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ELECTRICITY, 5

attached to the lower end of the string, would at-
tract and repel light bodies, when he had electrified
the string with his exeited glass tube. M. Grey
next made an attempt to convey the electric fluid
in an horizontal direction, and from his endeavours
to accomplish this object arose a discovery of which
he had not the least conception. To complete the
- object he had in view, he made a loop at each end
of a packthread, and hung one end upon a nail
‘dl'i"-TE!ll into a beam; then, through the loop at the
lower end of the packthread, he passed one end of
the hempen line, along which the fluid was to be
conveyed, and fastened the other end of the hempen
line to his glass tube: by this means the greater
part of the hempen line was suspended between
his tube and the lower loop of the packthread, and
lay.in-an horizontal direction, while another part of
the line hung in a perpendicular direction from the
‘packthread loop; and to the lower end of this part
of the line was atiached an ivory ball, After this
preparation, Mr. G. expected that when small bo-
dies were placed near the ivory ball, they would
be attracted by the ball at the time the other end
of the line was electrified by the tube; but to his
very great surprise he could not convey the least






ELECTRICITY. 7

trouble, though in the end it led them to the im-
portaﬁt discovery to which I allude. After the
communicating line had been much extended, its
encreased weight, and the motion given it by rub-
bing the tube, broke the silk line by which it was
suspended, 'This led them to imagine, that metal
wire would answer their purpose better than silk,
because wire of the same diameter as the silk line,
would be much stronger: accordingly they sus-
pended the communicating line by a brass wire, and
electrified it with the glass tube, but, to their great
astonishment they could not convey the least elec-
tric fluid to the ivory ball at the other end of the
line; therefore, they were almost compelled to
come to this conclusion, that the success of the ex-
periment did not depend on the size of the lines,
but on the nature of the materials of which those
lines were constructed. This discovery gave birth
to numberless new experiments: it was soon found
that many other substances, besides silk, would
not convey the electric fluid from one place to an-
other: glass, resin, jet, copal, sealing wax, air, most
dried animal substances, and all the precious stones,
were of this kind; therefore all those bodies which
would not convey the electric fluid were called elec«
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more, they would be attracted to the surface of the
~water and then repelled; but he imagined that
these attractions and repulsions were not repeated
so often as they would have been if the body had
been solid.”

Mr. Du Fay, by pursuing Mr. Grey’s experiments
to make water receive electricity, found ¢ that all
bodies, without exception, whether solid or fluid,
were capable of receiving it, when they were placed
on glass or sealing-wax slightly warmed, or only
dried, and the excited tube was brought near them ;
he particularly mentions his having made the ex-
periment with ice, lighted wood, red hot iron, coal,
and every thing that happened to be at hand at the
time, and, to his great surprize, remarked that such
bodies as were of themselves the least electric, had
the greatest degree of electricity communicated to
them, by the approach of the excited tube.” Mr.
Du Fay was the first that observed an electric spark
from a living body; this gentleman having sus-
pended himself on silk lines, ““as Mr. Grey had
done the boy mentioned above, observed, that as
soon as he was electrified, if another person ap-
proached him, and brought his hand within an inch,
or thereabouts, of his face, legs, hands, or cloaths,
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flammable air,and gunpowder, by the electric spark.
He afterwards imitated the Germans, and excited
four glass globes at the same time; and found, when
‘two pewter plates were held, one in the hand of an
electrified person, and the other in the hand of one
who stood upon the floor, the flashes of pure and
bright flame were so large, and succeeded each
other so fast, that, when the room was darkened,
he could distinctly see the faces of thirteen persons,
who stood round the room.”

In the preceding observations, it has been my in-
tention to arrange the most important discoveries
in such a manner, as to enable those who know
but little of electricity, to follow, step by step, the
advances of this science, and, in some measure, to
anticipate the experiment that led to a discovery
whose effects are the most singular in the history of
natural philosophy. We have seen that the disco-
veries of Messrs. Grey and Wheeler enabled elec-
tricians to charge all condueting bodies with elec-
tricity, when those bodies were suspended by silk
lines, or placed on any non-conducting body ;
therefore, we shall perceive, that this circumstance
naturally suggested the expetiment that led to the
discovery to which I allude.
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Professor Muschenbroeck observed, that whern
conducting bodies were placed on glass, &c.and elec-
trified, that their electricity wasverysoon carried off
by the conducting particles floating in the atmos-
phere ; he therefore imagined, that if a conducting
substance was put into a glass phial, thatit could be
charged much higher than in open air; as the glass
would protect it from the dissipating action of the at-
mosphere. About1745, he tried to put this ideain
practice, by filling a small phial with water, which is
a conducting substance. In making this experiment,
the professor passed the end of a wire through the
cork of the phial, so as to touch the water, and then
charged the water by bringing the wire in contact
with the prime conductor, but found no extraordi-
nary result from the experiment. Mr. Cuneus, of
Leyden, who was one of the party when the pro-
fessor made the experiment, repeated it afterwards ;
and happening to hold the phial in his hand, after
he had connected the wire with the prime conduc-
tor, until the water, as he supposed, had received
a full charge of electricity, and then applying his
other hand to unloose the wire from the conductor,
he received such a sudden shock in his arms and
breast, as filled him with astonishment.

Thus we see how gradually these philosophers
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we are not to infer” (Dr. Priestley remarks) * from
these instances, that all electricians were struck with
this panic. Few, I believe, would have joined with
the cowardly professor, who said, that he would
not take a second for the kingdom of France. Far
different from these were the sentiments of the mag-
nanimous Mr. Boze, who, with a truly philosophical
heroism, worthy of the renowned Empedocles, said,
he wished he might die by the electric shock, and
~ furnish an article for the Memoirs of the French
Academy of Sciences. But it is not given to
every electrician to die in so glorious a manner as
the justly envied Richman.”*

The Leyden experiments, made about 1746,
were chiefly made with phials filled with water.
But in 1747, Dr. Bevis covered a pane of glass
on both sides with tin-foil, excepting about
an inch from the edge, all round the pane, and
found that it gave very powerful shocks. After-
wards Dr. Watson coated large jars, both inside
and out, with leaf silver, and the power of the Ley-
~den experiment became encreased by these means
to such a degree, as to melt wires, and kill birds

* This gentleman was killed at Petersburgh by a flash
of lightning, which he had incautiously invited into his room
while making some experiments on atmospheric electricity.
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and fishes. In the next advances of this sciencé
we shall have to consider the effects of the Leyder
experiment on a more extended scale of action.
The French philosophers were the first to appear
in this new field of inquiry: they matleé a shock
pass through wire two thousand toises, or about
two English miles and a half in lengthi, though
part of the wire dragged upon wet grass, weént over
hedges, palisadoes, and grounds newly plowed up ;
they also found that when a wire of one thousand
three hundred and nineteen feet, with its extremi-
ties brought near each other, was electrified, the
electricity ceased at one ‘end the moment it was
taken off at the other.

The discoveries of the French occasioned this
branch of electricity to be carried still further by
the English philosophers: Dr. Watson, with the as:
sistance of several gentlemen, made a great number
of experiments, on what is called the electric cir-
cuit ; the most extensive of which was made up-
on ““ Shooter’s Hill, on the14th of August, 1747, at
a time when there had been but one shower of
rain during the five preceding weeks. In this ex-
periment, the wire,communicating with the iron rod
which made the discharge, was six thousand seven
hundred and thirty-two feet in length, and was
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wire into the string of an electrical kite, and the
kite this gentleman used was seven feet and a half
high, and three feet wide: ¢ By the help of this
kite, on the 7th of June, 1753, about one in the
-after;man, when it was raised 550 feet from the
ground, and had taken 780 feet of string, mak-
ing an angle of near 45 degrees with the horizon,
he drew sparks from his conductor, three inches
long, and a quarter of an inch thick, the snapping
of which was heard about 200 paces.” * The quan;
tity of electric matter brought by this kite from the
clouds, at another time, is really astonishing. On
the 16th of August, 1736, the streams of fire issu-
g from it were observed to be an inch thick, and
ten feet long, This amazing flash of lightning,
the effect of which on buildings, or animal bodies,
would perhaps have been equally destructive with
any that are mentioned in history, was safely con-
ducted by the cord of the kite to a non-electri¢
body placed near it, and the report was equal to
that of a pistol.” But the great practical use of
this discovery was to secure buildings from being
damaged by lightning: *¢ This great end Dr. Frank-
lin accomplished by so easy a method, and by so
cheap, and seemingly trifling apparatus, as fixing a
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26 PRACTICAL

though he made several experiments for that pur-
pose.””  From the experiments made by the Rev.
Mr. Bennett, it is highly probable that the electri-
city produced, or brought into action, in this in-
stance, is produced by the action of the vapour
against the insulated pole,and not by its merely pass-
ing through the air, or the action of the sun’s rays.

These various facts may give a general idea of
the principle of excitation, and shew that when-
ever particles of matter are put into motion, elec-
tricity is generally produced or brought into action ;
but they do not point out the means by which any
very striking experiments can be performed. 1 shall
therefore proceed to explain the nature and man-
ner of using what is called an electrical machine,
an apparatus well calculated to produce a large
quantity of electricity.

The machine represented as Fig. 2., and in the
following description, is made nearly after the plan
of Mr. Nairne, but rather less expensive than the
one he constructed.

A A A A is the board on which the supporters
and pillars are erected, and by which the machine
1s made fast with cramps to a table. B B BB are
two wooden pillars or supporters, the lower ends
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actly two inches asunder, and that the distance of
the two boards must always correspond to that
division of the scale on the brass rod which is in-
tersected by the upper part of the socket in the
wooden piece DD ; this gives a great facility of
proportioning the distance of the two boards to
suit the paper figures, or any other small bodies,
that may be placed between them for amusement.
To the top of the brass ball, on the rod EE, is
attached, occasionally, a set of musical bells, which
are fixed upon the brass ball by a pin projecting
from the under side of the large central bell. On
the top of the large bell the glass pillar gg is fixed,
and on the top of this pillar two cross wires are
placed, from whichall the lesser bellsare suspended ;
if the knob of the prime conductor is brought in
contact with these cross wires, the electricity they
receive will pass to the small bells, and thence to
the large bell, by means of the small clappers which
hang between them; for when the clappers, which
are small brass balls suspended by silk lines, become:
charged by the small bells, they fly to discharge
themselves on the large one,and then return to the
small bells for a fresh supply, and by this charging
and discharging keep a continual ringing by striking
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alternately the large bell and the smaller ones. The
fluid which is received by the large bell is commu-
nicated to the upper board by the brass rod E E, and
as that board is insulated by the glass pillars C C,
its nearest way to the earth is to pass through the
portion of air between the boards; and if small
paper figures are placed between the two boards,
they become the conducting medium by which it
passes to the u_earth, and, by its influence, exhibit
many whimsical attitudes when the machine is put
in motion. In this experiment the under side of
the lower board must communicate with the earth
by a wire or chain, or else the bells and figures will
not perform to the best advantage. The reason for
placing the lower board on a glass pillar will be
obvious, when the apparatus is applied for illustrat-
ing the charge of a plate of air.

Having described several effects which depend
on the motion given to electrified bodies, we shall
consider some of a different kind, depending on
a portion of light that is brought into actien by the
electric fluid, and are therefore termed luminous
experiments. These, like the former, are made by
simply applying the apparatus to the prime con.
ductor.

D2
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ExpERIMENT 7.---Fig. 7. will exhibit a zfg—zag'
line of clectric sparks. In making this experiment
the end A must be held in the hand, and the ball
B must be brought near the ball of the prime con-
ductor; and for every spark the ball B receives from
the conductor, a small spark will pass between each
circular bit of tin-foil, placed on the zig-zag line,
and make a beautiful appearance: in this as well as
all other experiments of this kind, the glass must
be warm and dry, or the effect will not appear
brilliant,

ExperimeNT 8.---Fig. 8. 1s an apparatus for
shewing the word ¢ light” by small electric sparks.
‘This apparatus consists of a piece of plate glass,
on which five small strips of tin-foil are pasted ;
the ends of these strips are joined together by
other small bits of tin-foil, except one end of each
outer strip; the unconnected end of one outer
strip 1s carried forward to the ball A, and the end of
the other outer strip is extended to the handle B ;
therefore, a communication is formed, through
every strip of tin-foil, between the ball A and the
handle B : across these strips of tin-foil small cuts
or separations are made, which correspond to the

outlines of those letters that form the word ‘-‘light.”
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When the apparatus is held by the handle B, and
the knob A is brought to the prime conductor, the
knob A will receive a spark that will pass along
every winding of the tin-foil, and exhibit a small
spark at every point where the tin-foil is cut, which,
in the dark, will shew the word ““light” in brilliant
sparks. Any other word may be exhibited by an
apparatus prepared and used in a similar manner.
Thin crown glass is sometimes used for this pur-
pose, and a small frame of wood fixed round the
glass to give it security; but as the wooden frame is
- nclined to carry off the fluid, plate glass, without
a frame, is preferable.

ExpPERIMENT 9.---Fig. 9, will shew a device of
different coloured electric sparks. 'This apparatus
consists of a piece of plate glass placed perpendi-
cularly : the device is made with spangles of tin-
foil, pasted on one side of the glass, which com-
mence at the ball A, and lead through all the va-
rious windings to the foot B, which communi-
cates with the earth, On the opposite side of the
glass are painted four different coloured squares,
corresponding with the squares of the device, and
when the coloured side of the glass is turned to
the spectators, each square on the device gives
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sparks of a corresponding colour, the light from
each spark having to pass through the painted glass
to reach the spectator’s eye. As this experiment
must be made in the dark, a very pleasing effect
may be produced by alternately turning each side
of the glass to the spectators, as one side will
shew the sparks coloured, and the other give the
sparks their common appearance.

ExrerimMENT 10.---Fig. 10. represents an appas
ratus in which four glass pillars are alternately 1lla=
minated with a speral line of electric sparks. These
pillars are fixed into a round board, and in the
center of the board another glass pillar is fixed, at the
top of which a brass wire, with a kneb at each end,
is suspended. This wire is made to turn freelyon a -
point, at the top of the glass pillar, and its knobs
just to pass within the balls on the top of the other
pillars ; therefore when the ball of the prihe con=
ductor is brought over the center of this wire, and
the wire put in motion, while the machine is work-
ing, the wire and balls will continue to revolve, and
communicate sparks alternately to each pillar as
they pass, and thus produce a brilliant and chang:
mg effect, ;

ExperimENT 11.---Fig, 11. is to represent what
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is termed an lluminated dome. This apparatus
consists of five glass pillars placed on a circular
board A A, and each pillar shews a spiral line of
sparks; in the center of the board another glass
piilar is fixed, which supports a glass dome: from
the brass ball B, on the top of the dome, the de-
vice made with tin-foil spangles commences and
passes, in various configurations, round the dome
to the pillar C C; but instead of descending that
pillar to the board A A, it passes across a small
piece of glass that joins the pillar C C with the
pillar D D, then passes up the pillar D D, and
across the lower part of the dome to the pillar
E E, and down that pillar to the piece of glass that
unites it with the pillar ¥ ¥, and up the pillar I' F
across the lower part of the dome to the pillar G G,
then descends that pillar to the earth, which pillar
must be uninsulated for the purpose. In using this
instrument the ball B, at the top of the dome,
must be brought near the knob of the prime con-
ductor, and when the ball B receives a spark from
the conductor the whole device will be illuminated.

ExperiMENT 12.---Fig. 1}¥is an apparatus to
represent the side view of a bird by electric sparks.

As this device opens a new field for experiments of
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this kind I shall be rather particular in thy descrip=
tion of the manner in which it is made. In the
other devices for electiical illuminations the line of
sparks pass through various windings, but never
intercept each other; in this experiment the span-
gles will so far interfere with each other, in their
different windings, that they will require to be
laid on the glass in a different manner from the for-
mer. The spangles in the other devices were laid
on one side of the glass; but, to represent the
complete outline of a bird, it will be necessary
that they should be laid on each side of the glass.
A A A A represents a square of clear tliin crown
glass, about nineinches by seven. B is a brass ball
attached to the upper edge of the glass. CCis a
wooden handle into whieh the lower part of the
glass is fixed. In order to place the tin-foil span-
gles in a correct manner on the glass, a drawing of
the bird is first made on a piece of paper, the size
- of the glass pane; the paper is then wafered by its
corners upon the glass; and a part of the spaugleé-
laid on the opposite side, corresponding to the out-
lines of the drawing: when the spangles are laid on
one side of the glass, the drawing must be placed on

theother side to complete thebird ; the lines of span-
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gles will be readily distinguished from the strips of
tin-foil which connect the various parts of the de-
vice together, as they are represented by small cir-
cles, and the strips of tin-foil are represented by
continued lines, To give a clear idea of the
~ quantity of spangles which ought to be laid on
each side of the glass, we shall suppose the pane of
glass A A A A divided down the middle, then the
device, on each side, would be represented by
Fig. 12. and 18. which, when joined together, form
the device at Fig. 11# In making this illuminating
apparatus, I first wafered the drawing on the glass,
and. completed that part of the device shewn at
Iig. 12; this was done by laying a strip of tin-
foil from the ball B to the back of the head;
thence commences a line of spangles, which proceed
along the outline of the body to the extremity of
the lower part of the bill; a strip of tin-foil then
passes to the edge of the glass and completes the
device of Fig.12. The drawing must now be re-
moved, and the outlines of the remaining part of
the bird, as shewn in Fig. 13., must be pierced with
a pin, and then wafered on the contrary side of the
glass, and it will be discovered, by the marks of the
pin, where to lay on the other spangles to complete
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the bird, which will be found to correspond to.
that part of the device shewn at Fig. 13. In
Fig. 12. we supposed a strip of tin-foil had been car-
ried from the lower part of the bill to the upper
edge of the glass; we will now suppose it carried
over the edge, and down the other side of the glass,
to the upper part of the bird’s bill, thence carried
forward by a line of spangles, which completes the
remaining part of the bird’s head, as shewn at
Fig. 13. From these spangles a strip of tin-foil
proceeds towards the center of the head, and there
forms an angle with another strip, which leads
down to the wing: these two strips do not quite join
at the angle ; cnnseque;ﬁ‘l}, a spark 1s induced at
that point which serves for the eye of the bird :
from the lower part of the last-mentioned strip the
spangles commence which form the wing, and, from
the end of the wing, a strip of tin-foil commu-
nicates with those spangles that form the legs and
feet, and from the spangles which represent thelegs
and feet another strip proceeds to the handle C Cand
completes the device; perhaps the device might be
completed with less trouble, if a drawing weére made
on the glass, in the first instance, and the strips
and spangles laid on by the rules deseribed and
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end of the egg place one knob of the discharging
rod ; and if the other knob of the discharging rod
is brought to the knob of the jar, the egg will be-
come illuminated by the discharge. The egg in
this experiment may either be held in the hand or
laid on the table.

ExPERIMENT 15.---To illuminate an ivon chain.
In this experiment a little more preparation will
be necessary than in the other: take six or eight
feet of iron chain, and hang it in festoons along
a silk line; then connect one end of thechain, by-a
wire, with the outside coating of the jar: after-
wards connect the other end of the chain with the
brass part of the discharging rod, and when the jar
is charged, and the knob of the discharging rod is
brought to the knob of the jar, the chain will be
rendered beautifully luminous by the explosion.

Exrrerimext 16.---Fig. 16. represents what is
called the spotted jar, which makes a very lumin-
ous appearance when discharged; for the space
between the points of each square piece of tin-foil
will become illuminated when a communication is
formed between the outside and inside coatings,
1 conceive it almost unnecessary to remark, that

all the experiments which are intended to exhibit
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electrical illuminations, will require the room to be
as dark as possible, to shew them to the best advan-
tage, and the glass of the apparatus completely free
from moisture.

ExperiMENT 17.--=To discharge the jars by the
Aame of a candle, charge two small jars, one with
positive the other with negative or resinous elec-
tricity. This may be done by taking away the
chain from fhe rubber, and holding the knob of
~ one jar to the rubber, at the same time the knob
of the other is held to the prime conductor. Af-
terwards place them on the table, so that their
knobs shall be about three inches from each other:
then connect their ontside coatings by a chain, and
bring the flame of a candle between their knobs,
and their discharge will be made through the flame
attended with a curious appearance. The exact dis-
tance at which the jars should be placed from each
other will depend on the strength of the charge; for
the stronger the charge, the greater may be their
distance. If two or three candles are fixed into a
piece of wood, and intreduced between the two
knobs, an explosion will be made through the whole
line of candles, producing considerable variety in
their flames.
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ExperiMENT 18---will shew that the electricity
given out at the rubber, has very different proper-
ties from that given out at the prime conductor. In
making this experiment, it is requisite to use a
mixture of two different powders; the two I have
applied in this experiment are red lead and resin,
Take about equal quantities of each, and mix
them well together: put them into a hair dresser’s
powder- machine; charge a small jar at the prime
conductor, and placeit on a table; then project the
mixt powders upon the knob of the phial, and
1t will completely separate the resin from the red
lead. Discharge the jar, and remove the chain
from the rubber to the prime conductor, taking
care that it reaches the table. Rub off the resin,
and charge the same jar at the rubber; then project
another portion of the mixed powder upon its
knob, and it will become covered with red lead,
contrary to the last experiment. This effect may
be obtained under still more singular circum-
stances, if two small jars are used in the ex-
periment. To pfﬂduce the effect, let one jar be
charged at the prime conductor, and the other
at the rubber, as in the preceding experiment;

then place them within an inch or two of each
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through the side of the box to the tin-foil lining
at C, and, at the outer end of this wire, a hook
or ring must be made, which will enable us to form a
ready communication with the outside of the jars,
when we want to discharge the battery. The jais
most convenient for a battery of this kind, are
about twelve inches deep and four inches wide,
not contracted at the top, but have parallel sides
from top to bottom; they must be coated inside
and out with tin-foil, leaving about four inches
from the top uncoated. In fitting up a single jar,
in the usual manner, the wire, which forms a com-
munication with the inside coating, passes through
a cap fitted on the top of the jar; butin fitting up
a battery, it is much better to use a round piece of
wood about an inch thick, made to fit the bottom
part of the jar in the inside: let this wood be co-
vered on the upper side and edge with tin-foil;
then fix a stout brass wire, fourteen inches long,
into its center ; and when the wood and wire are
fixedinto each jar,the wires willstandin the middle
of the jars, and, by having no communication with
the upper part of the jars, an insulation of eight
inches will remain between the outside and inside

coatings of each jar,---a very desirable thing in a
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were two electric fluids : the one given out by glass -
he termed the vitreous fluid; and the other, given
out by amber, resin, &c. he termed the resinous
tluid, corresponding to the names of those bodies
from which they were obtained. Dr. Watson,
like most electricians about this period, supposed
that the electrical machine gave out or generated
the electric matter; but when he discovered that
very little electric fire could be obtained from the
prime conductor, if the rubber was insulated, or
cut off from the earth by a glass pillar, he con-
cluded that the earth, with the conducting bodies
surrounding the machine, was the grand reservoir
whence the electric matter was derived. This con-
clusion favoured the idea, that bodies might possess
more or less than their natural quantity of the elec-
tric matter; for if we allow the assertion, that all bo-
dies contain a certain portion of this fluid within
their pores, and that the fluid, which is given out by
the prime conductor, is selected by the machine
from the earth, and those bodies which surround
the machine, it seems highly probable, that bodies
which are electrified at the rubber, are de'prilvéd of
a portion of their natural quantity to supply the
machine; therefore, a body electrified at the rub-
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After a very extended amplification of these ge-
neral principles, Mr. Tytler applies them to the
illustration of the Leyden charge, and observes,
that ¢ when the electric fluid is procured from the
earth, by an electrical machine, if the conductor
had a communication with the earth, all the matter
collected by the cylinder would run along the cons
ductor into the earth; and not a spark, or other
appearance of electricity, would be procured in the
air.  But, when the conductor is insulated, the
matter is forced to go off into the air, and there
produce the vibratory motions already mentioned.
If a pane of glass, which has no metallic coating,
touches the conductor, though it is permeable by
the vibratory motion of the electric fluid, yet a
considerable resistance is made, and the fluid can-
not easily diffuse itself over its surface ; neverthe-
less, it will soon shew signs of having received
electricity, that is, of having the fluid within its
pores thrown into a vibratory motion. This mo-
tion is directed outwards, from the middle of the
substance of the glass to the surface, and a consi-
derable way beyond it on both sides: both sides
of the glass are then positively electrified. If a
conducting substance touches one of the sides of















ELECTRICITY. 87

‘““ When I present the Leyden phial to be charged,
-and, consequently, connect the coating of one of
its sides with the rubber, and that of the other with
the conductor, the resinous electricity of that side
which is connected with the conductor, is trans-
mitted to that which is connected with the rubber,
which returns an equal quantity of its vitreous
electricity, so that all the vitreous electricity is
conveyed to one of the sides, and all the resinous
to the other. These two fluids, being thus sepa-
rated, attract one another very strongly through
the thin substance of the intervening glass, and
rush together with great violence, whenever an
opportunity is presented, by means of proper con-
ductors. Sometimes they will force a passage
through the substance of the glass itself; and, in
the mean time, their mutual attraction is stronger
than any force that can be supplied to draw away
either of the fluids separately.”” ¢ All the vitreous
electricity being thus brought to one side of the
plate of glass, and all the resinous to the other,
the phenomena of the plate while standing charged,
or when discharged, are perhaps more free from
all difficulty than upon any other hypothesis.
‘When one of the sides of the glass i1s conceived
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¢ 4th. The two powers cannot be altogether

separated in electrics.
« 5th. The two electricities attract each other

strongly through the substances of electrics.

<« Gth. Electric substances areimpervious to the
two electricities.

¢« 7th, Either power, when applied to an un-
electrified body, repels the power of the same sort,
and attracts the contrary.”

The propriety and truth of these positions Mr.
Adams has endeavoured to establish, through the
whole ot his Essay, by a number of experiments
and analogies ; but in his lL.ectures, which is a later
publication, he has varied from these opinions con-
siderably. In this last-mentioned work, Mr. A,
~ contends for the identity of light, fire, and electri-
city ; he supposes that electrics are permeable to
the electric fluids; yet, at the same time, asserts,
that when a Leyden jar is charged, one side is
charged with the vitreous, and the other side is
charged with the resinous, electricity ; and that the
singular state of the inside and outside of a charged
jar is produced by those peculiar principles of at-
traction and repulsion, which have been ascribed to

these fluids. In my opinion, the same objections
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as have been adduced against Dr, Franklin’s scheme
of electrical repulsion, may, with equal force, be
brought against this theory ; besides,its complexity
appears quite inimical to that simplicity to which
science in general seems rapidly advancing,

Dr. Peart has published a small essay, in which
he has differed from these opinions, although he
is an advocate for two electricities. He supposes
that one fluid consists of ether, and the other of
phlogiston ; but as the existence of ether and phlo-
giston is still so very hypothetical, Dr. P.’s reasoning
on this subject cannot be considered as conclusive.

Messrs. Lovett, De Luc, and Bennett, have sup-
.].?GSE_d the electric fluid to be a compound, the
finer part of which can pass through electric bodies ;
and that, when a jar is charged, the thinnest part of
the compound passes through the glass, while the
grosser part is retained in the jar. This opinion
appears so objectionable, and so contrary to ex-
periments, that I think it unnecessary to trouble
the reader with any other observation, but shall
proceed to consider the subject in quite a new
point of view.

~If an attentive consideration be given to the: ge-

neral view which I have taken of the subject, it
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There are three points in which the opinions
contained in these positions differ very materially
from those generally adopted :

Most electricians have asserted, tbat the elec-
tric matter is universally diffused throughout the
earth and atmosphere; but, by the first position,
the electricities we bring into action by the electri-
cal machine, can only be considered occasional
agents, or new compounds, formed by the attrition
of the cylinder and rubber. ;

It 1s asserted, that the electric matter can-
not pass through good electric bodies, as glass,
&c. ; but that it can pass through the pores of the
best canduﬁting bodies, as metals, &c. with the
greatest facility, According to the second position,
it cannot pass through the pores of the best con-
ducting bodies, but can pass through the best elec-
trie bodies,

It is also asserted, by most writers on this
subject, that when one side of a Leyden jar is
charged with positive or vitreous electricity, the
other side must be charged with the negative or
resinous electricity. But from the third position
we may infer that one side of an electric can be
charged, while the opposite side remains in its na-

tural state of electrici ty.
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we are altogether ignorant of its real natute; to
me (he observes) it seems probable, that it is fire
or light connected with some terrestrial base ;”” but
he does not give us the least intimation of what
that terrestrial base consisted.

I have stated that there are two electrie fluids,
which are composed of caloric and the constituent
parts of the atmosphere. The circumstances already
mentioned shew the probability that caloric enters
into their combination ; and, it has heen shewn by
several experiments, that electricity cannot be ex-
cited, when the exciting apparatus has no access
to atmospheric air. A respectable scientific gena
tleman, in London, has made a well-arranged expe-
riment, the result of which appears highly favour-
able to this opinion; he so constructed an eleectri-
cal machine, as to be able to work it in a torricellian
vacuum, and found the machine would not pro-.
duce the least electricity, when cut off from the
atmosphere. When mercury is agitated in a glass
tube, in which a portion of air is included, electri-
cal signs are evinced by the action of the mercury
against the sides of the glass; but, if the tube is
~ completely deprived of air, the action of the mer-
cury on the sides of the glass does not produce
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those electrical appearances. These results would
be of little consequence, if they were not sup-
ported by other experiments, as it may be argued
that electricity is produced when the excitin'g
apparatus has no access to the atmosphere, and
only wants the air to put it in motion and render
1t manifest,

If the rubber and prime conductor of an electris
cal machine are both insulated, and a pointed wire
made fo project from each, as AA, Fig. 25. a
continual stream of electricity will flow from
each point, as long as the machine is kept turn-
ing. This fact is shewn by the motign of two
small paper vanes. These vanes are made by
sticking strips of paper into the sides of two
small corks, and passing through the corks two
small needles, which are suspended by the mag-
nets B B, and serve for the two axis round which
the vanes turn. When the ends of the vanes are
brought near the points of the wires, their rotation
will shew that a stream issues from each wire ; and
this motion will continue as long as the machine
is kept in action.

To this experiment it may be remarked, that
the surrounding atmosphere may supply the ma-

H 2
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current of electric sparksalong it, by means of two
gold points touching it at the distance of an inch
from each other. The effect, as in other cases,
depending on the smallness of the quantity of
water, was most discernable when the card was
nearly dry. In this state, a very few turns of the
machine were sufficient to occasion aredness at the
positive wire, very manifest to the naked eye; the
negative wire being afterwards placed on the same
spot soon restored it to its original blue colour.””*

Several other analogies of this kind might bemen-
tioned ; but this supports the idea, that atmosphe-
ric air forms a part of the electric fluids, so direct-
ly, that it can hardly fail of inducing a further in-
quiry into this part of the subject. As we find
that the prime conductor gives out the electric
fluid which contains an acidifying quality, and
the rubber that which contains an alkalizing
quality, we may justly infer, if we admit they
derive these properties from the air, that it is de=
composed by the action of the machine at the
point of excitation, as its constituent parts never
give the aboveresults till separated.

The next position, that these fluids can pass

* Phil, Tran. 1801,
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each furnished with a brass ball, three quarters of
an inch in diameter; connect one with the positive,
and the other with the negative, conductor; the
balls shuulﬂ be about four inches asunder, and
between them, at equal distances from each, place
a lighted candle, with the centre of its flame on a
level with the centre of the balls; when the ma-
chine 1s powerfully excited, the flame will waver
very much, and seem to incline rather more to the
negative ball than to the positive one: after about
fifty revolutions, the negative ball will grow warm,
and the positive remain cold : if the revolutions
are continued, the negative ball will be too hot for
the hand to touch, but the other will remain cold---
strongly indicating that the current passes from the
positive to the negative conductor.

Mr. Lullin made a very curious experiment,
which appears equally decisive in favour of there
being but a single electric fluid.

This may be readily made by the universal dis-
charger, Fig. 18. Take the knobs off the direct-
ing wires, place a card on the stand in the middle
of the apparatus, slide the end of that directing rod,
which is to communicate with the outside of the
jar or battery, under the card ; then place the end of
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to the earth, and that a charge consists of a small
portion which is retained within the jar.

I am well aware it will be difficuit, when first
stated, for the mind to conceive how a jar can
retain a small portion, if it be admitted that the
fluid can pass through the glass ; I shall, therefore,
mention an éxperiment made with a small quantity
of mercury, as it may assist us in the investigation,
though it may not be considered strictly analogous,

Take a glass tube, of about an inch bore, and 12
inches long, tie over one of its ends a piece of thin
gauze ; hold i1t in a perpendicular direction, and
pour into the other end, through a small funnel, a
certain quantity of mercury. The greater part of
the mercury, by its impetus, will pass through the
gauze, while'a small portion will be retained with-
in the tube, It is rather singular that this experi-
ment with the mercury and gauze should, in
some of its variations, agree with several circum-
stances that attend the lL.eyden expériment; for,
supposiug the mercury detained in the tube equal
to a dram, we shall find, if thinner ganze be used
a greater quantity of mercury must be poured
into the tube, in order to detain a dram ; and when

the gauze used is too thin and open, the whole
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femarked, that the inside of the jar is not discharged
in this case ; for, as the outside is said to be in a
state of deficiency, it is supposed the inside
cannot part with its superabundance till that de-
ficiency is supplied from the earth, which the
outside is prevented from receiving by the electri¢
stand; but as the experiments made with the
double jar clearly shew, that the electric mat-
ter does not possess any peculiar principle of
repulsion that keeps the outside deficient, 1 shall
suppose that the whole of the charge quits the
inside of the jar when the uninsulated conduct-
ing body is brought to its knob, and that the con=
trary fluid, which obtains on the outside of the jar,
1s a fresh portion of electricity generated at the
time the vitreous fluid left the inside.

This statement naturally gives rise to the ques-
tion, whence comes that portion of the resinous
fluid which charges the outside of the jar, when
the inside is discharged by an uninsulated brass ball,
‘while the jar is placed on the electric stand ? That
the resinn_us electricity; here mentioned, is a fresh
portion, generated by the mechanical force of
the vitreous fluid, which constituted the charge,
and passed off by the brass ball 1 have little doubt ;
but as it was excited so instantancously, that we

I
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from the small conductor to the brass ball, excite
fresh electricity, which separated at the point of ex-
citation ; consequently, all the vitreous fluid passed
off by the brass ball to the earth, while the resi-
nous passed to the small insulated conductor, and
electrified the pith balls, 1Itis contended, by the
friends of Dr. Franklin’s theory, that in this expe-
riment the electricity naturally belonging to the
small conductor is repelled into the brass ball by
that of the tube, and when the tube and brass ball
are removed, the small conductor is left in a state
of deficiency, or charged negatively. But as this
illustration depends on a supposed peculiar princi-
ple of repulsion, which the experiments with the
double jar shew these fluids do not possess, 1 shall
not make any remark on that opinion, but apply the
principle here developed to the illustration of the
Leyden experiment. In the former part of the in-
vestigation, a Leyden jar had been charged with vi-
treous electricity, and placed on the electric stand ;
the inside was discharged by the brass ball, and the
outside had become charged with the resinous
electricity. If the experiment with the small con-
ductor and brass ball be analogous, we may con-

clude, that the small portion of vitreous fluid, which

e i e
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was retained as a charge in the inside of the jar, and
carried to the earth by the brass ball, did, by its impe-
tus in passing to the brass ball, excite fresh electri-
city,whichseparated at the pointof excitation ; there-
fore, agreeably to the experiment with the small
conductor, all the vitreous fluid passed by the ball
to the earth, while the resinous rushed into the jar,
which, by its impetus, passed through the glass to
the outside coating ; but as that coating was insu-
lated by the electric stand, it could not escape to the
earth ; and, having lost the momentum by which it
passed through the glass, it could not return into
the jar; consequently, the outside of the jar be-
came charged with a small portion of resinous elec-
tricity, If the brass ball be now applied to the
outside coating, it will receive a small portion of the
resinous fluid from that coating; the outside of the
jar will be discharged, and the inside again become
charged with a small portion of the vitreous fluid.
A similar reason may be assigned for this as was
given for the former result,

When the uninsulated hrass ball was brought
near the outside coating, the resinous fluid on the
outside of the jar rushed to that ball, and, by 1ts
momentum, when passing from the outside of the jar
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explode at one point, and at the same instant of
time. This effect is produced by placing one knob
of the common discharging rod (Fig. 15.) upon the
outside -coating, and bringing the other knob of the
discharging rod to the knob of the jar. The stream
of electricity, which passed in the last experiment
to the earth from the outside coating, will now
rush along the bow of the discharging rod towards
the knob of the jar, where it will meet with a por-
tion of fresh excited vitreous electricity, flowing
from the knob of the jar; and these streams of
fresh excited electricity, by moving in contrary
directions, will rush upon each other with such
violence, that a considerable quantity of caloric
will be liberated from them by their concussion,
and the atmospheric equilibrium immediately re- |
stored.

The principles here laid down, and the explana-
tion given of the Leyden experiment, will enable
us to illustrate several electrical effects which
have embarrassed all other theories.

Let two small jars, of equal capacity, the glass of
one being double the thickness of the other, be
fitted up in the usual manner; charge these jars to

the same intensity, as shewn by fixing a quadrant




































