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CH AP'TER VI

The Franklinian theory, of charging, and difeharging, the Leyden phial,
examined by experiments ; with remarks fo fbew the deficiency of
the fiftem in explaining the caufe of attion of this wonderful jar.

N addition to what I have already offered, chapter IIL p. 15.
it will ftill be neceflary to examine attentively the theory of
charging, and difcharging, of glafs.

1. * The Leyden phial, which took its name from the fhock
being firft received by Mr. Mufchenbroek, profeflor of philo-
fophy at Leyden, in the year 1746, muft be impervious to the
ele€tric fluid, in order to produce a charge.

2. The charging of an infulating body, fuch as glafs, is
effected, we are told, p. 12. by raifing at once, and in equal
degrees, two contrary eleétricities on the two furfaces of the
phial, While the infide of the jar, conneéted by the wire to the
conduétor, is charging pofitively, it at the fame time repels an
equal quantity of the electric fluid from the outfide of the jar,
which is driven to the earth by means of a conduétor, which
forms a communication with the outfide of the jar . Thus,
while one fide becomes exhaufted, the other is redundant, or,
in other words, one fide is eletrified pofitively, and the other
negatively.

3. In order to effeft a difcharge, a communication muft be

* Beccaria’s treatife, &c. p. 69,

* Becket’s eflay, p. 39.
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introduced between the two furfaces of the phial, that the ex-
cefs condenfed ‘on' the infide, may pafs to the oppofite furface,
and' reftore the ‘eqailibrium. " This is called the difcharging.

This is the {fubftance of the theory of charging and difcharg-
ing of electrics.. Thole who are defirous of fecing a more par-
ticular explanation, may confult Dr. Franklin’s Letters, Prieftley’s
Hiftory' of Eletricity, and Beccaria’s Treatife, who has wrote
many quarto pages to explain and eftablifh his propofitions.

Several ingenious experiments have likewife been invented to
fuppert this doétrine of charging and difcharging of glafs, which
are equally wonderful, curious, and entertaining, and fo plau-~
fible that they appear to.carry demonftration with them.,

In order to give this theory a fair trial, I fhall firft tranfcribe
fome of the moft curious, and, as I think, convincing experi-
ments in favour of the hypothefis ; and, after making fome ob-
jetions to the conclufions ‘drawn from them, I intend to con-
traft them with experiments which appear to confute the whole
fyftem.

ExperiMENT I

s Take two bottles, equally charged through their hooks, one
in each hand ; bring their hooks near to each other ; no fpark
nor fhock will follow, becaufe each hook is difpofed to give fire;
and neither to receive it.

If a perfon takes one jar by the wire, and the other by the
coating, and brings the wire of the one to the coating of the
other, there will be immediately an explofion, and a fhock, and
he will be fenfible of it by the charge pafling through him.

3 Franklin’s letters, p. 22. Becket’s eflay, p. 42. ’
G This

P e T e e T _———

Sy I s Ty s T S T T e e ot T T At B T 2




E 42}

This experiment may be varied, by charging one of the phials:
on the outfide, and the other by the wire, and if the difcharging-
rod be applied to the outfide of each of them, a difcharge will
unmediately, enfue.

Experinents with the infulated rubber:”

It may be necefliry to remark: here 4, for the fake of the an-
experienced reader, that, according to the prefent hypothetical
dorine of charging and difcharging, all electrical explofions de-
pend on the balance of the fluid being; difturbed ; and that there
could be no eleftric appeararices, unlefs fome bodies were pofi~
tively, and others negatively eleCtrified. ‘To fhew;ithis more

fully, let'there be two conduttors; fee figures 5, +5. plate L. of
the fame kind and dimenfions, and let that connected with the

infulated rubber be called the negative, and the other, placed near
the cylinder of the eletrical machine, the pofitive conductor.

st ExperRIMENT IL

Place the two condutors, the one to the cufhion, the other to
the cylinder, ina parallel dire&tion, and about an inch afunder.
Turn the machine, and ftrong fparks will ifflue from the pofitive
to the negative conduétor,

ExperrimeEnNnT III

. Remove the two conduétors a little farther apart; fix a jar to
the pofitive conductor, and let the bottom reft on the negative

4 Becket’s Effay, p. 121. * Idem, p. 122.

3 sonductor.
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conduétor. 'Though the phial in this cafe has no communica-
tion with the ground, it will charge and difcharge, the fame as
in the common experiment.

An explanation of the foregoing experiments, according to the
prefent, theary.of charging and difcharging of glafs.

The fecond experiment, we are informed, depends upon the cir-
culation of the eleGric fluid, from the negative condultor to
the rubber, from the rubber to the cylinder, and from thence to
the pofitive conduétor, which gives the negative conductor the
fire it has received from it, and the balance is reftored.

The third experiment is explained from the fame principle.

It'is fuppofed, that while the eleétric fluid is condenfing in the

phial connefted by the wire of the pofitive conductor, its out-
fide is diminithing its natural quantity of the eleétric fluid,
which goes to the negative conduétor, and from thence to the
cylinder, as before. As foon as a communication is formed be-
tween the infide and outfide of the jar, an explofion enfues,
and 'the equilibrium is reftored.
It will be needlefs'to multiply experiments, to fthew the nature
of charging and difcharging, according to the prefent fyftem, as
they all depend’ (we are told) upon this principle, viz. Every
thing conneted to the conduttor, which 1s fixed to the back of
the infulated rubber, is deprived of its natural quantity of the
elefric fluid, and fuch bodies as are fixed to the pofitive con-
dutor; placed near the cylinder of the eletrical machine, have
an additional quantity condenfed on their furfaces.

G 2 Remarks
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Remarks on the foregoing experiments, and the conclufions drawn
Jrom them. ' :

The firft experiment is mentioned by Dr. Franklin ¢, and it
has fince been tranfcribed by feveral writers in this branch of na-
tural philofophy, to prove the truth of the prefent theory; but
for want of varying it a little, they have ftumbled at the threfh-
old, and have not hit on the principle upon which the phials or

jars act,
ExperIMENT 1. ‘waried. Seep. 41; or ExPERIMENT IV,

Take the two-jars, and charge them by their knobs, at the
pofitive conductor.  While they are ftanding with their knobs
in conta& with the conduéor, and at fome diftance from each
other, form a communication between the outfide of one of the
jars, and the infide of both of them, {for, the conductor con-
necting the two jars together by their knobs, their internal fur-
faces become as one) and there will be a fpark, a fhack, and a
difcharge of both the jars, notwithftanding the outfide coanngs
are at a confiderable diftance from each other..

If the charging of glafs depends upon repelling as much, of
the eleGtric fluid from one fide, as is condenfed upon the other,
and the difcharging upon reftoring the equilibrium, then. the ex-
ternal furface of one jar could not contain: the eleciric fluid con-
denfed upon the internal furfaces of two jars.. Befides, how is
the equilibrium reftored to that jar which has no communication
with the infide ? The jars are both apparently in the fame {tate
after the difcharge is made, as thty were before they were
charged.

¢ Franklin’s Letters, p. 22.

ExpeEr-
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ExperiMENT IIL. waried. See p. 42 ; or ExprEriMENT V.

Inftead of fixing the knob of ajar to the plus conductor, and its
coating to the negative conduétor, as inexperiment I1L. p. 42 ; fix
a jar to each conductor, fee figures 5, 5. plate I. When the ap-
paratus is ready, turn the cylinder of the machine; and if the
theory be true, while you condenfe the electric fluid in the jar at
the pofitive conductor, you exhauft the jar at the negative con-
duétor of the natural quantity of the electric fluid inherent in it.

“Though one of the jars be faid to be pofitively elettrified, and

the other negatively, they will not difcharge each other, nor
give a {park, if you only form a communication between the
two knobs. If the circulation of the elettric fluid be from the
ncgative conductor to the rubber, and from thence to the jar of
the pofitive conductor; the jar pofitively charged will be full,
and ready to throw out, the jar negatively charged, empty7, and
extremely hungry ; yet the one will not receive, though the other
ftands ready to give, unlefs you connect the outfide coating of
each jar with fome conducting fubftance; and then there will

be a fpalrk, a fhock, and a difcharge. I believe, by this experi-
ment, there is another myftery in the difcharging of the Leyden
phial, than the reftoring the equilibrium; but I do not by any
means confider this as conclufive, for I have perhaps fome in-
controvertible facts to produce.

* Franklin’s Letters, p. 25.
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ExperiMENT VL

With two jars, one at the pofitive conduclor, the other flanding at a
diftance upon the infulated table,

Fix the wire rod, fig. 11. plate I. to the end of the negative
condufor. Take two coated jars, and put a thin tin hoop
round each of them, with a fmall link, to which you may
hook a brafs chain, of three feet in length, to form a com-
munication between the outfide coatings of the jars. Place one
of the jars at the pofitive conductor, and the other upon the
infulated table, at any diftance at pleafure; but not in contaét
with either of the conductors. When the apparatus is pre-
pared, let a perfon ftanding upon a ftool with glafs legs, charge
the jar at the pofitive conductor, and when charged, form a
communication with the difcharging bow, from the outfide of
the jar upon the table to the infide of the jar at the conductor,
and there will be a difcharge. ‘There is not any thing in the
difcharge of the jar, but what may be accounted for from the
prefent theory ; for, in falt, it is no more than a common
difcharge from infide to out: but there muft be electrical ef-
fluvia condenfed on the outfide of the jar ftanding upon the
table, or there would be no difcharge.

If the jar at the pofitive conductor be infulated, and the
knob placed a little diftance from the conduttor, for the clec-
‘tric fluid to firike it with a fpark ; if the wire or chain which
forms the communication between the jars be alfo infulated,
and the room darkened, you may fee the eletric fluid as it paffes
from one jar to the other, which is a proof it muft be con-

denfed
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denfed upon the jar ftanding in contact with the chain, at a
diftance from the conductor, upon the table.

The queftion. then is, How the elettric effluvia, according
to the prefent theory, can be condenfed upon the outfide fur-
face of this jar, as it cannot repel any from the infide, be-
caufe the knob has not any communication with a conducting

body to lead it off ?

ExPERIMENT VII.
Or the laft Experiment varied.

Let the apparatus remain as directed in the preceding experi-
ment. Charge the jaras before, at the pofitive conduéor. Form
2 communication with the difcharging bow between the two
knobs of the jars: there will be a fpark and a fhock ; but in
this inftance the jar at the pofitive conductor is not more than
half difcharged.

2. The jars being now both equally charged, they may be
difcharged by forming a communication between the outfide

and infide of each of 'them ; for both of them will give a

fpark and a fhock.

Remarks on the preceding Experiments.

While the jar is charging at the conductor with pofitive

eleftricity, the eleétric fuid inherent in the outfide furface of

the glafs, muit be pafling off (fec p. 40.) along the chain to
the outfide coating of the jar upon the table, and it will re-
ceive more than its natural quantity of electric effluvia,  Upon

forming a communication between the knobs of the two jars,
when
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when charged, as before, the jar ftanding at a diftance pon the
table receives half the ele@ric fluid from the jar at the con-
ductor; and half the eletric effluvia repelled from the outfide
{urface of the jar, while charging, returns, according to the theory,
to reftore the equilibrium. If only half returns by this ope-
ration, the outfide of the jar, at a diftance from the negative
conductor, upon the table, will have, in proportion with the
chain, the remaining half; inftead of which it ought to have
been deprived of half of its own natural quantity of eletric
effluvia inherent in its {fubftance, for it has received half a
charge. I believe it will be a difficult tafk to prove the out-
fide of this jar, in this cafe, in a negative ftate ; but I will pur-
fue the examination of this theory a little farther.

EXPERIMENT VIIJI).,‘

With feveral jars placed along the chain, to fbew there is 5 myflery
it the Leyden phial, which bas not yet been pointed out.

Take away the metal rod, fig. r1. from the negative con-
ductor, and place a coated jar at each condutor, with a chain
fixed to the hoops before defcribed, to form a communication

between the outfide coatings of the jars. Place two more coated

jars, with wires and knobs, at equal diftances, upon the infu-

lated table, but let their outfide coatings be in conta® with the
chain.

When the apparatus is fixed, let a perfon ftanding upon 2
ftool with glafs legs, charge the jars.  Take the difcharging.-
bow, ' begin either at the pofitive or the negative conductor,
and form a communication between the wire of the jar ftand-

ng
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ing at the conductor, and the wire of the fecond jar; there will
be a fpark, and if a perfon makes the trial he will receive a
thock. Repeat the experiment between the third and fourth
jar,. there will be a fpark and a fhock as before. I have fome-
times pafled the fpark back again from the fecond to the third
jar, before the elettricity of the jars has been difperfed.

R BN A ROKESE.

In the foregoing, and, in fhott, in all the experiments on
the charging and difcharging of glafs, if the caufe of ation
depends on the internal and external furfaces being contrarily
electrified, there appears to me an infuperable difficulty to ex-
plain, by the prefent theory, how a combination of jars act,
when their knobs are not connefted with each other, as in the
laft experiment. If glafs be impervious to the eleétric fluid,

and the two knobs of the middle jars be detached from any con-
duéting fubftance, how can their internal furfaces {uffer any
diminution or change ? or how can their external furfaces, by

the prefent hypothefis, receive any addition of the electric ef-
fluvia, either on their furfaces, or in their pores? If there be
no alteration of the eleCtric fluid in the fubftance of the jars
ftanding in contat with the chain, during the charging the jars
at the conductors, they would not receive, as they do, a fpark,
and half the charge, from the jars at the conductors.

This may eafily be proved. Take away the chain, and let
the perfon who turns ‘the machine get off from the ftool with
glafs legs, and ftand upon the floor : the infulated table will now

have a communication with the earth, = Let thé jar at the po-
H fitive
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fitive conductor be charged, ‘and take it ‘in your hand, and bring
the knob to one of the knobs of the middle jars. It will not,
in this cafe, receive a fpark; yet Iknow of no reafon, accord-
ing to the prefent theory, why it fhould not. ‘While a jar at

o

the pofitive conduétor is charging, ftanding upon a table which

a communication with the floor, it can part with the elec-
tric fAuid from its outfide furface ; and why fhould not an un-
charged jar do the fame, and receive a fpark from a charged
jar, when their knobs be in contact ? It cannot be becaufe the
charged jar cannot be fupplied with the eletric fluid to reftore
the equilibrium ; for there are many inftances, we are told, in
which an eleétric will receive a fpark from a perfon ftanding on
the floor &,

Notwithftanding all Dr. Franklin has faid, in his obfervations
on the aéting of the charged and the uncharged jar, and likewife
Pere Becearia, with his feries of jars, I am led by the forego-
ing experiments and remarks to believe, there is a myftery m
the charging and  difcharging of the Leyden phial, which the
hypothefis of pofitive andnegative eleftricity can never explain.

It may be neeeflary to examine, under this head, into the
reafon why a jar fufpended from the conductor, without any
communication with the floor, will not, in fome cafes, receive
a charge, as this has been confidered as a convincing proof in
fayour of the prefent: fyftem.”

It is well known to thofe who are acquainted with pneumatical
experiments, that condenfed air acts with a prodigious force.

s Let a quantity of air be thruft into a tight forcing fyringe,

clin’s letters, p. 23, Beccaria’s Treatifey p. g9

are’s motion of fluids, p. 48.

7 {ftopped
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{topped at the end; the refiftance againft the pi
if ‘the materials do not give way, no power whatever will bring
that pifton down,

1o If a fluid confifts of particles repelling one another, with
a force reciprocal to the diftances of their ref
fluid will have a {pring reciprocal to the ipace n which it [hall
be comprefled.

This appears in fome inftances to be applicable
fluid. We know, from a variety of experiments,
articles of the electric eflluvia endeavour

to the eleltric
that the com-
ponent p to expand and
recede from one another, “with a force fo great, that no power
which can be applied will fo condenfe, or drive them within
the {phere of each other’s attrattion, and prevent or overcome
their elafticity.

Have we not reafon to believe, by the charging and difcharg-
ing of electrics, that the eleCtric fluid is as elafic as air, an
its particles as ftrongly repulfive of each other ? They pafs through
the denfeft metals, and with inconceivable velocity efcape from
the furfaces of fuch coated eleétrics as are formed to retain them
within their pores. It muft be this repulfive power inherent
in thefe primoriginal particles of matter, the eleftric fluid, “which
prevents the charging of a jar {ufpended from the prime con-
dutor, and without a communication with ‘the floor. It has
been already proved, that the eletric fluid paffes through g
but the circumambient air, when dry, will not lead away the
ele@ric fluid from the jar, to caufe a fucceflion of t i
effluvia from the cylinder of the machine. " The eleCtric

being ftopped within and about irface of the jar, by an at-

1* Newton’s Principia.
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trattive power, immediately becomes repulfive, and counteracts
the effluvia at the knob of the jar, and in this inftance will
prevent a charge from taking place.

EXPERIMENT IX.

To prove the repulfive power of the eleitric fluid af the fknob
of the jar.

Take a large brafs rod, and fcrew a middling-fize metal knob
at each end of it. See plate IL. fig. 5. Let it be nicely ba-
lanced with a central point, and fixed upon a perpendicular
pivot on the top of a glafs ftand, Let the ball A, of this ba-
lanced rod be placed at the middle of the prime conductor, juft
to touch, but not to confine it from moving. Place the jar ¢,
upon 2 ftool with glafs legs, under the other kneb 4, and let
the knobs touch as in the figure. Turn the cylinder, and as
foon as the jar has received three or four fparks, the knob of
the balanced conductor will be repelled, and driven to fome
diftance from the jar. This fhews the particles of the electric
effluvia become repulfive within the jar, and counteract the
particles of the fluid mn the rod, fo as to prevent a charge, when
there is no conducting {fubftance to pafs them away from
the jar. Tix a chain to the jar, and form a communication
with the floor, the jar will then receive feveral fparks, and there
will be a confiderable charge of the electric fluid condenfed
within the jar, before the knob of the balanced conductor will
be repelled from the knob of the jar,

EXPERIMENT
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ExrerimMeENnT X,

Fill a feafoned jar with hot water, ftop it clofe, and let it be
air tight ;. place the jar upon the ftool under the end of the
balanced conductor, as in the laft experiment. If the cylinder
of the machine be turned, the knob of the balanced conduétor
will be repelled with confiderable force ; which fhews that the

particles of the eleétric effluvia are not only repulfive of each
other, but that the particles of air repel them, when confider-

ably rarefied, and confined in a clofe glafs veflel. This appears
to be the real reafon why a jar will not charge when there is
no conducting bady to lead the eletric effluvia from the glafs.

CHAP-
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