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CHAPTER VI.

‘The Franklinian theory, of charging , and discharging, the Ley den phial,

examined by experiments ; with remarks to Jhew the deficiency of

the system in explaining the cause of aftion os this wonderful jar.

INaddition to whatIhave already offered,chapter III.p.15.
it will still be necessary to examine attentively the theory of

charging , and discharging, of glass.
i . 1 The Leyden phial , which took its name from the shock

being first received by Mr . Muschenbroek , professor of philo¬
sophy at Leyden, in the year 1746, must be impervious to the
electric fluid, in order to produce a charge.

2. The charging of an insulating body, such as glass, is
effected, we are told, p . 12. by raising at once, and in equal
degrees, two contrary electricities on the two surfaces of the
phial . While the inside of the jar , connected by the wire to the
conductor , is charging positively, it at the same time repels an
equal quantity of the electric fluid from the outside of the jar,
which is driven to the earth by means of a conductor , which
forms a communication with the outside of the jar a. Thus,
while one side becomes exhausted, the other is redundant , or,
in other words, one side is electrified positively, and the other
negatively.

3. In order to effect a discharge, a communication must be

' Beccaria’s treatise, &c. p. 69.
* Becket’s essay, p. 39.

introduced
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introduced between the tvvo surfaces of the phial, that the ex¬
cess condensed on the inside, may pass to the opposite surface,
and restore the equilibrium . This is called the discharging.

This is the substance of the theory of charging and discharg¬
ing of electrics. .̂ Those  who are desirous of feeing a more par¬
ticular explanation , may consult Dr . Franklin ’s Letters , Priestley’s
History of Electricity , and Beccaria’s Treatise, who has wrote
many quarto pages to explain and establish his propositions.

Several ingenious experiments have likewise been invented to
support this doctrine of charging and discharging of glass, which
are equally wonderful , curious , and entertaining , and so plau¬
sible that they appear to carry demonstration with them.

In order to give this theory a fair trial , I shall first transcribe
some of the most curious, -and, as I think , convincing experi¬
ments in favour of the hypothesis ; and, after making some ob¬
jections to the conclusions drawn from them, I intend to con¬
trast them with experiments which appear to confute the whole
system. _ .

c - ; E XPERIMENT I.

- Take two bottles , equally charged through their hooks, one
in each hand ; bring their hooks near to each other ; no spark
nor shock will follow, because each hook is disposed to give fire ;
and neither to receive it.

If a person 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 explosion, and a shock, and
he will be sensible of it by the charge passing through him.

3 Franklin ’s letters, p. 22. Becket’s essay, p. 42.
G This
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This experiment may be varied, by charging one of the phials

on the outside, and the other by the wire, and if the diseharging-
rod be applied to the outside of each of them, a discharge will
immediately ensue. -

c'Experiments with the insulated rubberi 1
i , -m- . -

It may be necessary to remark here 4, for the sake of the in¬
experienced reader, that , according to the present hypothetical
doctirine of charging and discharging, all electrical explosions de¬
pend on the balance of the fluid being disturbed.; and that there
could be no electric appearances, unless some bodies were posi¬
tively, and others negatively electrified. To Ihewrthis more
fully , let there be two conductors , fee figures .5, 5-. plate I . of
the fame kind and dimensions, and let that connected with the
insulated rubber be called the negative, and the other , placed near
the cylinder of the electrical machine , the positive conductor.

* Experiment II.

Place the two conductors , the one to the cushion, the other to
the cylinder, in a parallel direction, and about an inch asunder.
Turn the machine, and strong sparks will issue from the positive
to the negative conductor.

>' Experiment III.
') .

Remove the two conductors a little farther apart 5 fix a jar to
the positive conductor , and let the bottom rest on the negative

4 Becket ’s Essay , p. 121 , 5 Idem , p. 122.

3 conductor.
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conductor . Though the phial in this cafe has no communica¬
tion with the ground , it will charge and discharge, the 'same as
in the common experiment.

An explanation of the foregoing experimentst according to the
present theory of charging and discharging of glass.

The second experiment , we are informed, depends upon the cir¬
culation of the electric fluid, from the negative conductor to
the rubber , from the rubber to the cylinder, and from thence to
the positive conductor , which gives the negative conductor the
fire it has received from it, and the balance is restored.

The third experiment is explained from the same principle.
It is supposed, that while the electric fluid is condensing in the

phial connected by the wire of the positive conductor , its out¬
side is diminishing its natural quantity of the electric fluid,
which goes to the negative conductor , and from thence to the
cylinder, as before. As soon as a communication is formed be¬
tween the inside and outside of the jar , an explosion ensues,
and the equilibrium is restored.

It will be needless to multiply experiments , to shew the nature
of charging and discharging, according to the present system, as
they all depend (we are told ) upon this principle, viz.  Every¬
thing connected to the conductor , which is fixed to the back of
the insulated rubber , is deprived of its natural quantity of the
electric fluid, and such bodies as are fixed to the positive con¬
ductor , placed near the cylinder of the electrical machine, have
an additional quantity condensed on their surfaces.

G L Remarks
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Remarks on the foregoing experiments, and the conclusions drawn ■
from them.

The first experiment is mentioned by Dr . Franklin 6, and it
has since been transcribed by several writers in this branch of na¬
tural philosophy, to prove the truth of the present theory ; but
for want of varying it a little , they have stumbled at the thresh¬
old, and have not hit on the principle upon which the phials or
jars act.

Experiment I . varied.  Seep . 41 ; or Experiment IV". -

Take the two"jars , and charge them by their knobs, at the
positive conductor . While they are standing with their knobs
in contact with the conductor , and at some distance from each
other , form a communication between the outside of one of the
jars , and the inside of both of them, (for,, the conductor con¬
necting the two jars together by their knobs, their internal sur¬
faces become as one) and there will be a spark, a shock, and a
discharge of both the jars , notwithstanding the outside, coatings,
are at a considerable distance from each other .. , r ; (/

If the charging of glass depends upon repelling as much of
the electric fluid from one side, as is condensed upon the other*
and the discharging upon restoring,the equilibrium * then the ex¬
ternal surface of one jar could not contain the electric, fluid con¬
densed upon the internal surfaces of two jars . Besides,., how is.
the equilibrium restored to that jar which has no communication
with the inside ? The.jars are both apparently in the fame state,
after the discharge is made, as they were before they were.
charged.

‘ Franklin’s Letters, p. 22.
E. X P E-
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Experiment III . varied.  See p . 42 ; or Experiment V.

Instead of fixing the knob of ajar to the plus conductor , and its
coating to the negative conductor , as in experiment III . p. 42  j fix
ajar to each conductor , fee figures 5, 5. plate I . When the ap¬
paratus is ready, turn the cylinder of the machine j and if the
theory be true , while you condense the electric stuid in the jar at
the positive conductor , you exhaust the jar at the negative con¬
ductor of the natural quantity of the electric fluid inherent in it.
Though one of the jars be said to be positively electrified, and
the other negatively, they will not discharge each other , nor
give a spark, if you only form a communication between the
two knobs . If the circulation of the electric fluid be from the
negative conductor to the rubber , and from thence to the jar of
the positive conductor the jar positively charged will be full,
and ready to throw out , the jar negatively charged, empty 7, and
extremely hungry ; yet the one will not receive, though the other
stands ready to give, unless you connect the outside coating of
each jar with some conducting substance ; and then there will
be a spark, a shock, and a discharge. I believe, by this experi¬
ment , there is another mystery in the discharging of the Leyden
phial , than the restoring the equilibrium ; but I do not by any
means consider this as conclusive, for I have perhaps some in¬
controvertible facts to produce.

T Franklin ’s Letters, p. 25.

LO Expe-
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E X P E R I M E N T VI.

With two jars , one at the positive conductor , the other Jianding at a

distance upon the insulated table .

Fix the wire rod, fig. n . plate I . to the end of the negative
conductor . Take two coated jars , and put a thin tin hoqp
round each of them , with a small link , to which you may
hook a brass chain, of three feet in length , to form a com¬
munication between the outside coatings of the jars . Place one
of the jars at the positive conductor , and the other upon the
insulated table, at any distance at pleasure ; but not in contact
with either of the conductors . When the apparatus is pre¬
pared, let a person standing upon a stool with glass legs, charge
the jar at the positive conductor , and when charged, form a
communication with the discharging bow, from the outside of
the jar upon the table to the inside of the jar at the conductor,
and there will be a discharge. There is not any thing in the
discharge of the jar , but what may be accounted for from the
present theory j for, in fact , it is no more than a common
discharge from inside to out : but there must be electrical ef¬
fluvia condensed on the outside of the jar standing upon the
table , or there would be no discharge.

If the jar at the positive conductor be insulated, and the
knob placed a little distance from the conductor , for the elec¬
tric fluid to strike it with a spark ; if the wore or chain which
forms the communication between the jars be also insulated,
and the room darkened, you may see the electric fluid as it passes
from one jar to the other , which, is a proof it must be con¬

densed
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densed upon the jar standing in contact with the chain , at a

distance from the conductor , upon the table.
The question then is, How the electric effluvia, according

to the present theory , can be condensed upon the outside sur¬

face of this jar , as it cannot repel any from the inside, be¬
cause the knob has not any communication with a conducting

body to lead it off ?

Experiment VII.

Or the lajl Experiment varied.

Let the apparatus remain as directed in the preceding experi¬

ment . Charge the j ar as before, at the positive conductor . Form
a communication with the discharging bow between the two

knobs of the jars : there will be a spark and a Ihockz but in

this instance the jar at the positive conductor is not more than

half discharged.
2. The jars being now both equally charged, they may be

discharged by forming a communication between the outside

and inside of each of them ; for both of them will give a

spark and a Ihock. >.

.Remarks on the preceding Experiments ..

While the jar is charging at the conductor with positive

electricity, the electric fluid inherent in the outside surface of

the glass, must be palling off (fee p . 40.) along the chain to
the outside 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 standing at a distance upon the
table receives half the electric stuid from the jar at the con¬
ductor ; and half the electric effluvia repelled from the outside
surface of the jar , while charging , returns , according to the theory,
to restore the equilibrium . If only half returns by this ope¬
ration , the outside of the jar , at a distance from the negative
conductor , upon the table, will have, in proportion with the
chain, the remaining half ; instead of which it ought to have
been deprived of half of its own natural quantity of electric
effluvia inherent in its substance, for it has received half a
charge. I believe it will be a difficult talk to prove the out¬
side of this jar , in this cafe, in a negative state ; but I will pur¬
sue the examination of this theory a little farther.

Experiment VIII.js* . ^
With several jars placed along the chain , to shew there is a myfiery

in the Ley den phial , which has not yet been pointed out .

Take away the metal rod, fig. u . from the negative con¬
ductor , and place a coated jar at each conductor , with a chain
fixed to the hoops before described, to form a communication
between the outside coatings of the jars. Place two more coated
jars , with wires and knobs, at equal distances, upon the insu¬
lated table, but let their outside coatings be in contact with thechain.

When the apparatus is fixed, let a person standing upon a
stool with glass legs, charge the jars . Take the discharging-
bow, begin either at the positive or the negative conductor,
and form a communication between the wire of the jar stand¬

ing



l 49 J

ing at the conductor , and the wire of the second jar ; there will
be a spark, and if a person makes the trial he will receive a
shock. Repeat the experiment between the third and fourth
jar , there will be a spark and a shock as before. I have some¬
times passed the spark back again from the second to the third
jar , before the electricity of the jars has been dispersed.

.Remarks.

In the foregoing, and, in short, in all the experiments on
the charging and discharging of glass, if the cause of action
depends on the internal and external surfaces being contrarily
electrified, there appears to me an insuperable difficulty to ex¬
plain , by the present theory , how a combination of jars act,
when their knobs are not connected with each other , as in the
last experiment . If glass be impervious to the electric fluid,
and the two knobs of the middle jars be detached from any con¬
ducting substance, how can their internal surfaces suffer any
diminution or change ? or how can their external surfaces, by
the present hypothesis, receive any addition of the electric ef¬
fluvia, either on their surfaces, or in their pores ? If there be
no alteration of the electric fluid in the substance of the jars
standing in contact with the chain , during the charging the jars
at the conductors , they would not receive, as they do, a spark,
and half the charge, from the jars at the conductors.

This may easily be proved. Take away the chain, and let
the person who turns the machine get off from the stool with
glass legs, and stand upon the floor : the insulated table will now
have a communication with the earth . Let the jar at the po¬

ll sitive
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sitive 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 spark ; yet I know of no reason, accord¬
ing to the present theory , why it should not . While a jar at
the positive conductor is charging , standing upon a table which
has a communication with the floor, it can part with the elec¬
tric fluid from its outside surfaceand  why should not an un¬
charged jar do the same, and receive a spark from a charged
jar , when their knobs be in contact ? It cannot be because the
charged jar cannot be supplied with the electric fluid to restore
the equilibrium ,• for there are many instances, we are told, in.
which an electric will receive a spark from a person standing on
the floor 8.

Notwithstanding all Dr . Franklin has said, in his observations
on the acting of the charged and the uncharged jar, and likewise
Pere Beccaria, with his series of jars, I am led by the forego¬
ing experiments and remarks to believe, there is a mystery in
the charging and discharging of the Leyden phial , which the
hypothesis of positive and negative electricity can never explain.
. It may be necessary to examine, under this head, into the

reason why a jar suspended from the conductor , without any
communication with the floor, will not , in some cases, receive

a charge, as this has been considered as a convincing proof in
savour of the present system.*

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

5 Let a quantity of air be thrust into a tight forcing syringe,

“ Franklin ’s letters , p. rz > Beccaria’s Treatise, , p. 99.
* Clare ’s motion of fluids, p. 48.

7 stopped
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stopped at the end ; the resistance against the piston is such, that
if the materials do not give way, no power whatever will bring
that piston down.

10  If a fluid consists of particles repelling one another , with
a force reciprocal to the distances of their respective centers, such
fluid will have a spring reciprocal to the space in which it shall
be compressed.

This appears in some instances to be applicable to the electric
fluid. We know, from a variety of experiments, that the com¬

ponent particles of the electric effluvia endeavour to expand and
recede from one another , with a force so great , that no power

which can be applied will so condense, or drive them within
the sphere of each other ’s attraction , and prevent or overcome
their elasticity.

Have we not reason to believe, by the charging and discharg¬
ing of electrics, that the electric fluid is as elastic as air, and
its particles as strongly repulsive of each other ? They pass through
the densest metals, and with inconceivable velocity escape from
the surfaces of such coated electrics as are formed to retain them

within their pores . It must be this repulsive power inherent
in these primoriginal particles of matter , the electric fluid, which

prevents the charging of a jar suspended from the prime con¬
ductor , and without a communication with the floor. It has

Teen already proved, that the electric fluid passes through glass
but the circumambient air, when dry, will not lead away the
electric fluid from the jar, to cause a succession of the electric
effluvia from the cylinder of the machine . The electric fluid

being stopped within and about the surface of the jar, by an at-

19  Newton ’s Principia.
H L tractive
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tractive power, immediately becomes repulsive, and counteracts
the effluvia at the knob of the jar , and in this instance will
prevent a charge from taking place.

Experiment IX.

To prove the repulsive power of the electric fluid at the knob
of the jar.

Take a large brass rod, and screw a middling-size metal knob
at each end of it . See plate II . fig. 5. Let it be nicely ba¬
lanced with a central point , and fixed upon a perpendicular
pivot on the top of a glass stand. Let the ball A, of this ba¬
lanced rod be placed at the middle of the prime conductor , just
to touch , but not to confine it from moving . Place the jar c,
upon a stool with glass legs, under the other knob b,  and let
the knobs touch as in the figure. Turn the cylinder, and as
soon as the jar has received three or four sparks, the knob of
the balanced conductor will be repelled, and driven to some
distance from the jar . This shews the particles of the electric
effluvia become repulsive within the jar, and counteract the
particles of the fluid in the rod, so as to prevent a charge, when
there is no conducting substance to pass them away from
the jar . Fix a chain to the jar , and form a communication
with the floor, the jar will then receive several sparks, and there
will be a considerable charge of the electric fluid condensed
within the jar , before the knob of the balanced conductor will
be repelled from the knob of the jar.

Experiment
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Experiment X.

Fill a seasoned jar with hot water , stop it close, and let it be
air tight : .place the jar upon the stool under the end of the
balanced conductor , as in the last experiment . If the cylinder
of the machine be turned , the knob of the balanced conductor
will be repelled with considerable force ; which thews that the
particles of the electric effluvia are not only repulsive of each
other , but that the particles of air repel them, when consider¬
ably rarefied, and confined in a close glass vessel. This appears
to be the real reason why a jar will not charge when there is
no conducting body to lead the electric effluvia from the glass.

** ... fe

m
CHAP.
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