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IT may be eafily perceived by the title of
this work, that it is not offered to the pub-
lic as a finithed piece on the fubject. To treat
of 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 Eleétricity is now generally ac-
knowledged to be ufeful and important ; and there
1s great reafon to think, that at a future period

it will be looked up to as the fource from
whence the principles and properties of natural

philofophy muft be derived; its utility to man,
will not be inferior to its dignity as a fcience.

A 2 I have
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I have not attempted to trace Elericity from
its firft rude beginnings, or to follow the mind of
Jman in its. various and irregular wanderings, in
fearch of the laws by which it aéts, and the fource
{rom whence it is derived, as this has been {o well
exequted by Dr. Prieftly. Our view of things
is {o circumfcribed, and the myfteries of nature
fo profound, that it is net eafy for us 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 philo-
fophers, 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 connetion, they naturally
create confufion. It has been my endeavour, in
the following eflay, to collett and arrange, in a
methodical and concife manner,. the eflential parts
of Electricity, by thefe means to render its appli-
cation eafy, pleafant, and obvious to the young
pralitioner; and by brin ging together experiments
of the fame kind, make them mutually illuftrate
each other, and thus point out the ftrength, or
difcover the weaknefls, 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 variety of obfervation, or a 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, I with pleafure acknowledge the af-
fiftance I have received from the different authors
who have wrote on this fubje&t. I have ufed an
unreferved freedom, in felecting from their works,
whatever I found to anfwer my p"urpuf&. Iam
particularly obliged to Sir Jofeph Banks, for his
politenefs in lending me Les Memoires de I’Aca-
demie de Berlin for 1780, at a time when I could

not procure them elfew here.

The various interruptions and avocations, from
which, as a tradefman, I cannot be exempt,
will, I hope, induce the reader to make fome
favourable allowances for any errors which
he may difcover, and kindly corre@® them for
himf{elf.

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

A2 | ing



vi prls E §F A'¢ E.

ing the various ufes of the different inftruments in
their prefent ftate of improvement; which, I truft,
will greatly tend to facilitate the attainment of
knowledge, and accelerate its progrefs. For this
purpofe I have been at a confiderable expence in
colleCting fuch materials as may enable me to
oficr to the public fome eflays on this {fubjed,
which I hope will not be found unworthy of its»
patronage, and which I mean to publith with all
~convenient {peed.

T H E-
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CEEARPY K
Of Eleitricity in general,

T muft appear furprifing to every fearcher
after truth, that Eleéricity, which is now

~ allowed to be one of the principal agents
employed in producing the phoenomena of
nature, fhould 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 eletrics
per [fe; neverthelefs their knowledge was cir-
cumfcribed, becaufe the mode of acquiring
it was limited. Very little progrefs, therefore,
B was

&5
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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, was then traced, and many
of its properties developed ; its agency was dif-
covered to be univerfal, and its extent unli-
mited. - :
Ele¢tricity has been dignified in a peculiar
manner, by edgaging the attention of the phi-
lofophic hiftorian ; who has delineated, in a very
pleafing manner, the gradual progrefs of its
difcoveries. He has defcribed the different
theories that have been invented to account for
~ its various pheenomena ; has communicated to
the public many valuable experiments of his
own ; and pointed out the extenfive field which
remains to be inveftigated.

Since the publication of Dr. Prieftley’s Hif-
tory, the electrical apparatus has been confidera-
bly augmented, and many new experiments
have been made. To defcribe 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 ele&ricity,
was one of the principal views I had in com-
pofing this effay. I alfo withed to put into the

hands
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hands of my cuftomers a tract, which might
énable them to ufe, with eafe and fatisfattion,
the electrical machines and apparatus which I
recommend.

As ele@ricity is in its infancy, when cons
fidered as a fcience, its definitions and ax-
loms cannot be {tated with geometric accuracy,
I thall, therefore, endeavour to avoid, 4as much
as poffible, the ufe of pofitive expreffion ; I
with to invite the reader to examihe the expes=
riments himfelf, to compare them one with
another, and then draw his own conclufions.

L
ExperitMenT L

Rub a dry glafs tube with a piece of dry
filk, prefent light bodies, as feathers, pith
balls, &c. to 1t, they will be firft attraited,

and then repelled.

ExperimMeEnT ]Il

Rub a diy flick of fealing wax, it will firfy
attract and afterwards repel thofe ]ight bodies
that are brought near to ir.

The friction in the two preceeding experi-
ments has put in aftion an agent, or power,
which attra@s and repels light bodies 5 this
power 1s called Eleétricity.

A certain quantity or natural fhare of the

electric fluid, is fuppofed to be diffeminated in -
B 2 - all
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all bodics, in which ftate it makes no impreffion
on our fenfes ; but when, by the powers of
nature or art, this equilibrium is deftroyed,
and the bﬂd}F becomes pofiefled of more or lefs
than its natural fhare, _thoﬂ: effetts are produced
which we term electrical, and the body is faid
to be cle@rified. ~ ' 7

Any fubftance) that 3s made by friGtion to
exhibit eleétric appearances, is faid to be ex-
citedds =™

Amber, filk, jet, dry wood, and a variety of
other fubftances, being excited, attraét and re-
pel light bodies ; thefe are called eleétrics.
Such fubftances, as mﬁftals, water, &c. the
friction of which will not produce this power
of attrattion and repulfion, are ealled non-
electrics.

When the excited glafs tube, or ftick of feal-
ing wax, is in good order, pencils of light will
dart from them fpontaneoufly, in a beautiful
manner, and a {happing noife will be heard on
the approach of any conductor.

ExperiMment IIL

Let 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 fun:x
'1%13: as the excited cle@ric itfelf.

Ex-
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ExperiMenT IV,

Support a dry glafs rod on filk lines, or by
olafs, bring an excited electric near 1t, and no
attraction or repulfion will take place; becaufe
the ele@ricity cannot be tranfmitted through it.

Thofe metallic bodies which poflefs the power
of tran{mitting electricity, are called conduttors:
Thofe fubftances, which are impervious to clec-
tricity, are called non-conduétors.

" A body which communicates with nothing
but ele@rics, is faid to be infulated. |

The moft important and fingular effeéts of
ele@tricity would have remained in obfcurity,
if this power in fome bodies, to refift the paffage
of eledtricity through their fubftances and over
their pores, had not been difcovered.  Inftances
of the truth of this aflertion will occur in almoft
every page of this effay.

We learn, from the 3d and 4th experiments,
that the eletric powers may be communicated
to infulated conducting fubftances by excited
eleclrics 5 that thefe will then attrat and repel
light bodies, &c. fimilar totheele@ricitfelf; with
this difference only, that a conductor, which has
received electricity, parts with it at once, when it
is touched by another conduéor that commu-
nicates with the earth; whereas the excited

B 3 eletricy
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electric, under the fame- circumftances, only
lofes its ele@ricity partially,

ExperimMent 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.

ExperiMmenT VI

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

Thefe two oppofite and remarkably diftinét
effefts in the attrattive and repulfive powers of
eletricity, were difcovered at an early period
of the hiftory of this fcience

The electric power produced by the excita-
tion of glafs is called pofitive eleétricity, and
the power produced by the excitation of fealing
wax 15 called negative eleéricity. This differ-
ence was at firft thought to depend on the elec-
tric, and that the two kinds of eledtricities
were effentially diftinét ; but 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-
ralteriftics in eletric fubftances, engaged phi-

lofophers
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lofophers in an experimental enquiry into the

ele@ric properties of moft bodies, to afcertain

whether they pofleflfed the pofitive or negative

powers. By this means the catalogue of electric

bodies, which originally was very {mall, is now"
rendered exceedingly extenfive, aswillbe feen by

the following tables, which are taken from

Dr. Prieftley’s Hiftory and Mr. Cavallo’s Com-

pleat Treatife of Electricity.

Cararocuk of condulling fubftances.
1. Stony fubftances.

‘Stony fubftances in general conduét very well,
though dry and warm. |

Lime-ftone and lime juft burnt are equally
imperfect conductors.

Marbles conduct confiderably better th:a.n
free-ftone, and there is found very little differ-
ence among any of the fpecimens of marble
that have been tried.

A large piece of white {par with a tinge of
blue and femi-tran{parent, will hardly conduét
in the leaft degree : pretty, ftrong {parks may be
taken from the prime conductor, while it is in
contaét with it.

A piece of agate, femi-pellucid, receives
the eleftric {park into its f{ubftance; though
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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holds it, and it difrjhﬁrges the battery but
flowly. |

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

- Touch-ftone condués pretry well.

A piece of gypfum and plaifter of Paris con-
du@ very well, only the latter having a
fmoother furface takes a ftronger fpark.

A piece of afbeft from Scotland, juft as it is
taken from its bed, will not conduét. While
in contatt with the conductor, fparks may be
taken at the diftance of half an inch with a mo-
derate eleétrification.

A piece of Spamih chalk conduéts much
like marble

A piece of Eg}rptian granite condu&s cunf' 1-
derably better than free-flone, -

2. Saline ]:;rn::ucliuz:ml

Oil of vitriol conduéts very well,
' 'The metallic falts in‘general conduét better
than any neutrals, LS
Vitriol of copper and of iron condu& very
well, though they will not tranfinit a theck.
Vitriolated tartar gives a fmall thock.
Salt-petre does not' condué fo well .as fal-
ammoniac. = If the-eleétric- explofion paffes
ever its furface, it difperfes into a great’num-
' ' ber
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ber of fragments, in all directions, with con=
fiderable violence.
Volatile fal-ammoniac gives a fmall thock.
Rock-falt conduéts, but not quite {fo well as.
allum ; the ele&ric {park upon it is peculiarly
red. X3
Sal-ammoniac exceeds rock-falt and allum in
its conduéting powers, but will not take the
Jeaft fenfible {park ; fo that it feems made up
of an infinite number of the fineft points.
Salenitic falts conduct but poorly.
By allum the explofion is attended with a
peculiar hiffing noife, like that of a fquib.

3. Inflammable bodies.

A piece of pyrites, of a black colour, takes
{parks at a confiderable diftance from the prime
conductoer, 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-
{tance. It 1s a medium betwixt a ftone andg
an ore.

Black-lead in a pencil conduéts a thock feem-
ingly like metal or charcoal, A fiall lump of
it takes as full and ftrong a fpark from the
prune ‘conduclor as a brafs knob.

4. Mectals
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4. Metals and ores.

A piece of gold ore from Mexico is hardly
to be diftinguithed in this refpet 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-
luable that is known, and another of only -
half the value, are hardly to be diftinguithed
from one another in their conducting power.

Lapis-hematites conduéts pretty well.

Black-fantl 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 conduct electricity, but not a thock. Sepa-
rating with the magnet all that will be eafily
attracted by it, it condults a thock 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, condu& E]E&rlmty little better than
other {tones.
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 efuvia of flaming bodies.
Snow, fmoke, the vapour of hot water, the
vacuum produced by an air pump, charcoal, &c.

Eleétric bodies. <

Amber, jet, pitch and fulphur; likewife all
the precious ftones, as diamonds, rubies, garnets,
topazes, hyacinths chryfolites, emeralds, fa~
phires, amethyfts, opals, and efpecially tour-
malins : all refins and refinous compounds,
wax, filk, cotton; all dry animal fubftances,
as feathers, wool, hair, paper, &c. White
fugar, air, oil, chocolate, calxes of metals, dry
vegetables, &c. 3

The real and intrinfic difference between
electrics and non-eletrics, remain among the
ele@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 conductors by heat ; while on the
contrary, cold, if not attended with moifture,
renders every electric fubftance more eletric.

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 conduét electricity which before

wWas
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was a non-condultor. 2d. That thefe circumftan-
ces are the degrees of heat to which this body
1s fubje@ed. He endeavours to thew, that the
principal changes which take place in any fub-
flance from an increafe of heat are an augimenta-
tion in the fize of its pores, and an increafe of ve-
locity in the igneous particles contained in, and
atting on, that body. He then proves, that the
Taft circumftance does not occafion the alteration
in the cleétric properties ; and infers, agreeable
to the {yftem of Mr. Euler, that the principal
dificrence between conduors and non-conduct-
ors of cletricity confifts in the fize of the pores
of the conftituent parts of the body.

In another interefting paper, which is pub-
lithed in the Memoirs of the Academy of Ber-
fin for 1%79, Mr. Achard has fhewn the
analogy between the produétion and effeéts of
eleCtricity and heat ; and alfo, between that
property in bodies by which they condu@ the
elecrical 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 eletrical fluid which is conducted
by bodies of differént natures, placed in the
fame circumftances.

By means of this inftrument it is poflible
to afcertain, with great accuracy, the quantity
of eleCtricity a body lofes in a given time, by

| touching
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touching another body that is not electrified.
He has not yet favoured the public with an
account of the experiments he has made with
it ; only fays, that he has conftantly ob-
ferved, that thofe bodies which lofe and re-
ceive with difhiculty their prefent degree of
heat, receive alfo, and lofe with difficulty, theie
eledricity. A defcription of the infirument
will be given in this eflay.

A lift of eleétric fubftances, and of the dif-
~ ferent elﬁ&rici'tics produced by them.

I"uery {fubftance with which

Tht‘- back of a cat Pnﬁtwﬂ { it has been hitherto tried.

E\"Erf fubftance hitherto
Smooth glafs Pofitive tried, except the back of
a Car.
3 Dr_r oiled filk, fulphar,
| Pofitive = Stale
Rough glafs 'ﬁroullcn cloth,quills,wood,
N:gaure paper, fealing. wax, white
wax, the human hand,
Paﬁtwe Amber, air. *®
Tourmalia
Negative % Diamond, human hand,
3 Metals, filk, loadftone,

Paﬁ:wc{ leather, hand paper,
baked wood.

Negative { Other finer furs.

Hare's kin

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

eleétricity can be obtained,
v hite
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Pofitive ; Black filk, metals, black
cloth.

White filk Mepative Pa E:_r,hand, hairs, weafel’s
in,
Black filk Hare's, weazel’s, and fer-

Negative J ret’s fkins, loaditone,
brafs, filver, iron, hand.
Metals

Pofitive -j
{Hzm‘ﬁ, weafel’s, and fet-

Sealing wax
ret’s fkins, hand, leather,

\ Negative .
woollen cloth, paper,

g Pofitive {Sealing wax.

Pofitive { Silk

‘Baked wood.
Negative {Flannd;

Many circumitances, apparently trifling, will
occafion an alteration in thefe contrary eletrici=
ties. 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 eleCricity. Though thisin many
cafes holds true, with refpe& 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 effe&
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 pofitive. Heating

by ﬁrr: produces the fame effect as the greater
friction.
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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 piece of blue glafs is
rubbed againft a green one, the blue glafs be-
comes ftrongly pofitive, &c. ~----- Bergman
Swedith Tran. 1765. -

The eleétricities produced by hair and glafs
rubbed together feem to balance each other,
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, is
pofitive ; and here, the glafs, which fuffers the
~ greateft friction, is negative. Burt if the glafs
tube be drawn acrofs 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 little greafed with tallow,
the fame effect is produced as with living hair.
Wilke Swed. Tranf. 176g. :

Ele&rics differ from each other with refpec®
to the facility with which they are excited,
their force when excited, and the power with
which they retain the effefts of the excita-
[10n.

Silke
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CARE A RUES

Of the Electrical Machine ; awith Direltions
Sor exciting i,

S foon as the properties of eleCtricity were

in fome meafure developed, the philofo-
pher and the artift concurred in contriving and
executing a variety of machines to excite and
accumulate - this extraordinary agent, The
greater part of thefe have been laid afide, in
proportion as the fcience advanced, and its
boundaries were extended. I fhall, therefore,
only defcribe that eleftrical machine which is
now in general nufe, whofe conftruétion is fim-
ple, and well adapted to produce the eletric
fluid in great quantities, and to tranfmit it
in full and continued ftreams to the prime cons
ductor.

Fig. 1 and 2, Plate L, reprefent two eletris
cal machines made on the moft approved con-
ftruction. They are both mounted and ufed in
the fame manner, and differ only in the me-
chanifm by which the cylinder is put in mo-
tion.

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

© {fented
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fented in fig. r, is 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 electricians, however, prefer 2
machine which is moved by a multiply-
ing wheel. ' They think that it fatigues the
operator lefs than that which 15 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, WHi_ch 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 FGHI, are firmly fixed to the board

ABC; the axis' by which the eylinder is’
moved is fixed into two caps, which are made
fometimes of brafs, and {fometimes of wood ;
one is eemented on each end of the cylinder.
K, fig. 1 and 2, reprefents one of thefe caps.
The axis of the cap K pafles through the fup-
port D; on the extremity of this axis a fimple
winch is fitted, as in fig. 1, or a pulley, as in
fig. 2. 'The axis of the other cap runs in a

' : I {malk
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fmall hole which is fitted into the top of the
fupport E. O P is the glals pillar to which
- the cuthion is"fixed, T a brafs fcrew at the bot:
tom of this pillar, which is to regulate the
preflure of the cufhion againft the cylinder;
ghi a piece of filk that comes from the under
edge of the cufhion and pafles over the cylin=
der till it almoft touches the collecting points
of the conduttor. Near the top of the glafs
pillar O P is an arm of wood, to fupport a con=
ductor connefted with the cufhion, which is
¢alled a negative condufor. In both figures
this is fuppofed to be fixed clofe to the cuthion,
and to lye parallel to the glafs cylinder. In
fig. 1 itis brought forwards, or placed too near
the handle, in order that more of it may be in
fight, as at RS; in fig. 2, the end RS only
15 feen,

Y Z, fig. 1and 2, teprefents the pofitive
prime conductor, or that which takes the elec-
tric fluid immediately from the cylinder, L M
the glafs pillar by which it is fupported and
infulated, and V X a wooden foot or bafe for
the glafs pillar, In fig. 1, this condu&or ig
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 either
pofition occafionally, as is moft convenient to

the operator.
L2 L
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D and E, likewife the axes of the large wheel c d,
fig. 2. When the cuthion is taken off, the cy-
linder thould move exceedingly free. If, on
turning it round, any grating or difugreeable
noife is heard, difcover the place from whence
it arifes, wipe it clean, and then rub over it a
fmall quantity of tallow. Examine, in the
fame manner, the axis of the large wheel cd,
fig.2.- Puta drop of oil occafionally to the
axis of the cylinder; examine the {crews that
belong to the frame of cylinder, and if - they
are loofe tighten them.

Wipe the glafs cylinder carefully, to free it
from that moifture which glafs attralts 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 eleétri-
“city from the cylinder to the fupports, &e. |

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

Rub the glafs cylinder firft with a clean,
coarfe, dry, warm cloth, or a piece of wath
leather, and thén with a piece of dry, warm,
foft filk ; do the fame to all the glafs infulating
pillars of the machine and apparatus ; thefe pil-

C 3 lars
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lars muft be rubbcd more lightly than the
cylinder, becaufe they are varnithed.  *

A heated iron is fometimes placed on the
foot of the conduétor, to evaporate the moifture
which would injure the éxperiments.

In order ta find out an effeétual mode of ex-
citing powerfully an -eleétrical machine, it is,
neceflary to frame an idea of the mechanifm by
which' the eylinder extrafts the ele&ric fluid
from the cufhion, and thofe bodies which are
connected with it ; T have, therefore, fubjoined
thofe conjectures 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 refiftance of the
air is leffened, or a kind of vacuum is produ-
ced, where the cuthion is in clofe contact with
the cylinder. The ele@iric matter, agreeable
to the law obferved by all other elaftic fluids,
is prefled towards that part where it finds leaft
vefiftance ; the fame inftant, therefore, that the
cylinder is feparated from the cuthion, the fire
iffues forth in abundance. The more perfect
the continuity is made, and the quicker the fo-
lution of 1it, the greater is the quantity which
will proceed from the cufhion. But, as the
fluid 1n this fituation will enter with avidity
cvery condufting fubftance that is near it, if

any
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any amalgama lies, above that part of the .cu-
thion which is in conta@ with the cylinder, it
will abforb and carry back part of the electric
fire to the: refervoir from whence it was ex-

-tracted., .
| If thefe conjeftures be true, to excite an
«electrical machine effetually, we muft,

_1ft. Find out thofe parts of the cuthion which
are. preﬂ't:d by the glafs cylinder.

2d. Apply the amalgama  only to thofe
~parts. : -
3d. Make the line of contact between the
cylinder and cufhion as, perfect as.pofible.

4th. Prevent the fire that is collcéted from

elcaping.

. About the year 1772 I applied a lmfe flap of
leather to the front of the cufhion; the amalga-
ma was {pread over the whole 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 fucceffive experiments
the fituation was difeovered which produced
the greateft cffect; for, by this means, the
quantity of amalgama alling againft the ¢y-
linder was leflened. 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. '

Cs 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 contaét between the cylinder and cufhion
is rendered very perfect, the {maller pores of
the glafs are filled with the amalgama, and the
fuperfluous parts of it are depofited on the cu-
thion. -

Beccaria fuggefts, that the amalgama thus
depofited on the furface of the glafs forms a
continued {eries of conduéting particles, which
carry the fire to the primie conduétor, and,
under certain circumftances, back again to the
cufhion. .

Another ingenious electrician afcertains the
line of contaét, formed between the cylinder
and cuthion, by placing ‘a line of whiting,
which had been previoufly diffolved in fpirits of
wine, on the cylinder : on turning the eylinder
this whiting 1s depofited on the cufhion, and
marks the places which bear againft the evlinder;
the amalgama is to be placed only on thofe parts
which are marked by the whiting.

Either of thefe modes will fucceed. If the
firft is ufed, no amalgama is to be placed on

the
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the cufhion; that which is rubbed into the
cylinder, and depofited by it on the cufhion
in its revolutions, will produce an aftonithing
quantity of fire. In cither method, when the
cylinder is rubbed with the ,am::-.lg:mate& lea-
ther, that part of the oil, or black filk, which
lies above the cufhion, is 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 is 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 force
to the eleltric powers of the cylinder,

Experiment VIIL

When the cylinder is put into good a&ion,
a number of circular lines of fire will iffue from
the cufhion ; prefent a row of metallic points
towards thefe, and they will difappear, ‘The
conduéting fubftance colleéts the eledtric fluid
before it can take thofe appearances, or be diffi-
pated into the air. |
Hence we learn, that to prevent a lofs of the
cledtric fluid which is excited, we muft pre-
vent the air from a&ing on the fluid, which is
put in motion by the excitation ;. for the air
not
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got only refifts the emiffion of the fluid, byt
alfo diffipates. what is collected.by means of
the condulting fubftances, which are continu-
ally floating in it.

Thefe ends are effeétually anfwered by lettlng
a non-conducting f{ubftance proceed from. the
“line of contat to the collefting points of the
prime conduétor, and placing thefe points
within its atmofphere. When no amal-
gama is put on the cuthion, a plain piece
of black filk, or one flightly impregnated with
bees-wax, fixed to the under edge of the
cufhion, and proceeding from thence to the
colletting points of the conduétor, will anfwer
- exceeding well. If the amalgama is placed on
the cufhion, a piece of oil’d-filk {feems ta anfwer
the teft.

I was informed, by aningenious 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 {mall
quantity of bees-wax had been mixed ; this he
rubbed into the filk with a picce of fponge.
If the force of the machine diminithed while it
was in ufe, he refrefhed it by holding an amal-
gamated {ponge againit the cylinder whep it
was revolving.

It is often very advantag&ous to dry the ml’d
or black filk before the machine is 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 ¢ firong denfe  fparks
are obtained in quick fucceffion from the
conductor. When the :condufior is removed,
the fire fhould {parkle round the cylinder, 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
{fmall quantity of bees-wax : the other is the
aurum mufivum of the thops. I find it diffi-
cult, after many trials, ta fay which of thefe
act the beft. |

The following experiment feems to illuftrate
and confirm the foregoing conjectures on the
mechanifm by which the fluid is extraded
from the cufhion, and the bodies connected
with it, '

Experiment IX.

Break a ftick of fealing-wax in two picces 5
thole extremities that were contiguous will be
found ele@rified with contrary powers ; one will
be pofitively, the other negatively, elecrified.

Every eletrical machine ought to be fur-
nifhed with an infulated cufhion and two prime.
condutors, one for pofitive, the other for ne-
gative cle€lricity ; as, by thefe, cither cle@ri~

city
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city is produced at pleafure, a greater number of
experiments may be performed, and the proper-
tics of the electric fluid more eafily ‘explained.

ExperimMment X,

Conneét the pofitive conduétor by a chain
with the table; turn the cylinder, and the
cufhion will be found to be negatively elettri-
fied.. Take the chain off from the pofitive
. condu@or, and both will exhibit figns of elec-
tricity ; but any ele@rified body which is at-
tratted by the one, will be repelled by the
other. If they are brought fufficiently near to
each other, {parks will pafs between them, and
they will a& on cach other ftronger than on
other bodies. If they are conneéted together,
the eletricity of the one will deftroy that of
the other; for, though it {feems to proceed
from the cuthion to the conduétor, the two,
when thus conjoined; will exhibit no figns of
eletricity, becaufe the fire is continually cir-
culating from one to the other, and is kept
always in the fame ftate.

- We fee, by this experiment, that ecletric
appearances are produced both in the eleciric
wh:{:h is excited, and the fubftance by which it 18
excited, provided that. fubftance be infulated ;

but their ele@ric powers are ‘directly reverfe of
each
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each other, and may be diftiuguithed by op-
pofite effcéts.

FxpERIMENT Xl

If the cufhion and ¢he conduétor are both
infulated, it is obferved, that the lefs eleétric
fluid is obtained, the more perfect the infulation
1s made.

The moifture which is at all times floating
in the air, together with the fmall points, from
which it is impoffible totally to free the cuthion,
do not permit it to be perfeétly infulated, fo as
to afford no fupply of ele€tric matter to the
cutfhion.

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

From this experiment it is inferred, that the
ele@ric powers do not exift in the eleétrics
themfelves, but are produced from the earth by
the excitation of eleftrics ; or, that the eledric
matter on the prime conductor is not produced
by the friétion of the cylinder againft the
cuthion, but is collected by that operation from
it, and from thofe bodies which are conneéted
with it. :

As Dr. Franklin feerns to have fuggefted this
adea firft, that the ele€ric fluid is colleéted

from
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from the earth, I have fubjoined his own acs

count of the experiment which led him to thig
conclufion.

ExperiMenT XIL

Let one perfon ftand on wax and rub a glafs
tube, and let another perfon on wax take the
fire from the firft, they will both of them (pro-
vided they do not ftand {o near as to touch
éach other) appear to be ele@rified to a perfon
fcan.ding on the floor ; that is, he will perceive
a {park on approaching either of them with hig
knuckle. 2. But if the perfons on wax touch
one another during the excitation of the tube,
neither of them will appear to be eleétrified.
3. If they touch one another after the exciting
the tube, and draw the fire a3 aforefaid, there
will be a {tronger fpark between them than was
Jbetween either of them, and the perfon on the
floor. 4. After fuch a firong fpark neither of
them difcover any eleétricity.

Thefe appearances he accounts for thus : he
fuppofes the eleétric fire is a common element,
of which each 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, colle@s the eleétrical fire from him-
ﬁ:lf into the glafs, and his communication with

the common ftock being cut off by :the wax,
" | his
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his body is not again immediately {upplied. PB,'.
who alfo ftands upon wax, paffing his knuckle
along the tube, receives the fire which was col-
letted 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 one to A, who has an under quantity.
If A and B approach to touch each other, the
{park is ftronger, becaufe the difference between
them is greater.  After this touch there is no
fpark between either of them and C, becaufe the
electrical fluid in all is reduced to the original
equality. If they touch while eleétrifying the
equality is never deftroyed, the fire is only
circulating : hence we fay, that B is electrified
pofitively, A negatively., '

A defiription of fome parts of the elecirical
afparatus, which could not be regularly

introduced in the body of the work.

Fig. ¢, Plate I, reprefents a common difs
charging rod ; it is generally made of brafs
wire, with a ball at each of its ends.” To dif=
charge a legden bottle with it, hold the femi-
circular part in the hand, place one ball of
the difcharging rod on the coating of the

phial,
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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 phiul will
be difcharged.

Fig. 2, Plate II, is a jointed dlfchargmg rod
with a glafs handle, the legs of which may be
moved and fet to any given diftance from each
other by means of the jﬂiht 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-
fure ; 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-
reét or convey_the clectric 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 univerfal dif-
charger is made on a large fcale, it is fuperior
to any apparatus hitherto contrived to enable a
perfon to eleétrify himfel. AB, fig. 3, pLII,
is the wooden bafe of this inftrument ; on this
are fixed two perpendicular glafs pillars ¢ d,
an the top of each of thefe is cemented a brafs
¢ap, . to which is fitted a double joint, or one
which has both a vertical and horizontal mo-

gion ; on the top of each joint is a {pring tube,
which
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which receive the wires, ET, EF; thefe wires
zﬁay be fet at various diftances from each other,
and turned in any diretion ; the extremities of
the wires are pointed, the points are covered
decafionally by the brafs balls, which are made
to fit on the wires by {pring fockets. GH isa
{mall wooden table, on the furface of which a
flip of ivory is inlaid : this table is furnithed
with a cylindrical ftem, which fits into a cavity
of the pillar I; it may be raifed occafionally to
vatious heights, and fixed at any one of them
by the fcrew K.

Fig. 4, Plate II is a httle wobdf:n 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 each ather by means of the
{crews aa.

Fig. g, Plate 11, is Mr. K‘:innerﬂ}r’s ele@ri-
cal air thermometer ; ab is a glafs tube, on
each end of which a brafs cap is cemented ; cd
is a {mall glafs tube, open at both ends, which
pafes through the upper, and defcends nearly
to the under plate ;- a box feale, which is di+
vided into inches and tenths of inches, is fitted
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 mude to pafs

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

Elettricians have long withed for an inftru-
ment which would afcerfain; in an exaét and
invariable manner, the degree of elericity
excited when any experiment is made: For this
purpofe a great many contrivances have beer
propofed and executed, which, upon trial, are
all found to be very deféctive:

Mr: Achard, who has confideted the fub-
ject with attention, fays, that an eleétrometer
ought to have the following properties :

1. That it fhould be fimple in its conftruc-
tion, and not compofed of many parts:

2: It thould not be affeéed by the variations
of the atmofphere:

3. That it fhould indicate fmall as well as
large degrees of electricity:

4. Not be adjufted to any fixed meafure:

5. The ele@tric power thould be exprefled
by a fixed and invariable force, as that of gra-

vity. '

6. That the obferver be enabled to read off
the divifions at a diftance, which will prevent
his weakening "the influence of the eletric
POWETS,

This gentleman has publifhed a very ingenious
paper on the naturc and properties of electrome~

tCrs,
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ters, which I meantto haveintroduced in this place
if I had not been informed that he had made ftill
further improvements on the fubjeét which he
defigned to communicate to the public.

- Plate II; Fig: 6,. reprefents the quadrant
ele@trometer;, the moft ufeful inftrument of the
kind yet difcovered; as well for meafuring
the degree of cle&tritity 6f any body, as to af-
eertain the quantity of a charge before an ex-
plofion ; and to difcover the exa&t time the
eleftricity of a jar changes;, when, without
making an explofion, it is difcharged by giving
it a quantity of the contrary ele@sicity: The
piila_r LM is generally made of woed, the
oraduated arch NOP of ivory, the rod RS
is made of very light wood, with a pith ball
at the extremity ; it turns upon the center of
the femicircle, fo as dlways to keep near its
furface 5 the extremity of the ftem L M may
either be fitted to the conductor or the knob of
ajar. When the apparatus is ele@rified, the
tod is repelled by the ftem, and moves along
the graduated arch of the femicircle, fo as to
mark the degree to which the conduétar is elec=
trified; or the height to which the charge of
the jar 1s advanced.

Beccaria recommends fixing the index be-
tween two femicircles, beecaufe when it is
placed over one only, the eletricity of this re-

D . pels
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pels and counteraéts the motion of the index:
Other improvements and varidtions have been
made in this inftrument, which will be de-
{cribed hereafter.

Plate II; Fig: g, is an eleé@trometer which was
contrived many years fince by Mr. Townfend,
to afcertain the real foree of the eleétric explo-
fion: ab 1sa fmall ivory plate; ¢ a loofe cone
of ivory to be placed on the plate ab, efg a
circle which turns freely on two centers, an arm,
d, of wood proceeds from this circle and lyes
on 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 1s fixed at one
end to the bottom board at i, and pafies
over the wheel, a weight k is tied to the other
end to regulate the friction of the circle efg.
| Fig. 8 is an infulating ftool ; the feet are of
 glafs. When it is ufed, the infulation will be
rendered more perfect by placing a fheet of pa-
per well dried under the feet of the ftool:
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The Properties of Eleftric Attraftion and
Repulfion, illufirated by Experiments on
light Bodies.

ATURAL philofophers were originally
incited to confider the nature of eleétri-
city from its ftrong attraltive and repulfive
powers. The phaenomena exhibited. by thofe
myfterious properties are fo various and fo
pleafing, that they were led, as by enchant
ment, to purfue the fubject; and have been
richly rewarded by the difcoverics, which are
both interefting and important. -
The powers of Genius have been exerted
with induftrious ardour to inveftigate the caufes
ot thofe properties ; but, we are forry to own,
they ftill remain involved in deep uhﬁ:uritj;f;
and we are {til totally ignorant of that
mechaniim by which light bodies, when clec-
trified, approach or recede from each other.
To enter into a difcuffion of the difficulties
which perplex this fubject, would lead me too
far from the defign of this effay ; I fhall, there-
fore, proceed to ftate thole general properties,
of modes, of action which are obferved in elec-
D 3* | tric
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tric attraétion and repulfion, and then deferibe

the experiments from which thofe properties
have been deduced, or by which they are
illuftrated.

Generql Properties of Eleftrical Atfraﬁmn
and R.frpzrf n.

. The eleélric fluid, when in aétion, dif-
pﬂfes or places light bedies i in fuch manner as
will beft facilitate its tranfmlﬂi\pn through them,
with the greateft velocity ; and this in propor:
tion to the gravity of the body, its conducting
power, and the ftate of the air,

S Bodies r:hat are elecrified pofitively repel
each oth er.

3. Bodies electrified negatively repel each
other. | |

4. Bodies eleftrified by contrary powers at-
tract each other ftrongly,

5. Bodies that are eleltrified, attract thofe
fubftances which are not electrified.

6. Thefe fubftances that are brought within
the influence of ele@rified bodies, become pof-
fefled of a contrary eleétricity ; ar, electrified
fubftances, witheut parting with their own
eleCricity, act upon other bodies in their neigh-
bourhood, producing in them an eleftricity
which 1s 'pdntrar}r to their own ; or, bodies

which
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which are immerged in an ele€tric atmofphere,
;:.dwq,ys hecome poffeffed of a contrary elettricity
:m that of the body in whofc atmofphere they
are immerged,

Experiment XIIL

Fix the end A of the wire AB, Fig. 10,
in the fmall hole which 1s at the end of the
prime conductor 3 turn the cylmder and the fea-
thers, which are conneéted with thc wire by
linen threads, will feparate from-each other ;
the fibrous and ‘downy parts will become tur-
gid, and expand in a pleafing manner, in a
variety of dire@ipns.

Prefent’ a metallic point, the finger, or any
other conduéting fubftance to the feathers, the
downy parts thereof will 1mmed1arel}r callapfe
the dnergm}ce qf' the ft_athers will ceafe, andl
they will approach each ather, and cling
round the non-eleric body. u S

The feathers feparate from each other, and
_ tend towards unelectrified Dbodies, from the
effort made by the ele€tricity which 1s commu-
nicated to them to diffufe itfelf, and the refift-
ance it meets with from theair.
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Experiment XIV.

Fix the end C of the wire CD, fig. 11, into
the hole at the end of the conduétor, put the
machine in a&ion, and the two fmall balls cd
will recede from each other. Bring a condué-
ing fubftance within the fphere of their aétion,
and they will fly towards it; touch the con-
duor with a non-ele@ric, and they will imme-
diately come together.

The balls do not always diverge fo much as
might be expe&ted from the aftion of their at-
mofphere, becaufe they are influenced by that
of the conductor. ‘

The balls, or feathers, will feparate, &c. in
the fame manner, if they are annexed to a ne-

gative conductor.

Experimzent XV,

Prefent a fine thread towards an ele@rificd
conductor ; when it is ata proper diftance it will
fly towards and ftick to the conduor, and
convey the eleftric fluid from it to the hand ;
remoye the thread to a fmall diftance from thc
g:onduﬂ:ﬂr, and 1t will fly backwards and for-
wards with great velocity, and in a very pleaf-
ing manner ; prefent the fame thread towards
pne that hangs from the conductor, the}rj will

| attrac}
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attract and join each other. Bring a non-
eleéric body, as a brafs ball, near thefe threads,
¢he ball will repel that held by the hand, and
attra® that which is affixed to the conduétor :
the upper thread renders the brafs ball nega-
t1ve, and therefore goes towards it ; while the
ander thread, which is alfo negative, is re-
pelled. Iet the ball be brought near to the
lower part of the under one, and it will be
attracted by it.  The jun&ion of the threads
arifes from the effort the eletric fluid makes
w diffufe itfelf through them.

ExperimMeENnT XVL

To the edge of the brafs hoop b ¢ d, fig. 12,
are faftened, at equal diftances from each
other, fix or feven pieces of thread, about
four inches long ; a wire proceeds from the
hoop which fits into a cavity in the pillar
D; ze, is a brafs wire, to one end of
which are faftened feveral {mall 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 C}’lll‘ldLI’, and the threads tied to the hoop
will be attrafted by thofe which are faftened
to the wire ze, and will point towards each
A other
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other as fo many radii of a circle. 'The elec-
tric fluid pafles from the threads of 'the wire
into thofe of the hoop, and thus occafions the
fceming attraction between them,

Place the hoop bcd on an infulating ftand,
and when it is faturated with the eletric mat-
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 direction and i'nave towards it.

The ends of the threads appfar lumumus in
the dark, '

ExperiMENT XVIL

Sufpend the {mall metal plate F, fig. 13,
to the conductor by the hook H ; place tht".;_-’
ftand I diretly under it, and the large
plate G on the top of the ftand; the upper
part of the ftand I is moveable, fo that the
diftance of the two plates from each other
may be occafienally varied, Lay fmall paper
images, or any other l_i_ght. fubftances, on the
under plate, then put the machine in action,
and the light bedies will be attracted 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 poflefled of an clectricity which is
contrary to that of the upper plate, and are
therefore attraéted by it, and acquire the fame
éle&ricity with it ; they are then repelled, and
part with this eleétricity to the ftand, and are
again in a proper ftate to be attracted by the
upper plate.  That thefe bodies cannot be at-
;ra&ed by the upper plate till they have ace
quired a power contrary to it, or till the equili-
brium of the fluid in them is difturbed, will be
ciéﬁ:i-::%-f:i:mt from the following experiment.

ExpersmenTt XVIIL

Remove the under plate and ftand, hold
in its ftecad, by one corner, a pane of glafs,
which has previoufly been made very clean
and dry ; now, as glafs does not tranfmit
eletricity, no contrariety in the ele&tric ftates
of the condutor and the light fubftances can
be occafioned, and therefore no attration or
repulfion is obferved.

If a finger 1s prefented to the under fide of
the glafs plate, the light bodies will be at-
trafted and repelled ; the caufe of this will
be feen when the nature of the Leyden phial is
explained,

Mz.
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ExperiMENT XIX.

Place a fquare 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 rife up
into a vertical fituation, and remain between
the two plates without touching either of them.
Prefent 'a metal point towards the leaf, and n‘
will immediately fall down.

EXPERIMENT ' XX.

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

A glafs cylinder is occalionally placed be-
tween the two metal plates F G, fig. 13,
to prevent bran, fand, or other light fub-
flances being thrown offi

-
i r

E#P'ERIMEHT XX

Place two wires dlreéﬂ}f under and pnrallel
to, each other, fufpend unc f'rom the con-
dudtor, let the other cnmmumcatc with the
table ; a liglit image placed between thefe will,

when
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when the conduétor is eleétrified, appear like a
kiid of eleCtical rope-dancer.-----See fig. 15.

Edodaruen . JX0

“Cut a piece of leaf brafs; with an obtufe
anglé at one end; ahd a very acute one at the
othet, ptefent the large end towards an eletri-
fied conduétor, and when the leaf brafs is
within its atmofphere let it go, it will then fix
itfelf to the conductor by the apex of its obtufe
angle, and, from its continual wavering mo-
tion, will appear to be animated.

The riext experiment requires confiderable
attention to make it fucceed i as a fmall differ-
ence in the apparatus; or in the force of the
machine, &c. will make it fail ; when it an-
fwers, it generally affords pleafure to; and ex-
cites admiration in the fpeétators:

ExperiMent XXIIL

Fix the ring N OP, figi 16, to the end of
the condu@or, place the plate G, fig. 13, on it§
ftand I under it; and at a little diftance from ity
put a very light hollow glafs ball upon the
plate but w1thm the ring, turn the cylinder,
and the little ball will deferibe an orbit about

the ring, and turn at the fame time about its
oWR
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own axis ; the poles of its ri_;taticn are ncaﬂf
at right angles to the plane of its orbit:

EzxperiMeEnT XXIV,

Fig. 17 reprefents a fmall fet of bells, the
two exterior ones are connected to the wire VY
h}' a brafs chain, the middle bell ahd the clap=
pers are fufpended o filk

Hang the bells on the conductor by the hook
R S, let the chain from the middle bell touch
the table; turn the cylinder, and the clappers
will iy continually from bell to bell as long as
the eletricity continues.

The brafs chain, which conne&s the two ex-
terior bells to the conducor, conveys the elec-
tric fluid to them, which attrats the clappers;
thefe, when they have received the eleétrie
fluid; are repelled iajr the exterior bell; and ats
traced by the middle one, on which they de-
pofit their eleftricity ; they are then again at-
tralted and repelled by the outer' bells. Hold
up, by a filk thread, the chain X, which pro-
ceeds from the middle bell, and the ringing will
ceafe, betaufe it cannot convey the cle&ric
fluid communicated by the clappers to the
ground.

Fig. 18 reprefents a more elegant form of
mounting the bells, When this is ufed, the

koob
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knob a, fhould communicate with the com -
dutor. 2 .

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 freely in, and is fupported by, &
hole in the brafs picce g. Bells of different
tones are placed round the board hI K: Re-
move the prime conduétor, and place this appa-
ratus in its ftead near the cylinder, when this is
mn aftion, it will canfc the fly to turn round, the

elapper will ftrike each belt in rotation, and
thus produce a pleafing and harmonious found.

ExpErRIMENT XXV.

Take 100t 12 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 conduttor ; the threads, when
ele@rified ; endeavour to recede from each other,
and the knnt at the bottom rifing upwards as
the rr:pulﬁon of the thread increafes, will form
them into a {pheroidal figure.

ExperiMeENT XXVI.

Bring a downy feather or lock of cotton near
the end of an excited fubey or the knob of a
charged
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eharged Leyden phial, the feather will at firfk
fly towards the tube, but when it is faturated
with the eleftric matter, it will recede from it,
and may be driven about the room by the ex-
cited tube till it touches fome non-conductor
to which it can impart its eleCricity. The
fame fide of the feather is always turned to-
wards the tube; becaufe, the eleitrieity ac-
quired by the. feather, is forced by the action of
the tube to that fide which is fartheft from it,
which is therefore repelled.

It is eafy to perceive, from this and the fore-
going experiments, that it is not the mere mat-
ter which 1s attrated, but that the different
phoenomena are oceafioned by the ftate of the
eleftric fluid, in thofe fubftances which are
influenced by the machine.

ExrrrimenT XXVIL

Put a pmnted wire into one of the holes
vhich are at the endof the conduétor, hold a glafs
umbler over the point, then electrify the con-
luétor, and turn the tumbler round, that the
whole interior furface may receive the fluid
from the point, place a few pith balls on the
:able, and cover them with this glafs tumbler,

the balls will immediately begin to leap up and
| down
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CHAP. IV.

Artraction dna’: qu_m%n mryfa@rfg, relative
to the two flates of Electricity.

HE expenments deferibed in this chapter

~ are fimple, eafily perﬂ:}rmed and certain

in their refults ; and, though the],r may at firft

ﬁght appear ta be trifling, yet, on an attentive

éxaminatidn, they will be found of confiderable

importarnce, as they afford a clue to inveftigate

and explain a varlety of eleftric phcenﬂmena

and exhibit, in a firong point of view, fome of

the contrary effeéts of fegative and pofitive
eledtricity.

Thefe ttpenmems may 41l be made with 4
fmall and portable apparatus ; confifting gene-
rally of two brafs tubes; as A and B; fig. 22,
tach of thefe is fupported on a glafs pﬂlar G,
which fcréws into a wooden foot H, a pair of
fmall plth balls fufpended on linen threads, as
12K, fit upon each rube by means of a {mall
brafs ring ;  thef€ tubes, with a piece of fealing
wax or a glafs tube, are fufficient to illuftrate
the greater part of the experiments in this
¢haprer, as well as fome of the principal phee-~
nomiena in eledtricity.

E 2 The
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The apparatus will be rendered more com-
plete by the addition of two more brafs tubes
with their ftands, a {mall Leyden phial, and
a piece of varnifhed filk.

Mr. Wilfon, in a mafterly tract on this fub_]cf‘t
entitled, * A fhort View of Ele&ricity,” 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 eleétrified,
and will feparate from each other ; the balls are
ele@rified pofitively, and are therefore attraét-
ed by excited wax, and repelled by excited

glafs.

EKPE‘RIMEIHT XL

Hold an excited glafs tube over one of the
brafs tubes, but at fome 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 excited glafs,
the bails will diverge with pofitive eletricity ;
remove the excited glafs, the balls will then
return to their natural ftate and clofe.

E x-

-
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ExperimentT XXXIL

Electrify the pith balls that are fufpended
from the brafs tube A, fig.27, then bring the
end of this tube in contaét with the end of the
tube B, the balls of which are un-electrified ;
the ftock of eleétricity 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.

ExrperimenTt XXXIIL

Eleétrify 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.

Experimeznt XXXIV,

EleCtrify the tubds equally, but with the dif-

ferent powers, one with glafs, the other with
wax, bring the ends of the tubes in contadt,
and the balls will clofe.
- We learn from thefe experiments, that the
pofitive and negative powers counteract each
other ; 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-
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E_#PE-RIMENT 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
eleétrical fluid refident in it will be forced by
the excited glafs tube into the finger, remove
at the fame inftant the finger and glafs, and the
balls will remain negativell}r electrified. ;

ExrERr IMEJNT XXXVI.

Place the brafs tubes, A and B, fig. 22, in
a ftrait line with their ends in contaét, hold the
_{Excited glafs over the tube A, part of the elec-
tric fluid naturally refident in this will be driven
into B ; feparate the tubes, the balls of A will be
negative, and thofe of B will bein a pnﬁuw

ﬁ:ate

Experiment XXXVIIL

- Infulate a long metallic rod, ‘fufpend a pair
of pith balls from each 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, cleftrify the conductor, and the -eleétric
fluid in the rod will be driven to that end which
is furtheft from the candu&ﬂr ; fo that oneend

wﬂl

3o s



ONXBLECBRECITY. i

will be ele@rified negatively, the other end
pofitively, as will be feen by the balls.

ExpreERrI MENT XXXVIII.

Apply a ftick of excited wax to the tube D,
fig, 23, as at A, while it remains there the
balls open with negative eleitricity ; raife the
wax, asat B, and the balls will clofe ; raife it
ftill higher, and they will open with pofitive
elettricity.

ExperiMENT XXXIX.

Excited glafs held over the middle of the
tube A, fig. 24, forces fome part of the natural
quantity of ele@ricity of A into the balls, and
fome part out at the two ends into the air.
During this experiment, the balls of A are re-
pelled by glafs, and are therefore in a pofitive
ftate ; but, after the excited glafs is removed,
they in a very little time change to a negative
ftate, becaufe part of the narural quantity had
efcaped from the pointed ends into the air,
while the glafs was held over the tube; but,
when the glafs is removed, the over-charge in
the balls will of courfe return, and diffufe itfelf
equally in the tube, but as this is not fufhicient
to balance the lofs fuftained, the tube, thread,
anid balls muft be in a negative ftate, *

B ' E x-

* Wilfon’s Short View of Ele&ricity, p. 7.
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- ExepernimentT XL,

Pliace swhree tubes,, A, B, C, fig: 2%, ina
line near to, or in contat with, each other ;
excited glafs held over A forces out part of the
natural quantity of fluid contained in A inte
B and C; feparate A from B and C, A will be
eleftrified negatively, B and C will be in a pofi-
tive ftate. Put the three tubes into their former
fituation, the equilibrium will be reftored, and
the balls will collapfe.®

ExrerimenT XLI.

Place four tubes, as A, B, C, D, fig. 26,
in contaét with each other ; excited glafs held
ever 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, flate, *

EKPERIME_-HT XLIIL

Excited glafs held at about one inch diftance
from the end B, of a folid cylinder of glafs B, D,

+ fig, 28, PL III, 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 te the glafs will undergo feveral al-
terations, which are difcovered by the effe@ an
excited glafs tube has on a number of pith balls,
which are f{ufpended at equal diftances from
each other between B and D ; in a little fpace
of tie the Icle&ricit}r 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 contact with
the end B, the additional quantity received at
B will, in going towards D, caufe feveral al-
terations 1n the denfity of the fluid in B D, but
thefe 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 eleftric fluid in any body be-
comes fuddenly more denfe in any one part,
the fluid in the neighbouring parts will be
more rare, and vice verfa. Thefe alternate
changes of rarity and denfity muft, from the
“nature of an elaftic fluid, coptinue 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, they are
unpercepnble to the obferver. #
It
* Ibid, p, 18.
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earth in 2 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 cle@trified bodies within the re-
ceiver, grow languid, and foon ceale altoge-
ther.

Experiments on the attrailion and repulfin
| of excited filk ribbons.

Exprriment XLIV.

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

E._xPEMMEMT XLV,

Lay either of the ribbons upon a quire of"
paper, and draw over it amber, fealing-wax,
or any other negative eleétric, the ribbons will
be excited pofitively,

If pofitive eletrics are drawn over the ribs
bons, they will be excited negatively,

E x-






ON ELECERICITY. | 6

fore-mentioned rough fubftance, they will ia &
few minutes be mutually attracted ;5 the upper-
moft being pofitively, the undermoft negatively,
ele@rified.

When two white ribbens receive their fric-
tion on a reugh furface, they always aoquire
contrary eleftricities ; the upper one is néga-
rively, the lower one pofitively, eleétrified.

ExperimMeEnT XLIX,

When two ribbons are inade to repel each
other, draw the point of a needle lengthways
down one of them, and they will ruth roge-
thet.

EXxPERIMENT L.

Bring an eleftrified ribbon near a fmall infu-
lated metallic plate, it will be attracted but
feebly ; bring a finger near the plate, a2 {park
will be obferved between them,~ though both
together thew no figns of elettricity ; on the
feparation of the ribbon they agzin appear 1o
be electrified, and a fpark is perceived berween
the plate and the finges. |

¥FxperimMenT LL

Lay a number of ribbons of the fame colour
upon a fmooth conducting fubftance, draw the

1VOTy
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ivory rule over them, take them up fingly, atid

each will give a fpark at the place where it is
feparated from the other ; the laft will do the

fame with the condu®or ; they are all negatively

electrified. Take them from the plate together,
they will all cohere in one mafsy which is nega-
tively eleétrified on both fides.

Exres imen® LI

Let them be placed on a rough conduting
fubftance, and then be feparated fingly, begin-
hing with the lowermoft, {parks appear as be-
fore, but all the ribbons will be electrified po-
fitively except the uppetmoft. If they receive
the fri@ion upon the rough conduéor, and are
all taken up at once, all the intermediate rib-
bons acquire the eletricity of the higheft or
Ioweft, according as the feparation is begum
with the higheft or the loweft. |

The following very curious obfervations and
experiments were made by Mr: Symmer. He
had beéen accuftomed to wear two pairf of filk

ftockings, a black and a white, when thefe

were pulled off both together no figns of elee~
tricity appeared ; but, on pulling off the black
ones from the white, he heard a fnapping or
¢racking noife; and in the dark perceived

fparks between thems To produce this and
the

S —— -mh—-dﬁﬁ-&ﬂt“
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the following appearances in great perfection,
it was only neceflary to draw his hand feveral
times backward and forward over his leg with
the ftockings upon 1t:

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
pofitively, the black negatively. While they
were kept at a diftance from each other, both
of them appeared inflated to {uch a degree that
they exhibited the intire fhape of the leg:
When two black or two white ftockings are
held in one hand, they repel one another with
confiderable force: When a white and 2 black
flocking were prefented to each other they were
mutually attrafted, and rufh together, if per-
mitted, with great violence. As they ap-
proach the inflation gradually fubfides; and
their attraction of foreign objelts diminifhes,
but their attration of one another increafes ;
when they actually meet, they become flat and
joined clofe together, like fo many foldé of
filk ; when feparated again, their eleftric virtue
does not feem to be in the leaft impaired for
having once met. The fame appcarances will
be exhibited by them for a conifiderable time.

When the ftockings were fuffered to meet,
they ftuck together with confiderable force ;
at firft Mr. Symmer found they required from

ene
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one to twelve ounces to feparate them. Ano-
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 a

hﬂlf;

CHAP-
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C°H WP 3
Of the Elellric Spark.

EXPERIMENT LIII

I\ [ X the wire and ball B to thé end of the
conductor, as at A, fig. 29, turn the cy-
Iinder, and then bring the knuckle, or another
metal bali,— as ¢, towards B; if the machine
is powerfull, a long, crooked, brilliant, elec~
tric fpark, with the appearance of fire,
attended with a fnapping noife, will pafs be-
tween the two balls, or between thé Knuckle
and ball. |
The experiments in the foregoing chapter
fhow, that thofe fubftances which are brought
within the influence of eleétrified bodies, will
become poflefled of a contrary electricity, and-
are confequently in a proper ftate to receive a
fpark 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
hot explode at the greateft diffance on a given
body, until it has firt been made to firike at
F fome
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fome fmaller diftance, which, as it were, én<
tices the difcharge gradually forwards.

The longeft and moft denfe fparks proceed
from that end of the conductor which is far-
theft from the eylinder, though long curvilinear
Afparks may alfo be taken near the infulating
pillar which fupports the conductor.

‘The fpark, or quantity of electrieity difs

charged, is nearly in proportion to the fize of
the conductor ; fothat larger and longer {parks:
are obrained from a conduéter which has a
confiderable furface, than from a {mall one.

This has been extended fo far, that the force

of the fpark from a conductor has been equak
to a fhock from a good fized phial.
The momentum or effort of the ele@ric

fluid feems to be produced by the incumbent
preflure of the atmofphere on the eleftric mat--
-ter, and the preflure of one part of this matter
upon anather ; which muft be very great, if
the parts of it.are in contact, or a¢t immedi~
ately one on the other throughout the wide im--

menfity of fpace,

When the quantity of ele@ricity is finall,.
and incapable of ftriking at any confiderable-

diftance, the fpark appears ftrait; but, when.
it is firong, and capable of ftriking at a greater
diftance, it affumes a crooked or zig-zag di--

reftion ; and this, probably, becaufe the more

fluid
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ﬂmd ele@tric matter has tor pafs with great ra-
pidity through the denfer and lefs fluid at-
mofphere, which reciprocally aét trpmﬁ each
other.

It will be feen, by a great variety nf expe-
riments, that the cleric flmid is diffipated,
unlefs it is refifted by the preffure of the at-
mofphere; which kecps the fire together in a
body, and by concentrating it increafes its
fplendor. The fpark which explodes in the
atr is vivid, like llghtf:mn ; but, if the fame
is tried in an exhaufted receiver, inftead of a
fpark and explofion, weé have only a filent,
fmnt diluted ﬁream :

Beccaria f&.}r s, that thd air refifts the ele&ric
fpark in proportion to its denfity, and the thick-
nefs of the ftratum it oppofes to the {park, or
the length of the paflage they open for them-
felves through its fubftance. He alfo thews,
by a variety of experiments, that the air is
driven in every direGion by the eleétric fluid
with a force, the action.of which does not im-
mediately {fubfide.

The ele@ric fpark appears of a different’
¢olour according to its denfity : when it is rare,
it appears of a blucith colour ; when more denfe,
it is purple ; when highly condenfed, ir is clear
and white like the light of the fun.

F z (73 The
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The middle part of an eleétric 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 into many
parts, as in fig. 30. The rays of the pencil
concentrate where they firike the ball, and
form upon it many denfe and fhining {parks. -

Experimevt LIV,

Place an ivory ball on the conduftor, take a
ftrong fpark, (or pafs the charge of a Leyden
bottle through the center of it) the ball will
appear perfeftly luminous. If the charge is
not taken through the center, it will pafs over
and corrode the furface of the balls

*

ExrperiMenT LV.

Take a fpark through a ball of box-wood,
and it will appear of a beautiful crimfon, or ra-
ther a fine fcarlet colour : or the fhock may be

pafied through pieces of wood of different”

- thickneffes and denfity, which will afford a
very ample field for obfervation and experis
ment.

The
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The two foregoing experiments are fo
analagous to the famous experiment of Mr.
Hauxibee, and fome others which have becn
made fince his time, that I have fubjoined
them, and hope they will lead to a further in-
veftigation of this curious fubject.

Experimext LVI

Mr. Haux{bee 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 exgite it, he {aw the fhape

and figure of it as diftinctly 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 juft 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 thape
and figure of his hand were as diftinguithable
as any where elfe.

Beccaria difcharged an eletric thock through
fome brafs duft fprinkled between two plates of
fealing wax ; the whole was rendered perfeﬁlj,f
iuminous and tranfparent.

F 3 ' Ex-
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ExperimenT LVIL

This extraﬂrdlmry experiment was made by
Dr. Pricftley, and is thus defcribed by him,
I laid a cham, whu:h was in contact with the
outfide of a _}:I.I' l:ghtl}f on my finger, and
fometimes kept it at a fmall diftance by means
of a thin picce of glafs. If I made the dif-
chargc at the dIﬂance of about three inches,
the electric fire was vifible on the furface of
;h-t finger, gwmg it a fudden concuffion, which
feemed to make if vibrate to the very bone ;
and, when it happened to pafs on that fide of .
'thc finger which was oppofite o the eye, the
whole feemed, in the dark, perfeétly tranfs
parent. T T S 8s
YT o

Experiment LVIIL

Connelt one end of a chain with the outfide
~of acharged jar, let the other end lye on the
tab]e, place the end of another piece of chain
- at about one quarter of an inch diftance from
the fmnwr, then fet a decanter of water .on
thefe feparated ends, and, on making the dif~
charge thmugh the chain, the water will appear
perfe&ly and’ beaunfull.y luminous. This exXperi=
ment was communicated to me by Mr. Haas, the
mwmtor of an 1mpmwd air pump, which far

exeacds
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exceeds thofe that have been hitherto made
afe of.

Do not thefe experiments indicate, that
there is a fubtle medium both in eledric and
non-cleétric bodies that renders them tranfpas
rent whep it is put in ‘motion ?

Exrerimenr LIX.

The fparks taken over a piece of filver lea.
ther appear of a green colour, !

ExpERIMENT LX.

EF, fig. 31, isa glafs tube, round which,
at fmall but equal diftances from each other,
~ pieces of tin-foil are pafted in a fpiral form,
(hence it is called the fpiral tube) from end to
end; thistube is inclofed in a larger onej fitted
with brafs caps at each end, which are connect-
ed with the tin-foil of the inner tube, Hold
one end in the hand, and apply the other near
enough to the prime conductor to take fparks
from it, a beautiful and lucid fppt will then be
feen at each feparation of the tin-foil; thefe
multiply, as it were, the fpark taken from the
conduftor, for, if there was no break in the
sin-foil, the eleétric fire would pafs off unper-
seived, | |

F 4 E x-
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ExperimMenT LXI.

The Luminous Word. This experiment
_1s exaétly on the fame principles as the fore-
going. The word is formed by the {mall fe-
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-
ductor, 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 charaéters of fire,

ExperimenTt LXII

To take the electric {fpark with a metal point;
fcrew a pointed brafs wire into one end of a
- {fpiral tube, and prefent it to the conductor
while the machine is in action, when a ftrong
{park will pafs between the conductor and the
point, 5

Exreriment LXIIL

Take a clean dry glafs tube, of about gz
quarter of an inch bore, infert a pointed wire
g ' in
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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 conductor, and ftrong
zig-zag {parks, attended with a peculiar noife,
avill pafs between the condultor and the point.
The feparation between the pieces of tin-foil,
in experiment 62, forms a refiftance which hin-
“ders the immediate reception of the eledric
fluid, and thus, in fome meafure, prevents the
common action of the point on the conduclor;
or, inother words, the power of a point to pre-
vent an explofion, depends on its having a per-
felt  uninterrupted imetallic communication
with the earth; though this is not quite {uffici-
ent, as may be {feen by Ex. L.XIII, where the
fluid is concentrated and colle€ted by the nop-
condu@ting fubftanee, which furrounds the

lpnlnr.

Exrperimext LXIV.

Let any perfon ftand on the infulating %0l
and conneét himfelf by a wire or chain with the
prime conduétor, he will then exhibirt the fame
appearances which are obtained from the con-
ductor, and will attra& light bodics, give the
{park, &e. and thus afford a pleafing mode of di-
verfifying every experiment, Itis abfolutely ne-

cellary,
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ceflary, to the complete fuccefs of this experis

ment, that ne part of the cloaths touch the
floor, table, &c. and that the glafs feet be
carcfully dried ; a fheet of dry brown paper
placed under the flool, will be found of con-
fiderable fervice, by rendering the infulation
more compleat,

If the nfulated perfon lays his hand on the
cloaths of one that is not fo, efpecially if they
arc woollen, they will both feel as it were many
pins pricking them, as long as the cylinder is
in motion,

ExreriMENT LXV‘.

To fire {pirits of wine with the ele@ric fpark,
Hea: the ladle, fig. 33, then pour a fmall
quantity of fpirit of wine intg it, and fix it by
its handle to the end of the prime conduétor;
or, fire the {pirits, and blow them out a few
minutes before the experiment is made; take
a {park through the middle of the ladle with a
brafs ball, and the {pirits will be fired by it.

Or, let a perfon, ftanding on an infulating
ftool and conneéted with the prime conduder,
Imld the ladle with the fpirits in his hand, and
Tet a perfon on the floor take a fpark through
them, and they will be fired, The experis
ment anfwers equally well, if the perfon on the

floor
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floor holds the ladle, and the infulated perfon
takes the {park, '

ExreriMenT LXVI

If oil of turpentine is fet on fire in a veflel
which 1s placed on the condultor, and the
imoke is received on a plate, held by a perfon
flanding on an infulated ftool, he will be clec-
erified thereby, and enabled to fire {pirits of
wine, &c. If the infulated perfon holds a brafs
wire at the top of the flame of burning {pirits
of wine which is conneéted with the conduétor,
he will allo become eleftrified. Hence we
find, that either {fmoke or flame conducts the
electrical fluid. '

Mr. Volta has fucceeded in obtaining un-
floubted figns of eleétricity from the fimple
evaporation of water, and from various chemis
¢al effervefcences. |

EKPERIMENT LXVII.

Infulate a fmall crucible, containing three or
four lighted coals, throw a fpoonful of water
on the coals, and in a fhort {pace of time, an
r:ieé‘tmmcter, which. communicates with the
coals by means of a wm;, will diverge with
ncgamc eleCtrigity,

From
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“gation : in a little time the mixture will ¢ffer-
vefce; and emit a fluid which will pafs through
the bent tube, go into the bottle K, and at laft
fill it totally, expelling the water ; the bottle
is then to be removed, and cnrlr;ed as expediti-
oufly as poffible, %

Fig: 39 reprefents a brafs piftol for inflam-
mable air; ab is a chamber of brafs; to the
mouth a ¢ of which a cork is fitted, a perfora-
ted piece of brafs fcrews on to the bottom of
_this chamber, (this pieceis reprefented by itfelf
in fig. 40) a glafs tube is cemented into the
perforation of this piece, and a brafs wire is
alfo .cemented into the glafs tube ; one end of
~ this wire is furnithed with a ball, the other ex-
tremity is bent, fo as to come within abour =2
tenth of an inch of the brafs picce. Fig. 41 is a
brafs cap, which fcrews 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 tegether,
becaufe the former being lighter than the lat-
ter will naturally defcend ; keep the piftol in
this fituation about 15 feconds, then remove ir,
and cork both the bottle and piftcl with the
utmoft expedition.

If
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]::f the piftol is held too long over the bnttie;'
and is intirely filled with mflammable air; it
will not explode:
ExreriMenT LXVIIL

Bring the ball of the piftel, which is 4&:1'1:11'@;{@{5[i

with inflammable air, fear the prime con~

duflor, or the knob of a charged bottle;
the fpark which p"aﬂ'es between the end of
the wite f and the piece g, fig. 40, will fire
the inflammable air; and drive the cork to
a confiderable diftance. 'This ir, like alf
other, requires the prefence either of pure airy
~ or the nitrous acid, to enable it to burn; but,

if it i$ mixed with a certain quantity of com-

mon air, an explofion will take place in paffing

the ele&ric fpark through it

Mr. Cavallo recommends a piftol made i
the following manner, to thofe who with to
make experiments on the explofion of inflam-<
mablé and dephlogifticated air, or with known’
quantities of common and inflaimmable air.
It confifts of a brafs tube, about one inch in
diameter and fix inches long, to one extremity”
of which a perforated piece of wood is {ecurely”
fitted ; a brafs wire, about four inches long,
is C{}véred, except its ends, firft with fealing
wax, then with filk, and afterwards with feal-”
: ' INg

¢

UL S R W BT



ON ELECPRIEITY. ‘4y

ing wax again. This wire is to be cemented in the
perforation of the wooden pieee; fo as to pro-
ject about two inches within the tube, the reft
is on the outfide ; that part of the wire which
is within, 1s bent fo as to be only about one
tenth of an inch from the infide of the brafs
fube. #

To ufe this piftol ; fill it with, and then in-
vert it into a bafon of water ; make the re-
quired quantity of inflaimmable and common
air in another veflel, by putting in known and
proportionable meafures of each ; introduce
this mixture into the piftol, and then flop it
with a cork, take the piftol out of the watery
and pafs in the ufual manner the fpark of z
charged jar threugh it, and the inflammable
air will be fixed.

The inftruments for firing the inflammable
air with the.elefric fpark, are often made in
the thape of a cannon.

® Cavallo on Airy p. 812

CHAP.
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W S
Of Eldirified Points.

ExperiMENT , LXIX.

RESENT the pointed end of a wire to-

wards a conductor which is pofitively
ele@rified, a lucid globular point or flar will
E.ppear on the point, and the eletric fluid will
be evidently conveyed away and diffipated from
the conduétor.

ExperimMeENT LXX.

Prefent a pointed wire tawards a conductor

that is eleétrified negatively ; a lucid cone o

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

'‘ExperiMENT LXXIL

The lucid ftar is feen on the collecting
points of a pofitive conductor, while a diverging
cope will appear en a point placed at the end of
the conduétor.
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ExperimMeENnT _LXXII.

A lucid cone appears on the colle€tor of a
negative conduétor, and a lucid ftar on a point
placed at the oppofite end of the conductor;

The fufceptibility of peints to receive or
part with the eleftric matter, and the different
appearance of the light on the point, in
various experiments, has led many ele@ricians
to conclude, that thefe appearances determined,
in 4 decifive manner, the diretion of the elec-
tric fluid. They fuppofe, that the appearance
of the globular light or ftar is an indication
that the elef&tric fluid is entering by that
point; and that the fluid proceeds from theé
point on which the lucid cone or brufh is
fecn. This opinion is confirmed, by obferving
that thefe appearances are conformable to
the laws obferved by other fluids, which di=
verge from the refiftance they meet with front
the air ; as is the cafe when the eleétric fluid
iffues from a point placed at the end of a pofi-
tive conductor. To this it has been objeted;
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 from one point of the atmofphere rather
than another, 'as it is known to refift the paflage

G of
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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 it; turn the machine,
and place the fame wire at the end of the nega-
tive conductor, the appearance will be reveried,
and the knob will foon be heated by the flame
of the candle which is carried towards it.

EEPERII‘{ENT LXXVI.

Fix a pointed wire in the hole on the uppef
fide of the conduétor, then place the center of
the brafs crofs K, fig! 34, upon the point, the
- énds of which crofs are all bent one way ; elec-
trify the condu&ory aad the crofs will turn
upon its center witlr great rapidity. If the
room be darkenmed, a circle of light will be
formed by the eleétric fluid on the points of
the wires. The re-action of the air on the di~
verging cone of electric matter gives the retro-
grade motion to the points of the wire.

The fly turns round in the fame direétion,
whether it is cleétrified negatively or pofitively ;
though it will not move in vacuo, unlefs the
finger, or fome other conduétor, is applied to
the glafs receiver oppofite to one of the points,
it will then begin to move, and continue to do

fo brifkly till the glafs is charged.

G 2 : ¥ %
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EXPERIMENT LXXVH.

Ele&rify the two infulated wires MN, oP,
fig. 35, and the refiftance of the air againft the
eledric fiream, from the point of the fly L,
(the axis of which rolls on the wires) will forece
the fly up the declivity of the inclined plane
MN, oP.

ExperimeEnt LXXVIHI .

Flg 36 reprefents a fmall crane, which will
move fmm the fame caufe as the foregoing,
‘and raife a {fmall weight.

Experiment LXXIX.

Several flyers may be made to turn at the
fame time, fece fig. 37, and many other pleafing
experiments may be contrived on the fame
principle.

When the eleétric fluid percolates a wooden
point, the ftream or cone which iffues from it
feems diluted, and fomething fimilar to the
purple eletric light which is obtained in vacuo.
The aétion of the eleétric fluid on the air by an
ele&rified point, produces a fenfible aura, er
wind, of fufficient force, as is {feen above, to

put light bodies in motion, or difturb the flame
of
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of a candle, and occafion an undulation in
fluids ; the a&ion of the fluid is {fo modified
by points as to produce an agreeable fenfation,
refembling a gentle breathing ; this fenfation
may be rendered more or lefs ftimulating, by
the refiftance the fluid meets with in its aétion
on our bodies, an effe¢t which is praductive of
great advantages in medical electricity,

G 3 CH A P-
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CH A Py Nk
Of the Leyden Phial.

~H E experiments upon the Leyden phiaf

are fome of the moft interefting in elec-
tricity ; they excited the attention of the philo-
{opher to this fubjet more than any other ex-

periment, and are ftill viewed with wonder and
L

furprize.

The phoenomena attending this very extra-
ordinary experiment feemed totally inexplica-
ble, till they were elucidated by the ingenious
theory of Dr. ¥ranklin; which, in a plain and

clear manner, accounts for moft of the difficul-

ties which attend this intricate branch of elec-
fricity ; and accomodates itfelf {o eafily and fatif-

fattorily to a variety of appearances, as to -

make us‘ almoft lofe fight of the objections
againft it. ‘

ExreriMent LXXX.

Place the brafs ball of a coated jar in conta&t
with the prime conductor while the outfide
communicates with the table, turn the cylin-
der, and the bottle will in a little time be

charged,

& P
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charged, or modify the eleéric fluid in a pecu-
liar manner. - To difcharge the jar, or reftore
it to its natural fate, bring one end of a con-
dudting fubftance in conta&t with the outfide
coating, and let the other be brought near the
knob of the jar which communicates with the
infide coating, a firong explofion will take
place, the eleétric light will be vifible, and the.

- report very loud,

ExeperimMent LXXXL

Charge the Leyden bottle, then touch the
outfide coating with one hand, and the knob
with the other, the bottle will be diﬁ:harged,
and a fudden peculiar fenfation will be per-
ceived, That is called the eleétric thock,
which, when it is taken in this manner, gene;
rally affects the wrifts, elbows, and breaft:
when the fhock is firong, it refembles an uni-
verfal blow. This peeuliu:‘ fenfation is proba-
bly owing to the two-fold and inftantaneous
aftion of the elefric fluid, which enters and
goes out of the body and the various parts
through which it pafles at one and the fame
inftant, It has been alfo obferved, that nature
has appointed a certain modification of the
elettric fluid in all terreftrial bodies, which we
violate in our experiments ; when this violation

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

If feveral perfons join hands, and the firft
touches the outfide of a charged jar, and the
laft the knob, the bottle will be difcharged,
and they will all feel the fhock at the fame in-
ftant ; but the greater the number of perfons
that join -hands to take a fhock, the weaker
it 1S. .

The force of the fhock is in proportion to
the quantity of coated furfaces, the thinnefs of
the glafs, and the power of the machine ; or,
the effe@® of the Leyden phial is increafed, in
proportion as we deftroy the equilibrium-on
the furfaces.

If a charged 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 confiderable
part of the glafs 1s 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
the glafs is thin, it will make a hole through
it, and fwell the coating on both fides,
y the
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the glafs in the hole will be pulverized, and
very often a variety of fiffures will proceed fmm
§t in various directions. -

A Leyden jar very often recovers its
eleftricity, ia a fmall degree, afrer a dil-
charge has been made ; this fecond explofion
is called the refiduum of a charge. '

The form or fize of the glafs 1s no ways
material to the receiving of a charge.

To avoid receiving the electric thock, be
careful never to touch the top and bottom of
the jar at the fame time, and never to enter 2
circuit formed between the infide and outfide
of a jar. By attending to this obfervation, jars
of any fize may be handled with fafety. Indeed,
the human frame makes fo little refiftance to
the free paflage of this fubtle agent, that no
other inconvenience will attend a thock 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 1f it had been prmked with a
needle.

A charged phial, fet upon eleétric fubftances,
may be taken hold of without danger, cither by
the coating or the wire; a fmall fpark only wil
proceed from either,

Dr.
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which, for that purpofe, muft communicate
with the earth ; when the whole quantity be-
iﬁnging to this furface has been difcharged, in
confequence of an equal quaatity thrown upon
the other furface, the bottle 1s charged as much
as it can poffibly be. The two furfaces are at
this time in a ftate of violence; the inner, or
pofitive fide, firongly difpofed to part with its
additional fire, and the outer, or negative fide,
equally defirous to attract what it has loft, but
neither of them capable of having a change
i its ftate effected, without the equal and
contemporary participation of the other. That
notwithftanding the vicinity of thefe two {ur-
faces, and the ftrong difpofition of the electric
fluid contained in one.of them to communicate
its fuper-abuhdance to the other, .and of that
to receive it, yet there is an impenetrable bar-
rier between them ; for, fo impermeable is glafs
to the eleCtric fluid, (though it permits one
fide of it to a&t on the ether) that its two fur-
faces remain in this ftate of contrariety till a
communication is formed between them, ab
¢xtra, by a proper conductor, when the-equili-
brium is fuddenly and vielently reftored, and
the electric fluid recovers its original ftate of
€quality on the two fides of the glafs.

Ex-
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h "
Experiments on charging and difcharging

the Leyden Phial, intended to elucidate

and confirm Dr. Franklin's Theory. “

ExperivMent LXXXIIL

Screw a Leyden phial, whofe coating is free
from points, upon an infulated ftand, and place-
1t {o that 1ts knob may be in conta¢t with the
conductor, (taking eare 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 ne charge ; which fthews clearly, that
except the electric fluid can efcape from one
fide of the jar, it can receive none on the
pther. |

" ExperIiment LXXXIIL

Place the fame infulated phial {o that its knob
may be about half an inch from the conductor,
and, while the cylinder 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 pafles between the conductor and the

: knob,
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knob, and the jar will in a little time be
charged, by adding elettricity to one fide, and
taking it away from the other.

ExperimexTtT LXXXIV, |

Screw the phial a, fig. 42, on the infulated
pillar d, and bring its knob in conta& with the
conductor ; hold another bottle ¢, of the {fame
fize with a, fo that its knob may be in conta&
with the outfide coating of the bottle a; turn
the cylinder, and when the bottle a is charged,
place c on the table, then unfcrew a from 1ts
{tand, and place it alfo on the table, but ar
fome diftance from the other; fit a brafs ball
to the bottom ftem of the quadrant eleGrome-
ter, and hold the eleGrometer by a filk fring,
fo that the brafs ball may touch the knob of
the bottle ; obferve at what height the index of
the eleftrometer {tands, and then remove it to
the other bottle, which will raife the index to
the fame height; fhewing clearly, that the
bottle has thrown off from the outfide as much
ele@ricity as it received on the infide.

ExrrrimentT LXXXV.

Place the knob of an infulated bottle in con-
tact with a pofitive conductor, and conneét the
outer
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outer coating with the cufhion, or a negative
conductor, - turn the cylinder, and the bottle
will be charged with its own cle¢tricity ; the

fluid from- the exterior coating being tran{-
ferred to the interior one:

" ExperrmMeEnt LXXXVI.

Charge the two bottles, fig: 43, pofitivelys
conne@ their outfide coatings by a wire or
thain; then bring their knobs together, there |
will be no {park between them, and the bottles
will not be difcharged, becaufe neither fide
has any thing t¢ communicate to the other.

ExperiMryT LXXXVIIL

Charge the infulated bottle, fio: 43, nega-
tively, and the other pofitively ; connet the
coating by a chdin; and bring the knobs to-

- wards each other, aft explofion will take place,
and the bottles will be difcharged: 1If a lighted
candle is placed between the knobs, the ex-

~plofion will be made through the flame in 2
beautiful manner, and at fomé inches diftance:
See fig. 44

EXPERIMENT LXXXVIIL.

Fix a quadrant cleétrometer to -the ball of

# Leyden bottle, and charge it negatively 3
. when
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when it has received a full charge the index
will ftand at go degrees 3 then place the bottle
with its eleétrometer at the pofitive conductor,
furn the cylinder, the ele(trometer will de-
fcend, and the bottle will be dxﬁ:harged by the
tontrary clectricity.

ExperiMeENT LXXXIX.

Infulate two Leyden bottles ; let their coatings
be in conta@®, and while you charge the infide
of one pofitively, let a perfon, ftanding on

the floor, touch the top of the other with his
| finger, and it will be charged negatively«

ExpERIMENT XC.

L M, fig. 45, reprefents a Leyden jar, which
is furnifhed with moveable coatings of tin ;
the inner one, N, may be removed by the filk
ftrings £ g, h; the jar may be taken from the
outer coating

Charge the jar, and then remove the coats
ings, bring a pair of pith balls towards the jar,
. and they will be firongly attrated by it; re-
place the coatings, and the jar will give a con-
fiderable fhock ; which fhews, that the power
or force of the charge is refident in the glafs,
and not in the coatings.

E z-
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4 vivid fpark will be feén between each of the
fhot, both within and without the bottle; as if
thic fire pafled through the glafs:

ExperiMENT XCIII.

Hold a phial in the hand which has fio coat<
ing on the outfide, and prefent its knob towards
an elef@rified condu&or ; the fire, while it is
charging; 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 jari

EXPERIMENT XCIV.

Tet a chain be fufpended from the conduttor
and pafs into an uncoated bottle, fo that it
does not touch the bottem ; put the machine
in action; 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.

EXPERIMENT XC‘V

Fig. 47 reprefents two Leyden ph';-:ll‘s,', placed
ene 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 reccived
theory. |

Bring the outfide coating of the bottle A in’
contat with the prime conduétor, and turn the
machine till the bottle is charged, then place
one ball of the difcharging rod upon the coat-
ing 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 produce a third explofion. A fourth’
1s obfained by applying the dilcharge from the
coating of A to its knob.’

The outer coating of the upper jar commu-
fiicating with the infide-of the under one, con-
veys the fluid from the conductor te the large
jary which is therefore charged pofitively ;- the
upper jar does not charge, becaufe the infide
cannot part with any of its ele@ric fluid ; but,
when a--communication is 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-
fide of this communicates by conduéting fub~

ftances



ON ELECTRICITY. g9

ftances with the pofitive infide of the jar B, if
the ball of the difcharging rod remains a fmall
time after the difcharge on the knob of A, part
of the fire of the infide of A will efcape, and
be replaced by an equal quantity on the outfide
from the jar B, by which means A is charged
a fecond time ; the difcharge of this produces
the third, and of B the fourth explofion.

The contrary State of the two oppofite Sides
of a charged Leyden Bottle, fhewn by
their refpeltive attractive and repulfive
Powers.

ExpErRIMENT XCVI.

- Screw the bﬁrtle H, fig. 49, with the belt fide-
ways on the mfulatmg ﬂand as in fig. 48, and
charge it pdfitively, then touch the knob with a
pair of pith balls, thefe will dﬁcrge with pofitive
electricity ; hold another pair to the coating,

and they will feparate with negative elec~
tricity.

EXPERIMENT XCVII.'_

_ 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 charged bottle, and

Itz place
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place them at a fmalldiftance from each othes,
then pufth them together till the ends of the
tubes are in contaét, and the balls will remain
in the fame ftate they were in before they were
brought together, becaufe their eletricity is
of the fame kind. The refult is the fame if
both pair are ele@trified by the coating 3 but if
one pair is electrified by the coating and the
other by the knob, when they are brought in
contact they immediately clofe.

Exrerximent XCVIH.

A cork ball, or an artificial fpider made of
burnt cork with legs of linen thread, fufpended
by filk, will play between the knobs of twor
bottles, one of which is charged pofitively, the
other negatively, and will in a little time dif-

charge them.

ExrperiMenT XCIX.

A ball, fufpended on ﬁlk, and pl?aced be=
tween two brafs balls, one proceeding from the
outfide, the other from the infide of a Leyden
jar, when the bottle is charged, will fly from
one knob to the other, and by thus conveying the
fire from the infide to the outfide of the bottle,

will foon difcharge it.
E x-
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Experiment C,

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

the {fame power.

ExperimMenT CI.

At fig. 58 a wire is fixed to the under part
of the infulated coated phial, b¢ another wire
fitted to, and at right angles with the former,
a brafs fly is placed on the point of this
wire ; charge the bottle, and all the time
the bottle i1s 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 condudting fubftance, and the fly
will turn again till the bottle is difcharged.
The fly will elecirify a pair of balls pofitively
while the bottle is charging, and negatively
when difcharging,

Experiment CIIL

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

s with
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with pofitive electricity, and they will continue
to repell cach other upwards of four hours i in
dry air. 'When the balls come together, re-
move the glafs, and they will open with nega-
tive eleftricity ; 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 point of a pin, the ball will
recede from them with a very brifk motion,
and may thus be driven about en the furface of
the glafs, llke a feather in the air by an excited
;ube The ball bemg deprived of its eletri-
city by the pin, it inftantly flies to that part
gf the glafs which attracts it moft forcibly.
~ To excite the pane of glafs ; lay it upon a
quire of large paper, well dried, and then rui
it with a piece of clean dry flannel. '

Lhe
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The contrary States of the different Sides of
a Leyden Plial, and the Direction of toe
Eleétric Fluid in the Charge and Dif-
charge thereof, invefligated by the Appear-
ances of the Electric Light, |

In chapter 6 we ebferved, that the differ-
ent appearances of light on eleétrified points
was deemed a criterion of the direction of the
elettric fluid. That the luminous ftar, or glo-
bule, thews the point is receiving the electric
matter, whilft the luminous brufh, or cone,
indicates that it is proceeding from the point.
We fhall now examine the ftates of the differ-
ent fides of the Leyden bottle by thefe appear-
ances. For this, and many eother purpofes,
the apparatus which is reprefented in fig. 49
will be found very convenient ; 1 have en-
deavoured to cembine the parts of it in fuch
manner as will render the apparatus extenfively
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 {crewed alternﬁtel}r 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 proje&s
from the upper cap, a pointed wire proceeds
from the bottom plate ; this tube is called the
luminous conduétor. The flafk, reprefented
at E, is called the Leyden vacuum. It is fur-
nithed with a valve under the ball E ; ; this ball
unicrews, in order to come more readily ar the
valve; a wire, with a blunt end, projeéts a
little below the neck of the flafk, the bottom
of the {lafk is coated with tin-foil, a female
fcrew is cemented to the bottom, in order to
{crew it on the pillar A.

F is a fyringe to exhauft the air occafionally
either from the luminous conduétor, or the
Leyden vacbum. To do this; unfcrew the
ball of the Leyden vacuum, or the plate of the
luminous conductor, and then ferew the fyringe
in the place of cither of thefe pieces, being
careful that the bottom of the female fcrew G
bears clofe againtt the leather which covers the
fthoulders ab, cd, then work the fyringe, and
in a few minutes the glaﬁes will be fufficiently
exhaufted. H and I are two ‘Leyden bottles,
each of whu:h has a female fcrew fitted to the
bottom, in order that they may be conveniently
{crewed on the pillar A. The bottle H is fur-
nithed with a belt, that it may be fcrewed fide-
ways on the pillar A. K and L are two fmall

wires, which are to fcrew occafionally into
either
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either the ball E, the knobs e or f, the cap C,
er the focket g, on the top of the pillar ; the
balls may be unfcrewed from thefe wires,
which will then exhibit a blunt point. M is a
woaden table, to be fcrewed on the glafs pillar
occafionally.

ExperiMment CIII

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 condultor, 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 conduétor 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 negative
conductor, and a luminous ftar will appear pn
the end of each wire. *

Experiment CIV.

Screw a pointed wire into the knob of the
jar, (fee fig. 51) charge the bottle pofitively,
the fire will be received from the conduétor by
the pointed wire, and appear there as a lumi-
nous ftar, while the wire on the outfide of the
Jax will throw off a diverging cone.

Fig,

(ol
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focket of metal which: carries the glafs rod E ;
a curved metallic wire, pointed at each end
is fixed to the end of the rod G, which rod is
moveable at pleafure in a fpring_tube N, that
tube being fixed by a focket upon the top of
the glafé rod E, the charging wire communi-
cates with the different divifions of the infide
cuatmg of the jar by horizontal wires.

Place the jar as ufual, and put the machine
in action, a {mall luminous {park will appear
upon 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, beauufully
diverging from the lower point of the wire F
upon the bottom rrng Df the coating on the jar ;.
when thefe appearances ceafe, which they will
as foon as the jar ig'cha'rged, let a pointed wire
be prefented towards 't,he_. "prime conductor,
this will foon difcharge the jar filently, during
which, the lower point will be illumined with

a {mall fpark, while the upper point of the wire
will “row off a pencil of rays, diverging to-
wards the upper ring of the coating.

ExperimenT CVIII.

Take a Leyden phial, the neck of which
fhould net 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 charging wire of the bottle, and
fometimes altually reach it. Prefent the knob
to the prime conductor, and charge the jar po-
fitively, a fmall {park of light will firft appear
on the edge of the cork in the neck of the bot-
tle, through which the wire paffes after a few
turns of the cylinder ; this fpark becomes a
bruth, darting out from the cork, and gradually
lengthening till it forms an arch, the end of it
extending downwards tili it reaches and touches
the end of the coating. If the bottle be dry,
it will in both cafes be difcharged fpontaneoutly.
Sce fig. 54 and 55, by

Exrzriment CIX.

An infulated pofitively charged bottle will
give a fpark from its knob to an excited ftick
of wax, while no {park will pafs between it and
an excited glafs tubfe.

ExperimMent 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 conductor
loaded with pofitive eletricity.

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

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

ExpsriMent CXL

Fig. 61 reprefents the luminous conductor
on the infulating ftand. Set the collecting
point near the c¢ylinder, and place the knob of
an uncharged phial in contaét with the ball,
or hang a chain from it to the table, and, on
working the machine, the ball will be envelo-
ped il a denfe eleftric atmofphere. If the
point be brought in eonta 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. Bur,
if a bottle ncgatively charged be thus ap-
plied, the appearance will be as in fig. 61.

This
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This tube, when mounted on its 111fulatmg
ftand, may be ufed inftead of the prime con-
du&or, and all thé common experiments may
be performed with it 3 s the tube will be lumi-
nous durmg the whole of the operation.

Of the Direction of the Elesiric Matter, ir
the Difcharge of the Leyden Phial.

i

ExPERI;Hﬁ'M I e

Place a chqrged jar on a ﬁnall glafs ﬁand
under the receiver of an air pump; as the re-
ceiver is exhauﬁmg the electric fire will iffue
from the wire of the ’}hlﬂ.l, in a very 11.11111-
nous pencil of rays, and continue ﬂafhmg to
the coating till the air is exhaufted, when the
jar will be found to be difcharged.

If the phial is charged negatively, the cur=
tent of fire will appear to have a different di-
reCtion from that which it had before.

From this experiment we may infer the
effe@s of the atmofpheric preflure upon the
charge of the Leyden phialy and learn that it iy
the natural boundary to every charge of eletri-
city we can give ; and, confequently, that a
phial would contain double the charge, in air

doubly condenfed, as it does in the cmnmnn’
atmo-



ONOELECTRICITY. "agx

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

ExperimMeEnNT CXIIL

- Place a fnall lighted taper between the two
balls of the univerfal difcharger, then pafs a
very {mall charge of a pofitive phial through
them, and the ﬂamc of the taper will be at<
tracted in the direction of the fluid towards the
¢oating, See fig. 63.

ExperiMeENT CXIV.

The fame fmall charge from a negative bottle
will reverfe the appearance.

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

ExperiMenT CXV.

" Place a card on the table of the univerfal
difcharger, and bring one of the points under
the card, then conneét this point with the coat-
ng of a jar pofitively charged, place the other
point on the top of the card, and at abour an
inch and a half from the former; now com pleat
ﬂ?e circuity by bringing a difcharging rod’
: from
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from the laft wire to the top of a bottle, and
the eletricity will pafs through the upper wire,
along the furface of the card, till it comes to
the point whieh is underneath, where it wilk
make a hole in the card, and pafs thmugh
the wire to the coating of the bottle; Seec
fig. 64.

E¢rerirent CXVIL

Four cork balls, A, B, C, D, being: placccf
at equal diftances from each other, from the
balls of the difeharging 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 to
€, C remained immoveable, but D flew to the
coating of the bottle. ;

ExreriMeENT CXVIL

Take a cird, and paint both fides with cin-
nabar about the breadth of the finger, fix thig
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 cardy
and the end of the other wire the oppofite fide ;
the diftance of the points from each other muft

be: proportioned to the firength of the ehargc._
difcharge
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d!fch"lrgc a jar through the wires, and the
black mark, left by the explﬂﬁon on the co-
loured band, fhews that the ele&rlc fluid paﬁEd
from the wire, communicating with the infide
of the bottle, to that which communicates
with the outfide, againft which it makes a
hole.

ﬁxperfmmrs 1which feem to militate againf?
the recerved Theory of Elestricity,

ExpeErIiMENT CXVHI

Let the furfaces of an ele@ric plate be very
| flightly charged and infulated, let an inter-
tupted circuit be formed, the twopowers will
be vifible, illuminating the points of the inter-
tupted circuits, and each power wilt 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 charges

ExperivENT CXIXr___ ¥

¥ a cylindrical plate of air, contained in the
fecetver of ‘an air-pump, be charged, it is ob-

I ferved,
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ferved, the more dir that is exhaufted from
between the furfaces the more eafily the pow-
ers will unite,

ExreriMeEnT CXX

If an exhaufted receiver be made part of the
electric circuit, and the charge fhould not be
fufficient to caufe an explofion, an electric light
will appear to proceed in oppofite diretion
from the parts communicating with the nega-
tive and pofitive furfaces.

ExperimenT CXXI.

Let a coated phial be fet on an infulating
ftand, and let its knob be touched by the knob
of ‘another phial negatively eleétrified, a fmall
dpark ‘will be feen between them, and both
fides of the infulated phial will be inftantly
negatively electrified. *

Expezriment CXXII

* Faften a pith ball ele€trometer by a little
wax to the outfide coating of a jar, charge
the jar flightly with pofitive eletricity, and fet
: it

& Encyclopadia Brittanica, Vol. IV, p. 2698. _
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| st on an infulated ftand, the Iba‘l_l will either not
diverge; or only a very little 5 bring the knob
of a bottle which is ftrengly <charged with
pofitive ele@ricity near the kiob of the former,
and the balls will diverge with pofitive elec-
tricity. .

ExperimMenT CXXIIIL

Let the fame phial; with the pith balls af:
fixed to its outfide coating, be flightly charged
negatively; and then infulated, bring the knob
of a phial, which is firongly clectrified nega<
tively,- to that of the infulated one, and the
pith balls will diverge with negative eleétri=
city.

ExrsKiMEND CXXIv.

.- Charge a jar pofitively, and then infulate if;
charge another ftrongly with negative electri-
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 being artradted,
will be repelled by hoth: The negative elec-
tricity is fome-how {uperinduced on the pofitive,
‘and, for a few minutes after they are feparared,
£ 3 | both
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C H'AI P. VIIIL

Qf the Eleétrical Battery, and the lateral
| Explofion of charged fars.

TO increafe the force of the eleftric ex-
plofion, feveral Leyden phials are con-
nected together in a b{ix_;' this colle&ion is
termed an electrical battery, Fig. 65 repre-
fents one of the moft gppmved form. '_

The bottom of the box is covered with tin-
foil, to connect the exterior coatings ; the in-.
fide coatings of the jars are connected by the
wires b, c, d, e, 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-
nected 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 connect a wire from the hook to the
ball, which fhould be left there till the battery

1 3 s
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is to be charged again, which will totally ol
viate the inconveniencies that have m;caﬁ-
onally happened fioin the refiduum of a
charge.

If one jar in a battery is brake it is impoffi-
ble to charge the reft till the broken:jar is
removed,

To prevent the jars of a large battery brcak-
ing at ‘the time of the explofion, it has been
;‘Eénlmmﬂnd::d not to difcharge a battery through
a good conductor, except the circuit is at leaft
ﬁvc feet long ; but what is gamed on one hand
b}f this method is loft on the other, for, by
lengthening the circuit the force of the fhock
is weakened proportionably.

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

The force of a battery may be confiderably
increafed by concentrating the fpark from the
explofian, which is effected b}rtcauﬁng it to
pafs through’ finall circuits of non- condu&mg
{ubftances. B}r this means the refiﬂmg medi-
um, through which the fpark is to pafs, may
be fo prepared as to augment its power. If the
:I'park is made to pafs through a hole in a plate
of glafs, one twclfth or one fixth part of an

inch

LY
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inch in diameter, it will be lefs diffipated,
more compact and powerful. ~ If the part round
the hole is wetted with a little water, the fpark,
by conwerting 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 circumftances, has melted wires, -&ec.
with {mall bottles, . I hope he will be induced.
to communicate this, as well as the reft of
his important difcoveries, to the public.

\

EXPERIM EIN P, DGR XY,

Pafs the charge of a ﬁmng battery through
two or three inches of fiall wire, it will fome-
times appear red hof, firft at the pofitive fide,
and the rednefs will Pmcecd regularly towards
the ogher end.

"EXPERIMENT CXXVt.

Difcharge a h_,atter}?' through a quire of pa-
per, a perforation will be made through it ;
cach of the leaves is protruded by the ftroke
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
| g more
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rhore difficulty in its paffage, and the hole is
fmall. " If that part of the paper, through
which the explofion is made, is wet, the hole
is larger, the light more vivid, and the ex:
P?nﬁqll louder.

ExperimMenT CXXVIL

The difchai_'ge of a battery through a fmall
fteel needle will, if the charge is fuflicient,
communicate magnetifm to the needle.

E}E_}’_.ERIMEH'I"_ __CX}I;VIII._.

The difcharge of a battery through a {mall
and flender magnetic needle, will generaily de-
ﬁm}r the polarity of the needle, and fometimes
invert the pnles thereof. To ﬁlcceed in thls
experiment, it is often nﬁceﬂ'ary to paffs {everal
ftrong charges through the needle before ‘it is
removed from the circuit.

It appeﬁrﬁ, from Beccaria’s experiments,
that the magnétic polarzt), whlch 1S commu-
nicated to the needl¢ by ele&nmt}r depends
-on the pofition of the peed}e when the charge .
is fent through it, and is not reguIatcd by the -
direction of the ele&nc matter in entering tI’lE :
needle,

E x-

L
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Experriment CXXIX.

Pifcharge a battery through a flender picee
of wire, ex. gr. one 5oth of an inch in diameter,’
the wire will be broken to pieces, or melted,
fo as to fall on the table in glowing balls.#*

- When a wire is melted in this manner, the
fparks fly frequently to a confiderable diftance,
being feattered by the ehplnﬁﬂn in all direc-
tions. !

If the force of the battery is -ver}f great, the
wire will be entirely difperfed by the force of
the explofion. Small particles  of fuch fub-
ftances 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 ftrength is
paffed 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 paflfage through which it is to pafs
18 longer. Dr. Prieftley could melt nine in-
ches of {mall iron wire at the diftance of 14
feet, but at twenty feet diftance he could nnly
make 6 inches of it'red hot.

¥ x-
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Experiment CXXX,

chlufe a very flender. wire in a glafs tube,
difcharge a battery, through 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 hoilow, -
and little more than the fcoria of the metal.
- Many experiments have been made, in order
to try the different condudting powers of me-
tals, by pafling -the difcharge of a battery
through them ; but it has not yet been deter-,
rr_ﬁn-e_,d',, whether the greater facility with which
fome metals are exploded depends on the eafe
with which the fluid paffes through them, or
whether it proceeds from the degree of refift-
ance they make to its paflage, or from a want
. of ductility in the metal, which is thercfore
lefs capable of exp‘qlﬁnn, i it R a’f. '

o~
P *'f, ot o P o L8 CAgr P V”fk»"'r:‘*r L -,
F T

XA ExvenimeNT HCXXXE

Difcharge a battery through a chain which
is 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.

EX.!-
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ExperiMeEnT CXXXIIL

" Take two Pi_E'CEH-Gf window glafs, of about
3 by 2 inches, place a {lip of brafs or gold leaf"
between them, leaving the metallic leaf out be-
yond the glafs at cach end ; then place the two
pieces of glafs in the prefs of the univerfal dif-
charger, bring the points of the wires E T,
&L F, fig. 33, to touch the ends of the leaves,
Ilf.md pafs a difcharge through them, which will
force part of the metal into the glafs, and ftain
it with a celour which differs from the metal
that is made ufe of, 'The metallic leaf thould
be made narroweft in the middle, becaufe the
force of the eleéric 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-conducting, and
lefs capable after each difcharge to tranfmit
another, Some particles of the metal are driven
into the glafs, which is really melted ; thofe
parts of the metal which lye contiguous to the
glafs are the moft perfectly fufed. The picces
of glafs which cover the flip of metal are gene-
rally broken to picces by the difcharger,
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Experimenr CXXXIIL

Place a thick piece of glafs on the ivory plate
of the univerfal difcharger, fig. 3, PL. II, and
a thick picce of ivory on the glafs, on which 2,
weight from one to feven pounds is to be pla-
ced ; bring the points of the wires EF ET
againft the edge of the glafs, and pafs the dif-
charge through the wires, by connecting one of
the wires, as EF, with the hook C of the bat-
tery, fig. 65, Pl. IV, 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 fhivered ta an
impalpable powder, When the piece of glafs,
is ftrong enough to refift the fhock, the glafs:
is 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 effect is the fame as when
it is prefled by the weights ; and this mode 1s
in various experiments more convenient.

ExrperiMenT CXXXIV,

If the difcharge is pafled under the piece of-
jvory with the weights upon it, without any.

glafs between the piece of ivory and the table
GH



DN “ELECTRICITY, 18

GH t}f#tllc univerfal difcharger, the weights
will be lifted up by the lateral force of the dif-
charge ; the number of weights muit be pro-
portioned to the force of the explofion.

Experniment CXXXV.

Fig. 66, a, reprefents an infulated rod, nearly
rouching a charged jar d, b is another infulated
rod, placed in a line with and near to the for-
mer ; make the difcharge by, the red e, from
which a chain hangs that does not touch the
bottom of the jar, and the rod b will receive
an electric fpark, which quits it again almoft m
the fame inftant, becaufe the fineft threads
hung upon it will not be cletrified by the
ipark.

This eleGrical appearance, without the cir-
cuit of a difcharging jar, 1s called the Lateral
Explofion. Wil

It pieces of cork, or any light bodies, be
placed near the explofion of a jar or battery,
they -will be moved out of their place in all di-
retions from the center of the explofion ; and
the greater the force of the explofion, {o much
greater will the diftance be to which they are
removed. It is not furprifing, therefore, that
heavy bodies fhould be removed to confiderable
diftances by a fireng flath of lightening. Dr.

Prieftic
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Prieftley apprehends, that this fpe::fes of laterdl
force is produced by the explofion of the air
from the place through which the eleric dif-
charge pafies:

This lateral force s fiot 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 tranfmitted through pieces
of wire that are not thick enough to conduét it
perfectly; The fmaller the wire is, and the
greater the fufion, the greater is the difperfion
of light bodies near it.

EXPERIMEN T CXXXVI.
' If circuits, different in length' and of differ-
ent fubftances, form a communication between
two charged furfaces of an eleétric plate, it is
obferved, the difcharge will be made through
the beft conductors, whatever be the length of
the others. |

2. If circuits of the fame fubftance be dif+
fCIE}‘lt in length, the difcharge will be made
through the thorteft 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.

- T have been informed by a gentleman, thaé
it was his cuftom to make a variety of circuits’
o for
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for the difcharge of a large jar or battery ; and,
that having a fufficient number of thefe, he
could introduce himfelf into'one of them, and
take his part of the fhock without inconwveni-
ence, it €vén was not difagrecable ; and he
could by this means leflén the fenfation almoft
to nothihg, ' | '

Exreriment CXXXVIL

Mr. Henly made a double cireuit, the firft
by an iron bar, one inch anda half in diame-
ter, and half an inch thick; the {ccond, by
four feet and a half of fmall chain. On dif-
charging a jar, containing five hundred fquase
inches of coated furface, the eleétricity pafled
in both circuits, fparks being vifible on rthe
{mall chain in many places. On making the
difcharge of thyee jars, containing together fix-
teen fquare feet of coated furface, through
three different chains at the {ame time, fig. 67,
bright {parks were vifible in them all. The
chains were of iron and brafs, of very differ-
ent lengths ; the fhorteft ten or twelve inches,
the longeft many feet in length. When thofe
jars were difchapged through the iron bar be-
fore-mentioned, together with a {mall chain,
three-quarters of a yatd in length, the whole
chain was illumieed, and covered throughout

with
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with ‘beautiful rays, like briftles, or golden
hair. Having placed a large jar in’ contaét
with the prime conductor, and affixed to the
coating of it an iron chain, which was alfo con-
nected with a plate of metal; en which was
made the difcharge by the difcharging rod ;
this done, he hooked another chain, much
fonger, 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-
tat with this end a fmall 6ak frick was laid,
eight inches longy; which was covered with
faw-duft of fir-wood: ©On making the dif-
charge upon the plate, both the chains were
Iuminous through their whole lengths, as was
alfo the faw-duft, which was covered by a
fireak of light, making a very pleafing appear-
ance. -

At the glafs-houfe there is generally a great
number of {olid fticks of glafs; about one quar-
ter of an inch diameter; if thefe be examined
narrowly, feveral of them will be found tubu-
lar a confiderable length ; the diameter of the
«cavity feldom exceeds the ‘200th part of an
anch.  Sclet and break off the ' tubular part,
which may be filled with quickfilver by fuck=-
ing, care being taken that no moifture previ-
oufly infinuates itfclf ; the tube will then be
prepared for the experiments

Ex-
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ExperiMENT CXXXVIIL

Pafs the fhock through this fmall thread of
quickfilver, which will be inftantly difploded,
and will break or f{plit the tube in a curious
manner. *

ExperIMENT CXXXIX,

Takea glafis tube, the bore of which is about
one quarter of an inch, fill it with watery and
flop the ends with cork, infert two wires
through the corks into the tube, fo that their
ends may nearl;« touch, make the ends of thefe
part of a circuit from a battery ; 5 on the dif-
charge, the water will be dlfpffrfed in every di-
retion, and the tube blown to pieces by the
difcharge.

The ele@ric fluid, 11ke common fire, con+
verts the water into an hlg \ly elaftic vapour.
Dr. Franklin, on repeating this experiment
with ink, could not find the leaft flain upon
the white paper, on which the tube had been
placed. Beccaria paffed 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 thivered in
pieces by the explofion. On this principle he

K contrived
/ * Nicholfon’s Introdultion to Philofophy; p. 413
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contrived what he calls an eleétrical 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 eleétric
fluid endeavours to explode in every direction
the parts of the refifting {ubftances through
which it paffes.

Experiment 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 pafles only through
the air. The eleétric fluid endeavours to pafs
near 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€tric fluid has of raifing an expanfive
vapour from the furface of the water, which
drives off the refifting air.
A difcharge pafled 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 gretn leaf tears
the furface in various directions, leaving an
image in miniature of fome of the effefts 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 eleétric fire is tranfmit-
ted over the furface of moift fubftances, de-
pends oh the eafe with which they are turned
into vapours.

The difcharge; in melting the particles of
metals, drives into its paflage the condulting
Yapours which arife from them ; and, in pro-
portion as the paits of any body are more reas
dily driven into vapour or duft, the fpark will
run to a greater diftance.

Exreri MIE T CXLL

If a wire is ftretched by weights, and 2
fhock is fent through it that will render it red
het, it is found to be confiderably lengthened
after the difcharge. When the wire is loofe,
it is faid to be fhortened by the explofion.

Exrerivmeyr CXLIL

If a long narrow trough of water is made

part of the circuit in the difcharge of a battery,
K 2 and
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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
eleftrical fhock. The quick ftroke 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 fhip at fea during an earthquake:

Exreriment CXLIIL

=4

Place a plain piece of metal between the
points of the univerfal difcharger, pafs feverzl
explofions of a battery through the wites, and
the difcharges will gradually form én the
metal different circles, beautifully tinged with
the prifmatic colours.  The circles appear
focner, and are clofer to each other, the nearer
the point is to the furface of the metal. The
number of rings, or circles, depend on the
{harpnefs of the point ; the experiment there-
fore fuceeeds better if a tharp needle is faftened
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. electric thock might be
conveyed, and the velocity with which it moves.

. In his firft experiment, the fhock was given

and {pirits fired by the electric matter which
' : had
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* had been conveyed through the river Thames.

In the next experiment, the eleric fluid was
made to pafs through a circuit of two miles,
croffing the New-river twice, going over feveral
arave} pits, and a large field. It was afterwards
conveyed through a circuit of four miles. It
paffed over thefe fpaces inftantaneoufly as to

‘fenfe,  This fenfible inftantaniety in the motion

of the eleétric fluid, was afcertained by an ob-
ferver, who, though in the rcom with the
charged phial, was; at the fame time, in the
middle of a circuit of two miles, and felt him-
{elf fhocked at the fame inftant he {faw the phial
difcharged, | _

Notwithftanding this furprizing velocity, it
is certain, that both fides of a charged phial
may be touched fo quickly, even by the beft
conductors, that.all tHe eleétric matter has not
time to make the circuit, and the phial will
rgmaig but half difcharged ; and there are fe-
veral] inftances where its motion ~appears flow,
and not eafily reconcilable with this immeatura-
ble velocity ; and it is alfo certain, that this
fluid 1s refifted in its paffage through, or over,
every f{ubftance.

The wonderful part of the faregmng experi-
ments will vanith, if we admit the reafoning of
Mr. Volta on this fubjet; and the reader will
find his reafoning confiderably firengthened by

K3 experi-
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experiments 118, 119, 1320 of this effay, which
were originally made by Mr. Atwood ; though
it muft be owned, thefe experiménts feem to
lead much further, and give an idéa of thé direc-
tion of the ele@ric fluid in the difcharge: of the
Eeyden phial, which differs altogether from the
received theory, '

The following account is- extracted from a
very long paper of Mr. Volta, in the Journal
de Phyfique for 177g:

Let us fuppofe that a4, &, ¢, 4, ¢, f, g, 4,
i, &y l; my n, o, hold hands; let 2z grafp
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, 4
will furnith from his natural flock to the out~
fide, without waiting till the fire arrives to him
from o, by #, to m, &c. in the mean while
the lofs of 4 is compenfated from &, and 5
is furnithed with freth matter from ¢, and fo
on. It is ftill true, that there is but one
ftream, if we confider only the direftion of the
fluid, which is excited fimultaneoufly at the
two extremities, and moves at the fame inftant
of time; thgug_h, to {peak more accurately,
it is not one ftream, but two united in one.
If the extream rapidity with which the fire
paffes, did not prevent our perceiving the fuc~

ceffive commotions received by the perfons who
form
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form the chain, we fhould find they did not
follow the order o, #, m, /, but were felt
fimultaneoufly, firft at the two extremities o
and 4, then at # and &, m and ¢, &c. advan-

cing towards the middle of the chain. Agree-
able to this, if the bottle is {mall, the longer
. the circuit is made, thofe who are furtheft

from the extremities find the thock weaker.

To render this account more clear, f{eparate
the circnit, and form on a dry floor twa rows,
8, b, t, d,—e, f, g, b, interrupted in the
middle ; let d grafp'-thc bottle by the n:::u'tﬁde,'
and g excite the difcharge by touching the
knob of the bottle; now, if the eleftric fire was
obliged to take the fhorteft courfe to come to
the exferior 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 atting on f, g, b, which
would be out of its circuit. But, contrary to
this, the fluid goes out of the dire& courfe, to
follow that of the cmﬁduﬂlgg perfons, which
afford it a proper receptacle, and comes to the
outfide by another fource. The fire which goes
from the infide from ¢ to f, g, &, gives them
a fenfible fenfation¢in their hands and their
heels, thewing itfelf by a fpark, if the hands
and the feet are feparated a little frora each

other, and finithes by diffipating itfelf in the
K 4 common
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common refervoir. In the fame manner 4,
who firft gives the fire to the outfide, receives
it fucceffively from ¢, 4, a, who all draw it

in from the floor. The ftreadn therefore which
| prcu:eﬂds from the knob of the bottle, paffing
through the conducting fubftance, lofes itfelf
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 fame
manner rife from the floor to reach 4, if a, 2,
and c, are irregularly placed round him; fo
that each furface excites 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 eletric fluid has made fuch
amazing circuits through rivers, over fields,
&c. The fluid from the infide was difperfed
in the r'iver,h at the inftant that the outfide col-
lected, from the fame fource, fupplies for its
own deficiency.

It appears alfo, from other experiments,
that one fide of a charged eletric may contain
: : mere
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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 poflcfs a contrary power to that
which obtained on the fide of the jar, which
was toughed the laft before the difcharge.

It may net be improper to introduce here an
hypothefis which has been offered to the public
inftead of the received theory.

ORGP EFES e N

5. The two eleftric powers exift together in
all bodies. '

2. Since they countera@ each other when
united, they can be made evident to the fenfes
only by their fepararion.

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

4. The powers cannot be feparated in ele@ric
fubftances.

5. The two elericities attraé each other
firongly through the fubftance of ele@rics.

Electric fubftances are impervious to the two

electricities.
-7+ Either power; when applied to an unelec-

trified body, repels the power of the fame fort,
and attrats the contrary power.

CHAPY.
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CR AP TR

Or:'. the Influence of pointed Conduélors for
Buildings.

H E importance of eletricity, as well as

its univerfal agency, becomes more con-
fpicuous, in proportion as our acquaintance
with it increafes. - We find no fubftance in na-
ture which is not acted on by it, either as a
canduétor or non-conductor ; and difcover, the
furprizing pheenomena of thunder and lighten-
ing-owe their origin to and are of the {fame na-
ture with it.. Very little progrefs had been
made n ele&ﬁcity when the analogy between
the elettric {park and lightening was difcovered ;
but the fublime idea of realizing thefe conjec-
tures, and proving, that the fire which flathes
in the dky is the fame agent which explodes and
g'iv:es a thock in our experiments, was given to
Dr. Franklin ; who alfo firft fuggefted the utility
of pointed conductors of metal, to preferve
buildings from the dreadful effects of lighten-
ing ; an idea which was received with general
applaufe and approbation. Since this period,
many electricians have been induced to
change their opinion relative “to the utility

' of
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of thefe conduétors ; and, among thofe who
underftand the fubjeét well, it has been dif-
puted, whether the preference fhould be given
to a condutor wirh a pointed end, or to one
which has an obtufe termination.

The experiments which have been made on
this fubjeét are very numerous, but the greater
part appear to me very inconclufive, and pre-
fent only a very partial view of the fubject.

A pointed conductor, which communicates
with the earth, has not any particular power of
attracling eleftricity, and aéls only as any other
conduéting fubftance which does not refift the
paffage of the eletric fluid.

It is true, that eletricity pafles with more eafe
from an electrified body to a conduétor which 1s
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 ele€tricity, and compenfates the di-
minifthed 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 oppofed by a
flat furface. 86 that it is not the particular
property of a point, or flat, but the different
ftate of the electrified body, which caufes it
to part with its cletricity eafier, and from a
greater diftance, when a pointed conducting

{ub-
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fubftance is prefented to'it, than it does to a
flat or globular condutor. *

The capacity of conductors to hold eleétri-
city is in propartion to the furfaces which are
free, or uninfluenced by a fimilar atmofphere ;
a circumftance which will, more or lefs, affe&
thofe condu€lors 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 conducting ftrata of
the carth, and its elefric fituation. :

Fig. 68 reprefents the gable end of a houfe,
fixed vertically an the horizontal board FG;
a {quare hole is made in the gable end at hi,
mto which a piece of wood is fitted ; a wire is
infested in the diagonal of this little piece ; two
wires are alfo fitted to the gable end ; thelower
end of one wire terminating at the upper cor-
ner of the {quare hole; the top of the other
wire is 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 ta re-
ceive the explofion.

EXPERIMENT C}_LLIV.

Place a jar with its knob in tontact with the
conductor, connect the bottom of the jar with the.
kook H, then charge the jar, and bring the ball

under
% Sce Volta's Paper, Phil. Tran. vol. 72.



ON ELECTRICITY. i

under the conductor, and the jar will be dif-
charged by an explofion from the conducter to
the ball of the houfe, The wires and hain
being all in connexion, the fire will be conveyed
to the outfide of the jar without affecting t.hc
houfe ; but, if the fquare piece of wood is
placed fo that the wires are not conneéted, but
the communicarion cut off, the eleétric ﬂuiﬂ,
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. See fig. 68.

Unfcrew the ball, and let the point which is
underneath be prefented fo the conduétor, and
then you will not be able to charge the jar; for
the fharp point gradually draws the fire from
the condultor; and conveys it to the coating
on the outfide of the jar.

The prime conduétor is fuppofed to reprefent
a thunder cloud difcharging its coentents on 2
weather cock or any other metal, at the top of
2 building. From this experiment many haye
inferred, that if there is 2 connedtion of metal
to condué the eleétric fluid down to the earth,
the building Wlll receive no damage bur,
where the conne@ion is imperfed, it will firike

from one part to another, and thus end&:ger
the whole building.

5
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EXprRiMENT . CXLY.

Mr. Henly affixed to the top of a glafy
ftand a wire, three-eighths of an inch in di-
ameter, terminated at one end by a ball, three-
fourths of an inch in diameter, and ar the other
end by a very fharp point; (fee fig. 69) round
the middle of this wire hung a chain, 12 inches
long ; he connected 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 difcharged upon it, which
conftantly happened at the diftance of half an
inch, with a loud and full explofion. Then
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 fearce a fpark in the
bottle.

Experiment CXLVI.

The fame gentleman conneted a jar, cone
taining 509 fquare inches of coated {urface,

with the prime conductor. (Sce fig. 68) If
the
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the jar was fo charged as to raife the eleirome-
ter to 60°, by bringing the ball on the wire of
the thunder houfe to half an inch diftance from
that connefted with the prime condultor, the
jar would be difcharged, and the piece in the
thunder houfe thrown out to a confiderable
diftance. Ufing a pointed wire as a conductor
to the thunder houfe, inftead of the knob, the
charge being the fame, the jar was difcharged
filently, though fuddenly, and the piece was
not thrown out. '

s er RN CL

He afterwards made a double cireuit to the
thunder houfe ; the firft by a knob, the fecond
by a fharp pointed wire, at an inch and a quarter
diftance from each other, but exactly the fame
height. 'The charge being the fame, the knob
was firft brought under the prime condudtor,
which was half an inch above it, and followed.
by the point at an inch and a quarter diftance,
yet no explofion feil upon the ball, as the point
drew off the charge filently, and the piece: in
the thunder houfe remained unmoved.

ExperiMent CXLVIIIL.

He infulated a large jar, and conneéted, by
chains, with the external coating; on one fide, a
; knob,
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knob, on the other a tharp pointed wire, both
being infulated, and ftanding five inches from
" each other, (fee fig. 70) and placed an’infu-
tated copper ball, eight inchies in diameter, fo
as to {tand exattly 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 a loud and full explofion, and
the chain was very luminous.

ExperiMmenT . CXLIX.

Mr. Henly fufpended by a filk fEring from
one end of a wooden bar, which turned freely
in 2 horizontal direction upon the point of a
needle, a large bullock’s bladder, gilded with
leaf copper ; the bladder was balanced by a
weight at the other end of the arm ; (fee fig.
71) he gave a ftrong {park from the km:-b of 2
charged phial to the bladder, he then preferited
towards it a brafs ball, two inches diamete?,
and obferved that the bladder would come to-
wards it at the diffance of three inches, and
when it got within an inch, would throw off
its ele@ricity in a full {park. He then gave it

another {park, and prefented a pointed wire to-
- wards
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wards the bladder, which never approached
t4 the point, nor ever gave any {park, the elec<
tricity being carried off:

[LxperiMEnT CL:

Take two or three fine locks of cotton, fafs
ten one of them to the conductor by a fine
thread, another lack to that,; and a third te the
fecond; put the rixachine in action, and the locks
of cotton will expand their filaments, and will
extend themfelves towards the table; Prefenta
fharp point under the loweft and it will fhrink
up towards the fecomd, and this towards the
firft; and altogether towards the prime cons
dudor, where they will continue as long as the
point remains under them,

Experiftent CLIL

¢ Faften a number of fine threads or hair to
the end of the prime conductor ; when the cy-
linder is turned, thefe will diverge like rays
proceeding from a center : continue turning the
cylinder, and prefent a point towards one fide
of the conduor, and the threads on one fide
will hang down, and lofe their divergence, but
thofe on the other fide will ftill continue to di-
verge 5 which fhews, that the power of pcmts

E, tg
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to draw off elettricity does not' extend round
the electrified body when means are ufed to keep
up the fupply of eletricity.

Fig. 72 reprefents an oval board, three feet
leng and two feet broad, coated on both fides
with tin-foil, and fufpended by filk lines from
the double hook, this turns on an axis, which
is faftened 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
tc}vered_ with tin-foil, and communicate to the
floor by a chain. '

ExperiMmiEnT.. CLII

Connect the pendulous board with the prime
conductor by 2 fmall wire, a few turns of the
machine will ele€rify the apparatusc When
this experiment was made, the board was
attratted by the table at 15 inches diftance, and
difcharged itfelf with a ftrong {park ; 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 dif=
charging itfelf by a fpark.  If a point is
fixed on the board inftead of the knob, the
pendulous board, though it begins to approach,
ftops at about four or five inches from the table,
and it will not approach nearer or give afpark ¢

a fmall light is feen upon the point in the dark. |
0 _ %
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A Leyden phial was then' connefted with the
f:rimﬂ conduétor ; it now required more turns
of the machine to charge the apparatus, the
effect was the fame as before. The counters
poife was now held, that the board tmgh't not
defcend till it had received a full charge’; when
fet at liberty, it was not ohly attracted by, but
alfo gave a loud explofion on the point, info?
much, that the tin-foil round it was ftained by
the dvefﬂcfwing of the fire.

The foliuwmg experiment is E:{tra&ed from
% An Account of Experiments thade at the
Pautheml_ on the Nature and Ufe of Con-
du@ors,” by Mr. Wilfon. 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
mnto two parts :

A bent rod of brafs, with a ball of the fame"
metal, three quarters of an inch in diameter,
fcrewed on to the upper extremity of it, and’
a coppet ball, five inches in diameter, fcrewed
bn to the lower end, forms one of the parts.
This part was fupperted by a ftand of wood
that had'a cap of brafs-at the top, into whicl’
the brafs rod was océafionally {crewed.

L 2 The

-
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The other part of the circuit confifted of 2
brafs rod alfo ; 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 conftruéted, that either
of them could be made longer or fhorter, juft
as the experiment required. On the end of
one of the prongs was fixed a ball of brafs,
three quarters of -an inch in diameter; and on
the other a fharp fteel point or needle. The
fhoulder of this fork fcrewed into a {fmall plate
of iron, that was fixed on the infide of 2 wood-
en veflel, which contained the greateft part of
a cvhndncai 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 the wooden veflel was coated alfo with tin-
foil, for the purpofe of making a fecure com-
munication between the iron plate and the out-
ward coating 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.  This upright rod
having a ball of brafs at the end, three quar~

. ters



ON ELECTRICITY. 149

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 placed
from time to time at different diftances, as oc-
cafion required ; and thus anfwered the purpofe
of an eleftrometer. :

Mr. Wilfon began the experiments where
the eleCtrometer was ftruck at the greateft
diftance, and then adjufted the diftances of the
- ball accordingly ; fo that if the point was
ftruck 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 vice ver/a. Afterwards he leffen-
ed the firiking diftance of the electrometer, in
every experiment, till he attained the leaft
diﬂﬁnce,' t '

Upon reverfing part of the apparatus, and
fixing the ball to the bottle, and the fork to
the ftand, all thofe experiments were repeated
again ; the copper ball being put neareft to the
glafs, in the place of the forked part, and the
forked part in the place of the copper ball.
“This fet of experiments being compleated, he’
made others, where the ball only was oppofed ;
and after them, where the point only was op-
pofed to the copper ball,

L Having
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TABLE I

EXPERIMENTS made at Dr, Hiccins’s,
Fune 19, 1778, with the LEYDEN PHIAL

and forked Apparatus,

N. B, The meafures exprefled in the following tables were
talen from a fcale cuntammg 32 parts in one inch.

The number oppofite the word eleétrometer, denotes the
- diftance between the balls which conﬂltutcd the eletro-
meter ; and the numbers oppofite to the words #a// and
oint, fhew the preatelt diftance at -which they were re-.

ipetlively ftruclk.
Bal! and Point uppqﬁr: Ball Pg. | Jﬁﬁamm: Ball Pr.

the Leyden Phial, only. only, | rewverfed, only, only.
_ Ele&rometer 32 31 32 32 (32
1, {Bal'l —_— — { { {34 {3»‘5 —
Point — A s ihior L2
E. — — 2828 28 (2828
I.I' {B. s 4 iy 30 4.3{-— {36 {33%-.
E. — = 25(2626]| C25 26 (26
III..{B. _— - 38{36{— §3l { z{_,
LR P = gl | 32 - {33
(E. — — dorZocr20/l (20 20 (20
IV.{B. —_— — 2’8{29{—- {zg 315 o
P. — — s1(—(64] (28 2 ¥y
E. —. 16 :651'6 16 16 (16
V. {E. —_— - 22{2{: — gzz {23{—'-
P. — — 44 —-'.4;'] 24 — k26

E, — — 13013013 13 13¢1
?L{B. — — 3l {14{-—_ {16 _{13{3
P, =— — 3801036} (22 — |22
E. — T} 10 10 - I0 [ 1O
vn{g.. e X Iz{:"{— {13 {u{_
P. — — 180l—L25] L20 — {20

: A
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II.

EXPERIMENTS with the CHAIN

after Mr. He NLY’s manner.
Point and Ball u,’;qu ite

the Leyden Phia

Eleétrometer 21 —
{B:dl — — 26 — --g }

L Point -— 24 —
LA B EST T

Apparatus veverfed.

repeated 3
at differ-

enttimes,

30

The EXPERIMENTS of the 2d and 3d
Table, repeated at Mr. PArRTIiNGTON’S,
Fune 23,1978, aBrafs CHAIN being made
ufe of inftead of the forked Apparatus.

Ball and Roint oppofite
the Leydex Phial.

Ball — — 40

{Elﬁﬂmmet:r 12
I

Point

E.
o {

E.
vn{a.

Ball
Point

._;rﬁ
S

——
—

-Il]

l.I!HI

I-lrl

—_—

il Al fstsh 1 EAE - (]

.
—_—

38

|—-ll—l-'

{Elc&mmﬂter — 23

T—

HioE
)
;{E
20 ¢ 20
21 {23

8 B

only. enly..

32 (¢ 32
g

{6

Ay
10 ¢ 10
09 -
~L37

64

Apparatus
reverfed,

B, P,
enly. only.

:4} Apparatus reverfed. 5

52 32 ¢ 32
ik = B
38 — &L 39

28 — 28 28
20 e {23 —
3~y L33
259 8 (25¢C 26 015
zﬂ} g {28§z? —
Lok PR TR e VO
— 20 ¢ 20
aleps €16
nately. E
14 —— 15
22
107  alter- chm
{ }' nately. '{ ‘9

gl

. Ever
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. < Ever fince the difcovery of the identity of
ele@tricity and lightening, it has been allowed
by all parties, that conductors of fome kind are
in 2 manner neceflary for the fafety of build-
ings in thofe countries where thunder ftorms
are very frequent. The principle on which
they aét is this : that the elettric fluid, when
impelled by any power, always goes to that
place where it meets with the leaft refiftance.
Now, as metals are found to give the leaft re-
fiftance to its paflage, it will always choole to
run along a metaline rod, in preference tg a
paflage of any other kind. But it is neceflary
to obferve here, that eleftricity never ftrikes
a2 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 1is colleCted from
the earth, by means of an eleftric machine, a
body communicating with the earth will receive
a ftrong fpark from the prime conduétor ; it
receives this {park not becaufe it is capable of
gontaining all the elettricity of the cylinder
and conduétor, but becaufe the natural fituation
of the fluid being difturbed by the motion of
the machine, a {tream of it is fent off from the
carth. The natural powers, therefore, make
an effort to fupply what 1s thus drained off from
gne earth; and, as the individual quantity
| _ which



154 AN FE S 3 ATy

which comes out is moft proper for fupplying
the deficiency, as not being employed for any
natural purpofe, there is always an effort made
for returning it to the earth. No fooner, then,
is a conducting body, communicating with the
earth, prefented to the prime conduétor, than
the whole effort of the ele@ricity is dire@ed
againft that body ; not merely becaufe it is a
conductor, but becaufe it leads ta the place
where the fluid is directed by the natural pow-
ers by which it is governcd and at whmh it
would find other means to arrive, thaugh 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 thall find only a fmall {park will be pro-
duced. Inlike manner, when lightening ftrikes
a tree, a houfe, or a thunder-rod, it 1s not be-
caufe thefe objefts 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 direted, and at that place the
~ lightening would certainly arrive, though none
of the above-mentioned objeéts had been inter-
pofed. e

¢ When the atmnfphere begins to be electri-

fied, either negatively or pofitively, the ecarth,
by
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by means of the inequality and moifture of its
furface, but efpecially by the vegetables which
grow upon it, abforbs  that eletricity, and
quickly becomes electrified 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 electric matter contained in
the earth itfelf. Alternate zones of pofitive
and negative electricity will then begin to take
place below the furface of the earth, for rea-
fons given in the courfe of this eflay. Be-
tween the atmofphere and one of thefe zones:
the ftroke of lightening will always be. Thus,
fuppofirig the atmofphere is pofitively eleétri-
fied, the furface of the earth will, by means:
of trees, &c. quickly become pofitively eleétri--
fied alfo, we will fuppofe to the depth of ten
feet : the eleCtricity cannot penetrate further,
on aceount of the refiftance of the eleéiric mat-
ter in the bowels of the earth. At the depth»
of ten feet from the furface 2 zone of negatively
f:lf:&riﬁed earth bcgms and to this zone the
| cle&nmt}f of the atmofphere is attracted ; but
10 this it cannot get, without breaking through -
the pofitively electrified zone, which lies up-
permoft, and fhattering to pieces every bad
conductor which lies in its way. We are there-
fare fure, that in whatever placé the outer zons

of
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of pofitively cleftrified earth is thinneft, thers
the lightening will ftrike, whether a conduéor

happens to be prefent or not. If there is a .

eanductor, either with a knob or fharp pointed,
the lightening will infallibly firike it : but it
would alfo have ftruck a houfe fituated on that
fpot . without any conduflor ; amd. if the
houfe had not been there, it would have firuck
the furface of the ground itlelf. Again, if we
fuppofe the heufe with its conduétor to ftand
enr a part of the earth where the pofitively
eleftrified zone is very thick, the conduétor
will neither filently draw off the eleéricity,
nor will the lightening ftrike it; though, per-
haps, it may ftrike 2 much lower obje&, or
even the furface of the ground itfelf at no great
diftance ; the reafon for which undoubtedly is,
that there the pofitively eleétrified zone is thin-
ner than where the canductor was.

<« To fuppefe that a pointed conduttor wilk
exhauft a thunder cloud of its eleétricity, muft
at firft fight appear trifling, to infift on it, ridi-
culous. Innumerable objets are all confpiring
to draw off the ele€tricity as well as the cons
duétor, if it could be drawn off ; but of ef-
fecting this, there is an impoffibility, becaufe
they have the fame kind of eleétricity with the

clouds themfelves.
¢¢ Befides,
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t¢ Befides, Becaria has obferved, that during
the progref(s and increafe of the ftorm, though
the lightening frequently ftruck to the earth,
yet the fame cloud was the next moment teatly
' to make a greater difcharge, and his apparatus

dontinued 'to be as much affected as cver.
¢ The condu@or has not even the power of
attrafiing the lightening a few feet out of the
dire&tion it would choofe itfelf : of this we have
a moft decifive inftance in what happened to
the magazine at Purfleet, in Effex. That
houfe was furnifhed with a conduttor, raifed
above the higheft part of the building; never-
thelefs, a flath of lightening ﬁﬂlLl\. an 1iron
cramp in the corner of the wall of the build-
ing, confiderably lower than the top of the
conductor, and only forty-fix feetin a floping
line diftant from the point. et
¢ The conduftor, with all its power of
érawing off the eleétric matter; was neither able
to prevent the flath; nor to turn it forty-fix feet
out of its way. The matter of fact is; the
lsghtening was determimed to enter the earth
at the place where the Board-houfe ftands, or
near it ; the conductor, fixed on the houfe,
offered the eafieft communication, but forty-fix
feet of air intervening between the point of the
conductor and the place of the explofion, the
refiftance was lefs through the blunt cramp of
iron,
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iron, and a few bricks moiftened witli the rain
to the fide of the metalline condu&tor, tharf
- through the forty-fix feet of air to its point;
for the former was the way it which the lighe-
ening actually pafled. )
¢ The ziz-zag kind of lighteningis the moft
dangerous, becaufe it muft oveicome a very
violent refiftance of the atmofphere, and where-
ever that tefiftance is in the fmalleft degree
leflened; thete it will undoubtedly ftrike, and
even at a confiderable diftance: It is otherwife
with that kind which appears in flathes of no
determinate férmi : the eleétric matter of which
Is evidently diffipated in the air by fome con-
ducting fubftances which are prefent there, and
they arc therefore rendered lefs powerful.
¢ The moft deftruive kind of lightening:
is that which affumes the form of balls: Thefe
are prﬂduced by an exceeding great power of -
¢leiricity, gradually accumulated till the re-
fiftance of the atmofphere is 1o longer able to'
‘confine it. In general, the lightening breaks
out from the eleétrified cloud by means of the
a-p'pmﬁcﬁ of fome conduéting fubftarmce ; but
the fire-balls feem to be formed not becaufe
there is any fubftance at hand to attral the
éle@ric matter from the cloud, but becaufe the
ele@ricity is accumulated in fuch a gquantity
that the cloud éan no longer contain ir. Hencey
fuch

9
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fuch balls fly off flowly, and have no particular
deftination ; their appearance indicates a pro<
digious commotion and accumulation of elec-
fricity in the atmofphere; without a proportion<
able difpofition in the earth to receive it. This
difpofition is however altered by a thoufand
circumitances; and the place which firft becomes
moft capable of admitting eleétricity will fir{t
teccive a fire-ball:  Hence this kind of light=
ening has been known to move flowly back-
wards and forwards in the air for a confiderable
time, and then fuddenly fall in one or mere
houfes, accerding to their being more or lefs
affeCted with an eleftricity oppofite to that of
the ball at the time. It will alfo run along the
ground, break into feveral parts, and produce

feveral explofions at the fame time:
¢ Ieis very difficult to imitate this kind of
lightening in our eleftrical experiments. The
only cafes in which it hath been done in any
degree are thofe in which Dr. Prieftley madé
the explofion of a batttery pafs for a confidera-
ble way over the furface of raw fleth; water;
&c. In thefe eafes; if, while the eleétric flath
pafled over the furfaces of the fleth, it had
been poflible to interrupt the metallic circuit by
taking away the chain, the eleftric matter dil-
charged would have been precifely in the fitua-
tion of one of the above-mentioned fre-balls ;
1s €
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i.e. itwould have been at a lofs for a conduttor,
The negative fide of the battery was the place
of its deftination, but to that it could not eafily
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.  Buty while the eleltfic, matter was thus
ftationary for want of a condutor, if any one
ftanding near, or touching the negative fide of
the battery, prefented a finger to this {feemingly
inoffenfive luminous body, he would be inftantly
ftruck very violently, becaufe a free commu-
nication being: now made by means of his body,
the poweis by which the eleétric fluid is im-
pelled from one place to another would urge
it upon him. But if we fuppofe a perfon, who
has no communication with the battery, to
prefent his finger to the fame body, he may
perhaps receive a flight fpark from it, but not
a fheck of any confequence.

“ We may now actouit 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
tiees, high houfes, &c. without touching cot-
tages, men, or other animals, who are in the
neighbourhood ; in other inftances, low houfes
and cattle have been ftruék, while high trees
and flecples i the wneighbourhood have

: efcaped,
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elcapeds® - The reafonef this is, that in thun-
det-ftorms there is a’ Zone of earth confiderably
under, the furface, which the lightening de-
fires to ftrike, (if we may ufe the expreffion)
becaufe it has an ele@ricity - oppofite to the
lightening itfelf. ~ Thofe objelts, therefore,
which form the moft perfe& conductors between
the ecle@rified clouds and that zone of earth
will be ftruck by lightening, whether they are
hight or low. Let us fuppefe a pofitively elec-
trified eloud is fermed over a certain part of
the earth’s furface; the ele@ric 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 current pervades greater. and greater
portions of the atmofpherical fpace, the refift-
ance ‘to its motion increafes, till at laft, the
air becomes pofitively eleétrified as well as the
cloud, and they both at as one body. The
furface of the earth then begins to be eletri-
fied, and-it filently receives the ele@ric matter
by means of the trees, grafs, &c. which grow

M upon

- ® Of this two remarkable inftanices have been ad-
duced, in a paper read by Mr. Achard at the Berlin
Academy of Sciences. And Beccaria cautions perfons
from depending on a higher, or, in all cales, a better
Cﬂn_-;iliﬁur than their own body,
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upon tts furface, till at laft, it becomes alfo
pofitively cleftrified, and begins to fend off a
current of ele&ricity from the furface down-
wards.

¢ The caufes which firft produced the elec-
tricity ftill continuing to act, the power of the
celetric current becomes inconceivably great.
The danger of the thunder-ftorm now begins ;
for, asthe force of the lightening is direéted to
fome place below the furface of the earth, it
will certainly dart towards that place, and that:
ter every thing to pieces which refifts its
- paflage.

“ The benefit of conducting-rods will now
alfo be evident. For we are fure, the eleétric
matter will, in all cafes, ptefer 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 conductor direftly below the ¢loud, and
at the fame time a zone of negatively eleétrified
earth not very far below the foundation of the
houfe, the conductor will almoft certainly be
ftruck, but the building will be fafe. If the
houfe wants a conduttor, the lightening will
neverthelefs firike in the fame place, in order
to get at the eleftrified zone above-mentioned ;
but the building will be now damaged, becaufe

the
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ihe materials of it cannot readily condu& the
eleétric fluid.” #

M 2 CHAP-

* See Encyclapadia Britannica, Art. Lightening;
Vol, V1. p, 4224.

That the eleftric matter; which forms and ani-
mates the thunder-clouds, iffues from places far below
the turface of the earth, and buries itfelf there, is pro=
bable, from the deep holes that have been made in
many places by lightening, by the violent inundations
that have accompanied thunder-florms; not occafioned
. by rain, but by water burfting from the bowels of the
earth, from which it muft have been diflodged by fome
internal concuffion, &c, —— See Dr, Prieftley’s Hiftory
of Eleéricity; p. 328,
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(AR
To charge a Plate of Air.

S air is an elefric, it will receive a charge
' like all other éleric fubftances: To this
property may be afcribed many of the phoeno<
mena which are obferved in the courfe of the
common electrical experiments ; for the air
which furrounds an eleétrified non-eleftric is
always in fome degree charged with the fluid,
and thus acts upon the atmofphere of the elec-
trified conductor, not only by its preflure, but
alfo by its acquired eletric powers; and that
it pervades the air to a confiderable diftance is
evident, from the different methods by which
the air of a room may be eleétrified.

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.

ExperimentT CLIL

Conne&t the upper board with the pofitive
eonductor, and the other with the . ground;:
turn the cylinder, and the u];}p{:r one will be
electrified pofitively, and the under one nega.
tively ; the {pace of air between the two plates
ats as a-plate of glafs, it feparates and keeps
afunder the two eleétric 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 eleéric thock will always be felt when-
ever a quantity of the fluid pafles through any
body in an inftantaneous manner, and the force
ef the fhock will be proportional to the quantity
of eletricity accumulated; and the eafe with
- which it can efcape ; for the whole energy of
- the electricity depgnds on its tenfion, or the
force with which it endeavours to fly off fmm:
 the elefirified body,

The two plates, when in contrary ftates,
ftrongly attract each other, and will come to-
gether, if they are not kept afunder by force,
A {park will fometimes pafs between the plates,
and deftroy the eletricity of each, If an emi-

M3 nence



166 AN ESS AY

nence is placed on the under plate, the fpark,
in the {pontancous difcharge, will ftrike it,
The experiments with thefe boards will be
more pleafing, if one furface of the upper board
1s covered with gilt leather, The two plates,
when charged, are fuppofed to reprefent the
, ftate of the earth and the clouds in a thunder-
ftorm. The clouds being in one ftate, and
the earth in an oppofite one, while the plate of
air alts as the eleftric, and the fpontancous
difcharges exhibit the phochomena of light-
ening.

An obfervation has been made on this expe-
riment, which feems to affeét one of che prin.-
cipal fupports of the received theory. I have
fubjoined it, in order to invite thofe who are
converfant with eletricity to a clofer invefti-
gation of the {ubject.

In this experiment it feems impoffible to de-
ny, that the air is penetrated by the eleétric
fluid. The diftance between the plates is fo
{mall, that it muft appear abfurd to fay that
this fpace is penetrated only by a repulfive
pnwcr; when in other cafes we fee the fluid
pervading much greater {paces of air. But.if
one electric fubftance is penetrable by the elec-
tric fluid, we muft be led ftrongly to fufpect
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 eafily. = But inftead of this, fo great
is its propenfity to enter, that a thock fent
through between two glafs plates, if they are
prefled pretty clofe together, always breaks
them to pieces, and even reduces part of them
to a powder like fand.  This laft effect cannot
be attributed to any other than the eleftric
fluid entering the pores of the glafs, and meet-
ing with refiftance, the impetus of its pro-
greffive motion violently forces the vitreous
particles afunder in all directions.

ExperimenT CLIII.

Turn that fide of the upper board on which
the gilt leather 1s pafted towards the lower one;
place one or two {fmall metal hemifpheres on
the lower board ; conneét the upper board
with the pofitive conductor, and the lower
one with that which is negative, put the ma-
chine in action, and the upper board will dif-
charge the whole of its contents on one of the
hemifpheres, in a ftrong flath, attended with a
fmart 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 invefted
with her own attire.

Connect a coated phial with the pofitive con-
ductor, fo that it may be difcharged with the
boards, and thé¢ flathes of light will extend
- further, and the explofion will be louder.

Experiment 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 fg
much in this fituation as when they are at the
edge of the board. If a piece of down ora
feather is 'placed near the edge of the board, it
will fly off to the neareft non-eleétrified body ;
but, if it is placed in the middle, it will be g
confiderable time before it will move, and it
will fearcely thow any figns of attra&im'n._ |

ExperimexTt CLV,

Place bran, or {mall pieces of paper, near
the center of thé lower board ; when the ma-
chine is put in aftion thefe will be alternately
attratted and repelled with great rapidity, and
agitated in an amazing manner. A pleafing
variation is made in this experiment by taking
off the chain from the lower board, and now

and
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and then touching it with the hand; touch
poth boards at the fame time and the motion
ceafes. But the moft furprizing appearance in
this experiment is, that fometimes, when the
eledricity is ftrong, 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 {wifc horizontal motion, moving like
a whirling pillar to the edge of the boards,
and from thence fly off, and be {cattered about
the room to a confiderable diftance.

ExperiMENT CLVI

Take two phials, the one charged pofitively,
the other negatively, place them on the infu-
lated board, but as far from each other as the
board will permit; infert a range of candles
in a piece of wood, about two inches dif-
tance frem 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-
ance of a line of fire, variegated in a thoufand
different curves.

CHAP.
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CHAP XI.
Of the ELle&irophorous.

IG, 73 reprefents an ele@rophorous. This
F inftrument was invented by Mr. Volta,
of Coma in Italy* It confifts of two plates
of a circular form, the under plate is of brafs
covered over with a firatum of an ele@rical
fubftance, generally of fome negative ele@ric,
as wax, fulphur, &c. the upper plate is of
brafs, with a glafs handle fcrewed on the center
of its upper furface.

Refinous ecleirics generally fuceeed better
for an eletrophorous than thofe made only of
glafs, not only as they are lefs affetted by the
humidity of the air, but as they feem to have
the power of retaining longer the eleétricity
which is communicated to them.

To ufe this apparatus, firft excite the under
plate ¢, by rubbing its coated fide with a piece
of clean dry flannel, or hare-fkin; when this
plate is well excited, it is to be laid on the

table with the eleftric uppermoft. Secondly,
place

* Mr. Wilck, in Auguft, 1762, contrived a refinous ap-
paratus, to which he gave the name of a perpetual electio-
phorous. See Scripta Academiz Suec, 1702.
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place the metal plate upon the elettric, as in fig.
»gand 75, Thirdly, touch the metal plate with
the finger, or any other conductor. Fourthly,
feparate the metal plate from the eleétric by
the glafs handle, “This plate, when raifed to
fome diftance from the under one, will be found
ftrongly eleétrified with the power which is
contrary to that of the eleftric plate, and will
give a {park to any conductor that is brought
near it. By repeating this eperation, i.e. by
fetting the pl&tal plate on the eleétric, and then
touching it with the finger, a great number of
fparks may be fucceflively obtained without a
frefh excitation of the eleétric.

The following experiments, which were
made with a view to analyfe this curious little
inftrument, are extracted from a paper of Mr.
Achard’s, in the Memoirs de I’Academie Roy-
ale de Berlin for 1776. ;

ExreriMent CLVIIL

~ Mr. 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 excited the upper furface
of the glafs, it produced all the effeéts of the
eleftrophorous ; from whence he infers, that
1L
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it is not ncceflary that the inferior metallic
plate thould touch exaétly in all its furface the
electric coating.

ExperimMent CLVIIL

He infulated, in a horizental pofition, a plate
of glafs of one foot ¢iameter, he excited this,
and then applied the upper plate in the ufual
manner, and obtained a fucceflive number of
weak {parks ; but in order to procure them, he
was obliged to let the ﬂnge::_ remaiin {fometime
on the upper plate. If, inftead of infulating
the plate of glafs by glafs, he infulated it by
wax or pitch, he conftantly found that the
fparks were ftronger. From this experiment
he concludes, that the inferior plate is not ne-
ceflary to the produdtion of the effects obferved
in this inftrument, and that when deprived of
it, retains all its properties.

Experiment CLIX,

Having excited the upper furface of an clec-
trophorous of wax, he placed the upper plate
on it, and after fome time lifred it off by its
infulating handle, without previoufly touching
- it with the finger; it gave no fpark, and was
not poflefled of the leaft power of attrattion and

repulfion ;
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repulfion ; which proves, that the ele¢tropho-
rous cannot render the upper plate eleétric,
unlefs it is touched by a body which is ca-
pable of giving or taking eledtricity from it.

=

: ExperimMment CLX.

Place the upper plate on an excited ele@ro-
phorous, bring a finger near the upper plate,
and a {park will pafs between them. Now asg
the electric fluid never appears as a fpark, ex-
cept when it pafles with rapidity from one body
to another, and as the upper plate exhibits no
ele€lric appearance, if it has not been previoudly
touched by a conductor, we may conelude,
that the eleCtrophorous only renders the upper
plate eleétric when it has received or loft a
quantity of eletricity.

Exrertment CLXI

Place one of the fmall brafs condu@ors with
its pith balls on the upper plate, and then put
them both on the ele€trophorous, the balis wilt
immediately feparate a little ; touch the upper
plate with the finger and the divergence ceafes ;
but on lifting this plate from the ele@ropho-
rous by its glafs handle the bails diverge with
great force, forming a very large angle ; on

tﬂj'..l!".l.g
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taking a {park from the plate they immediately
clofe. The feparation of the balls thews clearly
that the upper plate cither abforbs a quantity
of ele€tricity, or imparts a portion of its naturat
fhare to the under one ; it alfo thews, that the
former,asfoonasit is laid onthe ele€trophorous,
acquires a {mall degree of eleétricity, which it
tofes mn'b'eing touched with the finger ; but it
again ' becomes eleftrical when it is {eparated
from the electrophorous.

ExperimMenT CLXIIL

Infulate an ele@rophorous, and fufpend 4
pith ball by a linen thread; in fuch manner
that it may be about one quarter of an inch
from a piece of metal which is connected with
the botrom plate ; the ball does not move when
the upper plate is laid on the eleftrophorous,
but when this is touched by the finger the ball
1s attracted: As foon as the upper plate 1s ta-
ken off, the inferior metallic coating attralts
the ball, but quits it if the coating is touched
by the finger: It is alfo attraéted if the upper
plate is put on before the {park has been taken
from it; though it lafts longer and is fironger
if the fpark is taken before it is placed on the
ele&trophorous.

Ex=
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ExperiMmMeNnT CLXIIL

Eleétrify the under fide of the electropho-
rous, by conneting the under plate with the
condudtor of a machine ; the upper plate will
give ftrong fparks to the hand, or any other
non-electric: Touch the upper plate with one
hand, and the under one with the other, 2
thock will be reeeivedi The fame effect 1s
produced if the upper plate is ele¢trified by the
machine:  See figs 74¢

ExrerimenT CLXIV.

Infulate an eletrophorous which is not ex<
¢ited, and place the upper plate upon it, then
ele@trify the under plate by a chain from the
prime conduétor, take a fpark from the chain,
and the ele@rophorous acquires all the pro-
perties which are given to it by exciting the
upper furface.

Exre RIMENT CLXYV.

- Confiect the upper plate by a chain with the
prime conduftor, and ele@rify it, then take a
fpark from the chain, and the ele€tréphorous
will acquire as before the fame powers which
it gains when the upper furface is rubbed.

Exz-
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- ExperimenT CLXVI.

The fame effeét is produced by placing 2
Leyden phial on the upper plate of an unexcited
eletrophorous, then charging and difchargings
it on the plate.

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

ExperimMext CLXVIL

Mr. Achard placed the upper plate on an exci-
- ted elc&mphf}mus and a cube of metal, furnith-
ed with a glafs handle, on this plate ; on taking
the cube by its handle from the upper platey
without previoufly touching it, 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. ,

Experimexnt - CLXVIIL

By examining the eleétrophorous witly fmall
pu:h balls we find, ;

. That as foon as the upper plate is placed

on ah cle@rophorous of wax it acquires a weak

pofitive electricity ; and the contrary, if placed

on an elecCtrophorous of glafs.
. 2. That
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2. That when the upper plate is touched by
the finger it lofes all its cleﬂucm}

2. When the upper plate is !:m‘u:rhf.*d by the
ﬁngcr and removed from the ele@rophorous, it
acquires a ftrong negative eledtricity, if the
electrophorous is of glafs, and a pofitive elec-
tricity if it is of wax, S
. The ele@rophcrous may - be confidered as
formed of feveral horizontal firata ; fo that
when the upper one is exc:u:ed E:ther b}! fric-
tion or communication, it is infulated by the
inferior firata : now all infulated eleétrics pre-
ferve their electricity a confiderable time, and
it is from that caufe that the eleétricity of the
electrophorous continues fo long.

Infulated and excited glafs mduu:s the nega-
tn.c: cle€ricity on bodies brought within the
fphere of its ation, while negative electries,
il fimilar circumftances, produce the pofitive
ele@ricity. Thetefore thc: furface of the elec-
trophorous ought to communicate immedia f:ly
a pofitive cleétricity if it is of wax, the nega-
tive if it is made of glafs, which is perfectly
tonformable to experiments. But when the
upper plate is touched by the finger, the uprer
furface of the eleétrophorous ceafes to be infu-
lated; and gives the negative ele@ricity to the
upper plate, if it js of glafs, and the contrary

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

Electric bodies do not put the fluid in that
degree of motion which is neceffary to produce
the fpark, or exhibit the pheenomena of at:
tra@ion and repulfion, while they are in con-
tat with conducting fubftances, which is the
reafon why the upper plate exhibits no figns of
eledtricity while it remains in contaét with the
under one, though they become fenfible the
inftant it is rémoved from it

As the theory of this inftrument has been
deemed very intricate, 1 have fubjoined another
explanation of it, which is given by the editors
of the Monthly Review.

¢¢ Therefore, (in the cafe of a glafs elettro-
phorous) as it is a cafe which admits of a fome-
what eafier illuftration, the excited plate aéts
upon the eleétric matter naturally contained in
the upper brafs plate, fo as to repel a part of its
natural quantity from it in form of a fpark, at
that part where the finger is applied to it. If
the brafs plate in this ftate 1s 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 electric, which in fa&t does not part

| with
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With any of its own ele@ricity, but only repels
a part of what is in the upper plate, which is
fepeatedly reftored to it from the earth by the
perfon who makes the experiment.”

ExperRiMeENT CLXIX.

Piacc a piece of metal on an excited ele@ros
phorous,. it may be of any fhape ; a pair of triz
angular compaffes are very convenient for this
purpofe: Electrify the piece of metal with the
power whith is conttary to that of the eleétre-
phorous, and then remove it by means of fome
sleCtric, and afterwards fift upon the electropho=
rous fome finely powdered fefin, which will
form on its furface curious radiated figures.
When the platc 1s negative, and the piece of me-
al pofitive, the powder forms itfelf principally
ibout thofe parts where the metal was placed ;
sut if the plate 1s pofitive; and the {park is ne-
rative, the part where the metal touched will
»e free from powder, and the other parts more

rovered.
Experimen? CLXX.

Infulate a metal quart mug, and fufpend a
pair of {mall pith balls by filk, fo that the whole
)f the cleCtrometer may be within the mug,

N 2 clec-
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electrify the.mug, and the eletrometer will not
be in the leaft affe€ted. 'The fimilar atmo-
{pheres counterat each other ; and as no con-
trary power can take place in the eleftrometer,
it will remain uneleétrified. Touch the mug
with fome conducting fubftance, and it will
immediately attraét the balls.

Experiment CLXXI

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

ExperimentT CLXXIE

Connect 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 diminifh in pro-
portion as the chain is raifed and difplayed;
fhewing, that the eleftricity is rarified, and its
denfity is diminifhed, in proportion as it {preads

itfelf
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itfelf from the furface of the veflel on the ex-
tended chain ; which is confirmed by the balls
diverging again when the chain is let down
into the veflfel.  This experiment affords an
eafy folution for many of the pheenomena of at-
mofpheric eletricity, as why the vapour of
ele@rified water gives fuch fmall figns of elec-
tricity, and why the elefricity of a cloud is in-
ereafed by being comprefled or condenfed.

Experiment CLXXIIL

Fxcite a {lip of white flannel or a filk ribbon,
ind take as many {parks from it as it will give,
then double or roll it up, and the contracted
lannel will pe ftrongly electrical, give fparks,
nd throw out bruthes of light. |

Of the advantages which may be derived
Jrom an imperfeit Infulation, and of ren-

dering wvery [enfible wvery [mall degrees of
natural and artifieial Eleftricity, by Mr.

Volta.

A conductor, properly conftructed for making
bfervations on atmofpherical eleétricity, will
eldom affect the moft fenfible ele€trometer when

hefkyis free fromcle@rical clouds ; but by means
N3 of
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of the -apparatus now to be defcribed it will
appear, that thefe conduétors are always elec-
trical, and confequently the air which furrounds
them muft be at all times Elf:&rlﬁcd.: This me-
thod not only determines the exiftence, but alfo
the quality of the eleCtricity, whether pofitive
or negative, and that, even when the ¢onduétor
will not attract the fineft thread ; but if a very
{mall -attraction is vifible in the conductor, then
the apparatus will give long {parks.

The ele€trophorous ufed for this purpofe may
with propriety be termed a mmm-tle&mmerer,
or condenfer of ele&rmt}r -

- Whenever the atmofpherical conduétor gives
fufficient figns of ele@ricity, then the conden-
. fing apparatus becomes ufelefs. * For ‘when the
clectricity is ftrong, it often happens that part
of the eleftricity of the metal plate is imprefled
upon the ether, in which cafe the apparatus
afts as an electrophorous, and becomes unfit

for our purpofe.
The apparatus adapted for this purpofe con-

fifts of the upper plate of an eletrophorous, -
and a femi-ele@ric, or an imperfect conducting
plane, which will enly hinder in a certam de-
gree the paflage of the fluid, Many conduc-
tors of this kind may be formed; fuch as
a clean dry marble flab, a plate of wood, co-
wvered with a coat of varnith, &c. The furface
of thofe bodies not contracting electricity, or

it
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if any fhould adhere to them it foon vanifhes,
an account - of their femi-condutting nature;
for which reafon they cannot anfwer the end of
an ele@rophorous, ‘but are fit to be ufed as
condenfers af electricity,

Care fhould be taken however in chmﬁng
this plane, that it be not of too free a condutt-
ing nature, nar likely to become fo by ufe, it
being abfolutely neceflary that the ele@ricity
fhould find a confiderable refiftance in pervading
its furfac:_ In prtpanng fuch a plane, by dry-
ing, or otherwile, it is much. better to come
too near.than tog far from a non-conduétor.
A marble flab or beard, PIGPEI‘I} dried, an-
{wers well and is preferahle to any other
plane ; “otherwife. the plate of t;he eletropho-

raus is preferable ta all bodies unprepared.
~ The wortt fort of marble, if cc}ated_ with co-
pal, amber, or lacsvarnifh, and then kept in
an oven for a fhort time, will anfwer ﬁzr}r well,
even without previqufly warming for the expe-
riment, o 4

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

N 4 1 hig
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The advantages plates of this kind have over

the common ele@trophorous are, 1. That the
varnifh is always thinner than tha common
refinous ftratum of an eleétrophorous ; ‘and,
2. That the varnifh acquires a fmoother and
plainer furface : hence the meral plata can with
more advantage be adapted to it. :
" Any fort of plane, covered with dry aad
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 anfwer better for' this
purpofe than thofe made of cotton or waal and
both' better than linen.  Paper, laathar, wood,
ivory, bone, and every other fort of imperfect
conductors, may be made to anfiver to a certain
degree, if they are previoufly dried, and kept
Imt durmg the experiment.

This apparatus 15 rendered more f{imple: by
applymg "the ﬁik &e. tq the upper  plate
of metal, which is fixed to the glafs handle,.
inftead of the marble or other plate, which
now becomes ufelefs ; for in its fread, a plane of
HH}?’ kind may be ufed, as a common wooden
or marble table, even not very dry ; a piece of
metal, a book, or any other conductor, with a
flat furface.

Nothing more is requifite in ‘thefe experi-

ments, than that the electricity, which tends
tQ
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o 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-conducting
or femi-conducting firatum be laid upon one
or the other of thofe planes 5 all that is neceffary
is, that they fhould coincide together, which
renders it proper to ufe two planes that have
been ground together, and one of them vars
nithed. A fingle metal plate, covered with
filk, with three filk ftrings faftened to it by
way of handle, may be conveniently ufed for
ordinary experiments.

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

The plates being thus placed, let a wire,
egmmunicating with the conductor, be brought
to touch the metal plate of the eleGtrophorous,
and that only.

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

Remove the communicating wire from the
metal plate, and, by means of its infulated
handle, feparate it from the under one; it will
now attract a thread, eletrify an eleGrometer,
and, 1if it is ftrong, will give {parks, &c.

though
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though the atmofpherical cunduﬂnr ﬂmw:d no,
or only {mall figns of it.

At 1s -not eafy to determine the exad time
neceﬁ"ar}r for this gpparatus to remain in con-
taét with the condultor, as it will depend on
many circumftances ; for, if there are no figns
of elettricity in the conductor, it will require
cight or ten minutes, but if it attra@s a fine
thread, as many fcmnda will be. fuum.d fufh-
gient. *
dadts’ 38 dlﬂicult aH'ﬂ ta determm_e the precife
degree to which the eletricity may be con- -
denfed, or how much the electrical pheenos
mena may be increafed by this apparatus, as it
depends on various cl.rcumftances. The aug-
mmtatmn 15, however, greater in preportion
as the body which fupplies the metal plate has
a greater capacity, and s larger in propartion
as. the elefiricity is weaker, Thus, though
the atmofpherical conduélor has {carcely power
fufficient to attract a fine thread, it is neverthe-
lefs capable of giving fuch a quantity of clec-
tricity to the metal plateof the eleétraphorous,
as not enly ta actuate an eleGtrometer, bug
even dart ftrong {parks. But if the eleCtricity of
the atmofpherical conduétor is ftrong enough
to afford fparks, er to raife the index of the
electrometer to 5 or 6 degrees, then the res
ceiying plate of the electrophorous, according

& to
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to this method, will raife its index to the highe
eft degree, and give a ftronger fpark ; yet it
may be plainly perceived, that the condenfation
is proportionably lefs in this than in the other
cale ; for this reafon the eleétricity 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 elec-
tric power, which {fupplies the condenfer, is
meareft to the higheft degree, the condenfation
s proportionably lefs ; but in this cafe the con-
denfer is ufelefs; its principal ufe being to
collet and render fenfible that finall quantity of
ele@ricity which would otherwife remain im-
pergeptible and unobferved.
- Hitherto we have adapted our condenfer to
the detetting weak atmofpherical electricity,
as brought down by the conductor ; but this,
though the principal, is not the only ufe to
whieh it may be applied. - It will likewife dif-
«cover artificial elettricity, when itis {o weak as
not to be difcgverable by any other means.

A Leyden phial charged, and then difchar-
ged by touching its coated fides with the dif-
charging rod or the hand, appears to be quite
deprived of -its elericity; yet, if you touch
the knob of it with the metal plate of the con-
denfer, (fituated upon an imperfect conduéting
plane) and immediately take vp the plate, it

will
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will be found to give very confpicuous figns of
cletricity. But, if juft fufficient charge is left
in the phial to attract a fine thread, and the me-
tal plate is then brought to touch the knob for
a moment, it will, when lifted up, give a
firong fpark, and if touched again, a fecond
fcarce {maller than the former ; and thus, fpark_'
after fpark may be obtained for a long time,

This method of producing fparks, by means
of'a I:y‘la] which is not charged fo high as to
give fparks of itfelf, is very convenient for
various pleafing experiments ; as to fire or light
the inflammable air-piftol, or lamp ; efpecially
when a perfon is provided with one of thofe
phials contrived by Mr. Cavallo, which, when
charged, may be carried in the pocket a long
time. ‘Thefe phials, ag ‘they retain a fenfible
charge for feveral days, will retain an mff:nfble
one for weeks and months ; or, fuch a one as
cannot eaﬁljr 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. H you have an cle€trical ma-
chine fo far out of rorder that its conductor
will not give a fpark, nor attralt a thread,
then let this conductor touch the metal plate
of the condenfer, and continue in that ﬁtuatmn

2 few minutes, (the machine bemng ftill i in mo-
tion)
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tion) life up the metal plate; and you will obtain
frém it a ftrong {park.

Thirdly. If theeletrical machine acts well;
but the conductor is fo badly infulated thar it
will not give a fpark, either from its being con-
neced with the walls of the room, or by having
a chain from it te the table, let the conduétor
in this ftate touch the metal plate of the con-
denfer while the machine is in altion, the
plate will afterwards give fufficient ftrong figns
of eleltricity ; which proves the great power
this apparatus has ef drawing and condenfing
the electricity.

Fourthly, Where the ele€ronieters are not
fufficiently fenfible to difcover the quantities
of excited eleétricity, thole quantitics may
be readily explored by the condenfes. For this
purpofe, rub thofe bodies with the metal plite
of the condenfer, which for this purpofe muft
be naked, and if the plate be then prefented to
an eleftrometer, it will be found confiderably
eleCirified, although the body rubbed may have
acquired little or no eleéricity. The quality,
whether pofitive or negative, may be eafily af-
tertained, fince the elefricity of the metal
plate muit be the contrary of that body on
which it was rubbed. Mr. Cavallo made ufe
of this method to difcover the eleftricity of
many bodies. But a ftill better method may

be
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be ufed in cafe the bodies t6 be examined can-
not eafily be adapted to the metal plate, viz.
The metal plate being laid on the imperfect
¢onducting plane; the body to be tried is
tubbed againft, or repeatedly ftraaked upon i,
which done, the plate is taken up and exa-
mined by an electrometer. If the body tried is
leather, a ftring, cloth, velvet, or other im-
perfet conductor of the like fort, the plate
will certainly be found electrified, and incom-
parably more by this means than if it were
ftroaked by the fame bodies; whilt fanding
infulated in the air. In thort; by either of
thofe methods you will obtain electricity from
bodics which could hardly be expected to give
any, even when they are not very dry. Indeed,
coals and metals excepted, every other body
will afford fome ele@ricitys Elericity may
often be obtained by ftroaking the plate with
the naked hand:

The metal plate has a much greater power
to retain electricity when it lies upon a proper
plane, as mentioned in the foregoing experis
ments, than when quite infulated.

It is eafy to comprehend, that where the ca«
pacity of holding eleftricity is greateft, there
the intenfity of the eletricity 1s proportionably
lefs, for it will then require a greater quantity
to raife it to a given degree of intenfity ; fo that
i d the
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the capacity is inverfcly as the dwtenfity ; by
which we mean, that endeavour, by which the
ele@ricity of an eletrified body tends to efcape
frem all parts of 1t; to which tendency or en-
deavour, the eleftrical phoenomena of attraltion
and repulfion, and efpecially the degree of ele-
vation of an eleftrometer, correfpond.

That the zuternfity of eleftricity muft be in-
verfely proportional to the capacity of the bedy
eleftrified will be clearly exemplified by the
following experiment.

Experniment CLXXIV.

Take two metal rods of equal diametet; t¥e
one a foot, the other five feet long; let the
firft be eleftrified till the index of the eleftrg-
meter rifes to 60°, then let it touch the other
rod ; and in that cafe if is evident, that the in=
tenfity of the elettricity being diffufed between
the two rods, will be diminithed as the capacity
is increafed ; fo that the index of the elero-
meter; which before was elevated to 60°; will
now fall to 109, viz. to one fixth of the fora
mer wtenfity. For the {ame reafon, if the like
quantity of eleQricity was communicated to a
vod 6o feet long, its intenfity would be dimi-
nithed to one degree; and on the contrary,
if the eclettricity of the long condufter was

' con-
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contratted into the 66 part of that capamtv,
its intenfity would be increafed to 6o.

Conduétors of different bulk have not only
different capacities for holding eletricity, bux
alfo the capacity of the fame conduétor is in~
creafed and diminithed in proportion as its fur-
face is enlarged and contracted; as is thewn in
Dr. Franklin’s experiment of the can and chain,
&c: from which it has been concluded, that the
capacity of conductors is in proportion to their
furface, and not to their quantity of matter:

This conclufion is true, but does not com-
prehend the whole theory, fince even the exten-
fion contributes to increafe the capacity. In
fhort, it appears from all the experiments hi-
therto made, that the capacity of condutors
1s not in proportion to the furfaces in general,
but to the furfaces which are free, or uninflu-
enced by fimilar or homologous atmofpheres ;
and further, that the capacity of a conduttor,
neither altered in its form or furface, is in-
creafed, when inftead of remaining quite infu-
lated, it is prefented to another not infulated ;
and this increafe is more confpicuous, as the
furfaces of the conduftors are larger and ap-
proach necarer to each other.

The above:mentioned eircumitanees, 'by
which the natural capacity of conduéters is

greatly, augmented, has been. i:rveﬂuc}ked and
therce
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:hcrefnre no advantage has hlthcrfu been de:
duced from it.  The following experiment
will thew this increafed capacity in the fim-

pleft manmuer,

Exreriment CLXXV.

Take the metal plate of an eleltrophorous,
hold it by its handle in the air; and eleétrify it
fo high that the index of an ele@rometer an-
nexed to it hay be elevated to 60°, theén lower
the plate by degtees to a table, or other plane
conducting furface, the index will gradually
fill from 60° t6 50°, 20°%, 30°; &c. and yet
the quantity of electricity in the plate remains
the fame, except it is brought fo néar the table
as to occafion a tran{miffion of the electricity
from the former to the latter ; at leaft; 1t will
remain as near the fame as the dampnefs of the
air, &c. will permit. The decreafe of intenfity
is owing to the inercafed capacity of the plate,
which 1s now not infulated; or fo/ifary, but
conjugate, or communicating with another cons
ductor : for, let the plate be gradually re-
moved from the table, the é&l&ftromicter will
rife again to its former ftation, namely, to 60° ;
exceptinig the lofs that the air, &c. may have

occafioned during the experiment.
3] The
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The reafon of this pheenomenon is eafily de-
rived from the ation of eleétric atmofpheres.
The atmofphere of the metal plate, which for
the prefent I fhall fuppofe eletrified pofitively,
a&ts upon the table, or other conduéor, to
which it is prefented ; fo that the eleétric 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 eleftrified metal is
_brought to the table. If the metal plate is
ele€trified negatively, the contrary effeéts take
place. In fhort, the parts which are immerfed
in the {phere of ation of the eletrified plate,
by contracting a contrary eletricity, give the
electricity of the metal plate an opportunity to
expand itfelf, and will thus diminith its inten-
fity, as 1s fhewn by the depreflion of the
eleCtrometer.

The two following experiments will throw
mote light upon the reciprocal action of the
eletric atmofpheres.

ExperiMmMent CLXXVI.

- Ele&rify two flat condultors, either both
pofitively or negatively, then bring them gradu~.
ally towards each other, and it will appear, by
two annexed eleCtrometers, that the nearer they |
approach
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approach, each other, the more their denfities
will increale, as all elaftic bodies re-aét in pro-
portion as. they are acted on; which thews,
that either of the two c¢omjugate powers has a
much lefs capacity to receive more - fluid now
than when fingly infulated, and out of the in-
fluence of the other. This experiment explains,
why the tenfion of the eletric atmofphere on
an eleftrified conduétor is greater when it is
contracted into a {maller bulk ; and alfo, why a
long extended conductor will thew lefs intenfity
than a more compa&t one, fuppofing their
quantity of furface and electricity to be the
fame ; becaufe the homologous atmofpheres of
their parts interfere lefs with ‘each other in the
former than in the latter cafe, and of courfe,
as their aftion is lefs, the re-aGion is alfo

lefs.

ExperimentT CLXXVIIL

Eleétrify one of thefe flat conduftors pofi-
tively, the other negatively, and the effefts will
then be juft the reverfe of the preceding; viz.
the intenfity of their electricities will bgrdimi-

nithed, becaufe their capacities, or their power

- and facility of expanding are increafed the near-
er the conduétors come to each other.

O 2 : Apply
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Apply the explanation of this ldft experiment -
to that mentioned before, viz. the bringing the
eleftrified metal plate towatds a conduéing
plane which is not infulated ; for, as this plane
acquires a contrary electricity, it follows, that
the intenfity of eletricity in the metal plate
muft be diminifhed, and the annexed eleétrome-
ter 1s deprefled according as the capacity of
the plate is increafed, or as the denfity of its
atmofphere is diminifhed ; and confequently,
the plate in that fituation is capable of receiving
a greater quantity of eleltricity.

This will be rendered fill clearer by the fol-

Iowing Expcriment.

ExperimentT CLXXVIFH.

Infulate the conducting plane whilft .thd
other eleétrified plate is upon it, and after-
wards feparating them, both the metal plate
and conduting plane, which may be called the
inferior plane, will be found electrified, but
poflefled of contrary eletricities, as may be
afcertained by eleftrometers.

If the inferior plane is infulated firft, and
then the eleftrified plate is brought over it,
then the latter will caufe an endeavour in the
former to.acquire a contrary eletricity, which
the infulation prevents from taking place; hence

the
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the intenfity of the eletricity of the plate is not
diminifthed, at leaft, the eletrometer will thew
a very little, and almoft imperceptible depref-
fion, which fmall deprefhian is owing to the
imperfection of the infulation of the inferior
plane, and to the {fmall rarefation and conden-
fation of the ele@ric fluid which may take place
in different parts of the f{ad 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 elec-
tricity, and the intenfity in the metal plate will
be diminithed.

If the inferior plate, inftead of being infu-
lated, were itfelf a non-condudling fubftance,
then the fame pheenomena would happen, viz.
the intenfity of the eleCtrified metal plate laid
upon it would not be diminithed. This, how-
ever, is not always the cafe, for if the faid in-
ferior non-conducting plane is very thin, and
1s laid upon a conduéor, then the intenfity of
the electrified metal plate will he diminifhed,
and its capacity will be increafed by being laid
upon the thin infulating ftratum ; as in
that cafe, the condufting fubftance, which
ftands under the non-conduding ftratum, ac-
quiring an eleétricity ¢ontrary to that of the
metal plate, will diminith its intenfity, &c.
and then the infulating ftrapum will only dimi-

O 3 nifh
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nith the mutual aGion of the two atmofphicres
more or lefs, according as it keeps them at
greater or {maller diftances from each other.
The intenfity or eleétric action of the metal
plate, which diminithes gradually as it is
brought nearer and nearer to a conduéting
plane not infulated, becomes almoft nothing
when the plate is nearly in conta&t with the
‘plane, the compenfation or natural balance
being nearly perfe@. Hence, if the inferior
plane bnly oppoles a {mall refiftance to the paf-
fage of the ele@ricity, (whether fuch refiftance
is occafioned by a thin elettric firatum, or by
the plane’s imperfe&t conduting nature, as is
the cafe with dry wood, marble, &c) that re-
fiftance, joined to the interval, however {mall,
that is between the two plates, cannot be over-
come by the weak intenfity of the eleiricity of
the metal plate, which on that account will
not’ dart any {park to the inferior plane, (ex-
cépt its ele@ricity were very powerful; or its
- edges not well rounded) and will rather retain
its eleétricity ; fo that being removed from the
mnferior plane, its eletrometer will nearly re-
¢over its former height. Befides, the eleCtri-
fied plate may even come to touch the imper-
feftly condulting plane, and may remain’ in
" that fituation for fome time ; in which cafe,

the intenfity being reduced almoft to nothing,
the
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the eledtricity will accordingly pafs but flowly
to the inferior plane. But the cafe is different,
if, in performing this experiment, the eleéiri-
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 eletrome-
ter, the eleClricity eafily overcomes the {mall
refiftances, and pafles to the inferior plane,
even acrofs a thin ftratum, becaufe the eleétri-
city of one plane is balanced by that of the
other, only in propﬂrtiﬂh to the quantity of
furface 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-
tact, its eletricity 1s not difhpated. 'T'hisap-
parent paradox is clearly explained by the theo-
ry of eleftric atmofpheres.
_ ’Tis ftill more like a paradox, that neither
touching the metal plate with a finger or piece
of metal will deprive it of all its eleétricity,
while ftanding upon the proper planc; fo that
it generally leaves it fo far -eleétrified, that
when feparated from the plang it will give a
{park. 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 perfet conductor, the
metal or finger oppofe a fufficient refiftance to
retard the immediate diffipation of the cleétris
O 4 city
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city of the plate, which is in that cafe actuated
by a very fmall degree of intenfity, or power
of expanfion ; fo that, fuppofe for inftance,
the picece of metal or finger touching the plate,
took off fo much of its eletricity as to reduce
the intenfity of the remainder to the soth part
of a degree , this remaining ele@ricity would
be then nothing ; but when the plate, by being
feparated from the inferior plane, has its capa-
city fo far diminithed as to render the intenfity
of its eletricity 100 times greater, then the
intenfity of that remammg clectricity would be-
come of two degrees or more ; Viz. fufficient
to afford a fpark.

Having confidered in what manner the ation
of eletric atmofpheres modifies the ele@ricity
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.

ExperIMENT CLXI{IX.

Suppofe a Leyden phial or a conductor, fo
weakly’ eleétrified that its intenfity is on half a
degree,



ON ELEETFRICITY. 208

degree, or even lefs : if the metal plate of the
condenfer, when ftanding upon its proper
plane, was to be touched with that phial or
conduétor, it is evident, that either of them
would impart to it a quantity of its ele€tricity,
proportional to the plate’s capacity, viz. fo
fnuch as thould make the intenfity of the elec-
tricity of the plate equal to that of the electri-
city in the condutor or phial, viz. half a de-
gree 3 but the plﬂ_.te"s capacity, now it lies
upon a proper plane, is above 1oo times great-
er than if it ftood infulated in the air ; or,
which is the fame thing, it acquires 100 times
more eleétricity from the phial or conduétor.
It naturally follows, that when the metal plate
is removed from the proper plane, its capacity
being leflened fo as to remain equal to the 1ooth
art of what it was before, the intenfity of its
cle@ricity muft become 50°, fince the intenfity
of the ele@ricity in the phial or conduétor was
half a degree. |
If a {mall quantity of eletricity, applied to
the mctal plate of the condenfer, enables it to
give a ftrong f{park, it may be atked, What
would a greater quantity do? Why nothing
more. Becaufe, when the eleftricity commu-
nicated to the metal plate is fo ftrong as to
overcome the {mall refiftance of the inferior

plane, 1t will be diffipated.
it
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It is caly to underftand, that if the metal
plate of the condenfer can receive a good fhare
of eleCtricity from a Leyden phial or ample
conduflor, however weakly eleétrified, it can-
not receive any confiderable quantity of it from
a conductor of fmall capacity ; for this conduc-
tor cannot give what it has not, except it were
continually receiving a ftream, however {mall ;
as is the cafe with an atmofpherical conduéor,
or with the conduétor of a machine which aéts
very poorly but continues in action. In thofe
cafes it has been obferved, that a confiderable
time is required before the metal plate has ac-
quired a fufficient quantity of elericity.

As an ample eondultor, weakly electrified,
imparts a confiderable quantity of elecricity to
“the metal plate of the condenfer, fo, when this
plate is afterwards {feparated from its plane, the
eleéiricity in it appears much condenfed and
vigorous ; fo, when the fame plate contains a
fmall quantity of elefricity, fuch as cannot
give a {park or affect an eleftrometer, that elec-
tricity may be rendered very confpicuous by
communicating it to another {mall plate or con-
denfer.

Mr. Cavallo firft thought of this improvement,
by reafoning on Mr. Volta’s experiments. He
made a fmall metal plate not exceeding the fize

of a fhilling. This {econd condenfer is of great
| ufe
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ufe in many cafes where the eleftricity is fo
{mall as not to be at all, or not clearly, obfer-
vable, by one condenfer only, as has been fully
proved. Somectimes the ufual metal plate of
my condenfer acquired fo fmall a quantity of
ele&ricity, that being afterwards taken from
the inferior plane, and prefented to an ex-
treamly fenfible cle¢trometer, made by Mr. Ca-
vallo, it did not affect it. In this cafe, if the
{aid plate, thus weakly cletrified, was made to
touch the other fmall plate properly fituated,
and was afterwards brought near an eleftrome-
ter, the eletricity was then generally ftronger
than was fufficient merely to afcertain its
quality.
Now if, by the help of both condenfers,
the intenfity of the elettricity has been aug-
mented 1000 times, which is by no means an
xaggeration, how weak muft then be the elec-
tricity of the body examined ! how {mall the
quantity of eleétricity that is produced by rub-
bing a piece of metal with one’s hand ! fince,
when it 1s condenfed by both condenfers, and
then communicated to an ele&rometer, it will
hardly affect that inftrument, and yet is fuffi-
cient to afford convition that the metal can
be elettrified by the friction of a perfon’s hand.
Before the difcovery of the condenfer and
Mr. Cavallo’s very fenfible ele@rometer, we
were
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GHcA P. Xl

Of Atmofpberical Eleciricity.

~OR the fubje@ of this chapter we are prinJ
cipally indebted to P. Beccaria, who has
for many yedrs accurately obferved the various
changes in the eledtricity of the atmofphere,
and their relation to the other pheenomena of
the weather. His apparatus was admirably well
adapted for this purpofe, and fuperior to any
thing that we are at prefent acquainted with,
for intimating eafily and at all times the elec:
tricity of thie air, It not being at firft fufpected;
that eleftricity was fo intimately blended with
every operation of nature, as it is now known
to be. The labourers in this part are of courfe
very few, the principal are P, Beccaria, Mr.
Ronayne, and Mr. Cavallo.

I have exttatted and methodized the refults
of the obfervations made by P. Betcaria, intro-
ducing occafionally thofe made by others, that
the reader might be in poffeffion of the moft
material facs, and excited to inveftigate and
purfue with attention this delicate and impor-
tant fubject; for, indeed, little certainty can
be expetted from any fyftem of meteorology
where the a@ion of the principal agent is not

particularly confidered and attended to.
' The
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The apparatus ufgd by P. Beccaria, for in-
veftigating the eleétricity” of the atmofphere,
was an iron wire, which he terms an exploring
wire, one hundred and thirty-two feet long.
Tt was fixed at one end to a pole raifed over the
chimney, the other end was faftened to the top
of a cherry-tree. The extremities of the wire
were infulated, and covered with a fmall um-
brella of tin. Another wire was brought from
thls, (through a thick glafs tube, coated with
fealing-wax) into the room ; by which means,
continual information of the ftate of the elec-
tricity in the exploring wire was obtained. He
~ conneéted with this wire a fmall {lip of metal,
on each fide of which was a fmall pith ball,
one line diameter ; the balls were fufpended by
filk threads, fixteen lines long.
 The eleétricity, in ferene weather, generally
makes each of the balls diverge about 6 lines ;
when it is very firong, they will diverge 15 or
20 degrees from the metal plate; when weak,
the divergence is very fmall.

In ferene weather, the wire, after being
touched, will take a minute or longer before it
again thews figns of eleétricity ; though, at
other times, it will become electrified in the
fpace of a fecond.

The eleétricity during ferene weather is al-

% '
ways pofitive,  There are few inftances 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 either fog, fnow,
rain, or clouds. The whole {eries of obfer-
vations which P. Beccaria has made confirm
this pofition. He feems to have met with only
three 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
pofitive eletricity, of which the apparatus
could not have received and retained the rooth
part. And it is eafy to conceive, how a flrongly
charged large pofitive cloud may reduce [maller
clouds to a negative ftate.

The eletricity of the atmofphere is very
much conneéted with the ftate of the air, as to
moifture and drynefs; fo that it is neceflary to
attend to the hygrometer, in order to form a
proper judgment of the different degrees of
eledtricity at different times. That invented by
Mzr. Coventry, which is made of hatters’ paper,
will anfwer beft ; it is very fenfible, abforbs
moifture foon, and parts with it cafily. Com-
parative obfervations may alfo be made with
it. It is alfo neceflary to place a thermometer
near the hygrometer, to afcertain what quantity

of
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of moifture the air can keep in folution witlt
a glvf:n degree of heat. Though this object
will more probably be obtained by obferving
accurately the quantity of moifture evaporated
from a given furface at different times. Itis
alfo to be abferued, that the different dtglEEﬁ
of denﬁty in the air will affe® the quantity of
moifture which is retamed in the air.

The moifture in the air is the conftant con-
dudtor of the atmnfphenc eleétricity during
;Icarlweather, and the quantity of elefricity
is proportioned to the quantity of moifture
which furrounds the exploring wire ; except
there is fo much as to leflen the exactnefs of
t_h: infulation of the wire and of the atmo-
fplﬁere; In a dry ftate of the air it will fome-
times be above a minute before the balls will
manifeft any ele@ricity after the wire has been
touched ; though in a damper ftate, a fecond
will fearce elapfe before rapid ofcillations of
the balls may be obferved between the finger
and the plate of brafs to which they are

affixed.®
The

# In makin g obfervations on the ele@ricity of the atmo.
{phere in clear weather, it is effential to' repeat them very
frequently ; i. e. to abferve the velocity with which the elec-
tricity rifes after it has been annihilated ; which P. Beccaria
generally eftimated by the number of {econds elapfed beforg
the balls began to mani‘eft their electricity,
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- 'Fhe elefricity, when the weather clears up,
18 alwavs pofitive. When the weather 1s clear-
ifig up, and becomes dry quickly, the clec-
tricity rifcs to a great degree of mtenﬁt}, and
affords frequent opportunities for repeating the
obfervations. It fometimes happens, that the
cleétricity, caufed by the clearing up of the
weather, continues in its ftate of intenfity for a
long while ; and alfo, after being interrup-
ted, it begins afrefh. Thefe accidents feeny
to be owing to the electricity bemg bmught
over by the wmd from great diftances.

P. Beccaria ﬁya, that whenever he obferved
that the thick fow clouds which were over
his head began to break, and the rare even

micls, which are above thf: former, became
-:l1latcd that the rain ceafed and the balls
dwerged with pofitive ele&ricity, he always
wrote down certain tendency to clear weatber.

Prior Ceca fays, that a ftrong pofitive elec-
tricity after rain is an indication that the wea-
ther will continue fair for fev eral days. If the
ele&nc:t}r is weak, it 15 2 fign that the fair
weather will net laft the whole day, but that it
will foon be cloudy, and even rain.

If, when the fky grows clouded over the
place of obfervation, and a high cloud is
formed, without any fecondary clouds under

P its

-
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it, and that it is not an extenfion of a cloud
which drops rain elfewhere ; either no eleétri~
city takes place, or it is pofitive.

If the clouds which are gathering are thaped
like locks of wool, and keep moving firft nearer
to, and then feparating from each other; or, if
the general cloud which is forming lies very
high, and is flretched downwards like defcend-
ing fmoke, then pofitive electricity commonly
takes place, which is more or lefs ftrong 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
is to follow.

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

Low and thick fogs, (efpecially when as
they rife the air above them is free from moif~
ture) carry up to the exploring wire an elec-

' tricity



OGN rELEE *RICGITTY. 2ir

tricity which will give fmall fparks repeatedly,
and produce a divergence of the balls from
20° to 25°, or even 30° If the fog grows
flugeith, and continues round the exploring
wire, the eleétricity {oon fails 3 but, if it con-
tinues to rife, and another cloud fucceeds, it
electrifies again the wire, though lefs than be-
fore. Sky-rockets fent through fuch thick,
low, and continued fogs, often afford figns of
ele@ricity. P. Beccaria, under any one of the
circumftances above deferibed, never met with
an inftance of negative eclectricity ;3 except,
perhaps once, when he fent a fky-rocket, to
which a ftring was fixed, through a low thick
fog; though he had afterwards cvery reafon
to think that he had miftaken & falfe littie
far for a true one,

Mr. Ronayne obferved, that the air in Ire-
land was generally electrified in a fog, and even
in a mift, and that both day and night, but
principally in winter; feldom in fummer, ex-
cept from pofitive clouds, or cool fogs. The
eletricity 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 pofitive to negative,

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

Prg Mr,
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The clouds which leffen the electricity of the
exploring wire are thofe which move; though
thofe that are low feem alfo to have the {fame

effect.

Of the Diurnal Atmofpherical Eleclricity.

In the morning, when the hygrometer indi-
cates a degree of drynefs equal to, or little lefs
than that of the preceding day, an eleétricity
takes place before the fun rifes ; which is
manifefied by junélions, adhefions, or even a
divergence of the balls, and is proportional to
the drynefs of the air, and the {imallnefs of, its
difference from that of the preceding day. If
this ftate of drynefs does not obtain, no dif-
cernable eleftricity will be perceivedgbefore, or,
even for a little while after, the rifing of the
fun. As the airis generally damp in the night,
eleétricity is feldom obferved before the fun,
rifes. During three months obfervations P. Bec-
carla found the eleftricity before the fun rofe
only eighteen mornings ; and from the whole
of his numerous obfervations it appears, that
the appearance of cleftricity in winter before
fun-rife is more frequent than in the fummer,
efpecially if the dampnefs from hoar-froft is.

prevented from affeting the apparatus,
g Ia
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In the morning, as the fun rifes higher, the
eletricity, whether it begun before fun-rife or
only after, gradually increafes. This gradual
increafe of the morning eletricity begins fooner
if the hygrometer continues after fun-rife to
indicate a greater degree of increafing drynefs,
The intenfity and the rife of the eleétricity
(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 ftationary at the higheft degree it
has attained that day, till the fun draws near
the place of its fetting. When the fun is near
fetting, and in proportion as the hygrometer
abforbs the moifture, the intenfity of the daily
electricity leflens. |

Though the hygrometer may indicate equal
degrees of drynefs at twelve o’clock, in differ-
ent days, yet the cleétricity 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 ele@ricity
morcover commences on fuch days later in the
morning, and falls fooner in the evening,

The friGion of winds againft the furface of
the earth is not the caufe of atmofpheric elec-
tricity. - Impetuous winds leflen the intenfity of
the eletricity in clear weather. If they are
damp, they leffen its intenfity in proportion to

| the
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the diminution they caufe in the exatnels of the
infulation, both.of the wire and atmofphere.

Of the Eleciricity produced by the Evening
~ Dew,

In cold feafons, if the fky is clear, little wind,
and a great degree of increafing drynefs, an
eletricity of confiderable intenfity arifes after
fun-fet, as foon as the dew begins. The fre-
quency of fuch eleftricity is morcover greater
than that of the daily elericity, and it vanithes
flowly, - .

In temperate or warm {eafons, if the fame
circumftances as abeve take place, an cledtri-
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 rapidity, and
ends fooner. :

If, under the above circumftances refpetive-
ly, the general drynefs of the air happens to
be lefs, the eletricity 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 elericity
1s greater

i The
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The electricity 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 eleétricity of calm mild rain,
and that of rainy and ftormy weather, and varies
alfo according to the feafons.

As rain, fhowers, the Aurora Borealis, and
the zodiacal htrhr, have a tendency to appear
for feveral fucceffive days with the fame cha-
ratteriftic accidents, fo the ele@ricity of dew
feems to have as 1t were an ipnclination to appear
for feveral evenings fucceffively with the fame
charadters.

Experiment CLXXX,

Let the air in a well-clofed room be ele¢tri-
ﬁr::d ; 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
hlgh in this room. Care muft be taken to pre-
ferve the mi’ulatmn of the glafs with warm
cloths. The electric ﬁfrns that will arife in tun
threads fufpended to fuch bottle will exactly
reprt.fcnt the ele@ricity of dew ; and they will
exhibit the different manner after’ which this
electricity takes place, according as the elecs
tnﬁed vapours in the room - are more  or

lefs
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lefs 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 bottle is more or lefs exact.

In a thunder-ftorm Mr. Ronayne obferved,
that the flathes would caule fudden changes;
Sometimes the eletricity would be extended,
fometimes diminifhed ; 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
clectricity as ‘a branch of it, or even as a com-
mon fhower ; that a fterm 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 Atmefpheri-
cal Electricity, by Mr. Cavallo.

Thefe were principally made with an eletri-
cal kite, which will collect eletricity from the
air at any time. The power of this inftrument
refides in the ftring. The beft method of ma-
king the firing is by twifti ng two threads of com-
mon twine with one of that copper thread which
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 kite, conftruéted in this man-
per, was raifed, Mr. Cavallo fays he always
obferved the flring ta give figns of ele&ricity,
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
eletricity.

If the kite was raifed at a time when there
was any probability of danger from the great
quantity of ele&ricity, Mr. Cavallo conneéted
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 ftool. Except the kite
1s raifed in a thunder-ftorm, there is no great
danger that the aperator will receive a thock.
Although he raifed his kite hundreds of times
without any precaution whatever, he feldom
received even a few flight thocks in the arms,
But it 1s not advifeable to raife it while ftormy
clouds are overhead. This is alfo lefs neceffary,
as the eledtricity 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 ftrong filk lace to a heavy

chair in the room. Fig. 78, A B reprefents part
of
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of the firing of the kite which comes within
the room, C the fitk lace, DE a fmall prime
conductor, which, by means of a {mall wire
is connected with the ftring of the Kite; F a
quadrant eletrometer, fixed upon an infulating
ftand, and placed near the prime conductor ;
G a glafs tube about 18 inches long, gn a ball
~and wire of brals, which are fixed to the glafs
tube. This fmall inftrument is wfeful to de-
termine the quality of the ele@tricity when it
is not fafe to come near the ftring. This i1s
effected by touching the ftring with the wire,
which takes a fufficient quantity from it to af-
certain thereby the quality of the eleCtricity,
cither by the attraltion 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 thewn even at
fome days diftance, '

If a charged phial 1s carefully 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 principle 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 varnifhed.

' A
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A glafs tube, which is open at both ends, is
cemented into the neck of this phial, having 2
piece of tin-foil connefted with its loweft ex-
tremity, which touches the infide non-eleétric
coaring. . A glafs handle is fixed to the ball on
the wire which pafles into the foregoing glafs
tube ; the wire is of a proper Iength tq touch
the tin-foil which is at the bottom of the tube.
Charge this bottle in the ufual 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 chargr: Df a ph1aI
~ may be preferved far many weeks.

- Fig, 80 reprefents a very fmplﬂ inftrument
(contrived by Mr. Cavalla) for making experi-
ments on the electricity of the atmofphere, 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 {fmall
elafs tube C, covered with fcaling-wax, acork
D is fixed at the end of 1t, from which an elec-
tfﬁmcter with a pith ball is fufpended. HGI
is a picce of twine, faftened to the other ex-
tremity of the rod, and fupported at G by a
{mall ftrmg FG. At the end of the twine T
a pin is faftened, which, when puthed into the

cork D, renders the eleétrometer E uninfulated.’
When
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When the tle&nmty of the atmofpere is {}b-
ferved with . this inftrument, thruft the pin i1
into the cork D, and hold the rod by the lower
end A; place it out of a window at the upper
part of the houlc, raiﬁng the end of the 1‘-::113
with the eleftrometer, fo as to make an angle
of 50 or 60 degrees with the horizon. Keep
the inftrument in this fituation for a few. {e-
conds, then pull the twine at H, and the pin
wili be difengaged from the cork D; which
operation caufes the ftring to drop in the dot-
ted fitvation K L, and leaves the eleGtrometer
infulated, and electrified with an ele@ricity
contrary to that of the atmofphere. 'This being
done, yon may draw the eleftrometer into the
room, and examine the quality of the eleétri-
city, without obftruction either from wind or
darknefs. _ y

Fig. 81 is an eletrometer for rain, con-
trived by Mr. Cavalle, ABCT is a ftrong
glafs tube, about two fect and a half long,
having a tin funnel DE cemented to its exs
tremity, which funnel defends part of the
tube from the rain. The outfide furface of the
tube from A to B is covered with fealing-wax,
and fo is the part of it which is e by
the funnel. F D is a piece of cane, round
which brafs wires are twifted in different di-
reétmnﬁ, fo as to catch the rain eafily, and at
the

e .
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the fame time to make no refiftance to the wind;
This piece of caie is fixed into the tube, and
a {mall wire proceeding from it goes through
the tube, and communicates with the ftrong
wire A G, which 1s thruft into a piece of cork;
faftened to the end A of the tube: The end G
of the wire' AG is formed into a ring; from
which a fenfible pith ball ele@rometer is to be
fufpended: This inftrument is faftened to the
fide of a window frame; where it s fupported
by firong brafs hooks 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 elevated 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 thowers, this inftrument is frequently
clettrified ; and by the divergence of the electro-
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 ealfily
taken off from the window, and replaced again,
as occafion requires; as it will be neceflary
Ty o e
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to clean it often, particularly when a fhower of
rain is approaching.

Defeription of a fmall portable Atmofpberis
cal ElecIrometer, by Mr. Cavallo.

The principal part of this mmftrument isa
glals tube CDMN, cemented at the bottom
into the brafs piecce A B, by which part the
inftrument is to be held when ufed for the at-
mofphere; and it alfo ferves to fcrew the in-
ftrument into its brafs cafe ABO, fig: 76.
The upper part of the tube CDMN is thaped
tapering to 4 {mall extremity, which is intirely
covered with ﬂtaiing-wa:{; into this tapering
part a {fmall tube is cemented ; the lower ex-
tremity G being alfo covered with fealing-
wax, projects a fmall way within the tube
CDMN ; into this fmaller tube a wire 1s 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 fcrews into the
brafs cap EF, which cap is open at the bot-
tom, and ferves to defend the waxed part of
the inftrument from the rain, &c.

™™
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e 1\{1 and KN are two narrow flips of tine
f‘nil, fruck to the infide of the glafs CD MN,
and communicating with the brafs bottom A B.
They ferve to convey that eleétricity which,
when the corks touch the glafs; is communi-
cated!t‘r:r it, and, being accumulated, migfnf
difturb the free motion of the corks.

To ufe this inftrument for artificial cleéri-
city, ele@rify the brafs cap by an ele&rified
{ubftarice, and the divergence, or convérgencé
of the balls of the ele@rometer, at the ap-
proach of an excited electric, will fh-:-zwr the
quality of the eleétricity. The beft manner to
ele@rify this inftrument is, to bring excited
wax fo near the cap that one or both of the
corks may touch the fide of the bottle CDMN,
after which they will foon collapfe and appear
unele@rified. If now the wax is removed,
they will again diverge, and remdin ¢lectrified
pofitively.

When this electrometer is to be ufed to try
the ele€ricity of the fogs, air, clouds, &c.
the obferver is to do nothing more than to un-
fcrew it from its cafe, and hold it by the bot-
tom A B to prefent it to the air a little above
his head, fo that he may conveniently fee the
corks P, which will immediately diverge if
there is any ele@ricity ; i.e. whether pofitive
or negative may be afcertained, by bringing an”

W8 excited
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excited piece of fealing-wax or other elettrie
rowards the brafs cap EF;

General Laws deduced from the Experinients
performed with the Electrical Kites.

1: The air appeais to be ele@trified at alf
times:  Its eletricity is conftantly pofitive,
and much ftronger in frofty than in warm wea-
ther ; but it is by no means lefs in . the night
than in the day time. |

2. The prefence of the clouds penetally
leflens the eleétricity of the kite : fometimes
it has no effeét upon it; and itvery feldom in-
‘treafes it

3« When it rains the eleéricity of the kite
is generally negative, and f{eldom pofitives

4. The Aurora Borealis feems not to affet
the eletricity of the kite.

5: The eleftrical fpatk; taken from the
firing of the kite, or from any infulated con-
ductor connefted with ity 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 ele&rometer 'is not
higher than 20°, the perfon who takes the
fpark will feel the effef of it in his legs; it

Q_ appears
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- appears more like the difcharge of an elec-
tric jar, than the {park taken from the prime
conductor of an eleétrical machine.

6. The eleétricity of the kite is in general
ftronger or weaker, according as the fring is
longer or fhorter, but it does not keep any exaét
proportion to it. For inftance ; the ele@ricity
brought down by a ftring of a hundred yards
‘may raife the index of the ele@rometer to 20°,
.when with double that length of firing the in-
~dex of the cleGtrometer will not go higher
than 25°. '

9. When the weathet is damp, and the
cledtricity is pretty ftrong, the index of the
eleCtvometer, after taking a fpark from the
ftring, or prefenting the knob 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 abfervatmnﬂ which have
been made on the eleétricity of the atmofphere,
that Nature makes grear ufe of this fluid in
promoting vegetation.

1. Inthe fpring, when plants begin to grow,
then temporary elecirical clouds begin to ap-
pear, and pour forth eleCtric rain. The elec~
ericity of the clouds and of the rain continues
to increafe till that part of . the autumn im
which the laft fruits are gathered.

_ 2. It
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3. It is this fluid which fupplies common
fre with that moifture by the help of which
it afluates and animat€s vegetation; it is
the agent that colleéls the vapours; forms the
clouds; and is then employed to diforder and
diffipate them in rain;

3. Frem the fame ﬁrihcipie may be ex=
plained the proverb, that No watering gives
the couniry fo fmiling a look as rair. ‘The
clouds of rain, by extending their eleétric at-
mofphere to the plants; difpofe the pores of the
latter to receive with greater facility the water
which is impregnated with this penetrating and
dilating fluids Befides, it is natural to fups
pnﬂ&', that the pofitive elefricity which cons
tinually prevails in ferene weather; will contri-
bute fo promote vegetation, fince this has
- been found to be the effeét of even artificial
rlefineity:
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Of the Imperfection of Meteorology, [o long
as Barometrical, Thermometrical, and Hy-
grometrical Obfervations are not accompa-
nied with the regular Obfervation of the
Eleclricity of the Atmofphere, of the Elec=
tricity of Rain, Snow, Mifts, and agqueous
Meteors in general. By Mr., ACHARD.

As it is now clearly afcertained, that elec-
tricity is a caufe of various meteorological
pheenomena, it is rather furprizing that philo-
fophers have not perceived the abfolute neceffity
of joining an inftrument by which obfervations
may be made on the eleéricity of the atmo-
{fphere, to thofc which indicate its weight,
heat, and humidity. p

Without confidering in this place the differ-.
ent proofs of the influence of eleftricity on
meteors, it will be fufficient to remark, that
we cannot attain to an adequate knowledge of
any pheenomena, occafioned by the concur<
rence of various _caufes, without being ac-
quainted with them all; for if any one is
neglefted, 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 uandoubtedly con-

» cerned
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cerned more or lefs in their formation ; fo that
b;.; neglecting to obferve it, as well as the ba-
rometer, &c. we lofe the fruits of other, even
very exa&, meteorological obfervations.
~ The influence of eletricity on vegetation is
proved by a fet of obfervations made by differ-
ent philofephers ; but it evidently appears,
that the botanic meteorological obfervations
glone will never be fo ufeful as might be ex-
pected, till we unite thofe made by an inftru-
ment which will indicate the eletric ftate of
the atmofphere, to thofe made with other in-
ftruments. It is owing to this caufe, perhaps,
that it is impoffible to draw any conclufion
from the betanical metcorological obfervations
of Meflts. 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 conneétion
that fubfifts between the formation of the moft
part of meteors, and “atmofpherical elgctris
city.

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 ele&ro-
meter, from its fimplicity, is almoft preferable
to any -other for merely difcovering that elec-
fricity exifts in the atmofphere.

Q. 3 During
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During the month of July, 1748, Mr,
Achard obferved daily the ele@ricity of the
atmofphere in the morning, 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 fufficiently diftant
from buildings, trees, &c. During the whole
time there was only 10 days which gave no figns
of eleétricity ; 17 days, including the foregoing
10, in which he could obferve no eleétricity in
- the morning, though it begcame very fenfible at
noon, and was very much increafed towards
the fetting of the fun. Every other day he
found the air ele€trical during the whole day,
but always ftrongeft a little before fun-fet, a
fhort time after which it began again to dimi-
nifh.

If in ferene weather the fky became fuddenly
cloudy, the eletrometer indicated -continual
changes in the eleétricity of the atmofphere ;
fometimes increafing, then difappearing, then
re-appearing ; in which cafe, it had generally
changed from p_oﬁtive to negative, or wice
verfa, In windy weather he found it difficult
to obferve with the eleftrometer, on account of
the continual motion of the balls, It feemed
to vary confiderably when the air was heavy,
but not windy. When the weather was very
gcalm, and the fky without clouds, the elettro-

| % L eter
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meter did not alter in the leaft, except towards
fun-fet, when it increafed in a fmall degree.

It is remarkable, that in thofe days in which
he obferved no ele@ricity in the atr, there was
no dew atnight; while on the other nights, it
fell in greater or lefs quantities. He does not
think thofe ebfervations are {ufficient to deter-
mine that the dew is occafioned by eletricity,
but it may, he thinks, be fawrly inferred, that
the elevation and fall of the dew is obftructed
or promoted by the eletricity of theair. It
is ealy to point out in what manner eleCricity
may produce the effe@t. Let us fuppofe the
air to be either pofitively or negatively ele&tri-
fied, but the furface of the globe where we are
not to, be fo; the aqueous and volatile parts
of the vegetables exhaled by the rays of the
fun, and fufpended in the air, will become
clettric by communication. The air cooling
by the abfence of the folar heat, will not, af-
ter the fetting of the fun, retain the aqueous
particles with the fame force 5 and thefe being
attracted by the non-cle@ric bodies which are
on the fusface of the earth, their fuperficies
will be covered with dew. Again, let us fup-
pofe that the furface of the earth is eledtrical,
but that the air is not eletrical, and the effe&
will be fimilar to, the preceding cafe. If the
air and the earth are both ele@rified, but with

Q.4 contrary
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contrary powers, the attraction will be fironger
and the dew more abundant, but no dew will
fall if they are both poffeffed 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 eletric bodies are
thofe on which it falls with the greateft abun-
dance. 'This fat admits of an eafy explana-
tion, if we fuppofe electricity to be the caufe
of the dew ; for the eledric bodies do not rea-
dily receive eleétricity from the medium which
furrounds them ; there is, therefore, always a
greater difference between the eletricity of the
air and that of the eletrics which are placed in
it, than between the eleftricity of the air and
the conducting bodies which it envelopes.
Now it 1s in the ratio of this difference that
the power of eletric attraction ats, and con-
fequently thefe bodies ought to be covered
more abundantly with dew,

As eleftricity is often, if not always, the
caufe of dew, no one will doubt the neceffity
of attending to it in the botanical meteorology,
as every one is acquainted with the influence of
dew on the growth of vegetables.

In the Phil. Tranf. for 1773, are obferva-
fions on the eleftricity of fogs, which prove
that they are generally electrical, Mr. Achard
has made feveral obfervations, the refults of

| | which
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which correfpond entirely with thofe, for he con-
ftantly found that the air was more or lefs elec-
trified by a fog. Twice he obferved, that in
the fpace of a few minutes the fog ccafed alto-
gether, and fell in form of a fine rain; and
though it was very thick, difappearcd in about
feven minutes. It is alfo very probable that
rain is occafioned by elericity ; and of this
we thall be convinced, if we confider the attrac-
tions and repulfions that the terreftrial or atmo-
fpheric eleétricity muft occafion, as well be-
tween the furface of the globe and the vapours
contained in the air, as between the particles
of vapour which always neceffarily tend to dif-
perfe or unite the aqueous particles which
fwim in the atmofphere, and to bring them
nearer, or carry them farther from, the earth.
Having proved the neceffity of combining
obfervations on the electricity of the atmofphere
with other metecorological obfervations, Mr.
Achard procceds to defcribe the properties re-
quifite in a good atmofpherical cleétrometer,
the want of which accounts for the negle¢t and
fupinenefs of philofophers on this fubject.

Neceffary
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\ Nfrgﬁny Requifites in  an Atmofpherical
| Eleitrometer,

1, It thould be eafy in its ufe. .

2. It thould not only indicate that the air is
eletrical, butin what degree,

3. It is neceflary that we may learn whether
it is pofitive or negative.

4. That the obferver thould be in no danger
m ftormy weather,

5. That it be portable,

The number of difhculties which oppofe the
conftruction of an inftrument which will unite
all thefe advantages “are very confiderable,
The greateft is to infulate the metal which re-
ceives the ele@ricity from the zir, fo that rain
may not eftablith a communication . between it
and’the earth, and that the infulation is fuffi-
ciently perfe& to prevent too quick 2 diffipation
of the eleltricity received by the metal, Mr,
Achard does not pretend that he has furmount-
ed all thefe difficulties, but after feveral trials
he has contrived an inftrument fpﬂicient]y
portable, eafy to obferve with, and that with~

~out danger,

Defeription



ON ELECTRICITY. 234

Defeription of the portable Atmofpberical
Electrometer, contrived for the Purpofes
already mentioned.

This inftrument is compofed of a hollow and
truncated cone of tin, whofe upper end 1s open,
and which is clofed at bottom by a plate of the
fame metal. ‘This plate is covered, in the in-
fide of the cone, with a layer of rofin two
inches thick : to the lower furface of this layer
of rofin a tube of tin is cemented, which,
when it is placed on a wooden pedeftal, fup-
ports the cone in fuch 2 manner, that the great
bafe is horizontal, and turned downwards ; the
rofin infulates the cone perfectly, and, when
the latter becomes eleétric, prevents the lofs of
its eleftricity by tranimiffion. The cone muft
be high enough, and its inferior bafe muft ex-
ceed far enough, in diameter, its fuperior ex-
rremity, to prevent the rain, even though it
thould fall in an pblique direéﬁun', from wetting,
cither in its fall, or by rebounding from the
pedeftal, the lower furface of the rofin-laver,
with which the bottom of the truncated cone is
internally covered : otherwife the cone would
ceafe to be infulated, and the eleftrometer
would be changed into a condutor. On the
truncated part of the cone Mr. Achard faftens

a
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a fquare irpn branch, on which he placesa
thermometer and two eleCtrometers ; the one
very light, and thus capable of being fet in mo-
tion by {fmall degrees of eletricity ; the other
heavier, and which, confequently, only rifes
when the ele&nmty ‘becomes too ftrong to be
meafured by the hght dc&mmetLr. Befides
thefe two eleCtrometers, Mr. Achard tied to the
iron bar a threa.d which mdlcates, by its rlﬁng,
the ﬁnalleﬁ degrecs of eledtricity : the whole
15 inclofed in a receiver of glafs open above
and below ; the bafe of this receiver is alfo
infulated with rofin, that it may not derive any
ele@ricity from the tin cone ; the remaining -
ipace of the upper part of the recefver! between
the bar of metal, which paffes through it, and
the glafs, is hkemfe filled with rofin, to pre-
vent the communication of eletrieity to the re-
ceiver; topreferve 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 neceflary to prevent the action 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 pafics

~ through the recciver, hollow tin pipes may be
placed,
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p]acﬂdi of a fmall diameter, te render them
as hght as poffible, and they may be raifed to
the height of 10, 20, or 30 feet. The upper
end of the pipe terminates in an iron point, ex-
tremely tharp and well gilt ; the gilding is ne-
ceffary to hinder the point, which muft be al-
ways even and fmooth, from contracting 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 nbfervations 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
difcovering the relation, if any there be, be-
tween eledtricity and the temperature of the
air, A barometer and hygrometer may, with
facility, be added to this inftrument for the
fame purpofe.

In order to know whether the cledricity of
the air be pofitive or negative, Mor. Achard
fufpends a ball of cork, by a linen thread, on
the wire which communicates, with the iron
bar, and which pafles through the rofin, with
which the bafe of the truncated cone is cover-
ed. The wire muft be of fuch a length, that
bodics, pefitively or negatively electrical, may

' be
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be commodioufly brought near the cork bail,
which is fufperided on it; and itis according as
thefe bodies attradt or tepel the ball, that the
obferver learns, whether the eleétricity which
the inftrument has received from the air, be'
pofitive or negative.

That the obferver may be in no danger from
fuddent accumulations of eleéiricity, 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
* ground, feveral feet 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 ele&rical fluid is fo ac-
cumulated that the inftrument can no longer
contain it, it will difcharge itfelf againft this
metal bar, which will condué it tinder ground.
The fame' thing would; if the lightenitig fell
upon the inftrument, and the obferver would
be in no fort of danget, even dt the diftdnce
of a few feet: When the inftrument is placed
in a garden, this method of forming a commus4
nication with the ground is fubject to no incons
veniency ; but if it thould be judged proper to
employ the infirument in a houfe, (which may
be done by making thé tin pipe pafs through a
hole in the roof, and placing the inftrument in
a garret) the manner above-mentioned of form=

lﬂg
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ing its communication with the earth would
not be fo eafily executed : in this cafe, the
communication muft be cffeted by means of
a bar of metal defcending from the garret to a
depth of fome feet under ‘ground; and for
greater fecurity againft the too great proximity
of a thunder-ftorm, it would be proper to place
the metallic bar in contaét with the cone of tin 2
thus the inftrument would become a real con-
du@or, which, inftead of expofing the houfe
to danger, would, on the contrary, preferve it
from all the-accidents that are occafioned by
lightening, |
When the inftrument is placed in a garret,
or on the platform of a houfe, no inconveni-
ence is to be apprehended from afcending dews ;
but when it i placed in a garden, the dew ad-
heres to the rofin which covers the truncated
bafe of the cone, and forming thus a commu-
nication between the cone and the earth, makes
the inftrument lofe the ele@ricity with which it
may have been charged. To prevent this ac-
cident, it is neceflary to pave the ground on
which the inftrument is placed, and #hat in {fuch
a manner, that the pavement may extend itfelf
on all fides, at leaft two or three feet beyond
the circumference of the lower bafe of the cone :
the rifing of the dew, which by adhering to
| ' - the
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the rofin might damage the inftrument, witl
be thus effectually prevented.

When the air is eletrical, it muft necefla-
rily cmnmunxmtc its EIE&'EICLI}F to the vapours
Wthh it contains. ‘This is cvident from the ’
fﬂrmatmn of lightening;, which is not produced
l}],r the dilcharge of the electrical matter of the
air, but by that of the vapours which float in
that atmofphere. Hence it follows, that rain;
faow, hail, mift, and dew, muft be very often
eleftric. As it appears to Mr. Achard 4 matter
of great confequence to kiow and obferve ex- .
atly the eleftricity of thefe meteors, he has
conftructed a machine that is adapted to dif-
cover both its nature and degree. This ma-
chine is compofed of a truncated tin cone,
clofed at the top, opén at bottom, and infula-
ted upon a pedeftal, like that of the machine
employed to meafure the elericity of the
air.  In the center fa'f the upper truntated
part of the cone, Mr. Achard fixes an iron bar
terminated by a ball ; he covers the whole with
an infulated glafs receiver, high enough 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 eleGremeter,
and alfo a linen thread to difcover the {malleft
degrees of ele@ricity. As this inftrument is
but little elevated, and has no pointed extre-
' mity,
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fnity, it is not eafily charged with the electri-
city of the air, which, at fuch a degree of
proximity to the earth, is always impercepti-
ble ;- but rain, fnow, hail, mift, and dew, if
they are ele€trical, will render it alfo eleétrical
by falling upon the cone; the degree of elec-
tricity is afcertained by the eletrometer,
which is under the receiver; and in order to
know whether it be' pofitive or negative, the
obferver has only to employ the method indi-
cated above, in our agcount of the inftrument
ufed to meafure the eleétricity of the air. Be-
fides the ufe of this inftrument in difcovering
the ele@ricity of aqueous meteors, it may ftill
ferve farther purpofes : it may be highly ufe-
ful to compare it with the atmofpherical elec-
trometer, in order to difcern the true principle
of the eleftricity with which it 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 eletrometer may alfo. become
cletrical by rain, fnow, hail, or mift; and
the comparing thefe two inftruments is. the
only method that occurs to Mr. Achard by
which we can know, whether it receives its
ele&ricity dire@ly from the air, or by the in-
tervention of bodies (indued with a conduéiing
power) which are diffufed in it. If, during

R rainy
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C BA B XIIL

On the Diffufion and Subdivifion of Fluids
by Electricity.

- E are chiefly indebted to the Abbé
W Nollet for what i1s known on the fub-
je@ of this chapter, which was inveftigated
by him with incredible 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 Abbés own wri-
tings, or Dr, Prieftley’s Hiftory of Elec-
tricity.

Ele&ricity augments the natural evaporation
of fluids; fince, excepting mercury and oil,
all the others which were tried fuffered a dimis
nution that could not be aferibed to any other
caufe than eleétricity.

It increafes the evaporation of thofle fluids
inoft which naturally tend to evaporate rea-
dily. Volatile fpirits of fal-ammoniac loft
more than {pirits of wine, this more than wa~
ter; &c.

Eletricity aéts ftrongeft upon fluids when
the veflels which contain them are non=cléétrics.

R 2 The
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The evaporation was greateft in the moft open
veflels, 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 fiream
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 to let the fluid run in a ftream, eledtri-
city will accelerate its motion in a {mall de-
gree. Nk

If the tube is fo far capillary that the water
only iflues from it in drops, the eleétrified jet
becomes a continued ftream, it will even be
divided into feveral fmaller ones, and its motion
is confiderably accelerated ; the {maller the di-
ameter of the tube, 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.

ExperimenT CLXXXI,

Fig. »7, reprefents a metal phial, to which a
capillary tube 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 pafs through the
tube in a continued fiream, this will feparate
into other ftreams, that will appear luminous

in the dark.

ExperiMment CLXXXII

Sufpend one pail from a pofitive condutor,
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 attratted by that which
ifflues from the other, and form one ftream,
which will be luminous in the dark.

If the pails are fufpended on two pofitive,
or two negative conduétors, the ftreams will
recede frqm each other,

ExperimMent CLXXXIII

Place a metal bafon on an infulating ftand,
and connedt it with the prime conductor ; then
pour a {mall fiream of water into the bafon,
which in the dark will have a beautiful appear-

R 3 ance,
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ance, asthe ftream will be divided into a great
number of lucid drops.

EXPERIMENT CLXXXIV.

Dip a fponge in water, and then fufpend it
from the conduétor ; the water, which beforzs
only dropped from it, will now fall faft, and
appear in the dark like fiery rain

ExperiMENT CLXXXV, -

Hold a pail, which is furnifhed with feveral
capillary tubes placed in various directions, near
an eleftrified condutor, and the water will
ftream out of thofe jets near the conductor,
while it will only drop at intervalg from thofa
which are oppofite to it.

ExreriMenT CLXXXYVIL

The knob of a charged jar will attratt a drop
of water from a faucer, &c. This drop, the
moment the bottle is removed from the faucer,
affumes a conical fhape, and if it is brought
near any conducting {ubftance, it is driven for-
cibly away in fmall ftreams, which are lumi-

sous in the dark,
It



ON'ELECTRICITY. S

It appears by this experiment, that the
eleétric fire not only tends to feparate the par-
ticles of water, and to diffipate them into va-
pour as common fire, but that it effects this

with uncommon rapidity,

Experiment CLXXXVIIL

Difcharge a battery through a drop of water,
previoufly placed on the knob of one of its
bottles, the whole will be inftantly exploded
into vapour ; 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 intg the air in the
form of {moke, the other part remains on the
glafs, f

Experiment CLXXXVIIL

A drop of water, hanging from the con-
denfing ball of an elettrified conduétor, will
{tretch towards water placed in a cup under it,
lengthening and fhortening itfelf according to
the force of the eleétricity,

R 4 E x-
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ExperiMeEnT LCLXXXIX!

Place a drop of water on the prime conduc-
tor, turn the machine, and long zig-zag Tparks
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 is flaming turn the cylin-
der, the wax will become pointed, and fhoot
out an almoft invifible thread into the air, to
the length of 2 yard and more. If the fila-
ments 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 piece of wax conveniently to the conductor,
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 ;

when

* Nicholfon's Introduétion to Philofophys
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when it 1s thus placed, it may be recadily fired
by a taper.®

ExreriMENT  CXCI

Infulate 2 fountain, made by condenfed air,
and which emits only one ftream ; eleérify the
fountain, and the ftream will be {eparated into
a great number ; thefe will diffufe themfelves
equally over a large {pace of ground. By lay-
ing a finger upon the conductor, and taking it
off again, the operator may command either
the fingle ftream or the divided one, at plea-
fure,

Experiment CXCII. *

Eleétrify two {mall infulated fountains with
the different eleftric powers; the {treams 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
rain.

CHAP.
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G HOA P, X1V,
Of the Elelric Light in Vacu.

ExperimenT CXCIH.

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 conductor,
and every {park will pafs through the vacuum
in a broad fitream of light, vifible the whole
fength of the receiver, The ftream often di-
vides itfelf into a variety of beautiful rivulets,
which are continually dividing and uniting in
2 moft pleafing manner, If the veffel is grafped
by the hand, at every fpark 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 feen between the hands and the
glafs.

From fome experiments made feveral years
fince by Mr., Wilfon, with an excellent air-
pump of Mr. Smeaton, he obferved, that very
imall differences of air occafioned very material
differences in the luminous effects produced by

the electric fluid ; for when all the air was taken
out
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put of the receiver, which this pump at that
¢ihe was capable of extraéting, no electrie
light was vifible in the dark. Upon letting in
a little air by 2 ftop-cock, a faint eleétric light
was vifible, and by letting in a little more air
increafed the light, which again decreafed on
letting in more air ; till at laft, on admitting
great qdantities, it intirely vanithed. By this
experiment it appeared, that g certain limited
quantity of air was neceflary to occafion the
greateft luminous effect.

Exeperiment CXCIV.

Fig. 82, reprefents an exhaufted receiver,
ftanding on the plate of an air pump, 44 an
eleftrified wire difcharging a ftream 4 ¢ of the
eleftric fluid on the plate of the air pump. If
the ftratum of air on the outfide of the receiver
be leflened by the application of the finger to
the receiver, and by this means an opportunity
be given to the fluid on the outfide to efcape,
the fluid within will be impelled to that part,
as at def, It has been inferred from this
experiment, that no repulfive power exifts bes
tween the particles of the ele@ric fluid; bes
caufe, if it was in ijtfelf really elaftic, or en=-
dowed with a repulfive power of its own, it is
#ot probable it could pafs in an uninterrupted

fiream,
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fiream, as at 4¢, when the refiftance was ta-
ken off'; it would then fpread wider, and difplay
its elaftic power.

It is more confiftent, fays Dr. Watfnn, to
fuppofe, that the repulfion of thefe particles
which is feen in the open air, is occafioned by
the refiftance of the air, and not to any natural
tendency of the eleétricity itfelf.

The following experiment of Beccaria con-
veys a clear idea of the refiftance the air makes
to the paffage of the eleftric fluid, and of the
diminution of that refiftance in an exhaufted
receiver. '

ExprerimeEnT CXCV.

Before the air was exhaufted from the res
ceiver, if the wire at the top of it was eleétri-
fied, adiverging brufh proceeded from it, about
. an inch long. On exhaufting the receiver the
following changes took place : firft, the rays
of the bruth became longer ; 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, from the wire to
the plate of the air pump.

From this experiment it is clear, that the air

is the agent by which, with the affiftance o
other
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kother eleftrics, we are able to communicate
celeCtricity on ele€trics, as-well as non-electrics ;
{for when ' this is removed, the fluid pervades
rthe wacuum, and flies off te a confiderable
ediftance.

ExeperimMenT CXCVI

To dilinguifh with great accuracy the chan-
¢ges in the form and length of the eletric
{fpark when it is paffing through a receiver; the
aair of which is more or lefs rarefied ; fix a bail
tto the rod, let another proceed from the plate
cof the air pump; the balls are to be placed
zabout one inch from each other. When the
wacuum is good, a fingle uniform ray, of a
jpurple colour, paffes from one ball to the other ;
tbut in proportion as the air is admitted, the
rray acquires a quivering motion, which indi-
t€ates that a refiftance to its motion then bEgin; p
sand this interruption is followed by a divifion of
tthe ray or ftream ; the ray now acquires a more
wivid light ; and, laftly, it becomes the common
{fpark, which is emitted with greater or lefs
ffacility, in proportion to the power of the ma«
chine, and the refiftance of the air.

Ex-
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Experiment CXCVIL

Prefentathinexhaufted flatk, fimilar to thgt re
prefented at E, fig. 49, but withbut any coating
on the outfide, to the conduétor; and the botth
will be luminous from end to end, and whei
taken from the conductor, will continue umi
nous, moving in varieus curvilinear direction
for a confiderable time; flathing at intervals 1
a manner which very much refembles the Auror
Borealis. The light may be revived by paffinj
the flafk through the hand. The firoke of th
fluid againft the glafs 1s very fenfibly heard an
felt in this experiment

The flexuous motions of the elecric ﬂun
in an exhaufted receiver may; in fome degree
be produced at pleafure. By wetting the out
fide of the receiver, thefire will follow the di
reftion of the wetted line, as the refiftance i
now leflened on one fide; and the fire can ad
here and accumulate itfelf on the infide of th
teceiver, becaufe; by means of the dampnefs
it can expel a portion from the outfide.

This experiment may be exhibited very pleal
ingly, by making a toricellian vacuum in :
glafs tube about three feet long, and then feale
hermetically. Hold one end of this tube i
the hand, and apply the other to the conduétor

ang



ONVYELECTRICITY. B

and immediately the whole tube will be illumi-
nated from end to end, and will continue fo for
a confiderable time after it is removed from the
condu&or, flathing at intervals for many
hours.

ExPERIMENT CXCVIIL

Another beautiful appearance may be pro-
duced in the dark, by inferting a fmall Leyden
phial into the neck of a tall receiver, {o that
the outward coating may be expofed to the
vacuum. Exhauft the receiver, and then charge
the phial, and at every fpark which pafles from
the conduttor to the infide, a flath of light is |
feen to dart from every part of the external
furface of the jar; fo as to fill the receiver.
‘Upon making the difcharge, the light 1s feen
to return in a clofe body.

Exreriment CXCIX.

A very perfeft vacuum for the paffage of the
elettric fluid may be made by a double barome-
ter, or long bent tube of glafs filled with mer-
cury and inverted, each leg ftanding in a bafon

‘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 {pace, th=
hight appears uniform through the whole fpace,
but is moft vivid when the difcharges are ftrongs
Dr. Watfon infulated this apparatus, and then-
made one of the bafons of mercury communi-
cate with the condutor, and touched the other
with a non-eleétric ; the eleftric fluid pervaded
the vacuum in acontinued ﬂamf:, without any di-
vergence : When onc of the bafons was conneéted
with the infulated cuthion, the fire appeared to
pervade the vacuum in a different dire@ion.

ExrerimeNT CC.

Fig. 83, reprefents a glafs tube, fuch as is
generally ufed for barometers ; on the end 2 a
fteel cap is cemented, from which a wire and
ball ¢d proceed into the tube:  Fill this tube
with quickfilver, and then, by fendmg up a
large bubble of air, and repeatedly inverting the
fubc, free the quickfilver and iron ball from
air, according to the ordinary mode of filling
barometers ; then place a {fmall drop of =ther
on the quickfilver, and put the finger on the
end of the glafs tube, invert the tube, and then
~ infert theend f in a bafon of quickfilver, taking
eare not to remove the finger from the end of

the tube, till the end is immerged half an ineh
under
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tinder the filver. When the finger is removed,
the quickfilver will defcend, and the ether
will expand itfelf, leflen the vacuum, and de-
prefs the mercury. in the tube; now prefent
the metallic top of the tube to a large charged
conductor, and a beautiful green fpark 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. 1o, 111, 119, 120, of this
Eﬂ'a],, for further obfervations on the appear-
atice of the eletric light in vacuos

S CHAP.
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' HA P JXV.
Of Medical Eleclricity.

HE Abbé Nollet fays, that he received
more pleafure when he difcovered that the
motion of fluids in capillary tubes, and the
infenfible tran{piration of animated bodies were |
augmented by eleCtricity, than by any other
difcovery he had made ; becaufe they feemed to
promife fuch abundant advantages to mankind,
when properly applied by a fkilful hand. Bug
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-

‘mittents !
It is true, that like every other fimple me-
dicine which has proved beneficial to mankind,
“ledtricity met with much appofition from the
interefted views of fome, and the ignorance
of others; has been treated with contempt, and
injured by mifplaced caution. I fhall recom-
mend to thofe who thus oppofe it, not to
condemn a fubjet of which they are ignorant,
but to hear the caufe before they pafs fentence ;
to take fome pains to underftand the nature of
eleCtricity ;
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ele@ricity ; to learn to make the eleétrical ma-
chine a& 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 foon be
convinced that it deferves a diftinguithed rank
in medicine, which 1s the offspring of phi-
lofoph.

The fcience of medicine and its pra&itioners
have been reproached with the inftability and
fluGtuations of practice; at one 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 elefricity, it |,
would ftill only laft for the day of fathion, and
then be configned to oblivion. I muft confefs,
that I cannot be of this opinion, nor eafily led
ro 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. Electricity
is an aQive principle, which is neither generated
nor deftroyed ; which is every where, and al-
ways prefent, though latent and unobferved ;
and is in motion by night and day, to maintain
an equilibrium that is continually varving. To
give ene inftance, among many, it has been

5 2 thewn,
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fhf:wﬁ, that the rain which defcends in 2 florm
.18 ftrongly impregnated with electricity, and

thus brings down what the heated vapours car-

ried up into the air, till the deficiency of the
carth 1s fupplied from the fuperfluity of the

heavens. A variety of other caufes 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 ef this fluid is diftributed to every

‘{ubftance, 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 aétion is the firft mover
in the animal machine, and the chief a&ive
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 to be eftimated
by the degree of heat, abfiratedly confider-
ed, becaufe the degree of heat only afcer-
tains the quantity -which is atting in a peculiar
manner.

It is known, that this vivifying principle
haftens the vegeration of plants. /Myrtle-trees,
which were elefrified, budded fooner than

others
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others of the fame kind and fize, and s the
fame green-houfe.  Seceds, daily electrified,
have fhet 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 twelve davs., 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 1s by no means improbable, that the ve-
getating power which is operating during the
whole year in ever-greens, may arife from thefe
trees having more refin in their compofition
than thofc whofe leaves fall in autumn, by
which they are enabled to attradt and rctain
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 ftrong eleftric power poflefled by their
leaves. The fame writer thinks, that the fluid
collected 1n our eleé&rical experiments is only
thofe folar ravs that have been difperfed in, and
are arrefted by the earth ; an idea which is
{ftrongly corroborated by the obfervations made
on atmofpherical cletricity, and by the de-
ductions which have been made from_the rela-

tive afhnities of fire, light, and heat.
S 3 The



262 BIN: YESSHSTArY

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 eletricus ; for the
fimilitude eftablithed between the electrical fluid
of the Torpedo and that of nature at large, is
fuch, that, in a 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 firft who has made the obferva-
tion, that the magnirude and number of the
nerves beftowed on thofe eleCiric organs, in pro-
portion to their fize, muft appear as extraordi-
nary as their effects ; and that, if we except
the important organs of our fenfes, there is no
part, evenof the moft perfect animal, which, for
its fize, is 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 refpet to ation,
Mr. Hunter obferves, that there is no part of
any animal, however firong and conftant its
action may be, which enjoys fo large a portion
of them. If then it be probable, that thefe
nerves are unneceflary for the purpofe either of
fenfation or aétion, may we not conclude, that
they are fubfervient to the fﬂrﬁﬁtiﬂn, collection,
and management of the clectric fluid ? efpe-
cially, as it appears from Mr, Walfh’s experi-

ments,
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sents, that the will of the animal commands
the eleftric powers of its organs. If thefe re-
fleions are juft, we may with fome probabi-
lity foreteli, that no difeovery of confequence
will ever be made by future phyfiologifts con-
cerning the nature of the nervous fluid, with-
out acknowledging the lights they have bor-
rowed from the experiments of Mr. Walth
upon the living Torpedo, and the diffection of
the dead animal by Mr. Hunter. *

A variety of curious falts clearly evince,
that the electric fire is eflentially connefted
with the human frame, and 1s centinually ex-
crting its influence upon it, Mr. Brydone men-
tions a lady, who, on combing her hair in
frofty weather in the dark, had fometimes ob-
ferved fparks of fire to 1flue from it; this made
him think of attempting to collect the electrical
fire from hair alone, without the afliftance of
any other eleétrical apparatus. To this end, he
defired a young lady to ftand on wax, and
comb her fifter’s hair, who was fitting in a chair
before her ; foon after the had begun to comb,
the young lady on the wax was furprized to
find her whole body eletrified, and darting out
iparks of fire againft every object that ap-
proached her, The hair was firongly ele€trical,
and affeCted an cleftrometer at a confiderable
diftance. He charged a metallic conduétor from

S 4 it‘,
¥ Sir John Pringle’s Difcourfes, p. 84.
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it, and in the fpace of a few minutes collefed
a {ufficient quantity of fire, to kindle common
fpirits, and by means of a fmall jar, gave many
fmart ftrokes to all the company.

Mr. Cavallo obtained, by means of a fmali
condenfing plate, very fenfible figns of electri-
city from various parts of his own body, and
the head of almoftany 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-
uy other difeafes, which are known only by
name, are owing to the bodies being pofiefled
of too large or too fmall a quantity of this fubtle
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 aétivity is leffened, and
what is collefted is foon diffipated ; then our
{pirits are more langmd, and our fenfibility is
lefs acute. And in the fierce wind at Naples,
when the air feems totally deprived of it, the
whole fyftem 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 tonc,
and enlivens all nature, which feemed to droop
and languifh in its abfence : nor can this ap-

pear furprmug, if it is from the different ftate
of
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6f this fire in the human body, that the ftrittum
and laxum proceeds, and not from any alter-
ation in the fibres themfelves, or their being
more or lefs braced up, (among which bracers
cold has been reckoned one) though the muf-
cular parts of an animal are more braced whean
they are hot, and relaxed when they are cold.
Mr. Jalabert and Profeflor Sauffure, when
paffing the Alps, were caught amongft thun-
der-clouds, and found their bodies full of
eleétrical fire ; Tpontancous flathes darting from
theiy fingers, with a crackling noife, and the
fenfations they felt were the fame as when
trongly eletrified by art. It feems pretty evi-
dent, that thofe feelings were owing to their bo-
dies containing too great a fhare of elettrical
fire; and it is not imprebable, that many of
our invalids owe their feelings to the oppofire
caulc. '

Exreriment CCL

Pafs the charge of a large jar, or battery,
from the head to the back of a moufe; this,
if ‘the fhock is fufficiently ftrong, will kill the
animal. After its death, make the difcharge
in the fame manner, and the fluid will pafs vi-
fibly over the body, and not through it ; evin-

CI0Z,
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cing, that the power or medium which tranfs
mitted the fhock through the animal, is loft
with its tife. This experiment is taken from
Mr. Cavallo’s treatife on medical clectricity.
ks importance is felf-evident, and it certainly
mevits a further inveftigation, by thofe who are
acquainted with the animal ceconomy, as welt
as cleétricity,

‘The following experiment fhews, that the
eletric fluid pafles through that feries of muf-
cles which form the fhorteft paffage for it, and
whofe conduing power, or eleétric capacity,
1s moft favourable to it, '

Exrerriment CCIL

Fet A grafp a Leyden phial with his right
hand, and touch, with a brafs red held in his
feft 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
hold the left ear of C, and touch the knob of the
bottle 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 commetion in the mufeles of his
right foot, right leg and thigh, and thofe
which are connected with the left thigh, leg,
and foot, while C will perecive it in that feries

which
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which goes from the leg to the ear by which
he communicates with D. The action of the
fluid on the human body in the fhock, is the
fame when it pafles through fimilar parts with
the fame denfity. Its action is more extenfive
when the fire 1s denfeft, and therefore moft in-
tenfe when it meets with any refiftance.

Affifted by a furgeon, Beccaria made {everal
experiments upon the cffets produced by clec-
tricity on the mufcles in the left leg of a cock.
The mufcles were ftrongly contracted when a
fhock was pafled through them, and the con-
traftion was always accompanied by a fudden
and proportional fwelling of the mufcles, ex-
cepting at the part where the membrane is in-
ferted, which feparates one mulicle from ano-
" ther, which was always deprefled. The mem-
brane which invefted that part of the mufcle
through which the fluid pafled, became dry
and wrinkled, and a vapour arofe from that
part ; when one muicle was contracted, a ge-
neral contradtion took place in thofe that were
contiguous to it, and they were a htrle con-
vulfed after the fhock.

In another inftance, where the mufcle was
relaxed and parted from the thigh, on paffing
the fhock through it the mufcle contraéted it-
fclf, and was drawn back into its natural place,
and could net be again difplaced but by force;

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 inte action by the cle@tric fire, that it
iz rendered palfied limbs plump, and reftored
a power of aftion and motion te many, whofe
palfies did not arife from the fpinal marrow.
Is it not a convincing proof, that the vital fire
1s. the caufe of mufcular motion, and that this
is the fame with that which is collected by the
eleCrical machine ?

As the fcience of medicine knows of no
fpecific, fo we are nat to fuppofe, that eleéiri-
city will triumph over every diforder to which
3t 15 apphied. Its fuccefs will be more or lefs
extenfive, aceording to the difpofition of the
fubjedt, and the talents of thofe who direét 1t ;
it cannot therefore appear furprifing, that many
diforders have been refratory te its powers,
and others have only yiclded in a {inall degree ;
or, that the progrefs of ‘the eure has often been
ftopped by the impatience, or: prejudice, of the
difeafed : but, at the fame time, it muft be ac-
knowledged, that even in its infancy, when
it bad to combat againft fear, prejudice, and
intereft, its fuccefs was truly great: we have
furely then the higheft reafon to cxpett a cgn;
fidegable increafe of fuecefs, now thatit cul-

' tivated
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tivated and promoted by profcflional mea of
the firft merit. '

Exeerimvment CCIIL

This experiment thews, that the eletric
powers may be put in action by heat and cold.
It was origindlly made By Mri Canton. He
procured fome thin glafs balls, of about an
inch ahid a half diameter, with ftems or tubes,
of elght of nine inches in length, and eleftri-
filed them, fome pofitively on the infide,
others negatively, and then {ealed them herme-
tically ; foon after he applied the naked balis to
his ele@rometer, and could not obferve the
leaft fign of their being eleétrical ; but holding
them at the fire, at the diftance of five or fix
iicles, they became ftrongly eleftrical in a
a fhort time, and more {fo whetl they wete cool-
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 1t within them. Heating them
frequently diminithed their power, but keeping
one of them under water a week did not in the
Jeatt impair it. The balls retained their virtue
above fix years. The tourmalin, and marty
other precious flones, are alfo known to aéquire”
eleflricity by heat.  The tourmalin has always,

at
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at the fame time, a pofitive and negative elec-
tricity ; one fide of it being in one ftate, the
other in the oppofites Thefe powers may be
excited by friction and by heat ; nay, even by
plunging it in boeiling water.

Exeeriment CCLV,

Infulate a fenfible mercurial thermometer,
and place the bulb between two balls of wood,
one affixed to the conduéor, the other com-
municating with the ground, and the eleric
fluid, in paffing between the two balls, will raife
the mercury in the thermometer confiderably.
With a cylinder, of about feven inches and a
half in diameter, the fluid paffing from a ball
of lignum vite to a ball of beech, and thence
to the ground, elevated the quickfilver in the
thermometer from 68° to 110°, repeatedly to
'105. 'The thermometer was raifed from 68°
to 85°, by the fluid pafling {rom a point of box
' to a point of lignum vitz ; from 67° to 1ca®,
. from a point of box to a ball of box; from
66° to 100°, from a ball of box to a brais
point ; from 6g° to 100°, from ball to ball;
the bulb of the thermometer covered with
flannel,

A
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A lift of difeafes, in which it has been fucs
cefsful, is given by fome writers, but I refrain
from following their example, becaufe I unders
ftand there is a rational {yftem formed on the
experiments of the laft four years ; to compres
hend which, a knowledge of difeafes, their
. caufes and {ymptoms, is requifite.

In this fyftem, it is ranked as an anti-fpafmo-
dic, is confidered as the moft powerful external
application to difeafes, and, from the various
manners in which it is ufed, ferves the purpofes
of a fedative, a ftimulant, and a deobftruent.,
In medicine, it becomes then applicable to
palfies, rheumatifms, intermittents; to {paim,
obftruion, and mnflammations In furgery it
has confiderable fcope for action ; where con-
tractions and {prains, tumors, particularly of
the glandular fort, wafting of the mufcles,
and other incidents, form a catalogue of vifible
difeafes, as diftrefling 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 thofle to which this remedy is applica-
ble; and in the commencement of the com-
plamnts, I am informed, has been wonderfully
. duceelsful. To remove ill-placed fits of the
gout, it {bould feem to be a more rational ap-

plication
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plication than any medicine, for it applies di-
reétly to the fedt of the difeafe, with a powe?
2nd rapidity unknewn in phyfic, and pcrfe&ly__
manageable at difcretion; and,] as it is a reme-
dy which applies to the undeffianding as well
2s to the feelings, I fhould thinkit better wortlf
the attention and contemplation of men of li-
beral education, than the compounding a medi-
cine, in which they place little faith, or
applying a plaiffer, in which they have none
at all.

The fuccefs of elericity, in rﬂhﬂ'mg the
fufferings of mankind, has been confidérabl ly
promoted, and its operations rendered more
rapid, fenfible, and efficacious, by applying it
~in different manners and quantitics to the hu-
man frame: The modes formerly ufed were
the fhock; the fpark; and fometimes, though
very feldom, f{imple ecle@rification.” Thefe
modes are now varied, and their number aug-
mented.  The fiream of the cle@ric fuid may,
without a fhock, be made to pafs through any
part of the body ; it may alfo be thrown upon,
ar extrafted from any part, and its action in
each cafe varied, by caufing the fluid to pafs
through materials which refift its paflage 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 condénfed, confined to one fpoty
or applied in a more diffufive manner, at the
difcretion of the operator.

The apparatus neceflary for this purpofc is
fimple, and confifts of the following articles.

1. An elef@trical machime, with an infulated
cuthiorr, properly conftructed to afford a con-
tinued and ftrong ftream of the electrical
floid. _

a. A ftool with infulating feet; 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 eletrify conveniently the back of the
patient : the arms of the chair fhould alfo be
made longer than is ufual,

3. A Leyden bottle with an eletrometer.

4. A pair of large direCtors and wooden
points.

5. A few glafs tubes of different bores, fome
-of them with capillary points.

To thefe may be added, an univerfal dif=
eharger on a large fcale, a pair of fmall direc-
“tors with filver wires, and a pair of infulating
forceps:

Fig. 93 reprefents the dire@ors, the handles
sare of glafs. A is a brafs wire with a ball on
iits end. The wire of one is bent, for the more
igonveniently throwing the eleétric fluid on the

B eye,
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eve, &c. The balls may be unfcrewed from
the wires, and the wooden point B ferewed in
its place, or the pointed end of the brafs wire
may be ufed. The dire¢tors fhould always be
held by that extremity of the glafs handle
which 1s fartheft from the brafs, and care

fhould be taken that the heat of the hand does

not make them moift.

Fig. ‘85 is the medical bottle, furnithed
with an ele€trometer, to limit the force of the
fhock, and enable the operator to give a fuc-
ceflive number of them of the fame force. C
is a bent piece of glafs, on the upper part of
which is cemented a brafs focket D, furnithed
with a fpring tube E; the wire ¥ moves in
this tube, fo that the ball G may be fet at a
convenient diftance from the ball H. The
end I of the bent piece of glafs is alfo furnifhed
with a {pring tube, which flides upon the wire
K, commumc&tmg with the mﬁde of the
bottle.

To ufe this bottle, piace the ball Hin contact
with the condaltor, or conneét them together
by a wire, and then charge it in the ufual man-
ner. Now, if a wire proceeds from the ball
L to the outfide coating, the bottle will be dif-

L&

charged whenever the fluid has acquired fuffici- |
ent force to pafs through the fpace of air be~ |

tween the twe: balls ; confequently the fhock
' 18

ke =
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is ftronger in proportion as the diftance between
the two balls is increafed.

Ir is obvious, that when the ele@rometer is
thus connected, it aéts in the fame manner as a
common difcharging rod, and forms the com-
munication from the outfide t6 the infide of
the bottle ; with this difference only; that the
diftance of the end which is to communicate
with the infide may be limited and regulated.
The fhock thay be given to dny part of the hu-
man body by introducing that part of the body
into the circuit which is madebetween the outfide
and infide of the bottle. = This is conveniently
effeCted, by connelting one director by a piece
of wire with the ele@rometer; and the other to
the outfide of the bottle 3y 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 fhock, as we have already
dbferved, 15 augmented or dimimifhed by in-
creafing or leflening the diftance between the
two balls, which muft be regulated by the ope-
rator to the ftrength and fenfibility of the pas
rient.

The handles of the dire&ors fhould be care-
fully dited, as alfo the bent piece of glafs'C,
and thofe parts of the bottle which are above
the coating, It is liRewife neceffury to prefs

T s the
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the ends of the direftors againft the part, to
convey the thock more readily.

Some gentlemen have thought ‘the eleétric
forceps a very convenient inftrument to conduét
the thock through any particular part of the
body. Theirufe is evident from an infpeétion
of fig. 86. °

The following mode of extracting the con-
denfed fluid from the infide of a charged Ley-
den jar has been found, in certain circum{tances,
peculiarly advantageous.. Connett a direétor,
by means of a wire, with the ball of a Leyden
jar, «charge the jar, either compleatly or parti-
ally, and 'then apply the ball or point of the
conductor to the part intended to be electrified,
and the fluid, which was condenfed in the phial,
will ' be thrown on the part in a denfe flow
{iream, . attended with a pungent {fenfation,
which produces a confiderable degree of
warmth., If a wire, that communicates with
. the groundy 1s placed oppofite to the endiof
the director, the paflage of the fluid wili be
rendered more rapid, and the {enfation ftronger.
It is obvious, that in this cafe the circuit be-
tween the infide and the outfide of the jar 1s
not compleated, therefore the fhock will not be
fele. The condenfed fluid pafifes in a denfe
flow ftream- through the required part, while
the outfide acquires a fufficient quantity, from

the
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the condu&ting fubftances near it, to reftore
the equilibrium,

To pafs a ftream of the electric fluid through
any part of the human body, connect one di-
reftor by a wire with the pofitive conduétor,
and another director with the negative conduc-
tor, or infulated cufhion, then place the end of
the directors at the extremities ot the part, and
turn 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,
connect 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 eletricity from
him by the diretors. 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
either of thefe cafes, the quantity of the fluid
and its mode of aflion may be wvaried, by
making the fluid pafs through points or balls
of metal or of wood, or by covering the
fkin with flannel ; whenever the flefh-brufh
is advifed, it is highly probable that covering
the affected part with flannel, and then rubbing
it with the ball of a direor, connected with
the machine, would have a fuperior effeét.

T 3 The
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The refiftance to the fluid’s motion may be vas
ried by increafing the thicknefs of the covers
ing, or the nature of the fubftance through
which it is to pafs.

Some peculiar effects have taken place from
the application of the interrupted fpark ; that is,
a f{park received from a fecond conduétor,
placed within the ftriking diftance of the prime
conductor, It is not improbable, that in this
cafe the condenfation and expanfion of the
fpark may be more rapid than when it is re-
ceived from the prime conduétor alpne. The
director, when the interrupted {park is required,
thould be connected with the fecond conduétor,
and then ufed as in other cafes,

Fig, 87 reprefents an univerfal difcharger
upon a large {cale, 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 infpection of the
figure ; for as the joints have both an horizon-
tal and vertical motion, and the wires pafs
through two fpring fockets, they may therefore
be placed in any direftion, and the balls fixed
in any required fituation. Hence, by conneét-
ing one wire with a pofitive conductor, and the
other with a negative one, or one with the bot-
tom of a Leyden bottle, and the other with

the ele@rometer ; the fhock or ftream may be
COl=
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¢onveyed 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,
eleétrify 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 effected,
by faftening a wire to one of the cenduttors,
and pinning the other end of it to one extremity
of the part through which you intend to pafs
the thock, or convey the fluid ; then connect a
direCtor with the other conductor, and hold it
to the other extremity of the part. If the fitu-
ation 1s fuch as to occafion the wires to touch
the table, pafs a fmall glafs tube ever them,
which will prevent a diffipation of the fire.

L and M, fig, 84, reprefent glafs tubes,
through which {mall wires are made to pafs,
to convey the fluid direétly to the ear or
throat.

Fig. 88 reprefents another glafs tube, of a
larger fize, the end  of which is capillary ; a
fmall quantity of rofe-water, or any other fluid,
is to be poured into this tube, then cor.-
neét it with the prime conduflor by a wire;
turn the cylinder, ahd a fubdivided, g-ntle,

* Al and
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and refrefhing ftream of this fluid may be
thrown on the patient.

It 1s in all cafes 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 fiream from a wood-
en point, a wooden ball, or brafs point, may
be firft ufed ; fparks, if neceffary, may then be
taken, or fmall thocks given.

In rheumatic cafes, the eleftric frictjon is
generally ufed. If the pains are local, {mall
fhocks may be given. To relieve the tooth-ach,
very fmall thocks may be paffed through the
tooth ; or, cover the part affe¢ted with flannel,
and rub it with a director, communicating with
the machine. |

In inflammations, and other diforders of the
eyes, the fluid theuld 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 elettric {riction and fmall
fhocks are adminiftered. Streams of the fluid

. thould always be made to pafs through the

affected part.
The only Treatife we have yet had from the
Faculty, on the fubject of Medical Eleétricity,
. <
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fs a pamphlet intitled, * Confiderations on the
Efficacy of Electricity in removing Female Ob.
ftructions,” by Mr. Birch; to whom I am in-
debted for a variety of important obfervations
and practical remarks on the different branches
of eleftricity ; 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 to the
attention of practitioners ; but we have reafon to
expect much more from it, fince the prejudices
of the Faculty feem removed, and the pradtice
is becoming more general every day.

GHAR.
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CHAP. XVIL
M{ﬁ:ﬁf&:ﬂfﬂm Experiments and Obfervations.

HE dilpute concerning the preferable
utility of pointed or knobbed conduétors,

for fecuring buildings from lightening, eccafi-
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 direftion 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 vaft conductor
was occafionally added 4800 yards of wire.
The eleftric blaft from this machine fired gun-
powder in the moft unfavourable eircumftan-
ces, namely, when it was drawn off by a tharp
point. The method of deing i was as fol-
lows: upon a ftaff of baked wood a ftem of
brafs was fixed, which terminated in an iren
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, aboutan inch
and a quarter long, and two tenths of an inch
in
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in diameter, when the cartridge was filled
with common gunpﬂwdcr unbruifed ; 3 wire,
communicating with the earth, was then fal
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, {o that it frequently touched the tin-
foil with which they were covered. In this fitu-
ation, a {mall, faint, luminous ftream was
frequently obferved between the top of the car-
tridge and the metal. = Sometimes this fiream
would fet fire to the gunpowder the moment it
was applied, at others, it would require half a
minute or more before it took effe¢t. This difs
ference in time was fuppofed to be owing to
fome {mall degree of moifture in the powder,
or the paper,

Gun-powder may alfo be fired by a ftream
from a large charged Leyden jar, in the fol-
lowing manner :

Experiment CCV.

Fix a {fmall cartridge on a metallic point,
which is fitted to a wooden or glafs handle ;
make a communication from the wire to the
ground, then prefent the cartridge to the knob

of
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of the phial, and the gun-powder will be fired
by the paflage of the eleiric ftream through
the cartridge. Tinder, or touch-wood, placed
in a metal cup, may be lighted, by pafling
the ftream from the infide of the jar through
them, as in the foregoing experiment, without
compleating the circuit,

As it therefore appears, that the eleétric fluid,
when it moves through bodies, either with great
rapidity, or in great quantities, will fet them
on fire, it is {carce difputable, that this fluid is
the fame with the element of fire,

Exrg RIMENT ECVE

To fire the fmall eleétrical cannon, charge i
with gun-powder in the ufual manner, then
fill the 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 powder.

Ex-
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ExperiMmeEnT CCVIIL

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 eonveni-
ently feen. The front of this model is fitted
up like the thunder-houfe, and is ufed in the
fame manner ; the fides of the houfe, the back,
and fore-front, are joined to the bottom by
hinges ; the roof is divided into two partsy
‘which are alfo faftened by hinges to the fides ;
the building is kept together by a ridge on the
roof ; when the roof is blown up, it will fall
down with the fides, the back, and fore-front.
To ufe this model, fill the imall tube ¢ with
sun-powder, and ram the wire ¢ a {mall way in
the tube, then conneét the hook e with the bot-
tom of a large jar or battery ; when the jar is
chatged, form a communication from the hook
d to the top of the jar ; the difcharge will fire
the powder, and the explofion of 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 piece 2 is thrown

out
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out by the difcharge; the upper part of thd
pyramid falls down.

Experiment CCVIIL

Fix the ladle I, fig: 33; into the hole at the
end of the conductor; place a fmall picce of
eamphor in the ladle, fet the camphor on fire,
and then put the maehine inh aétion ; the
camphor will throw out a variety of f{inali
thoots, and have the appearanee of an imperfet
vegetation.

Experimenr CCIX.

Wrap fome I6ofe cotton, which has been pre+-
vioufly rolled in fine powder of yellow refin,
round one of the balls of a difcharging rod,
and hold the other end to the outer coating of
a charged jar ; then bring the knob with the
tefin 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. Velta. A is a glafs globe to
contain the inflammable air, Ba glafs bafon, or
refervoir, to hold water ; D 1s a cock, which is
to form occafionally a communication between

the
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she refervoir of water B, and that of air A 3
the water pafles into the latter through the me-
tal pipe g g, which is fixed to the upper part
of the refervoir A : sis a fmall cock, to cut off,
or open a communication with, the air in the
ball, and rhe jet K. N is a {mall pipe to hold
a picce of wax taper, L a brafs pillar, en the
top of which is a brafs ball ; ¢ is a pillar of
glafs, furnifhed at top with a focket ; a wire 4
flides in this focket, a ball is fcrewed on to the
end of the wire. F is a cock, 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 balon B into the
ball A,

- To ufe this inftrument, after having filled
the refervoir A with pure inflammable air, and
the bafon B with water, turn the cocks D and
S, and the watef 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.
It an cletric fpark is made to pafs from the
brafs ball m to the brafs ball #, the inflammable
jet, which paflfes through the pipe K, will be
fired. To extinguith the lamp, fhut firft the
cock S, and then the cock D.

To fill the refervoir Aa with inflaimmable air,
which is to be made in the ufual manner, and
with the Gfual apparatus, having previoufly

filled
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filled A with water, place the foot R undcr
water, on a board or fteol in a large tub of
water, that the bent glafs tube, threugh whick
the inflammable air pafles, may pafs commodi-~
oufly under the foot of the lamp ; when the
air has nearly driven out all the water, turn the
cock ¥, and the dppatatus is ready for ufes
This inftrument is convenient to preferve a
quantity of inflammable air ready for any occa-
fional experiment, as charging the inflam-
mable air piftol, &c. Itis alfe eonvenient to
light a candle for ccconomical purpofes, as the
fmalleft fpark from an eleGtrophérous, or =z
fmall bottle, is fufhicient to fire the air:

A {mall battery of inflammable air piftols is
occafionatly made, that affords confiderable
amufemnent ; as either one piftol, or the whole -
together, may be fired at the pleafure of the
operator. _

The following experiment was made by Mr«
Kinnerfly with his electrical thermometer,
which is defcribed in page 33 of this Efiay.

ExperimenT CCX.

Having put fome tinged water into the large
tube, he placed the two wires within the tube
_ in contalt, and paffed a large charge of cleg-

, tricity
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tricity from above thirty fquare feet of coated
glafs, which produced no rarefaction in the
air, and fhewed that the wires were not heated
by the fire paffing through them. When the
wires were about two inches afunder, the charge
of a three-pint bottle, darting from one to the
other, rarefied the air very evidently. The
charge of a jar, which contained about five gal-
lons and a half, darting from wire fo wire,
occafioned a very confiderable expanfion in the
air; and the charge of a battery of thirty {quare
feet of coated glafs, would raife the water in
the fmall tube quite to the top : upon the co-
alefcing of the air, the column of water inftantly
fubfided, till it was 11 equilibrio with the rare-
fied air; then gradually defcending as the air
cooled, fettled where it ftood before. By
carefully obferving at what height the defcend=
ing water firft ftopped, the degree of rarefactiony
imight be eafily difcovered.

Exeperivment CCXI,

Take a glafs tube, about four inches lore,
one quarter of an inch in diameter, and epen
at both ends ; moiften the infide of the tube
with oil of tartar per deliquium, then fix twa
pieces of cork into the ends of the tube, and
“pals a wire through each cork, fo that the ends

U oL
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of the wires, which are within the tube, may
‘be about three quarters of an inch afunder.
Connect one wire with the outfide coating of a
large jar, and form a communication from the
other to the ball of the jar, {o as to pafs the
difcharge through the tube ; repeat this feveral
times, and the oil of tartar will very often give
manifeft figns of cryftalization. *

Exreriment CCXII,

Charge a Leyden phial, (the top of which
is cemented into the bottle) place it upon an
infulated ftand, and then take hold of it by the
ball, and prefeat the coated furface towards the
condenfing ball of a prime conduétor while the
cylinder is charging, and a large bruth and
{park will pals between the coating of the bot-
tle and the ball of the conduétor, from four tcr
twelve inches and u pwards in length.

ExperiMeEnT CCXIlk-

Take fome of the powder of Canton’s phof-
phorus, and by means of a little {pirit of wine,
ftick it all over the infide of a clean glafs phial,
then ftop the bottle, and keep it from the

light.
® Cavallo on Medical Eletricity, p.117.
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li_ghrr To illuminate this phofphorous, draw
feveral ftrong {parks from the conduétor, keep-
ing the phial about two or three inches from
the [parks, fo that it may be expofed to their
light ; the phial will afterwards appear lumi-
hous, and remain {o for a confiderable time.

ExpertMenT CCXIV. .

Difchatge a jar over a thin piece of wood;
which is cut in the fhape of a crefcent; and
covered with this phofphorus, and the cref-
cent will be luminous in the dark:

Place a fmall key on the phofphorus, and
difcharge a Leyden phial over the phofpho-
fus, 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
feen.

As the experiments 6n phofphorus are in
themfelves exceedingly curious, and appear to
me to be intimately conneéted with the nature
of elericity, I hope I fhall not be thought to
have deviated too far from the fubject of this
effay by introducing fome experiments of Mr.
Wilfon on this {fubject ; the more fo, as the.
producing the prifmatic colours is by no means

difficult, as little-more is required than a few
U2 oyfter=
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oyfter-fhells, and a good fire of any kind. Fot,
it thofc fhells are thrown carelefsly into the
middle of the fire, and continued there for a
proper time, (which may be from ten minutes,
a quarter, half, or three quarters of an hour,
to one, two, or three hours, according to the
thicknefs and compaétnefs of the fhells, and the
degree of fire they are expofed to) they will
exhibit lively prifmatic colours, after they are
removed from the fun into the dark fuddenly,
and the cyes have been previoufly prepared a
little to receive them. Mr. Wilfon excited alfo
the light of thefe thells with ele&ricity, in the
following manner.

ExperiMment CCXV.

He placed upon a metal ftand, which was
rounded at top, and about half an inch in dia-
meter, a prepared fhell, that would exhibit
the }":'ifmatic colours very lively ; on the upper
furface of this thell, and near the middle, where
the colour-making parts predominated, he
brought the end of a metal rod, and then con-
nected the two metals properly with the coat-
ings of a charged phial, inorder to difcharge
the fluid. In this circuit there was left, de-
fignedly, an interval of about three inches, un-
occupied by metal, and next one fide of the

glafs ;.
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glafs ; the difcharge was made by compleating
the circuit with metal where the interval was
left, The fhell, at chat inftant, was lighted up
to an exceeding great advantage, fo that all
the colours appeared perfeétly diftinct, and in
their refpective places, anfwering to their differ-
ent colour-making parts. Thefe colours con-
tinued vifible feveral minutes, and when they
ceafed to appear, a white purplith light occu-
pied their places, which lafted for a confiderable
time. And notwithftanding this experiment
was repeated with the fame and other fhells,
the colours continued in their refpective places,
and nearly of the fame degree of brilliancy ;
excepting, that in or near thofe parts where
the explofion took place a few fcales were dri-
ven off,

FExperimMmenT CCXVL

Which proves, that bodies of the fame na-
ture, but of different volumes and different
mafles, are charged with eieftrical matter only
in proportion to their {urface, without any in-
fluence or concurrence of their mafles in this
cafe. :
The following experiment, which we fhall
give in Mr. Achard’s own words, feems to de-

| U g cide
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gide this queftion, on which philofophers have
entertained very different opinions.

I clectrified (fays he) a cylindrical, hollow
brafs conductor, feven inches long, and one
and a half in diameter : when it had acquired
forty degrees of elericity, I drew from it a
fpark, with a conductor of hollow brafs, of
feven inches long, and ong and a half diameter,
which weighed eight ounces, and was cqrefully:
infulated, The firft conduétor loft fifteen de-
grees of its clectricity. I repeated the fame
experiment, when the conduétor had thirty de-
grees of electricity, and then it loft ten degrees.
Finally, when the conduétor had twenty de-
grees of eledtricity, it loft only feven by its in-
ftantaneous contat with the fame cylinder.
After having filled this cylinder with lead,
* which produced an addition of five pounds to its
weight, and confequently to its mafs, I repeated
the fame experiments, and obtained from them
the very fame refults, _

This is followed by other experiments, which
are a farther confirmation of Mr. 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 equal quantity of eleCtri-
cal matter ; and 2dly, That bodies equal in
: | mafs,
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mafs, but different in extent of furface; when
they are placed in fimilar circumftances, are
- charged with an. unequal QUantit}f of eleétrical
matter, and that the body, whofe {urface is lar-
ger, receives, more than that whofe furface is
lefs. 'Therefore, it is in proportion to their
furfaces, and not to their mafs, that bodies are
charged with a greater or lefs quantity of the
electrical fluid. _

Before thefe experiments were made it had
been obferved, that the extreme fubtilty, and,
in moft cafes, invifibility of the electric fluid,
render all reafgning about its motion precarious.
It is however incredible, that this fluid fhould
pafs through the very fubftance of metallic bo-
dies, and not be retarded by their folid parti-
cles, In thefe cafes; where the folid parts of
metals are evidently penetrated, i.e, when
wires are exploded, there is 2 manifeft refift-
ance, for the parts of the wire are fcattered
about with violence in all directions.

The like happened in Dr. Pricftley’s circles,
made on {mooth pieces of metal. Part of the
metal was alfo difperfed and thrown off, for the
circular fpots were compofed of little cavities.
If therefore the fluid was difperfed throughout
the fubftance, and not over the f{urface of the
metal, it is plain, that a wire, whofe diameter
15 equal to one of thofe circular fpots, ought

U 4 alfo
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alfo to have been deftroyed by an explofion of
equal ftrength fent through it; whereas, a wire,
whofe diameter is equal to one of thofe fpots,
would without injury conduét a thock much
greater than any battery bitherto conftruéted
could give. It is moft probable, therefore,
that though violent flathes of elericity, which
alt alfo as fire, will enter into the fubftance of
metals and confume them, yet it immediately
difperfes itfelf over their furface, without en-
tering their fubftance any more, till being for-
ced to collet itfelf”into a narrow compafs, it
again acts as fire.

In many cafes the eleétric fluid will be con-
ducted very well by metals reduced to a mere
furface. A piece of white paper will not con-
duct a thock, without being torn to pieces;" as
it is an electric fubftance ; but a 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 paffes through the
fubfiance of the black lead ftroke, it muft run
over its furface; and if we confider fome of
the properties 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 paffes 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,

ExperiMenT CCXVII.

Take out the upper cork and wire, pour
fome fallad o1l into the tube, and then fit in
the cork, and pufh down the wire, fo that
the end of it may be near or rather
below the furface of the oil ; prefent the
ball towards a prime conduétor, holding the
finger or any other non-conductor oppofite the
bent end of the wire, and when a {park paffes
from the condutor to the brafs 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 beautiful
when it 1s made in the dark. After the firft
hole 1s made, turn the end of the wire round
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. Mr. Morgan, of Norwich, who has
carried it much farther, by filling fmall bottles
with cement, and then paffing the fhock in a

fimilay
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fimilar mode through them. The perforation
may be made with water in the tube inftead
of oil.

Mr. Lullen produced very confiderable effefts
by pafiing the fheck thmugh wires that were
inferted in tubes filled with oil. The fpark
appears larger in its paffage through oil, than
when it paffes through water,

- Mir. Vilette filled a difh of metat with oil,
and when he had ele@rified the difh, he plinged
a needle into the oil, and received a very ftrong
fpark as foon as the point of it came within a

finall diftance of the dith. A fmall cork ball
~ being made to* fwim in this oil, upon the ap-
proach of the thick end of the ftalk of a lime,
it plunged to the bottom, and immediately rofe
up again., ok |

" Analogous to this experiment of Mr. Mor-
gan are fome obfervations of Dr. Prieftley,
who conftantly found, that whenever he had
covered the fraGtured place of a jar with any
kind of cement or varnifh, it always broke at
the place where the cement terminated ; there
the glafs was perforated, and a new fracture
was made, which had ne communication with
th? former, The jar always broke at the firt
charge, generally before it had received half
jts charge. Struck with this pheenomenon, the

Dottor procecded to try the experiment on
. L - a
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a jar which was not broke, and whofe ftrength
he had previoufly afcertained by repeated dif-
charges : he took off 3 little of the outfide
coating, and put on the glafs a patch of ce-
ment, about an inch in diameter, then drawing
the coating over it, he charged the jar, bur
before it had received half its charge, it burft
by a fpontaneous gxplofion, not indeed at the
termination, but at the middle of the patch of
cement, where the glafs was thinneft. He co-
vered another entirely with cement, and it
broke near the bottom, where the glafs is ge-
perally thickeft. A jar that was covered en-
tirely both infide and outfide with cement, and
then coated with tin-foil, burft at the very firft
attempt to charge it,

ExperimMent CCXVIIL

The magic pitture is a coated pane of glafs,
proper to anfwer the purpofe of the Leyden
é:a:p::‘riment; over the coating on one fide is
pafted a picture, on the other ‘fide a piece of
white paper is pafted, fo as to cover the whole
glafs; it is then put into a frame, with the
picture uppermoft, and a communication is
formed from the tin-foil of the under fide tow
the bottom rail of the frame of the picture,
which rail is covered with tin-foil.

Lay
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Ray the piture on the table, with. the prine
uppermoft, and a piece of money on it, let a
chain fall from the condu&or to the print,
turn the cylinder, and the plate of glafs will
foon be charged; now take hold of the picture
by the top rail, and let anothes perfon take
hold of the bottom rail and endeavour to take
off the piece of money, in dping this they will
veceive a thock, and generally fail in the ats
tempt.

ExrerimenT CCXIX:

- Put a quantity of brafs duft into a coatecd
jar, and when it is.charged invert it, and throw
fome of the duft out, which will be fpread in an
equable and uniform manner on any flat furface,,
and fall juft like rain or fuow. May it not be
queftioned, fays an ingenious writer, whether
water, falling from the higheft region of the
clouded atmofphere, would not mect the earth
in much larger drops, or in cataratts, if the
coalefcing power of the dvops was not gounter-
acted by their eleétric atmofpheres #

ExperimenT CCXX.

Place a picce of fmoaking wax-taper on the

prime cenductor, turn the cylinder, the vo-
lume
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Aume of fmoak will become more contraéted,
and its ‘motion upward accelerated. Take off
the cledtricity of the conductor, and fufpend a
pair of pith balls over i, and about five fect
diftance from it, turn the machine, and ina
few feconds the balls will epen half an inch 3
remove the taper, and the balls will not fe-
parate.

This experiment, therefore, clearly evinces,
that fimoke is a conductor of ele&ricity.

Exreriment CCXXL

Take around board, well varnithed, and lay
on it a chain in a {piral form, let the interior
end of the chain pafs through the board, and
connect 1t with the coating of a large jar; fix
the exterior end to a difcharging rod, and thea
difcharge the jar ; a beautiful fpark will be
{een at every link of the chain. The illumina-
tions to be produced by a chain are capable of
an infinite variety of modifications.

Exrperiment CCXXIL

Place fpots of tin-foil, at equal diftances
from each other, on a piece of bent glafs, and
let the ends of the glafs be furnithed with brass

bails,
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balls, and a glafs handle be fixed to the middie
of the bent glafs. This inftrument will ferve
_ds a difcharger, and at the fame time exhibit,
at each feparation of the fin-foil, the eletric
light.

I made feveral of thefe luminous difcharging
rods, many years fince, in order to thew, thar
the electric fluid #lues from the negative and
pofitive coating of each difcharge, agreeable to
the idea conveyed by Mr: Atwood’s experi-
ments,' fee Exp: 118, 119, 120, of this Effay.
But I foon found, that the circuit of a dif-
charging rod was not fufficiently extenfive for

the purpofe.

ExrerimMenT CCXXIIL

Fig: 98 reprefents feveral fpiral tubes, placed
round a board, a glafs pillar is fixed to the
board, and on this pillar is cemented a metal
cap, carrying a fmall fteel point; a brafs wire,
furnifhed with a ball at each 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
«a continued {fpark from the ball, then give the
‘wire a rotative motion, and the balls in revolving

will gwe a fpark to each ball of the fpiral tube,
| which
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which will be communicated from thence to
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 beautifvlly varied,
and the fpark made to appear of different co-
lours, at the pleafure of the operator.

ExperimeNnT CCXXIV.

Sufpend a light cork ball, which is covered
over with tin-foil or gold-leaf, by a pretty long
filk thread, {fo as juft to touch the knob of a
charged jar placed on a table; it will be firft
attracted and then repelled to fome diftance,
where, after a few vibrations, it will remain
at rett, If a lighted candle is now placed at
fome diftanice 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 1rregular motions, will defcribe
a curve round the knob of the phial, and this
it will continue to do for fome tine.

Fig. 96 and g% reprefent an ele@rometer,
nearly fimilar to that contrived by Mr. Brooke.
The two inftruments are fometimes combined

in one, or ufed feparately, as in thelc figures.
o |
L'he
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The arms FH fh, fig. g7, when in'ufe, are
to be placed as much as poffible out of the at-
mofphere of a jar, battery, prime conductot,
&c. The arm FH and the ball K are made
of copper, and as light as poffible. The' divi-
fions on the arm F A are each of them exaéily
a grain. They are afcertained at firft by placing
grain weights on a brafs ball which is withia
the ball I, (this ball is an exat counterbalance
to the arm F H and the ball K when the fmall
flide r is at the firft divifion) and then re-
moving the flide r till it, together with the
ball K, counterbalances the ball T and the
weight laid on it.

A, fig. 69, is a dial-plate, divided into go
equal parts. The index of this plate is carried
once round when the arm B C 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 alting between the
ball D and the ball B.*

The arm B C being repelled, fhews when
the charge is increafing, and the arm FH
fhews what this repulfive power is between 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-
- grees
. * Philofophical Tranfa&ions, Vol. 82, p. 384.



ON ELECTRICATY. mn

-grees to which the ball B is repelled ; fo thaty
: hx repeated trials, the number of degrees, an-
fwering to a given number of grains, may be
afcertained, and a table formed from thefe ex-
reriments, by which means the eleftrometer,
fig. 96, may be ufed witheut that of fig. g7.

Mr. Brooke thinks that no glafs, charged
(as we call it) with ele&ricity, will bear a
greater force, than that whofe repulfive power,
between two balls of the fize he ufed, is equal
to 6o grains: that in very few inffances it
will ftand 60 grains weight ; and he thinks
it hazardous to go more than 45 grains.

Hence, by knowing the quantity of coated
furface, and the diameter of the balls, we may
be enabled to fay, fo much ceated furfice,
with a repulfion, between balls of fo many
grains, will melt a wire of fuch a fize, or kill
fuch an animal, &e.

Mr. Brooke thinks, that he is not ac«
quainted with all the advanrages of this elec~
trometer ; but that it 5 clear, it {peaks a
language which may be wniverfally underftood,
which no other wilt do; for though :}EhE:‘ clec
trometers will fhew whether a charge is greater
or lefs, by an index being repelled to greater
or fmaller diftances, or by the charge exploding
ar different diftances, yet the power of the
sharge is by no means afcertained : but this

X glecw
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cle@trometer fhews the force of the repulfive
power 1n grains ; and the accuracy of the inftru-
ment 1s eafily proved, by placing the weight
on the internal ball, and fecing that they coin-
cide with the divifions on the arm FH, when
the flide is removed to them.

Obfervations and Experiments made by Dr.
Prieftley on the Effects ef Eleftricity on
different elaflic Fluids.

ExperimeExnt CCXXYV.

To change the blue colour of liquors,
tinged with vegetable juices red. The appa-
ratus for this purpofe is feen in fig. 9g4. A B
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 z is to be filled
with water, tinged blue with a piece of turn-
fole or archal. ‘This is eafily effeted, by fet-
ting the tube in a veffel of the tinged water,
then placing it under a receiver on the plate‘uf
the air pump ; e¢xhauft the receiver in part,

‘ and
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#nd then, on letting in the air, the tinged 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 ftrong {parks on the braf§
ball from the prime conductor.

When Dr. Prieftley made this expenment, :
he perceived, that after the eleétric {park had
been taken, between the wire # and the liquor
at g, dbout a minute, the upper part of it be-
gan to look red; in two minutes it was mani-
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 fat on the lower fide as on the
upper: In proportion s the liquor became
ted, it advanced nearer to the wire, fo that
the air in which the fparks were taken was di-
minifhed ; the diameter amounted to about
one fifth of the whole fpace; after which, a
continuance of the ecletrification produced no
{enfible effect.

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 in
the tube, by means of an air pump, till it ex-
pelled all the liquor, and admitted frefh blue
liquor in its place; but after this, ele@ricity
produced no fenfible effe@ on the air or on the

X 3 liquor 7
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liquor ; o that it was clear, that the eleftrie
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-
tals. 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 diminithed, was in the
higheft degree noxious.

In paffing the eletric fpark through differ-
ent elaftic fluids it appears of different co-
lours. In fixed air, the {park is very white ;
in inflammable and alkaline air, it appears of a
purple or red colour. From hence we may in-
fer, that the conduéting power of thefe airs is
different, and that fixed air 1s a more perfect
non-conductor than inflammable air.

The {park was not vifible in air from a cauf-
tic alkali, made by Mr. Lane, nor in air
from fpirit of falt; fo that they {eem to be
more perfet conductors of  elefiricity than wa-
ter, or other fluid {ubftances.

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 eleétric
{patk in them without any air to begin with ;

inflammable air was produced in them all.
Dr.
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Dr. Prieftley found, that on taking a {mall
cleétric 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 immilcible in water, if the elec-
trical operation had been continued a fufficient
time.

The eleéric fpark, when taken in alkaline
air, appears of a red colour ; the eleétric ex-
plofions, which pafs through this air, increafe
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 1s admitted to this air, it will abforb the
original quantity, and leave about as much
elaftic fluid as was generated by the cletricity,
and this elaftic fluid is a ftrong inflammable
air.

Dr. Prieftley found, that when the electric
{park 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 whole of the vitriolic acid
air 1s convertible into this black matter, not by
means of any union which it forms with the
electric fluid, but in confequence of the can-
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 not to be diftinguithed
from what metal, or indeed from what fub-
ftance of any kind, the air had been ex-
tracted.

[, 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 diminithed 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 anaother; and the laft
veflel, in which the explofions were made in ir,_'
was, to all appearance, as black as the firft;
{o that the air feems to be all convertible into
this black fubftance,

Thinking this diminution of the vitriolic 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 fyphon
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€tric matter with it, will appear from the
following experiment, '

&
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He took the fimple eleétric {park from a con-
ductor of a moderate fize, for the fpacg of five
minutes without interruption, in a quantity of
vitriolic acid air, without preducing 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 whale of the
infide of the tube was compleatly covered with
the black matter. Now had the eletric matter
formed any union with the air, and this black
matter had been the refult of that combination,
all the difference that would have arifen from
the fimple fpark or the explofion, could only
have been a more gradual, or a mare fudden
formation of that matter,

A large phial, about an inch and a half
wide, being filled with this air, the explofion
of a very large jar, containing more than two
feet of coated {urface, had no effe&t upon it;
from which it thould feem, that in thefe cafes,
the force of the thock was not able to give the
quantity of air fuch a concuffion 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
abtaiped ; the eleétric explofion taken in it

& 4 pro-
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yroduced the fame effe@t. But, as fome of the
experiments were attended with peculiar cirs
cumftances, he briefly mentions them, as fol-—
lows.

When he endeavoured to get vitrialic acid
air from lead, putting a quantity of lcaden
thot 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 was encreafed till
the acid boiled, no more air could be got. He
imagined therefore, that in this cafe the phlo-
gifton had, in fa, been fupplied by fome
thing that had adhered to the thot. However,
in the air {o produced, he took the eleétric ex-
plofion ; and in the firft quantity he tried, 2
whitith matter was produced, almoft covering
the infide of the tube; but in the {ucceeding
experiments, with air produced from the fame
dhot, or from fomething adhering to it, there
was lefs of the whitifh matter ; and at laft, no-
thing but black matter was produced, as in all
the other experiments. Woater being admitted
to this air, there remained a confiderable refi-
duum, which was very flightly inflammable.

Vitriolic  acid air is eafily procured from
fpirit of wine, the mixture becoming black be-
fore any air is ywlded The eleétric explofien

akr:n
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vaken in this air alfo produced the black
matter.

The experiments made with ether feem to
throw moft light upon this {ubject, as this
air 1s as cafily procured from ether as any
other fubftance, containing phlogifton. In
the air procured by ether the elefric explo-
fion tinged the glafs very black, more fo than
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 vitriol 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 poflible, that the analyfis of this
fubftance may 'be a means of throwing light
upon the nature of the black matter, formed
by eleftric explofions, in vitriolic acid air,
gs they feem to refemble one another very
much,

The ele@tric {park or explofion, taken in
common air, confined by quickfilver in a glafs
tube, covers the infide of the tube with a black
matter, which, when heated, appears to be
pure quickfilver. This, therefore, may be the
cafe with the black matter into which he fups

poled
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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 common air,
The explofien will often praduce the diminu-
tion of common air in half the time that fimple
{parks wall do it, the machine giving the fame
quantity ef fire in the fame time : alfo, the
blacknefs of the tube is much fooner produced
by the thocks than by the fparks, When the
tube confiderably exceeds three tenths of an
mch in diameter, it will fometimes become ve-
ry black, without there being any fenfible di-
minution of the quantity of air,

Experiment CCXXVI,

This curious experiment was made by Mr,
Marfham, originally with a view to melt wires
with a {fmall Leyden bottle, The effefts are
curious, and feem to open a new field for in-
veftigating the force and direction of the elec-
tric fluid. He fixed a fmall piece of wax upon
the outfide coating of the Leyden bottle, the
head of a {mall needle was ftuck in the wax,
{o as to be at right angles to the coating; op-
pofite to the point of this needle, and at half
an inch diftance another needle was  fixed,
by being forced through the bottom of a chip
box, this was connefted with the difcharging

rad
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rod by a wire. On difcharging the bottle, the

needle with the wax was driven from the coat-
ing af the bottle, and fixed into the box op-
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 needle, which was fixed to the
bottle, was evidently melted in two or three
places. If the charge was flrong, and the wax
was not ftuck faft to the coating of the bottle,
both the wax and the needle would be driven
~fome inches from the bottle. On placing a

ball of wax on the point of each ncedle, and
pafling the difcharge through them, the ball
was thrown frem that connefted with the bottle
full two feet, Repeating this again, he could
pot produce the fame effect,

Mr. Marfham now fixed the needle, oppofed
to that on the bottle, with wax on a 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
fituation, On increafing the diftance, the effeéts
were the fame, till it came to one inch and a
half, when neither were thrown off. In many
inftanges, both were thrown off, leaving the
wax behind them, |

The
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The needles in all thefe experiments paffed
through the wax, fo as to touch the coating of
the bottle and the brafs plate, both the coating
and plate were beautifully fufed at each ex-
plofiomn.

Mr. Marfham then fubftituted fmall pieces -

of putty inftead of wax; when, on making the
difcharge with the points, at only three-cighths
of an inch, the needle was driven from the bot-
tle, and the putty forced up the needle. The
points were then placed as near each other as
was poffible; when, on making the difcharge,
the putty of both needles was blown to pieces,
and the needle thrown at a confiderable dif-
tance ; the brafs plate was alfo eurioufly melted,
and the bettle broke:,

On
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On the Analogy between the Production and
Effecls of Electricity and Heat, and alfs
between the Power by wbhich Bodies con-
duét Electricity and recerve Heat, with
the Defeription of an Inflrument to mea-
Jure the Quantity of the Eleétrical Fluid,
awhich Bodies of a different Nature will
condué?, when placed in the fame Circum-

flances,. By M. Achard.*

The production of heat is fimilar to that of
Eleétricity. _

Every kind of frition producss heat and -
cle€tricity. It may be objefted to this, that im
order to render the analogy perfedt, it would be
neceflary that the fri¢tion of every body thould
produce eletricity, which appears contrary ta
experience, as metals and other conduéting
fubftances do not become eleétrical, but by
the conta@ of elettric bodies, and that the
immediate friction of thefe fubftances will not
render them eletrical,

To this it may be an{wered, that when an
eleCtric body is excited by friction againt a
non-ele€tric, that the laft, if it is infulated,
gives as ftrong figns of eleéiricity as thofe
of the electric itfelf. This eleftricity is not

coim-

* Memoirs de I"Academie de Berlin, for 1779,
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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 obfervation proves, not only that thé
conducting bodies become ecleétrical by friétion,
as well as eletric bodies, but alfo, that'to pro-
duce electricity it is neceflary that the equili-
brium between the ele@ricity of the rubbing
bodies fhould be deftroyed ; if each fubftance
is equally adapted to receive and tranfimit
the eletrical fluid, it is elear, that the equili-
brium of the fluid between them cannot be de-
ftroyed ; i}ecaufc, that at the inftant one re-
ccives from the other any given quantity, it
will, by its elafticity; be again divided berween
them : we may therefore conclude,

1. That the electricity produced by the fric-
tion of two bodies is greater, in proportion to"
the increafe of the difference between the
conduéting power of thofe bodies.

2. That where two bodies are equally adapted
to receive and tranfmit the eleétric fluid, they
give no fign of ele@ricity ;3 not becaufe they
cannot become ele@rified by friction, but be-
caufe the ele€ricity, which is difturbed by the
friction, is at the fame inftant reftored, on ac-
count of the facility with which it penetrates

each fubftance. For a reafon ncarly fimilar,
elec-
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cle@rics, when rubbed together, do not appeas
eleftrified.

It feems therefore, that we may <onclude
from this theory, which is founded on fact, that
in all cafes, and whatever is the nature of the
fubftance, the friction always produces elec-
tricity ; and when the effe& is not fenfible; it
is only becaufe ele@ricity is loft as foon as pro-
duced.

That there are no {ubftances, that are rubbed
againft a body, which tranfmit the ele&tric fluid
with greater or defs difficulty, but what give
figns of electricity : that metals are as elec-
trical by themfelves as glafs and wax.

That as friction always, and in all cafes, pro-
duces electricity, there is a perfect analogy be-
tween the produétion of heat and eleéricity.

The effelis which are prodsced by f!nffricf{y, are
Similar to thofe produced by beat.

Heat dilates all bodies: The adtion of the
eleCtric fluid on the thermometer fhews its
dilating power alfo; and if we do not generally
perceive it, it is becaufe the force with which
bodies cohere together exceeds the dilating
power of eleltricity. -

Heat promotes and accelerates vegetation as
well as germination : Eleétricity, whether po-
pofitive or negative, does the fame.

Eleétricity,
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« Eleétricity, as well as heat, accelerates eva-
poration.

Heat and eleftricity accelerate the motion
of the blood. Leaft fear, conftraint, or th¢
attention to the experiment, might acceleraté
the pulfe and this be attributed to cleétricity,
Mr. Achard made the experiment on a dog
when a fleep, and always found, that the num=
ber of pulfations was increafed when the ani-
mal was clectrified.

The experiment made by Mr. Achard on the
eggs of a hen, amd by others on the eggs of
mioths, prove that eleCricity, as well as heat,
favour the developement of thofe animals. The
eleCtrie fluid; in common with firey will throw
metals into fufion.

If fubftances, with unequal degrees of heat;
touch each other, the heat is diffufed uniformly
between them. In the fame manner, if two
bodies with unequal degrees or different kinds
of eletricity, tauch each other, an equilibrium
will be eftablifhed.

There is an exaéf analogy between the faculty
with which bodies condu the eleiric fiuid and re=
ceive beat.

~ If bodies of different kinds, and of equal de-
grees of heat, are placed ina medium of a dif=

ferent temperature, they will all acquire, at the
end
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&nd of a certain time, the fame degree of heat.
There is a confiderable djfference, however, in
the fpace of time in. which they acquire the
temperature of the niedium, ex: gr. metals
take lefs time than glufs, to *1cqu‘1rc or lofe
an equal degree of heate; .- )

On an attentive examination nf the bodu?s
. which receive and lofe their heat -fuonal’c, when
they are placed in mediums of different tempe-
rature, they will be-found to be the fame which
receive and lofe their eleétricity - with the
greateft facility. Metals, which become warm
dr grow cool the quickeft, are the fubftances
which 'reeceive and part with their eleétricity
foonelt: ‘Wood, wlhich requires more time to
Dbe heated or cooled; receives and lofes eleétri-
city flower than metals. ' Laftly, glafs and re-
finous fubftances, which receive and lofe
flowly the eleétric fluid, acquire with difficulty
the temperature of the medium which fur+
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 condutts heat readily ; though a
tube of glafs, only a few inches.long, may be
held in the hand, even while the other end is
melting. The eletric fluid, in the fame man-

: Y nery
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ner, pafles with great velocity from one end

of a rod of iron to the other; but it is 4
tonfiderable time before a tube of glafs, at one
end of which an excited eletric is held, will
give eledtric figtis at the other:

Thefe obfervations prove, that feveral bodies
that receive and lofe with difficulty their ac-
tual degree ‘of heat, receive and lofe alfo
with difficulty their elecricity: To determine
if this law is general, and what are the excep-
tions ‘to it, will requite a variety of experi-
ments. gias b
If we fuppofe two' fubftancés, one of which
s electrified, but the other not, that the firft
has a known degree of ele@ricity, and that the
laft in touching it, deprives it of a given de-
gree of eletricity 3 this lofs of a part of its
ele@ricity, determines the facility with which
the body that touches it receives the ele@ric
fluid. Befides the figure and volume of this
fubftance, the time the two bodies rémain in
conta&, will alter the ‘quantity taken from
the cleftrified fubftance ;3 fo that all' other
circumftances being the fame, the property of
bodies to deprive other bodies of their elecs
tricity, or; in other words, toconduét the elec-
tric fluid; is, i the inverfe ratio of the time;
neceffary to make them lofe an equal degree
of ele@tricity.

The

ol o,



BN ELECT RICIT Y. 323

-~ The inftrument which is reprefented fig. g5,
is conftructed on théfe principles, and with it
the quantity of eleétricity that one body lofes
in a given time, when touched by another, may
be accurately afcertained. A B is a very {en-
fible balance, at the extremity of each arm two
very: light balls of copper are affixed;, CFD
a divided femicircle, which is faftened to the
cock which fupports the axis of the balance;
the degrees may be pointed out by a needle; or
by the arms of the balance ; 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 Hight
U is a Leyden bottlé ; to the wire Z Z; which
communicates with its infide coating, three
horizontal wires, VZ, XZ, and Z Y, are fixed;
the ends of thefe wires are furnifhed with hol-
low brafs balls; the bottle U is fo fixed to the
board, that when the beam is horizontal, the
ball B touches exatly the ball V; as is repre-"
fented in the figure.

KN is a mictal lever; which turns upon an
axis at I, fo as to move freely in a vertical
plane, which fhould coincide with the bar VX ;
the lever KN is fupported by a wooden pillar
[H, which is fixed to the board QR ST ; at
the end K of the lever is a fcrew, to hold the
fubftance on which the experiment is to be made

% 2 the
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the upper end of this fubftance thould be turns
ed into a convex form. A thread N O 'is tied
to the end N of the levery at O is a {mall
hook, on which a ball P is'to be fufpended:
The diftance of the pillar I'H, from the bottle
_ds to be fo adjufted, that when the end N 1is
lowered, the body L may touch in one point
the ball X, the proportion between the weight
of the arms of the lever, the weight P and the
body L, and the length of the pillar IH to
the thread N O, is to be fuch, that when the
fubftance L. ‘touches the ball X, at the fame
moment the 'ball P will touch the board
QR ST, and be difengaged from the thread
N O3 the fubftance L will alfo at the fame
inftant quit the ball X. '

To ufe this inftrument, connedt the bottle
U with the prime . conductor by the ball Y,
and form-a communication by a wire from
Y to the cap G; charge the bottle, and the
ball V will repell the ball B, the angle’ of re-
pulfion will be marked by the needle EF:
Suppofe this to be 26 degrees, and let L ‘be
brought, as before deferibed, to touch X, it will
abforb a quantity of eletricity proportionable
to its conduéting power, and the ball B will
fall in proportion to the quantity abforbed, and
the difference will be feen on the femicircle.
Let the difference be five degrees; repeat the

experiment,
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experiment, only fubftituting fome orher fub-
ftance in the place of the body E ; fuppofe that
with this fubftance the dimipution of the angle
is 8 degrees, then is the conducting power of
thefe two fubftances in the proportion of 5 to 8.

Fig. 98 reprefents an apparatus, to fet 3
wire on fire by the electric explofion 1n dephlogi-
fticated air. I am obliged to defer the defcrip-
tion and ufe of it to fome future opportunity,
as I have not had any time to try its fuc-
cefs.

AN
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MAGNETIS M.

HOUGH the pheenomena of the mag-

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 fubject.
The powers of genius which have been hither-
to employed in profecuting this fubject, have
not been able to frame an hypothefis, that will
account, in an eafy and fatisfactory manner, for
all the various properties of the magnet, or
point
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point out the links of the chain which conned
it with the ather phaengmena of the univerfe,
It 15 known by the works af Plato and Ari-
flotle, that the antients were acquainted with
the attrallive and repulfive pewers of the mag-
net ; but it does nor appear, that they knew of
its pointing to the pole, or the uft of the com-
pafs. As they were not acquainted with the
truc method of philofophifing, and contented
themfcives with obfervation alone, their know-
Iedge of nature was confined within very narrow
limits, and did not afford any confiderable ad-
vantage to focicty, Modern philafophers, 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 hafis of na-
vigatien, and gives being to commerce.
The loadftone, or natural magnet, is an irog
ore or ferruginous ftone, found in the bowels
of the earth, generally in iron mines ; of all
forms and fizes, and of various cplours,
Loadftones are in general very hard and brit-
tle, and for the moft part more vigoraus in
pmportmn to their degrcc of hardnefs, Conx
fiderable portions of iron may be extracted
from them. Newman fays, that they ar€ al-
moft totally foluble in fpirit of nitre, and pars
tially in the vitriolic and marine acids.
Artificial magnets, which are made of fteel,

arc now generally ufed in preferenc:: to the na-
tural
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tural magnet; not only as they may be pio-
cured with greater eafe, but becaufe they are
far fuperior to the natural magnet in firength,
and communicate the magnetic virtue more
powerfully, and may be varied in their form
more eafily.

The power poflefied by the loadftone, which
is alfo communicable to iron and fteel, is called
Magnetifim, _

A rod, or bar, of iron or fteel, to which a,
permanent polarity has been communicated, is
called a Magnet.

The points in 2 magnet which feem to poffefs
the greateft power, or in which the virtue feems
to be concentrated, are terme- the Poles of a
magnet.

The Magnetical Meridian is a vertical circle
in the heavens, which interfects the horizon in
the points to which the magnetical needle, when
at reft, 1s directed.

The Axis of a magnet is a right line, which
pafles from one pole to the other.

The Equator of a magnet is a line perpen-
- dicular to the axis of the magnet, and exactly
between the two poles.

The d:ﬂlnguiﬂ'nng and characteriftic proper-
ties of a magnet, are,

Firft, Its attractive and repulfive powers.

Secondly, The force by which it places it-
felf, when fufpended freely, in a certain direc-

tion towards the poles of the earth.
' Thirdly,
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Thirdly, Tts dip or inclination towards a pmnt
hcl{:: w the horizon.

Fourthly, The property which it pofﬁ,ﬂis ﬂf
communicating the foregoing powers to iron or

fteel,

An HYPOTHESIS,

Mr, Euler fuppofes, that the two princ_ipall
eaufes which concur in producing the wonder-
ful properties of a magnet are, firft, a particu-

Iay {tructure of the internal pores of the magnet,

and of magnetical bodies ; and, fecondly, an ex-
ternal agent or fluid, which aéts upon and pafies
through thefe pores. 'This fluid he fuppofes to
be the folar atmofphere, or that fuhtil matter
called ether, which fills our fyftem,

Indeed, moft writers on the fubject agree in
fuppofing, that there are corpufcles of a'pr:cu-
har form and energy, which cuntmually circu-
late around and through a magnet; and that a
vortex of the fame kind mrculates around and
through the carth.

A magnet, befides the pores which it has
in common with ether bodies, has alfo other
pores confiderably fmaller, deftined only for
the paflage of the magnetic fluid. Thele pores
are fo difpofed as to communicate one with the
cther, forming tubes or channels, by which
the magnetic fluid paffes from one end to the

- other,

EI IS ST S T N T L T "
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other. The pores are fo formed that this fluid
can only pafs through them in one direction,
but cannot return back the fame way ; fimilar
ro the veins and lymphatic veflels of the animal
body, which are furnithed with valves for this
purpofe. So that the pores of the maghet may
be conceived to be formed into feveral narrow
contiguous tubes; parallel to each other, as at
A B, fig. 99, through which the finer parts of
the ether pafles freely from A to B, "but cannot
return back on account of thie refiftance it meets
with at a, ¢, 4, b, nor overcome the fefiftance of
the grofitr ether, which occafions and continues
the motion. * For fuppofing the pole A of a
magnet, filled with feveral mouths or. opcn
ends of fimilar tubes, ' the magnetic fluid,
prefled by the grofler parts of the ether, will
pafs towards B with an inconceivable rapidity,
which is proportionable to the elafticity of the
ether itfelf ; this matter which, till it arrives at
B, is feparated by the tubes from ‘the more
grofs parts, then meets with it again, and has
its velocity retarded, and its dire€tion changed ;
the ftream, refleted by the ether, with which
& cannot immediately mix, is bent on both-
fides towards Cand D, and defcribes, but with
Yefs' velocity, the curves DE and CFe, and
approaching by the curves d and ¢, falls in
with the afluent matter » m, and again enters
the magnet; and thus forms that’' remarkable

Alo-
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atmofphere which is vifible in the arrangemietit

of fteel filings on a picce of paper that is'placed
over a'magnet;

There is a téndency in iron and & magnet 14
approach each other, and attach themfelves toge-
ther, and that with fuch force; as often to require
a confidetable weight to [feparate then. :

.. 'Thefe curious phmnomena. may be illuftrated
b} cithet of the magrets coritained in the ap-
paratus, as they will lift greater or fmaller
weights in, proportion to their firength.

Place a piece of .iron on 2 cork, and put the
cork into water, the piece of iron will be at=
tratted by, and follow, a magnet; i a pleafing
manner:
~ On this principle many ingenious and enter-
taining pieces of mechanifm have been contri- -
ved.  Small {wans fwimming in . the water
have been made to point out the time o the
day, &c:

Place a magnet upon one of the brafs ﬁands,
and prefent one end of a {mall ncedle towards
it, holding the other end by a piece of thiea
to prevent the needle fixing itfelf to the bar,
and the needle will bc pleafingly fufpended in
the air.
~ Sufpend a magnet under the fcale of a ba-
lance, and counterpoife it by weights in the
other fcale; then prefent a pwcr: of iron towardw

Ly
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the magnet, it will immediately defcend, and;

if the iron is not placed at too great a diftance,

will adhere to it : now fufpénd the iron under

the feale inftead of the magnet, ‘then bring the

latter towards it; and the iton will defcend rand .
adhere to the magnet.

The pﬂéeﬂ or propertits ::rf a magnet may e
communicated 1o iron and fleel.

To give a @ctail of ‘the various procefles
which have been fuggefted, for the touching
or comimunicating the properties of the mag:
net to iron or ftecl, would alone fill a volhumel
I fhall therefore only give an account of two
general and good methods which T prefume
will be found adequate to every common pur-
pofe.

1. Place twomagnetic bars AB fig. roc, inaline,
tith the north or marked end of one, oppofed 1o
the fouth or unmarked end of the other, bur at
fuch a dﬂlance from each other, that the mag-
net to be touched may reft with its marked End
on the unmarked end of A, and its unmarked

‘end on the marked end :}f B, then apply the
porth end of the magnet D and the fouth end
of E to the middle of the bar C, the ﬂppuﬁfe'
ends being elevated as in the figure ; draw D
and E afunder along the bar C, one towards A,
the other towards B, preferving the fame cles

vation,
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vation, remove D and C a foot or two fromm the
bar when they are off' the ends, then bring the
north:and fouth poeles of thefe magnets together
and apply them again to the middle of the bar
€ as before 3 repeat the fame procefls five or fix
times, then turn the bar, and touch the oppo=
fite furface in the {fame manner, and afterwards
the two remaining, furfaces, and by this means
the bar will acquire a ftrong fixed mag-
netifm.

.2+ Place the two bars which are to be touched
parallel to each other, and then unite the ends
by two pieces of [oft iron called fupporters, in
order to preferve, during the operation, «the cir-
culation of the magnetic matter ; the bars are
to be placed {o that the marked end B, fig: 101,
may be oppofite the unmarked end D, then place
the two attracting poles G and I on the middle of
one of the bars to be touched, raifing the ends
{o that the bars may form an obtufe angle of 100
or 120 degrees; theends Gand I of the bars
are to be feparated two or three tenths of an
inch from each other: Keeping the bars in this
pofition, move them flowly over the bar A B,
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

' oppofite

# That is the marked end of one is always to be againtl the
unmarked end of the other.
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oppafite faces of the bars; the touch, thus
communicated, may be farther increafed, by
f‘ubbing the different faces of the bars with
fets of magnetic bars difpofed as in fig.
102. .
It feems, that in order to render fteel magne-
tical; we muft fo difpefe the pores that they
may form contiguous tubes parallel to each
other, capable of receiving the magnetic fluid,
and then propagating and perpetuating its mo-
tion, fo that the magnetic ftream may enter
with eafe; and be made to circulate through
¢t with the greateft force : to this end, itis ne-
ceflary te be particularly attentive in the choice
of the fteel which 1s to be touched ; the grain
fthould be equal, fnrall, homogenous, and with-
out knots, that it may prefent a number of
equal and uninterrupted channels to the fluid,
from one end to the other : this is more imme-
diately important in the choice of the fieel 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
action of the principal needle according to their
frrength and firuation.
The fteel fhould be well tempered, that the
- pores may preferve far a long time the difpofi-
tion they have received, and better refift thofe
changes in their direfion, to which iron and
foft fteel are liable. 'The difference in the na-
/] ture
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ture of fteel is exceeding great, as is eaﬁl:jf
proved by touching in the fame manner, and
with the fame bars, two picces of fteel of
féluai fize, but of different kind.

Steel that is hardened, receivesa more per-
manent magnetifm than foft fteel, tho’ it does
not appear that they differ fromx each other in any
thing but the arrangement of the parts; per-
haps the foft fteel contains phlogifton in its
largeft pores, while hardened fteel contains it
in the {maller. Iron, or fteel, have very little
air incorporated in their pores; when they are
feparated from the ore, they are expofed to 2
moft intenfe degree of heat, and moft of the
changes to which they are ‘afterwards fubmit-
ted, are effected in a red hot ftate. A piece of
fpring-tempered fteel will not retain as much
magnetifim as hard fteel, foft fteel ftill lefs, and
iron {carce retains any: From fome experi-
ments of Mr. Muflchenbroek, it appears, that
when iron is united with an aeid, it will not
become magnetical ; but if the acid is feparated,
and the phlogifton reftored, it will become as,
magnetical as ever.

The dimenfions and fhape of 4 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 out of one pole, and

proceed«
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pmceedmg round the magnet to enter the other,
will be impeded, and its velocity leffened. If
r,h:,;. are too fhort, 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 frt:m 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 fireanr fufficiently ftrong to
tefift the obftacles in the external {pace ; while,
if they are too thick; the ftrait and regular di-
reCtion of the channel is !I]fUI‘Ed b}r the diffi-
culty which takes place in the arfangement of
the interior channels, as the magnetic matter has
not fufficient force to penetrate the ftecl to any
confiderable depth, and thus injures the circu-
lation of the fluid.

All the pieges fhould be well pahfhed ; it is
of the greateft importance that the ends fhould
be flat and true, fo as to touch, in as many
points as is poflible, the ends of foft iron which
keep up the circulation. Inequalitics on the
faces, but principally near the poles, are to be
avouded, as thefe occafion ifregularities in the
circulation, and thus diminith its velocity,
which is one of the principal fources of mag-
netic powers. :

While the bars are touching, the cads of {oft
iron fhould be kept inconftant conta&t with
the bars, fer a momentary ﬁ:lnmrmn is {ufficient

Z o
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to deftroy the effect of the operation, as the fluid
will be inftantly difperfed in the air.

The operator ought not to ftop longer on the
firft bar than is neceffary to open the pores, and
to arrange them magnetically, paffing imme-
diately to the other, to form an epening for
the fluid which iffues from the firft.

It 1s moft advantageous to turn the bar that is
quitted, while the touching magnets are plaeed
on theother ; by this means, the fiream that is
tobe exeited will difpofe the channels of the firft,
and thus render the operation more efficacious ;
befides, by only turning one bar at atime, the
touching bars -need never be totally removed
during the whole operation, acircum ftance which
will contribute to the ftrength of the magnet.

‘The touching bars fhould never be feparated
but at the equator of the magnet ; and their mo-
¢ion over the others; thould be flow and regular.

The magnetic power of touched feedles has
been encreafed by leaving them for fome time in
linfeed o1l _

It may contribute tothe effeéts of the ope-
ration if the bars A and B, fig. 100, are placed
in the direétion 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 &
magnet, is impaired if it is laid amongft iron,
or by ruft; it may be injured alio by fire, as
each of thefe circumftances will change, or

confufe the direction of the magnetic ftream.
Place

L

e e e, B ity Y o il

S



ON: MAGNETISM. st

Place a fmall magnetic needle on the pivot of
one of the fmall ftands, and put it between two
magnetic bars, fo that the north end of the bar
may be near the fouth end of the needle; the
fmall needle will, without any apparept caufe,
be thrown into a violent vibratory motion, and
feem as it were animated, till it is faturated with
magnetifm, .when it will become quiefcent.
The vibratory motion is probably occafioned by
the irregularity of the impreflions it receives
from the magnetic fluid, and the difficulty that
fluid finds in entering the needle.

All caufes, that are capable of making the
magnetic fluid move in a ftream, will produce
magnetifm in thofe bodies which are properly
qualified to receive it.

If bars of iron are heated, and then cooled
equally, in various directions, as parallel, per-
pendicular, or inclined to the dipping needle,
the polarity will be fixed according to their po-
fition, ftrongeft when they are parallel tq 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 wpper, and the upper end
is cooled firft, it will fometimes hecome the
north pole, but not always. If iron, or fteel,
undergo 'a violent attrition in any one particu-
lar part, they will acquire a polarity ; if the
wron is foft, the magnetifm remains very little
Jonger than while the heat continues. Light-

Z 3 ening
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ening is the ftrongeft power yet known in pro-
ducing a ftream of magnetifm; it will, in an
inftant, render hardened fteel firongly magne-
tical, and invert the poles of a magnetic needle.
To make a magnetical bar with feveral
poles, place magnets ag thofe parts where the
poles are intended to be, the poles to be of 2
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 peints in a magnet in which its
wirtues feem as it were concenirated.

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 {fuftain at
different parts ; it will be found to fupport moft,
near the ends, evincing that the magnetic
power is exerted there with the grt‘atcﬁ force.

Place the fmall brafs weight, which is in the
box, on the north end of the {mall 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 progrefively forwards, and
the needle will fall down gradually till it comes
to zero. If the magnet is moved farther, the
index will be attracted towards it.

Te
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To find the Poles of a Magnet.

Let a magnet be placed under onc of thofe
pancs of glafs which are contained in the bot-
tom of the box ; fift fome fteel filings on this
glafs, and then ftrike it gently with a key, in
order to throw the glafs into a vibratory mo-
tion ; this will difengage the filings, and they
will foon be arranged in a pleafing manner :
thofe parts of the magnet from which the
curves feem to take their rife, and over which
the filings feem to be almpft erect, are the
Pnlcs of the magnet.

In this, as well as many other magnetical expe-
riments, a mechanical force is evidently exerted,
detaching the particles of iran from one fitua-
tion, removing them to another, and then retain-
ing them there with canfiderable force.

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 1t backwards and ferwards till the needie
is perpendicular to the magnet, 1t will then
point direétly ta one of the poles; when 1t is
between the north and fouth pales, f{o that their
mutual actions balancg cach ather, the center
of the needle will ftand over what is called the
equator of the magnet, and the needle will be
exactly parallel to the bar. If it is then removed

| Z 4 to-
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rowards either pole, it will be differently in-
clined according to its diftance from the poles.
Hold a common fmall fewipg needle (with
fome thread in its eye) near a magnet for a few
feconds, then bring it gradually towards the
middle of a magnetic bar, and the powers of
the magnet will fo far counterac the force of
gravity as to. Lecp it fufpended in the air, in a

- pofition which is nearly parallel to that of thi:
magnet. :

There is no magnetical al:traﬂ:mn without
pulant}r ; it 1s confequently ‘abfurd to fuppnfe,
that a magnet may have a ftrong attraétive
power, but a weak ; polarity, or dire&tive
power. PO o T R

Let an iron rod be exaflly balanced and fuf-
pended on.a point, [o as to revolve in a plane pa-
vallel to the borizon ; communicate the magnetic
wirtue to this rod, and one extremity will be al-
ways dxraﬁfd lowards the north.

Place any of the unmuched needles in tht:
apparatus on a pmnt and it ‘may be fixed, or
will remain in any reqmred fituation ; commu-
nicate the magnetlc virtue to it, and it will no
iungcr be indifferent as to its ﬁtuatmn but will
fix upon one, in preference to any other, one end
_pointing towards the north,’ the other tﬂwards

Ihﬂ fmuth
It
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. 1t is notimprobable, that in fome future pe-
wod, it may be difcovered, that moft bodies
are poilefled of a polarity, and will affame di-
rections relative to the various afhinities of the
elements of which they are compounded,

The direttive power of a touched needle is
of the greateft imporrance to mankind, as it en-
ables the mariner to traverfe 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 confiits of three parts,
the box, the card or fly, and the ncedle.

The card is a circle of ftiff paper reprefent-
ing the horizon, with the points of the compafs
smarked on it ; the magnetical needle is fixed to
the under fide of this card; the center of the
needleis perforated,and a cap,witha conical agate
atits top, is fixed in this perforation; this cap is
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 jumbals. At fome future
period, I mean to treat of the various modes
that have been adopted in conftructing fea com-
pafles, and of their various faults and excel.
lencies.

It is by no means clearly decided who was
the original inventor of the mariner’s compafs ;
by fome it is attributed to Flavio Gioa, of A-
palfi, in Campania, who lived about the be-

ginning
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ginning of the 14th century ; fome fay it came
from the Eaft ; others that it was knawn even
earlier in Europe.

The contrary poles of two magnets attract
each ether.

‘Thenorth poles of two magnets,when brought
contiguous, repel each other. The fouth poles
alfo, when brought near, repel each other.

Thefe pheenamena are eafily illuftrated by a
variety of pleafing e:{periments

Sufpend on a point a touched needle, then
prefent towards its north pole the fouth pole of
a magnet, and it will be attraéted by, and fly

towards it ; prefent the ather pole of the mag-
net, and the needle will fly from it.

Fix two needles harizontally in two pieces of
coik, and put them in water ; if the pales of the
fame name are placed together, they will mu-
tually repel each other. ¥f the poles of a con-
trary denominagion are turned towards cach
other, they will be attrated and join.

Dip the north or fouth equ of two, magnets
in fteel filings, which will hang in clufters from
the end of the bars ; bring the ends of the barg
towards each other, and the fteel filings on one
bar, will recede from thofe on the other. Dip
the fouth pole of one magnet, and the north
polc of the other, into fteel filings, then let the
ends be brought near to each other, and the
tafts of filings will unite, forming {mall circu-

Jar arches.
Placa
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" Place the cylindric magnet, which forms
part of the apparatus, on a fmooth horizontal
plane, and bring the fteel fith near and parallel
to it, with its head towards the marked end of
ﬂlﬂ 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 that were thewn in

L.ondon 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, :iiiiecc of brafs, filed into the fhape of
an heart, is included in the apparatus; a magnet
15 infcrtédiq 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 1lides
out; obferve the diretion of the needle; then
tike out the metal, inyert it, put it in its placé
again, and obferve the diretion of the needie;
by keeping thefe obfervations in mind, you
may readily difcover which fide of the heart is
i!ppermuﬂ! though put in unknown to you.

The magnetic matter moves in a fiream from
one pole to the other, internally, and is then carried
back in curved ines, externally, 8ill it arrives
again at the pole, where it firft entered, to be again
admitied. '

Put one of the glafs panes over a magnetical
$ar, fift fteel filings on the glafs, then firike

' the
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the glafs gently, apd the filings will difpofe
themiclves in fuch manner as to reprefent,
with great exadtnef(s, 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 arrangément of the
filings. The largeft curves rife from. one polar
furface, and extend ta 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
mterior to thofe which arife from the polar
furtaces, and are fialler and fmaller in pro-
portion to their diftance from the ends. That
the magnetic matter does move baek, in a di-
re€tion contrary to that with which it pafles
through the magnetical body, 1s confirmed by
its action on a fmall campafs peedle, when pre:
fented to it at different places. See fig. 103.

The greater the diftance is between the  poleg
of a magnet, the larger are the curves which
arife from the polar furface.

The immediate canfe why twe or more nagie-
tical bodies, altrall each other, is the pafage
of one and the fame magnetical fircam through
them.

Let two magnets be placed at fpme diftance
from each other, the fouth pole of one oppoifed
to the north pole of the other, lay a pane of

~glais
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glafs over them, and fprinkle it with fteel
filings, then ftrike the pane gently with a key,
and the filings will arrange themfelves in the
dire&ion of the magnetic 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 i
the fame direction, fo that the fluid which pafies
thro’ A B, fig. 104, finds the pores at the pole »
open to receive them, it will therefore pafs
tlirough this, and coming out at ) will turn
towards A, to continuc its ftream 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 frem the
axis the filings deferibe regular curve lines,
which run ffoin one pole to the other, and di-
verge from each other in moving from the
douth 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 each other, fome arches will pafs from
one pole to the other of the fame magnet ; fewer
will be formed in this manner it they are
brought nearer together, and more will proceed
from one magnet to the other; the ftream of

the magnetic matter will feem more concen~
trated and abundant,

—'; If
W g
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While the méignets remain in the foregoing
pofition, placea fmall untouched bar or needle
in the ftream of the magnetic 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 pieee of iron, will attraét and fup-
port a fmall piece of iron, whileit is within the
fphere of action of the pole of a magnet, but
wili Iet them fall when it is out of the magne-
tic ftream.

A ball of foft iron in contact with a magnet,
will attract a fecond ball; and that a third, till
the fiream becomes too weak to fupport a
greater weight.

Put into moticn one of the fmall whirligigs
with an iron axis, and ther take it up by 2
magnet; it will preferve its rotatory motion
much longer than if it were left to whirl on
the table ; a fecond and a third whirligig may
be fufpended one under another, according to
the firength of the magnet; and yet continue in
motion. pals

Place 2 magnet upon cach of the brafs ftands,
with their poles of contrary names oppofed to
cach other, and a pleafing chain of iron balls
may be fufpended between them. Prefent
either pole of another magnet towards thenr,
and they will fall down. | \

If a large picce of iron is held at one pole of

a magnet, it will encreafe the attraction of th?
other
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other pole, and enable it to lift more than it
would otherways do.

Magnetic Repulfion arifes from the accamula-
tion of the magnetic fluid, and tbe refiffance
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 inte
curves, whieh {eem toturn back from ecach other
towatds the oppofite pole. The fluid which pro-
ceeds from B, fig. 103, meeting with refiftance
from the pores at D, is forced to turn back, and
circulateround its own magnet; and thusformtwo
atmolpheresswhich 4t againfteach otlier, in pro-
portion to the force and quantity of the ftream
svhich pafles through the magnets.

Take a fteel needle, with a very fine point,
and rub it frbm the eye te the point five or fix
tumes with the north pole of a magnetic bar; the
eye will be the north, and the point the fouth
pole of the needle.

The attraction and repulfion of magnets is
not hindered or encreafed by the interpofition
of any body whatever,

Dip the point of the needle in fteet filings,
and it will take up a confiderable quantity.
Take the magnetic bar in one hand, and the
needle with the filings in the other, hold them

parallel
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parallel to the horizon, with the point of thd
needle near the fouth pole of the magnet, and
the fteet filings wilt fall from the point of the
needle ; as foon as the filings drop off from the
point, withdraw it from the {phere of action of
the magnet, and the point will be fo far de-
prived of its attractive quality, that it will
ot again attract the fteet filings. If the needle
is not taken away, but continues for a few mi-
nutes about half an inch from the bar, the po-
farity of the needle will be changed *.

Hang a number of balls to each other, by ap-
plying thc 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
thereby be deprived of the niagm:tic ftream,
and fall afunder; the ball fo which the
hagret was applicd will be attraéted by it, and
all the others will remain fufpended. If the
north end of the magnct be prefented, then the
ball, to which it 1s apphed will affo drap.

A fingular fact is related by fome dncient
writers on magnetifm. That if two loadftones,
a ftronger and a weaker, have their repellent
_pr;:-les 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-
tact, becomes inverted by the ftronger power;

but as that power feaches but a little way be-
yond

¥ Farther Proo%, &c¢. by Mr. Lyon, p.6o.

PR
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vond the polar furface, the unaltered power, in
the remaining part of the ftone, is able, Ly irs
contrary force, to reftore the confufed part of
the fione i a few days.

It does not appear that there is any certain
law of attraction peculiar to magnetifin ; for in
different pairs of magnets, the force will vary
at different diftances. The magnetic attraction
is not to be computed from the center of
the magnets, but from the center of the
pole. : : |

Tho’ many experiments have been made to dif-
cover, whether the force by which two magnets
are repelled or attracted, aéts only to a certain
diftance; whether the degrees of its action with-
in, and at this diftangce; 13 umiform or variable,
and in what proportion, to the diftances it en-
créafes or diminifthes; yet we can only infer
from them, that the magnetic power ex-
tends further at fome times, than it does at
others, and that the {phere of its action’is
variable. |

The {maller the loadftone or the magnet is,
the greater is its force, cwteris paribus, in
proportion to its fize.. Though when the
axis of a magnet is fhort, and of courfe its
poles very near, their altion- on cach other
weakens the magnetic forces A variety of other
taufes will alfo occafion great irregularity in the
attraction of magnetifm. If one end of amagnes

is dipped m ftecl filings, we fhall find that they
' A a are
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are very feldom diftributed with uniformity, bie
difpofed in little tufts, fome places more thick
than others. The force of magnetic attrac=
tion between the fame magnets, and at the fame
diftance, may be varied by turning the magnets
on their axis, and making different parts of the
polar furfaces regard each other. If a ftrong
magnet be applied to a weaker, a kind of re-
pulfion feems to take place even between poled
of the fame name, but its force is overpowered
by the attraltion of the ftronger.

- If a touched needle is placed near a magnet,
its direttion to the magnetic meridian is fuf-
pended, and it afflumes. a direction relative to its
fituation and diftance from the poles of the
magnet. Place a fmall needle on the pointed
end of one of the brafs ftands, and then bring
it near the magnet, the.needle will diret itfelf
differently, according to its diftance from
the poles of the magnet. Thefe relative
fituations and téndencies are more pleafingly
pblerved by placing feveral touched needles
round the bar at the fame time. The motion of
the fmall dipping needle further illuftrates this
propofition. From‘the three laft experiments
various others of confiderable importance may
be derived for accurately inveftigating the
curves, according to which the magnets act,
and illuftrating further fome of the intricate
branches of magnetifm.

The
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The northern magnetifm is deftroyed by the
®ommunication of the fouthern, and wice verfa.
Henee it is clear; that the two magnetic powers
counteract each other; and that if both be com-
municated to the fame arm of a magnet, the
magnetifm acquired by the arm will be that
of the ftrongeft, and as the diffcrence between
the two powets; | ‘

Two ftrait magnets will hot be weakened, if
they are laid parallel to one another, with
poles of the oppofite denomination corref-
ponding to cach other; the €nds being con-
nected together by picces of iron; which
will keep up. and facilitate the circulation
of the magnetic fluid through them ; but they
vhould never be fuffered to touch each other
except when they lie in the fame direction, and
with poles of contrary names:

A fingle ftrait magnet fhould be always kept
with its fouth pole towards the north, or down-
wards in the northern magnetic hemi{phere, and

“wice verfa, in the fouthern hemifphere. Iron
fhould never be lifted but by the fouth pole of
a {trait magnet in this hemifphere of the world:

Every kind of violent percuffion weakens
the power of a magnet; a ftrong magnet has
been entirely deprived of its virtue by receiv-
ing {everal {mart ftrokes of a hammer ; indeed;
whatever deranges, or difturbs the internal pores
of a magnet, will injure its magnetic force; as
the bending of touched iron, wires, &c.

Aaad Fill
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Fill 2 finall dry glafs tube with iron filings,
prefs them in rather clofe, and then touch
the tube as if it was a fteel bar, and the tube
will attract a light needle; &c. fhake the tube
fo that the fituation of the filings may be dif<
turbed, and the magnetic virtue will vanifh.

But though a'violetit percuffion will deftroy a
fixed magnetifm, yet it will give polarity to an
iron bar which had none before ; for afew fmart
ftrokes of an hammer; on an tron bar, will give
it a polarity, and by hitting, firft one end of
the bar, and then the other, while it 15 held in 2
vertical fituation the poles may be changed.
Twift a long piece of iron wire backwards
~and forwards feveral times, then break it off at
the twifted part, and the broken end will be
magnetical; :

If a magnet be cut throughthe axis, the feg-
ments, which were joined before; will avoid
and fly from cach other.

If a magnet is divided by a feftion perpen-
dicular to the axis, the parts which were joined
before will have acquired contrary poles, one
north, the other fouth, thus génerating a new

magnet at every fetion

~ From thefe, and fimilar experitnents, Mr.
Ecles infers, that magnetifim confifts of two
different diftin& powers, which in their natural
ftate are conjoined, and exert but little fen-
fible aftion, and ftrongly attract each -other at
all times ; but when they are feparated by force;
they a&t like thofe of cletricity ;-for if mag-

| netifiy

W
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metifm is excited in two different picces of fteel
by the fouth pole of a magnet, the ends repel
cach other; but if one piece be excited by the
north pole, and apother by the fouth, they will
attract each other, Fle further fuppofes, that
a magnet attracts, and is attracted, not entirely
according to its own ftrength, but according to
the quantity of iron to be attracted ; 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 itof its natural quantity ; on the contrary,
it will give it a polarity, or fixed magnetiim,
according to the manner of heating or cooling
the 1ron, '

In an unarmed magnet, the magnetic {tream
is carried back, on all fides, in curved lines to
the contrary poles ; but when armour, or plates
of iron, are applied to each pole, the direction
of the magnetic fluid is changed, and it is cons
dutted, united, and condenfed, at the feet of
the armour; fo that if the fect are connelted by
- another piece of iren, which is ealled a lifter,
the ftream praceeding from qne pole is carried
by the lifter to the other, which caufes it to
adhere . with confiderable force, A chain of
balls may be formed between the two feet in-
ftead of a lifter. 9

Place the armed magnet under a glafs plane,
ftrewed over with fieel filings, and thefe will be

Aa 3 arranged
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arranged in curves which go from one foot tq
the other.

The armour thould be formed of foft homo-
genous iron, well fitted to the ends of the mag-
nets; it fhould alfo be thicker, in propor-
tion as the diftance of the poles from each
other encreafes, _

Mr. Savery has adduced feveral inftances to
thew the force and action of the earth’s mag-
netifm ; among others, that it will fupport {mall
pieces of iron. He hung up a bar of iran, 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 moifture to prevent a good con-
tact ; 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
might 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 iron rod, which
has no fixed polarity, will attract the north end
of a magnetic needle; the underend B repels the
porth end of the needle; invert the iron bar,

and the end B, which is now the upper one,
will
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tvill attra@ the north pole of the needle that it
repelled before ; the cafeis the fame, if the bar
is placed horizontally in the magnetic meri-
dian, the end towards the fouth will be a north
PD]E.

Iron bars of windows, which have remained
long ina vertical pofition, acquire a fixed po-
larity,. Mr. Lewenhoek mentions an iron crofs,
which was fuppofed to have ftood on the fteeple
of a church, at Velft, about 200 years, which
had acquired a ftrong fixed magneti{m.

The needle of the mariner’s compafs, does not
point exalily to the north, but is obferved to change
its azimuth, pointing [ometimes towards the eaff,
and [ometimes to the weft of the meridian.

This deviation from the meridian is called
the variation of the needle, and is different at
different parts of the world, being weft at fome
places, eaft at others, and in parts where tiR
variation is of the fame pame, its quantity is
very different.

Though the diretive power of the compafs
was applied to the purpofes of navigation in the
fourteenth and fifteenth century, it does net
appear that there were any apprehenfions during

that time of its pointing otherways than duc
north and fouth,

The variation of the compafs is faid to have
been firft difcovered by Columbus, in 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 Weft Indies. But the firft
perfon who difcovered that it was real, and
as t the fame to all needles in the fame place,
1s generally allowed to be Sebaftian  Cabot.
Thxs was about the year 1497.

After the variation was dlfmvered by Cabot,
it was thought, for a long time, to be mvanabl}'
the fame, at the fame places, in all ages; put
Mr. Gellibrand, about the year 1625, difco-
yered that it was dlﬂbrent at dlﬁﬁl‘ﬁﬂt t1mes,
in the fame place,

If a needle, which is accurately balanced,

and fufpmded;., fo as to turn freely ina vertical
plane, be rendered magnetical, the north pole
will be depreffed, and the Jouth pole elevated apove
the borizon ; this pmpert}r, which is called the
ﬁlp of the needle, was difcovered b}f Robert
Norman, about the year 2576.
5 Xt 08 clear, that the magnetic power exerts
itfelf in two manners on a compafs needle; by
one force it is directed towards the magnetic
mendlan by the other, it forms an angle with
the horizon.

The pﬂﬁtmn of a dipping needle, when at
ref in the magnetjcal mendmn, is called the
magncnml line. k
~ Various kinds of round magnets, termed Te-
yellas, have been conftructed with a view to

,ynh,ﬁlgate the phmnﬂmena of the variation,
: and
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and the dip of the needle, by obferving the. po-
fition of a compafs at different parts of the Te-
rella, and comparing thefe pofitions with the
obferved ftate of the magnetic needle on the
earth. Little progrefs has been made with thefe
on acceunt of the imperfeétion of their conftruc-
tion; one has, however, been invented by
Mr. Magellan, which 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 pheenomena attending the di-
rection of the needle, correfpond to what hap-
pens to aneedle 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 aurora borealis. About the latter end of the
year 1756, Mr. Canton began to make obferya-
tions on the variation, and 1459 communi-
cated the following valuable experiments to the
Royal Society.

The obfervations were made by him for 603
. days, on 574, out of thefe, the diurnal varia-
tion was regular. The abfolute variation of the
needle weflward, was encreafing, from abeut 8 or
9 oclock in the morning, till about 1 or 2 in
the afternoon, when the ncedle became fta-
g tionary
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tionary for fome time ; after that, the variation
weftward was decreafing, and the needle came
back again to its former fituation in the night,
or by the next morning,

The diurnal variation is irvegular when the
needle moves flowly eaftward, in the latter part of
the morning, or weflward in the latter part of
the afternoon 5 alfo when it moves much either way
after night, or [uddenly both ways ina fhort time.

Thefe irregularities feldom happen more than
once or twice in a month, and are always ac-
companied with an aurora borealis,

The attractive power of a magnet will des
ercafe while 1t is heating, and encreafe while
it is cooling ; the greater the force of the fame
magnet, the more it will lofe in a given de»

gree of heat,

ExperimenT L

About ENE from a compafs, a little more

than three inches in diameter, Mr. Canton
placed a fmall 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 needle to the NE point, or

‘10 degrecs
10 45 GEgIthsy The
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The magnet being covered by a brafs weighg
of fixteen 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 necdle
moved about three quarters of a degree weft-
ward, and became ftationary at 44° 33 in nine
minutes more, it came back a quarter of a de-
oree, or to 44° % ; but was fome hours before
it gained its former fituation, and ftood ar

0
45 s
Exregpiment Il

On cach fide of the compafs, and parallel to
the magnetic meridian, he placed a firong mag-
net, of the fize above-mentiponed ; fo that the
fouth ends of both the magnets afted equally
on the north end of the needle, and kept it in
the magnetic meridian; but if either of the
magnets was removed, the needle was artracted
by the other, fo asto ftand at 45 degrees. The
magnets were both covered with brafs weights
of fixteen ounces each. Into.the caftern weight
about two ounces of boiling water was poured ;
and the needle in one minute moved half a de-
gree, and continued moving weftward for about
feven minutes, when. itarrived at 2° 2, It was
then ftationary for fome time ; but, in twenty-
four minutes from the beginning, it came back
to 2° L, and in fifty minutes to 29}, Hethen

filled
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filled the weftern weight with boiling water, and
in_one minute the needle came back to 1° X ; in
fix minutes more it flood half a degree eafi-
- ward ; and after that, in about forty minutes,
it returned to the magnetic north, ar its firft
fituation.

Ir.is evident, that the magnetic parts of the
earth in the north on the eaft fide, and the mag-
netic parts of the earth in the north on the weft
ﬁdL of the magnetic meridian, equally attract
the north end of the needle. If then the eaftern
magnetic parts are heated fafter by the fun in
the morning, than the weftern, the needle will
~maove weftward, and the abfolute variation will
encreafe ; when the attra&ing parts of the earth
on each ﬁdc of the magnetic meridian have theu'
- heat encreafing equally, the needle will be fta-
tionary, and the abfolute variation will then be
greateft ; but, when the weftern magnetic parts
are either heating fafter, or cooling, flower than
the eaftern, the needle will move eaftward, or
‘the abfolute variation will decreafe ; and wheq
the eaftern and weftern magnetic parts are cool-
ing equally faft, the needle will again be fta-
tionary, and the abfolute variation will then be
leaft. ‘This may be fill further illuftrated, by
placing the compafs and two magnets, as in the
laft experiment, behind a fcreen near the middle
of the day in fummer; then, if the fcreen be
{o moved, that the fun may fhine only on the
caftern magnet, the needle will fenfibly vary in

its




ON MAGNETISM. 362

its dire&ion, and move towards the weft ; and
if the eaftern magnet be ﬂmded, whilé the fun
fhines on the weftern, the needle will move the
contrary way. By this theory, the diurnal va |
riation in the fummer ought to exceed that in
the winter; and we accordingly find by obfer-
vation, that the diurnal variation in the months
of June and July, is almoft double that of De-
cember and January.

The itregular diurnal variation muft arife
fromh fome other caiife than that of heat com-~
municated by the fun; and here we mufl have
recourfe to fubterranean heat, which is gened
rated without any regularity as td time, and
which will; when it happens in the north, af-
feét 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, in the Appendix to the fecond
volume of his Statical Effays, which 1 fhall
here tranferibe: ¢ That the warmth of the
“ earth, at fome depth under ground, has ah
¢ influence in promoting a thaw, as well as
¢ the change of the weather from a freezing to
“ a thawing ftate, is manifeft from this obfer-
vation; vizi Nov: 27, 1731, a little fnow
~“ having fallen in the night; it was, by eleven
“ the next mofning, moftly nielted away on
““ the furfice of the earth; except in feveral
4 places in Bufhy-Park, where there weré
 drams dug, and covered with earth, where

 the
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“ the fnow continued to lie, whether thofe
‘¢ drains were full of water, or dry; as alfo
¢ where elm-pipes lay under-ground; a plain
‘¢ proof that thefe drains intercepted the
warmth of the earth from afcending from
greater depths below them j for the fnow lay
where the drain had more than four feet
depth of earth over it: It continued alfo to
lic on thatch; tiles; and the tops of walls.”
“That the air neareft the earth will be moft
warmed by the heat of it, is obvious; and this
has frequently been taken notice of in the morn-
ing, before day, by means of thernfometers
at different diftances from the greund, by the
Reverend Dr: Miles, at Tooting, in Surrey j
and is mentioned in p. 526, of the 48th velume
of the Philefophical Tranfaétions.

The aurora borealis; which happens at the
time the needle is difturbed by the heat of the
earth, is fuppofed to be the eleétricity 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 greateft. This hy-
pothefis will not feem improbable, if it be con-
fidered, that eleéricity is now known to be the
caufe of thunder and lightning, that it has been
extracted from the air at the time of an aurora
borealis ; that the inhabitants of the northern
countries obferve the aurora to be remarkably
firong, when a fudden thaw happens after fe-
vere cold'weather ; and that the curiousin thefe
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tmatters are now acquainted with a fubftance,
that will, without fri¢tion, both emit and ab-
forb the eleétrical fluid, only by the encreafe
or diminution of its heat : for if the Tourmalin
be placed on a plane piece of heated glafs, or
metal, fo that each fide of it, by being perpen-
dicular to the furface of the heating body, may
be equally heated, it will, while heating, have
the eleétricity of one of its fides pofitive, and
that of the other negative ; this will likewife be
the cafe when itis taken out of boiling water,
and fuffered to cool ; but the fide that was pofi-
tive while it was heating, will be negative while:
it 15 cooling, and the fid¢ that was negative,
will be pofitive. -
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