds of round magnets, termed Te-
;rjﬂas,'ha\'e been conftruded with a view to
inveftigate the phenomena of the variation,

ana
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apd the dip of the needle, by obferving the po-
fition of a compafs at different parts of the Te-
fgll:&, and comparing thefe pofitions with the
obferved ftate of the magnetic needle on the
carth. Little progrefs has been made with thefe
on account of the imperfetion of their confiruc-
tion; one has, however, been invented by
Mr. M"lg\,llan, W h1Lh bids fair to be of real ufe,
in difcovering the laws by which thefe myfte-
rious properties are regulated, It will be found
that moft of the phn.nomwa attending  the di-
reétion of the ncedle, correfpond to what hap-
pens to ancedle placed on the Terella.

About the year 1722 and 1723, Mr. George
Graham made a great number of obfervations
on the diurnal variations of the magnetic needle.
In the year 1750, Mr. Wargentin took notice
of the regular diurnal variation of the needle ;
and alfo of its being difturbed at the time of
an aﬁrora borealis. About the latter end of the
syear 1756 M. Canton began to make obferva-
tions on the variation, and 1759 communi-
cated the following valuable experiments fo the
Royal Society.

The obfervations were made by him for 603
days, on 574, out of thefe, the diurnal varia-
tion was rtegular. The abfolute variation of the
ncedle weffward, was encreafing, from about § or
g oclock in the morning, till about 1 or 2 in
f}e afternoon, when thc needle became fta-

tionary
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tionary for fome time ; after that, the variation
weftward was decreafing, and the needle came
back again to its fermer fituation in the mo—ht
or by th(_ next morning

The diurnal wvariation is irrecular when the
weedle moves ﬂa‘wly eaftward, in the latter part of
the morning, or weftward in the latler part of
ihe afternoon 5 a4 ﬁa when it moves much either way
after night, or fuddenly both ways in a fhort time.

Thefe irregularities feldom happen more than
once or twice in a month, and are always ac-
ampanied with an aurora borealis,

The attradlive power of a magnet will de-
creafe while it Is heating, and encreafe while
it is cooling 5 the greater the force of the fame’
magnet, the more it will lofe in a given de-
gree of heat.

Exrperimext 1.

About ENE from a compafs, a little more

than three inches in diameter, Mz Canton
. e
placed a {mall magnet two inches long, half

an inch broad, and three-twenticths of an inch
thick, parallel to the magnetic meridian ;and at
fuch a diftance, that the power of the fouth end
of the magnet was but juft fufficient to keep the
north end of the ncedle to the NE point, ox
to 4_r HﬂulCLSu
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The magnet being covered by a brafs weight
of fixtcen ounces, about two ounces of boiling
water was poured into it, by which means the
magnet was gradually heating for feven or eight
minutes ; “and during that time, the needle
moved about three quarters of a degree weft-
ward, and became ftationary at 44° %; in nine
minutes more, it came back a quarter of a de-
gree, or to 44° %3 but-was fome hours before
it gained its former fitnation, and ftood at
W18

G5 e
Exreriment 1L

On cach fide of the compafs, and parallel to
thie magnetic meridian, he placed a ftrong mag-
net, of the fize above-mentioned ; fo that the
fouth ends of both the magnets acted equally
on the north end of the necdle, and kept it 2
the magnetic meridian; but if either of the
magnets was removed, the needle was artraded
by the other, fo asto ftand at 45 degrees. The
magnets were both covered with brafs weightg
of fixteen ounces each. Into thecaftern weight
about two ounces of boiling water was poured ;
and the necdle in one minute moved haif a de-
gree, and continued moving weftward for aboyg
i‘c»c;x minutes, when itarrived at 2° 2, Tt yas
then ftationary for fome time ; but, in twenty-
four minutes from the beginning, it came back
t0 2% 4, and in fifty minutes to 29 2, Hethen

filled

Ty
w2

2




364 AN ESSAY

filled the weftern weightwith boiling water, and
in one minute the needle came back to 1° L; in
fix minutes more it flood half adegree eaft-
ward ; and after that, in about forty minutes,
at returned to the magnetic north, or its firfk
ficuiation.

It is evident, thatthe magnetic parts of the
€arth in the north on the eaft fide, and the mag-
netic parts of the earth in the north on the weft
de ¢i the magnetic meridian, equally attract

- neith end of the needle. Ifthen the eaftern
agnetic parts are heated fafter by the fun in
morning, than the weftern, the needle will
we weltward, and the abfolute variation will
cicafe ; when the attra@ing parts of the caith
on each fide of the magnetic meridian have theic.
heat cncreafing equally, the necdle will be fta-
tionary, and the ablolute variation will then be

i

—r

g

greateft ; but, when the weftern magnetic parts
.re either heating fafter, or cooling flower than
the eaftern, the needle will move caftward, or 7
the abfolute variation will decreafe ; and when
the caftern and weftern magnetic parts are cool-
ing equally faft, the needle will again he fta-
tionary, and the abfolute variation will then be
deaft. This may be ftill further illuftrated, by
placing the compafs and two magnets, as in the
laft experiment, behind 2 {creen near the middle
of the day in fummer; then, if the fcreen be
fo moved, that the fun may fhine only on rthe
caftern magnet, the needle will fenﬁbly vary in
1S




ON MAGNETISM. 365

3ts direftion; and move towards the weft ; and
if the eaftern magnet be fhaded, while the fun
fhines on the weftern, the needle will move the
contrary way: By this theory; the diurnal va-
viation in the fammer ought to exceed that in
the winter 3 aftd we accordingly find by ohfcr:
vation, that the diurnal variation in the months
of June and July, is almoflt double that of De-
cember and January, 7
The irregular diurnal varigtion muft arifé
from fome other caufe than that of heat coms
municated by the fun; and here we muft have
recourfe to fubterrancan heat; which 1s gene-
ated without any regularity as to time; and
which will, when it happens in the north, af¢
fect the attractive power of the magnetic parts
of the earth on the north end of the needle;
The Reverend Dr. Hales has a good obferva-
tion on this heat, inrhe Appendix to the fecond
yolume of his Statical Eflays, which I fhal}
here tranferibe. ¢ That the warmth of the
¢ earth, at fome depth under ground, has an
¢ influence in promoting a thaw, as well as
% the change of the weather from 2 freezing to
¢ a thawing ftate, is manifeft from this obfer-
¢ yation; viz: Nove 2%, 1731, a little fhow
“ having fallen in the night; it was, by eleven

4 the next morning; moftly melted away on

¢ the furface of the earth, except in feveral
¢ piaces in Buthy-Park, where there were
¢ drains dug, and covered with earth, where

« the
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“.the foow continued to lie, whether thofe
% drains were full of water, or diy; as alf
¢ where clm-pipes lay under-ground; a plain
“ proof . that thefe drains intercepted the
¢ warmth of the ecarth from afcending from
greater depths below them ; for the fnow lay
where the drain had more than four feet
depth of earth over it. It contifiued alfo to
lie on thatch, tiles; and the tops of walls.”
That the air nearcft the earth will be moff
warmed by the heat of it, is obvious; and this
has frequently been raken notice of in the morn<
ing; beforc day; by means of thermometers
at different diftances from the ground, by the
Reverend D Miles, at Toeoting, in Surrey 3
and 15 mentioned in P 526, of the 48th volume
of the Philofophicai Tranfations.

The aurora borealis, which happens at the
time the needle is difturbed by the heat of the
earth, is fuppofed to be the cleétricity of the
heated air aboveit ; and this will appear chiefly
in the northern regions, as the alteration in the
heat of thofe parts will be greatet. This hy-
pothefis will not feem improbable, if it be con-
fidered, that ele@ricity is now known to be the
taufc of thunder and lightning, that it has been
extratted from the air at the time of an aurora
borealis ; that the inhabitants of the northerp
countries obferve the aurora to be remarkably
firong, when a fudden thaw happens after fe-
vere cold weather ; and thar the curiousin thefc

matters
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matters are now acquainted with a fubftance,
that will, without frition, both emit and ab-
forb the eleftrical fluid, only by the encreafe
or diminution of itsheat : for if the Tourmalin
be placed on a plane piece of heated glafs, or
metal, fo that cach fide of it, by being perpens
dicular to the furface of the heating body, may
be equally heated, it will, while heating, have
the eleéiricity of one of its fides pofitive, and
that of the other negative ; this will likewite be
the cafe when itis taken out of boiling watery
and {uffered to cool ; but the fide that was pofi-
tive whileit was heating, will be negative while
it is cooling, and the fide that was negative,
will be pofitive.







-
o Loy Foul







T e







e 7
i \‘ 'W |."-' ‘\‘ I\‘ ‘I\‘H‘;,‘I‘:‘tlj |‘|‘.
: i IM'MU/rMh"M/' “Lff*’wul |

| | ;M”J L4

:'\ i r H
Wl L

Nl#l”hlflmi[ j ‘“JH\I ” Hln il

il
|\”







Praze T.




S - - —— it S B




- e = - .
e —— e B

L

TnLodge 2.







A
CATALOGUE

O F

MATHEMATICAL and PHILOSOPHICAL
INSTRUMENT S,

MADE AKD S0LD BY

GEORGE ADAMS,

Mathematical Inftrument-Maker to His MagesTy, No, 6oy
Fieet-Street, London,
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Optical Inﬁrqme11ts.

-y
fa

THE beft double jointed filver fpecta-
! cles with glaffes — 1 1
The beft ditto with Brazil pebbles X 16
Single joint filver fpe&tacles with glafles 0 15
Ditro with Brazil pebbles - 1
Double joint fteel fpectacles with glafies o
Another fort of ditto — — o
Beft fingle joint fteel fpectacles — o
Ditto inferior frames — - o}
Nofe fpedtacles mounted in filver 0
Ditto in tortoifethell and filver — o
Ditto in horn and fteel —— e B
Spetacles for couched eyes
Spectacles with thades
Concave glafles in horn boxes for fhort fighted
eyes
Dileo mounted in tortoifefhell and filver, pear!
and filver, in various manners, and at dif
ferent prices
Reading glaffes, from 2s. 6d. to g 3
Opera glafles, from 10s. 6d. to 2 2
Ditto of an approved conflruion - f S |
Concave and convex mirrors 1n frames, from
75+ 6d, to — — 1818 o
Telefcopes of various lengths, fizes and prices
Telefcopes to ufe at fea by night — It 6
o Acro-
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Acromatic profpefts, from 15s. to =

Acromatic telefcopes, with brafs drawers,
which may be drawn out at once, and that
fhut up, conveniently for the pocket, from
2], 12s. 6d. to — —

An optical vade mecum, or portable acroma-
tic telefcope and microfcope, for tranf-
parent and opake objects, &c. from 3. 3s.
6d. o - i

A thirty inch acromatic telefcope, different eve
pieces for terreflrial and celeffial objects,
from 8. Bs. to —_ —

Ditto with rack work

An acromatic telefcope, about three feet and
an half long, with different eys

Reflelting telefcopes, of all the various fizes

A three foot refle@ing telefcope with four mag-

Dieces

nifying powers
A ditto with rack work —_—
A two foot eflecting telefcope, with rack work
and four magnifying powers -
A two foot refleting telefcope with two mag-
nifying powers —— .=
An eighteen inch ditto e
A twelve inch ditto — —
Double refleéting microfcopes, from 31,1 3s. 6d.
fo b —_— —
Ellis’s aguatic microfcope —
Wilfon's microfcope, improveil —

Adamns’s lucernal microfcope for opake and
tranfparent objets, being the moil perfect
inftrument of the kind hitherto contrived,
affording more entertainment and inftruc-

tion than any other migrolcope -
Bolar microfcopes —
Ditto for opake objecls —

itto -— —
‘Camera obfecuras, from 12s. to —_
Glafs prifms, from 7s, 6d. to -
Magic lan.horns —

WL
2 12 6
i R A TR
414 6
IT 11 O
1818 e
36 15 ©
21 O O
12 12, ©
8 8 o
5 5 0
21 0 ©
Bl O
2 126
2L 1.0, O
5455+ @
16 16 ©
21 0 ©
o
2 2 0
;

G eogra=
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i

Geographical and Aftronomical Inftruments.

Looa

Adams’s new eighteen inch globes mounted in

- the moft approved form, from gl. gs. to 27 ©
Ditto in the Ptolemaic or common manner 6 6
Ditto, twelve inches in diameter, mounted in

the beft manner, from sl. 5. to = 6 16
Ditto in the common manner — . R
An armiilary dialling fphere — 40 ©
Manuval orreries, from il. 15. to - 313
A planetarium, tellurian, & lunarium 31 IO
Orreries, from 70l to 1000 ©
Adams’s improved equatoreal dial, or portable

obfervatory, from 71. 17s, 6d. to 31 I0
Horizontal fun dials, from gs. to 12 12
Univerfal ring dials, from 7. 6d. o = e
Tranfit initruments
Aftronomical quadrants, from 501. to S0 o

Mathematical and Surveying Inftruments.

-

Cafes of drawing inftruments, from 75. 6d.to 35 ©
Neat magazine cafes for inftruments I1 i1
Elliptical compafies _— —_ 4 4
Beam compafles with divifions, &c.
Triangular compafles — I I
Adams’s fectoral, clliptical, and callipper com-

paflesin one inftrument, from 4. 145.6d. to g ¢
Adams’s protradting parallel rules, and uni-

verfal plotting feale
Protrallors, fellors, feales, parallel rules, &c.
A new inftrument for taking peripective views,

&‘C. —_— e e A i X
A ditto for afcertaining points = 2 12
Another infirument for taking views TS
Pantographers, from 2l. 2. to —_ 6 6
Plain tables, from 3l. 13s. 6d, to 14 14
Theodolites, from 41. 45, to — 3L 10
A neat portable theodolite S 8 18

Adams’s improved double theodolite, exceed-
g, for accuracy and utility, every former

kind,‘ from r2l. 125, to 3T 10
P:ieafurl.ng wheels; frem 61, 6s. to = 10 10
Circumferenter, from 21, 25. to —_— 515

DO OO0 OO
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Philofophical Inftruments:

5.

Improved elerical machines, from 31.73s.6d.

to e 40 O
Eleérical machine and apparatus, in a box,

from 6l. 16s. €d. to -_— 12 12
Ele&rical machmes, with a feleGted appara-

tus, ina box
Batteries, and all other parts of an eleétrical

apparatus
Small fingle barrelled air pump
Small double ditto ' 4 14
A larger ditto 6 16
A table air pump 10 10
A large ftanding air pump ot 3% 10
Apparatus to an air pump, from 4l. 4s. to 30 ©
Barometers — 2.4
Ditto — e 2 12
Barometers and Thermometers, from 3l. 3s.to 5§ §
Marine barometers
Thermometers, in mahogany boxes, from

1l. 1z to — X Il
Ditto with Reaumur and Fahrenheit’s fcale
Botanic thermometers —_— o 18
Thermometers for brewers, from 12s. to 2 12
Hygrometers, from 10s. 6d, to — 313
An apparatus with the mechanic powers, coms=

prifed in a fmall and peat form 21 0O
Ditto, fitted up on a larger fcale, with im-

provements
An apparatus for making experiments on acce-

lerated, retarded, and rotatary motion
A magnetical apparatus from sl. 15s.to 10 10
Hydrodaftic apparatus, from 21. 125, 6d, to 10 10
Conduétors for fhips to preferve them from

lightening — 5 5
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