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Ir may be easily perceived by the’ title of 
this work, that it is not offered to the public 

as a finished piece on the subject. To treat 
of the theory and practice of electricity in 
the fullest manner, would require a larger 
treatise, and employ more time than I can 
devote to a work of this kind. 

_ The science of electricity is now gene- 
rally acknowledged to be useful and im- 
portant; and there is great reason to think, 

that at a future period it will be looked up 
to, as the source from whence the principles 
and properties of natural philosophy must 
be derived. Its utility to man will not be 

inferior to its dignity as a science. 

I haye not attempted to trace electricity 
from its first rude beginnings, or to foll 

the mind of man in its various and ieregul 
wanderings, in search of the laws ‘by which 
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it acts and the source from whence if is de; 
rived, as this has been so well executed by 

Dr. Priestley. Our view of things is so 
circumscribed, and the mysteries of nature 

so profound, that it is not easy for us to 

determine, whether the received theory is 

“founded on the basis of truth and conform- 

able to nature, or whether we shall be con- 

sidered by future philosophers as mere 
children, amused and satisfied with imper- 
fect opinions and ill-digested theories. 

When a variety of things are mixed toge= 

ther, which haye little or no connexion, 

they naturally create confusion. It has 

been my endeavour in the following Essay 
to collect and arrange in a methodical and 
concise manner the essential parts of elec- 

tricity, by these means to render its appli- 
cation easy, pleasant, and obyious to the 

young practitioner; and, by bringing toge- 
ther experiments of the same kind, make 

them mutually illustrate each other, and 

thus point out the strength or discover the 
Weakness of the theories that haye been. 

teduced from them. Though the nature 
and'wenfined limits of my plan did not ad- 

mit of much variety of: observation, or a  
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formal enumeration of every particular,, yet 
few things, I hope, of use and importance 
have been omitted. » 

‘As I do not wish to incur the imputation 

of Plagiarism, I with pleasure acknowledge 

the Assistance I haye received from the dif- 

ferent authors who haye written’ on this 

subject. I haye used an unreserved free- 

dom in selecting from their works whatever 

I found to answer my purpose. 

‘The various interruptions and avocations, 

from which, as a tradesman, I cannot be 

exempt, will, Thope, induce the reader to: 

make some fayourable allowances for any 
errors which he may discover, and kindly 

correct them for himself. 

Being encouraged by the very rapid sale 
of the former editions of this work, to offer 

another to the public, I have endeavoured 

to render it more perfect by such additions 

and alterations as either occurred to my 

own mind, or were suggested to me by 

others. The reader will find most of he  
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chapters either enlarged by the addition of 
new matter, or improved by a different 

arrangement of the old; more particularly, 
the chapters on medical electricity and the 

Leyden jar, 
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ADVERTISEMENT, 

BY 

THE EDITOR. 

Tue Editor thinks it proper to acquaint the Reader, 
that in his revision of this work, he has been careful to 
correct the referential and other errors contained in it; of 
the former of which he found too many instances, He 
has given more explicit descriptions of such apparatus as 

were either imperfectly explained, or not properly referred 
to by the late Author. Several additional figures have 
been inserted in the plates; and, by way of text and occa- 
sional notes, some new and useful articles have been 
printed, unnoticed in the preceding impression; an Index 
has also been annexed, In the Addenda, a short account 
js given of the remarkable discoveries and experiments on 
animal clectricity, The considerable number of experi- 
ments described in this work has been, perhaps, its chief’ 
recommendation; and the Editor conceives it proper to 
advise any beginner in the science, not at first provided 
with an electrical machine and apparatus, to furnish him- 

‘self with a glass tube, a stick of scaling-wax, and a pair 
or two of pith balls fixed to linen threads for suspensione 
‘on glass stands, in order to exemplify the fundamental 
and general properties of the science. The Editor hopes 
that the corrections and augmentations made to this Fifth 
Edifion, will again render the work deserving of the fa- 
yourablé reception it has hitherto met with. 

Hotzory, 

May 1, 1799.  
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AN 

ESSAY 
oN 

ELECTRICITY. 

டு பர். 

CONTAINING A SUMMARY VIEW OF THE GR- 
NERAL PRINCIPLES OF ELECTRICITY, on 
A SERIES OF INTRODUCTORY PROPOSITIONS 

AND EXPERIMENTS, 9 

ர ர ச க் 

OF ELECTRICITY, OR ELECTRICS AND 

NON-ELECTRICS. 

‘Ture is a natural agent or power, generally 

called the electric fluid, which by friction, or other 
means, is excited or brought into action. 2. 

This action is manifest to our senses by what 
are termed electric appearances. * 

A  
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‘These appearances are; the attraction and re- 

pulsion of light bodies; pencils of light darting” 
from, the electrified body, attended with a snap- 

ping noise, and sometimes fiery sparks, on the 

approach of certain substances. 

Exrerment tr. Take a dry glass tube, of 

about an inch and an half in diameter, and about | 

“three feet long; rub this tube from one end to the. 

other with the hand, or a picce of dry warm silk, 

and it will exhibit electric appearances, or be ex- 

cited. The power thus brought into action will 
attract and then repel small light bodies, such as a 

feather, threads, &c. Small pencils of light will | 

also dart from the tube in a beautiful manner, | 

attended with a crackling noise, if the finger, or” 

any metallic substance, is brought near the tube, 

In a darkened room this experiment will appear 

to more advantage. j 

ட ட ட nm. Put your glass cylinder of 
the electrical machine in good order, by the rules 
laid down in Chap. iii.* Then turn the cylinder, | 
and all the forementioned appearances may be 
observed; but, as the action of the cylinder is 

stronger than that of the tube, the effects will be | 

* Plate 1, Fig. 8, represents a cylinder electrical machine | 
and prime conductor. GH, the glass cylinder; OP, the glass 
insulating pillar to the rubber and silk, g,h, above; and YZ, 

the conductor with its ecllecting points, supported by a glass 
pillar. Epsr,  
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more visible in the former. Tn these two experi- 
ments, the friction of the rubber against the tube 
or cylinder will bring into action, and render gen- 
sible an agent of a curious and surprizing nature, 
which before was apparently dormant and invisible 
to us. 

With respect to the electrie matter, all sub= 
stances are by electricians divided into two 618 

electrics or non-electries. 

Electrics do not suffer the electric matter to pass 
readily Gyer their surfaces; hence they are also 
called non-conductors. 

Non- electrics permit the electric matter to pass 
readily over their surfaces; from whence they are 

termed conductors, ் 
Exrrimey 11. A metallic cylinder being 

fixed upon a glass support, and placed near the 
electric machine, will receive the electric fluid from 

the glass ¢ylinder, which will diffuse itself over the 

whole surface of the metallic cylinder. It does 

not, however, readily pass over the glass support, 
but is detained by it on the metallic cylinder, 
from whence it may be conveyed by any metallic 
substance. 

A metallic cylinder supported. by glass, and 

furnished with sharp-pointed wires to collect the 
electricity from the glass cylinder, is called the 

prime conductor, It is said to be jnsilated by the 
* glass support, because this obstructs the passage, 

ag 
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or cuts off the communication of the electric fluid 

with the-earth. All conducting substances sup- 

ported on pillars of glass, or other electric sub- 
stance, ate therefore in a state of iasulatic 

This experiment will serve to give a genet 

of the foundation of the division of all substa 
into electrics and non-elcctrics; but, as it is a 

> distinction which runs through the whole business, 
of electricity, we shall endeayour to elucidate it 

further, by entering more fully into the properties | 
by which these substinces are distinguished. 

Flectrics, or non-conductors, may have any part 
of their surface rendered electrical by friction, — 
without diffasing the same kind of electricity to 
any other part of their substance. 

Non-electries, or conductors, cannot be ren- 

‘dered electrical by friction; aud, when electrified 

by any other means, the electricity is diffused over 
the whole of their surface, and every part thereof 
exhibits the same kind of electricity, 

‘The partial distribution of the electric fluid on 
non-conductors is easily shewn, by only exciting 
‘one part of a glass plane, ora glass tube. 
The equal diffusion of this fluid is seen by the 

prime conductor when clectrified. 
A conductor electrified by communication, 

parts with the whole of its electricity at once to 

any conducting substance, (that communicates 
zh the earth,) when brought in contact with its 4  
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or a conductor cannot be electrified while it com- 

municates with the carth, because all the clectri- 

city is carried off by the communication. Whereas 
under the same circumstances an excited electric 
loses its electricity only in those parts which are 
near the conducting substance, or to which it is 
applied. 

Experiment ty. To illustrate this position, 

bring any condueting substance that communicates 
with tlie carthin contact with the prime-conductor, 
and it will immediately deprive it of all the elec- 
tricity it had acquired; but, if the same conduct- 
ing substance is brought near the excited glass 
cylinder, it will only take off a portion of the 
electric matter from that part to which it is ap- 
plied. 

Some conducting substances are more perfect 
than others. \ 

Experiment v. The electric fluid will pass 
more readily over a metal rod, than one of wood. 

Among conductors, metals are the most perfect; 

sealing-wax, rosin, and glass, are amongst the 
best non-conductors. A list of conducting sub- 

stances will be hereafter given. 
The electric fluid may be excited by friction, 

by heating and cooling. 
Experiment vi. In working the cleetrical 

machine, this fluid is excited by friction. The  
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‘Tourmalin stone is excited by increasing or dimi- 
nishing its heat, 

OF EXCITATION, AND OF THE CONTRARY 

STATES OF THE ELECTRIC FLULD. 

‘The excitation produced by rubbing of electrics 
-against.each other, is very small. 

Exreninent yr. Rub two pieces of glass 
or sealing-wax together, and only a small degree _ 
of electricity will be obtained, 

It is, therefore, necessary that the rubber should 

bea conducting substance, and that it should not 

be insulated. ல் 
Only a small quantity of electricity can be 

produced, when the rubber ‘and conductor of an 
electrical machine are both insulated. 

Experiment yt, Take off the chain, which 
is generally suspended from the cushion of the rub- 
ber of amachine; turn the cylinder, and you will 
find less electricity than when the cushion or rab- 
ber communicated, by the chain, with the earth. 

If the rubber of an electrical machine be insu- 
lated, and the conductor uninsulated, or made to 
communicate with the earth, by hanging a chain 
from it; on turning the cylinder, the rubber will 
be strongly electrified, and will attract and repel 
light bodies, and exhibit the same general appear- 
ances as the prime conductor,  
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Experiment 1x. Connect an insulated con- 
ductor with the rubber, place another before the 
cylinder, and both will be electrified. 

‘The conductor, which is electrified by tle ey- 

dinder, will attract those bodies which are repelled 

by the conductor that is connected with the cush- 
jon, and vice versa. 

If these conductors are brought near each other, 
strong sparks will pass between them. 

If they be brought into contact, of if they are 
connected together by a chain, the clectricity of 
one will destroy that of the other; aud though the 
fluid may be seen to circulate round the cylinder, 
yet the two conductors, when thus conjoined, will 
exhibit few or no signs of clectricity. 

From these experiments it may be inferred, that 

there are two powers in electricity, the one termed 
positive electricity, the other negairve electricity: 

that these powers may be rendered evident to the 
senses when they are separated; and that they 
counteract each other when united, the one de- 

stroying the effects of the other. 
To render this position more clear, we shall re- 

consider the foregoing experiments on the two 
conductors, comparing them with similar experi- 

ments on two conductors electrified with the same 

power. Electrify two conductors equally, by 

placing them before the cylinder, that is, electrify 

both positively, and the following | obseryations  
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may be made: 1. That what is attracted or re. 
pelled by the one, is also attracted and repelled by 
the other; whereas, in the foregoing instance, ) 
what the one attracted, the other repelled. 2. That 
no sparks will pass between two conductors equally 
electrified with the same power, though they will 
pass continually between two electrified with dif- 
ferent powers. 3. Connect the two conductors 
that are before the cylinder, and sparks may be 

taken from them; which cannot be done from the | 

others when they are united. 
The conduetor connected with the cushion is 

said to be negatively electrified. 

‘The conductor placed before the glass cylinder 
is said to be positively electrified.* 

These experiments, if the rubber be insulated, 
may be easily exhibited by one conductor, by 
means of the two directors with glass handles, 

Hence every electrical machine, with an insulated rubber, 
may be considered as acting in a three-fold manner, 

1. Asa machine producing negative electricity; by connecting 
the prime conductor to the earth bya chain, and taking the 
fluid from the cushion or rubber, 

2. Asa machine producing potitive electricity. To effect this, 
make the rubber communicate with the ground by a chain, and 
take the fluid from the conductor. 

3, As communicating the action of Both powers! at owe. In 
this ease, the mubber and conductor must both be insulated, and 
the substance to be electrified placed between two direstore con= 
nected with them,  
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that are described in the chapter on medieal clec~ 
tricity. Take off the chain from the cushion, and 

connect a director with it by a wire or chain, and 
connect another director with the prime conduc- 
tor; turn the cylinder, and on bringing the di- 

rectors near to each other, sparks will pass from 
the one to the other; the one will also attract 
what the other repels, and, when brought into 

contact, neither of them will exhibit any signs of 

electricity. 
‘The electricity produced by the excitation of 

glass is called positiye electricity, by some writers 
vitreous. , 

The electricity produecd by the excitation of 
sealing-wax, or rosin, is called negative, and by 
some writers resions, 

OF ELECTRICAL ATTRACTION AND 

REPULSION, 

If two bodies be electrified, both positively or 
both negatively, they repel each other. 

Tf one be electrified positively, the other nega- 
tively, they attract each other. 

A body-not at all electrified will he attracted by 
those which are electrified, cither negatively or 
positively. 
Exprrimene x. Electrify a pair of insulated 

pith balls positively, and they will repel each other,  
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Pxprrienr x1, Hlectrify a pair of insulated 

pith balls negatively, and they will repel cach | 

other. See plate 2, fig. 24, 25, 26, 27. ர 

Experiment காட A pair of insulated pith 
halls ‘clectrified positively, will attract a pair that 

are electrified negatively. ் 

Experiment xuir. A pair of insulated pith 

. balls, electrified negatively, are’ attracted by ex- 

cited glass, and repelled by excited wax; and the 
contrary: for, if the balls are electrified positively, 
they will be repelled by excited glass, and at- 
tracted by excited wax. 

Expermmenv xrv. A pair of insulated balls, 

jn their natural state, are attracted both by ex- 
cited glass and excited wax. 

The repulsion of balls electrified positively is 
destroyed by the application of an equal degree of 
negative electricity. 
Exrrriment xv, Electrify two pair of in- 

sulated pith balls equally, but one with positive 

clectricity, the other with negative; bring the cy- 
linders, by which the balls are suspended, in 
contact, and the balls will immediately close. 

Exreriment xvi. Electrify two pair of in- 
sulated pith balls equally with positive electricity, 
bring the cylinders by which they are suspended |) 

in contact, the balls will remain unaltered. 

From these experiments it may be inferred, that 

in the natural state of clectricity the two powers  
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sre always united; that they only become visible 
by their separation, and that when separated, they 
manifest themselves by those appearances which 

we term electrical, It is highly probable, that 
the general phenomena of nature are carried on 
by these powers when united, and the more parti~ 

cular phenomena, or discordant notes in’ the great 
éystem of the universe, are occasioned by the 
action of these powers when separated, and their 
constant tendency to unite. Be this as it may, 

the foregoing positions will be found to illustrate 
all the experiments on electric attraction, from 

which we have selected the following, as some of 
the most pleasing, 

EXPERIMENT Xvit. Light feathers, hair, &c. 

connected with the conductor, are, when electri- 

fied, attracted by any non-electric body. 
Experiment xvi, The hair of any person 

that is electrified hecomes repellent. 

Exruriment xix. Downy feathers, small 
picees of leaf gold, paper images, and other light 

bodies, brought near the conductor, are first at- 
tracted and then repelled. 
Exprriment xx. The two outside bells, 

plate 2, fig. 17, communicate by a chain with the 
conductors the middle bell and the two ¢elappers 
are suspended by silken strings, which are non- 
conductors. The electric fluid passes from the 
conductor to the outside bells, these attract the  
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clappers and impart clectricity to them, which they 
in their turn communicate to the middle bell, from 
whence it is conyeyed by a brass chain, X, to the 

earth. The clappers, in receiving and communi- 
cating the fluid, are alternately attracted and re- 

pelled. j 
Those substances that are brought within the 

influence of electrified bodies, become possessed 
of a contrary electricity; or, bodies which are im- 
merged in an electric atmosphere always become 
possessed of an clectricity contrary to that of the 
body in whose atmosphere they are immerged. 

Expentent xxi. Bring a conductor with- 

out pointed wires near to the glass cylinder, whilst 
the machine is working. If the conductor be not 
insulated, it will be negatively electrified, till it is 
brought so near as to receive sparks from the cy- 
linder, If the conductor be insulated, it will in 

the same situation be electrified negatively, in the 
parts nearest the glass cylinder, and positively, in 

the parts more remote; as may be seen by bring- 
ing a glass tube, which is positively electrified, 
near a ball which is suspended from the conductor. 

OF ELECTRIFIED POINTS, 

The electric fluid appears as a diverging stream 
darting forwards into the air from a pointed body 
positively electrified. It appears asa little globular 
star on-a point negatively electrified,  
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Exprenimen xxit. These appearances are to 

be observed in a dark room on the extremity of a 

pointed wire, fixed upon a conductor positively or 

negatively clectrified; or on a wire held in the 

hand, dnd presented to a positively or negatively 

electrified conductor. 
Experiment xxut. Thesé phenomena are 

beautifully exhibited by the luminous conductor, 

plate 4, fig. 61 and 62. 

A current of air is occasioned from an clectri- 

fied point. 
BExrerimEnt xxry. Place a pointed wire in 

the conductor, and held the hand over it when 

the machine is in action, a very sensible wind will 
be felt by the hand. 
Exprrimenr xxv. Stick several pieces of pa- 

per or card like vanes in a cork, through the center 

of which a needle or stéel pin passes; suspend the 
whole by 2 magnets present one of the vanes to a 
pointed wire inserted in the conductor, and they 

will be put in motion by the current occasioned by 

the point, and will turn with rapidity. 

A pointed wire placed on, or brought near to 
an electrified conductor, gradually and silently 
dissipates the electric fluid. 

Tt is to be observed here, that if the point be 

brought within certain limits, it will not discharge 
the conductor in the manner expressed in the 

foregoing position, but by a succession of small  
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As the apparatus represented at plate 2, fig. AQ, 
is the most ready, and best adapted for illustrating 
the phenomena of the Leyden phial, we shall con~ 
fine ourselves principally to it, in this part of the 
present Summary. 
ExreriMenr xxvir. Screw the phial with the 

belt on its insulated stand, as at F', plate 3, fig. 48; 

bring the coating in contact with the conductor, 
turn the machine slowly, and, after a few turns, re~ 

move the phial from the conductor; then form a 

communication between the outside and the inside 
of the phial, by placing one end of the discharging 
rod first upon the’coating, and then bringing the 
other end of the rod to the brass ball of the bottle; 
there will be no explosion, the bottle not being 
charged, because both sides were insulated. 

Experiment xxvii. Hangachain from the 
‘brass ball of the phial to the table, then bring the 
coating in contact with the conductor, and, after 
a few turns of the machine, remove the phial as 
before; then apply the discharger, an explosion 
will be heard, and the bottle will be discharged; 
for, in this case, the insulation of the inside is 

destroyed by the chain, and the phial becomes 
capable of receiving a charge. 

As much of the electrical fluid is thrown off 
from one side of a jar when charging, as is com- 

municated to the other.  
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chain, the coating will now electrify the insulated 

pith balls negatively, and the knob will electrify 

them positively: F 

Bxeenmmentr xxx1. Gharge the jar, plates, 

Fig. A8,*positively; connect: avdirector with the 

chain from the coating, and bring the ball of the 

director towards the knob of the jar; a cork ball 

or an artificial spider, suspended by a silk string, 
will play between: the two balls till the bottle is 
discharged, carrying the fluid from one to the 
other, till it has restored the equilibrium. 

A jar is said to be positively clectrified, when 
the inside reéeives the fluid from the conductor, 
and the outside is connected with the earth. 

It is said to be negatively electrified, when the 

outside receives the fluid from the conductor, and 
the inside communicates with the earth. 

Tt is necessary that a jar charging negatively 
should be insulated, because the fluid is, in the 

first instance, conveyed to the coating, and would, 

if uninsulated, be immediately carried to the earth, 
The contrary states of the Leyden phial may 

be shewn by the charge and discharge thereof. 

Experiment xxxir. Take two jars of the 
same size, as H and 1, plite3, fig:49; charge both 

positively, and connect the coatings of each, as in 
fig. 43; bring the two knobs together, and no 

explosion will take place, and the jars will not be 
discharged; because the inside and outside of each 

B  
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jar is in the same state, or endued with a power 

of the same kind, and have therefore no tendency 

to unite. ‘The same happens if both are charged 

negatively. 
Expertmenresxxtit. Charge one jar posi- 

tively, the other negatively; then, on bringing the 

knobs together, as before, an explosion will take 

place, and both jars will be discharged; in this 
the powers on the inside and outside of each jar 

were of different kinds, with a strong tendency to 

unite. 
In the foregoing experiments it will be found 

very convenient for the discharge of the jars, to 
scretw the wires, K or L, fig.49, into the hole at 

the top of the insulating pillar; as the coating of the 

moveable jar may be placed on this wire, and its 

knob be easily brought to touch the insulated jar. 

The contrary states of the sides of a Leyden 

phial may be exhibited by the appearance of the 
electric light, or pointed wires connected with the 
coating or balls of the bottle; and also by the dif- 
ferent appearance thereofinyacuo. But for these 
we shall refer the reader to the following Essay, 
as the foregoing experiments are sufficient to 
prove the fact. ர 

‘The charge of a coated jar resides in the glass, 
and notin the coating. 
Exrentmenr xxxrv. Let a plate of glass be 

placed between two metallic plates, about two.  
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Inches in diameter, smaller than the’plate of glass; 
charge the plate of glass, and then remove the up- 

per metallic plate by an insulated handle; take up 

the glass plate, arid placeyit between two other 

platesyof metal unclectrifiedyand insulated, and 

the plate of glass thus coated afresh will yet be 

charged. ் 
The passing of the clectric fluid from one side 

of a charged jar to the other, is apparently instan- 
taneous, through whatever length of a metallic or 
other good conductor it is conveyed. 

Expermmenr xxxy. Let any number of per- 

sons make a part of the circuit of communication, 

and the fluid will pass instantaneously Repost 

the whole, 

The discharge of a charged jar gives a painful 
sensation, called the electric shock, to any animal, 

or its part, placed in the circuit of communication, 

If the circuit be interrupted, the fluid will be- 

come visible; and if resisted in its passage, will 

leave an impression aipon the intermediate or re- 
sisting bodies.* 

Experiment xxxyi. Let the fluid pass 

through a chain, or through any metallic bodies’ 
placed at small distances from each other; the fluid, 

in a darkened room, will. be visible between the 

links of the chain, or between the metallie bodies, 

® Enjield's Tustitutes of Natural Philosophy. 

Bo  



 



OF THE ELECTRIC BATTERY. aL 

Fine metallic wire may be melted by a battery, 

small animalsimay be killed, thick pieces of glass 
be shattered to pieces, and other curious effects 

produced, the greater parts6f which are described 

in thelcourse of this Essay. “9 

‘The electric fluid and lightning are the same’ 

substance. : 
Their properties and effects are the same; 

flashes of lightning form irregular lines in the air; 
the electric spark, when strong, has the same 
appearance. Lightning strikes the highest and 
most pointed objects, takes in its course the best 
conductors, sets fire to bodies, melts metals; in 
which, and many other particulars, it agrees with 
the phenomena of the electric fluid. Lastly, the 

lightning being brought from the clouds to an 
electrical apparatus, will exhibit all the appear- 
ance of the electric fluid. 

It is supposed that buildings may be secured 
from the effects of lightning, by fixing a pointed 
metallic rod higher than any part of the building, 
and continuing it without interruption to the 
ground or nearest water. 

The experiment most generally used to illus- 
trate this position, is that of the thunder-louse, 

which is a board shaped like the gable end of a 
house, and fixed perpendicularly upon an hori- 

zontal board; in the perpendicular board a square 
hole is made, into which a square pigce of wood.  



OF A PLATE OF ATR. 

is to be fitted, so that it may easily fall out of its 
place; a wire is fixed diagonally into this square 

piece; another wire, terminated with a brass ball, 
is fastened to the upper part of the perpendicular 
board, with its balllabove the board, and its lower 
end in contact with the, diagonal wire; in the 

square piece of wood, a communication is con- 
tinued from the other end of the diagonal wire, | 
by a wire to the bottom of the perpendicular” 
board. If the wires in this state are made part of 
a circuit of communication, on discharging the 
jar, the square piece of wood will not be dis- 
placed; but, if the communication be interrupted 
by changing the direction of the diagonal wire, 
the square piece of wood will, on the discharge, 
be driven out of its place, See fig: 68: ர 

Tf, instead of the upper brass ball, a pointed wire 
be placed above the perpendicular board, the dis- 
charge may be drawn off without an explosion, 

௬ 

OF A PLATE OF AIR. 

As the air is an electric, it will receive a charge 
and give a shock, like any other electric sub- 
stance, 

This is effected by means of. two large boards, 
covered with tin-foil, the one connected with the 
conductor, the other placed parallel to it on an 
insulated stand; these boards may be considered  
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as the coatings to a plate of air; and, if a com- 

inunication be formed between them, by touching 
the uninsulated board with one hand, and apply- 
ing the other hand to the eonductor, the shocl 

will heelt. See Nicholson's Introduction to Na- 
tural Philosophy, 

«A great part of the electric phenomena are 

the consequence of the air’ being thus charged. 

Thus, the prime conductor imparts its electricity 

to the surface of air immediately contiguous to it, 

and when the spark is drawn, the discharge is 

made to the non-electrics in the room, which are 

in contact with the opposite surface. 

It is a consequence of the air being charged, 

that broad non-electric surfaces draw large sparks 

from the conductor; for the sparks are the dis- 

charges of a large plate of interposed. air: a less 

surface will draw a less spark, because the same 

machine discharges less surfaces higher than 
greatér; the spontaneous discharge through the 

body of the clectric air will be made at a greater 
distance of the surfaces; that is to say, the sparks 

will be longer. If the surface of the presented 

plate be still smaller, the sparks will also be smaller, 

and emitted to a greater distance; and if the sur- 

face be indefinitely small, or in other words, if 

the non-electric be pointed, the spark may be so 
small ag to be invisible, and the distance to which 

it ean be emitted, may be unlimited.” |  
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OF MEDICAL BLECTRICITY. 

The satisfactory experiments that have been 
made on this head; by some of the first characters 

in the medical line, particularly at St. Thomas's 
Hospital, by Mr. Birch, have established the re- 

-Putation of cleciricity in medicines as they have 

clearly proved, that when used by the skilful, it 
is as certain in its effects as any medicine in thé 
whole materia medica, and more extensive in its 
application. 

In medicine, it has been yery judiciously con- 
sidered as acting under three forms: 

1. The fluid, which may be considered as a 
sedative. 

2. The spark, or friction, which may be ranked 
under the title of a stimulant. 

8. The shock, which may be considered as a 
powerful deobstruent. 

The fluid may be thrown upon, or extracted 
from the patient. 

‘This is always bost affected by a wooden point. 
1. Insulate the patient, and connect bim with 

the positive conductor; then present the wooden” 
point of the director, towards him, and it will உ 
dually draw the fluid from him, 

2. Let the patient communicate with the ground, 
and connect ‘the metal part of the director with  
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the positive conductor, and the fluid will be gently 
thrown upon the patient. 

3. Connect the insulated patient with the cush- 
jon, then he will receive the fluid from the direc- 
tor held in the hand. a 

4. Connect the director with the’cushion, and 
the fluid will be extracted from the patient, 

(OF THE ELECTRIC SPARK, OR FRICTION. 

‘What has been said with respect to the fluid, is 
equally applicable to the electric friction; only 
here the point is to be unscrewed from the direc- 

.tor, and the brass ball serewed on in its stead, 
In the friction, the part should be covered with 

woolen cloth or flannel, and the brass ball is to be 
ம் close to the flannel; but, in taking sparks, 

it is to be removed a little distance from the body. 

TO INCREASE THE DENSITY OF THE FLUID, 
OR SPARK, 

Fix the medical bottle to the conductor; Tet a 
chain fall from the hook at the bottom thereof to 
the table; place the electrometer on the conduc- 
for, as it is represented in the frontispiece to this 
work; let the ball of the electrometer be placed at 
some little distance from the conductor, and then 

gonnect your director, by means of a jvire, with  
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the exterior ball of the electrometer. After this 
preparation, you may turn the machine, and | 
when the fluid has attained sufficient force to pass | 
from the conductor tothe ball of the electrometer, 
you may apply the director to the patient, who 
will receive a dense stream therefrom: the ma- | 
chine to be kept turning during the operation, 
“Or, connect an insulated patient with the electro- 
meter, and then, on applying the director to him, | 

you will extract a dense stream from him.* 
JV. B. Whenever the director is used without 

being connected with the conductor or cushion, 

the hand should communicate with the brass part 
‘thereof, | 

TO PASS A STREAM OF THE ELECTRIC FLUID 
THROUGH ANY PART OF THE BODY, WITH 
our GIVING THE SHOCK. 

1. Connect one director with the cushion, | 
and another with the conductor; place the part, | 
through which you want the stream to pass, be- | 
tween the directors. 

N.B. The density of this stream is augmented, 
if the bottle is suspended agreeable to the direc- 
tions in the preceding article, and one director 
joined to the electrometer. . 

* Thaye given a particular description of this medical appa- 
ratus in Chap. iii. Enrr.  
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9. Insulate the patient, and/apply a director 

that communicates with the conductor, or with 

the electrometer and bottle, to one part, and,a 

bras$ ball to the other. 4 ௫ 

TO GIVE THE SHOCK, | 

‘Suspend the bottle from the conductor, put the 

electrometer in its place, (see the plate that faces 

the title-page of this work, (and remove the inner 
ball a small distance from the conductor; then 

t one director by a wire with the hook at 

the bottom of the bottle, and the other with the 
exterior ball of the electrometer; the part through 
which the shock is to pass, must be placed be- 

tween these balls; there will be a shock every 
time the fluid has acquired sufficient force to pass 

from the conductor to the electrometer. 

TO GIVE A QUICK VIBRATORY SENSATEON, 
NOT sO PUNGENT AS THE SHOCK, THOUGH 

STRONGER THAN THE SPARK. 

‘The directions in the preceding article apply 
immediately to the present, with only this diffe- 
rence, the ball of the electrometer may be re- 
moved further off, and the long wire is to be 
taken out of the tube of the bottle,  
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hypothetic reasoning, and the uncertainties of 

vague conjecture. 

‘Phe existence of this subtile, and in most cases 

invisible power, was then traced, and many of its 

properties developed; its ageney discoyered 

to be universal, and its extent unlimited, 

[t must be evident, indeed, even to 4 superfi- 

., that electricity is no trivial or con- 

subject; because there is no body in nature 

‘not acted upon in a greater or less degree 

im] agent, 
ce ofthe electric fluid’in the sys~ 

~ tem of the world is confirmed by a consideration 

"of those phenomena in which it is concerned, and 

ர take place without the concurrent operation 

‘Thus, several fishes possess the property of 

ving the electric shock. ‘The torpedo, and one 

species of eels, from Surinam, if touched 

.e hand, a metal rod, or any other conductor, 

ive a considerable shock to the arm, but pa be 

safely touched by a piece of sealing-wax. The 

shock depends on the will of the fish, and is trans- 

mitted to a great distance; so that if persons in a 

ship happen to dip their fingers or feet in the sea, 

where the fish is swimming at the distance of fi- 

teen feet, they will be affected therewith. 

Many disorders of the human frame have been 

cured or relieved by electricity; new action has  
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not only the greatest effects produced by causes 
which seem to be inconsiderable, buat by those 
with which they seem to have 16 connexion.” , 

Here we sce, contrary to the principles of gra- 
yitation, bodies attracted, repelled, and held sus- 
pended by others, whieh are seen to have ac- 

quired that power by nothing but a very slight 
1 Here we see-a piece of cold metil, or 

even water or ice, emitting strong sparks of fire, 
as to kindle many inflammable substances! 

Again, what can seem more miraculous, than to 
that a common Blass jar should, after a little 

preparation, be capable of giving a person such a 
violent sensation, as nothing else in mature can 

e, and of even destroying animal life; and that 

shock is attended with an explosion like thun- 
_ der, and a flash like lightning! 

As electricity is in its infancy, when considered 
as a science, its definitions and axioms cannot be 

_ stated with geometric accuracy, I shall endéa- 
ir to,avoid as much as possible the use of pusi- 

e expréssions, in order to invite the reader to 

examine the experiments himself, to compare * 

them one with another, and then draw his own 

conclusions; beginning with those experiments 
which were the foundation of the present state of 
electricity, and which gave rise to the principal 
technical terms made use of in this science. 

c ்  
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light bodies, these are called ¢ectrics. Such 

substances, as metals, water, &c. the friction of 
which will not produce this power of attraction 
and repulsion, are called wow-clectrics. 
‘When the exeited glass tbe, or stick of sealing- 

wax, is in good order, and the particles of clectri- 
ire sufficiently united to act on the organs 

sion in a darkened:toom, pencils of light, or 
of divergent flame will dart from the tube 

ina beautiful manner, attended with a crackling 

noise, which will be heard’on the approach of any 
conductor, The matter causing this light and 

is what is meant by electricity. 
ட 15 00008 excited by other causes as 

I as friction. Thus it may be produced by 
_ heating or cooling of some substances, hy blowing 
- of air violently on a body, &c. nay, it is probable, 
that whatever removes the stratum of air from the 
s of any body, or influences the cohesién of 

- its parts, will disturb the electric fluid. 
_. The discharge of large'cannon, and the blowing, 
_ up of powder magazines, has been known to clec- 

trify glass windows. 
Exvertwen? int, Leta metallic cylinder be 

placed upon silken\Jines, or upon glass, bring an 
excited electric near to it, and every part of the 

“metallic cylinder will attract and repel light bodies 
as forcibly as the excited clectric itself. 

௨2 ட  
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powers to conducting substatiees which are insu- 

lated; that these will then attract and repel light 
bodies, &c. similar to the electric itself, with this 
difference only, that a conductor which has re- 
ceived electricity parts with it at once when it is 
‘touched by another conductor that communicates 

h the carth, whereas the excited electric, un- 
thélsame circumstances, only loses its ‘electri- 

artially. 
_ conductor cannot be electrified while it com- 

with the earth, because the electricity 
geo conveyed | vy. 

An ited electrified conductor will he de- 
its electricity, by taking“a spark from 

y part thereof with an uninsul 
இ...” Electrify with excited glass 
or ere two insulated cork balls, sus- 

n by lines about six inches long, and the 
balls will separate from and repel each other! 
ட... Electrify one ball) with 

glass, the other with sealing-wax, and they will 
be mutually attracted. 

These two opposite and remarkably distinct 
effects in the attractive and repulsive powers of 
electricity, whereby one attracts what the other 
repels, were discovered at an early period of the 
history of this sciences 

The clectrie power produced by the excitation 
of glass, is called positive electricity, and the power  
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among any of the specimens of marble that haye 
been tried. 

A large piece of white spar, with a tinge of 
blue, and semi-transparent, will hardly conduct in 
the least degree: rather strong sparks may be 
taken from the prime: conductor, whilevit is in 
contact with it, 

pitee of agate; "semi-pellucid, receives the 
spark into its ‘substance, though it will 

oe abou oe of an inch of its 

piece of slate, suéhas is லட் used to 
rite upon, is a.much better conductor than a 

of fice stone, which conducts butimperfectly. 
‘ouch-stone conducts tolerably ட் 

A piece of gypsum and plaster"f Paris con= 
ducts very’well, only the latter having a smoother 
surface takes a stronger spark. 

A piece of asbest from Scotland, just as it is 

taken from its bed, will not.conduct. While in 
contact with the conductor, sparks may be taken 
at the distance of half an inch with a moderate 
electrification. 

A piece of Spanish chalk conducts much like 
marble. 

A piece of Egyptian granite conducts consider- 
ably better than free-stone.  
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2. Suline Bodies. 

Oil of vitriol conducts very well. 

The metallic salis in-general conduct better 

than any neutrals. ச 

Vitriol of copper and of iron conduct very well, 

though they will not transmit a shock. 

Vi ஒண்டி tartar gives a small shock. 

Salt-petre does not conduct so well as sal-am- 

moniac. If the electric explosion passes over its 

surface, it disperses into a great number of frag 

ments, in all directions, with considerable vio- 

lence. 
Volatile sal-ammoniac ர் a small shock. 
Rock-salt conducts, but not quite so well as 

alum; the electriespark upon it is peculiarly red. 
Sal-ammoniac exceeds rock-salt and alum in its 

conducting powers, but will not take the least 
sensible spark; so that it seems made up of an 
infinite number of the finest points. 

Salenitic salts conduct but imperfectly. 
By alum the explosion is attended with a pecu- 

liar hissing noise, like that of a squib. 

3. Inflanmable Bodies. 

A picce of pyrites of a black colour takes sparks 
at a considerable distance from the prime conduc~ 
tor, like some of the inferior pieces of charcoal.  
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Another piece of pyrites, which has been part 

of a regular sphere, consisting of a shining metal- 
lic matter, will not conduct near so well, though 
much better than any other stony substance. It is 
a medium betwixt a stone and an ore, 

_ Black-lead in a pencil conducts a shock seem- 

ர like metal or charcoal. A small lump of it 
takes a3 full and strong a spark from the prime: 

tor as a brass knob, 

A, Metals and Ores. 

‘A piece of gold ore'from Mexico is hardly to be 
iguished in this respect from the metal itself. 
iece of silver ore from Potosi, though mixed 

th pyrites, conduets very well. 
Two pieces of copper 628, ௦06 the most valua- 

ble that is known, and another of only half the 
பது are hardly to be distinguished from one 

ther in their conducting powers. 
Lapis heematites conducts tolerably well. 

Black sand from the coast of Africa, whichis a 
good iron ore, and part of whichis affected by the 
magnet as much as steel filings, is found to con- 
duct electricity, but not a shock. Separating 
with the magnet all that will be easily attracted by 

it, it conduets a shock yery well: the rest would 
hardly conduct at all. 

‘The ores in which the metal is mineralized with 
sulphur or arsenic, as the ores of lead, tin, and  
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Amber, jet, piteh, and likewise all the 
“precious: stones, as diam ibies, garnets, to- 

றக hyacinths, chrysolites, emeralds, sapphires, 

_ amethysts, opals, and especially tourmalins; all 

and resinous compounds, wax, silk, cotton; 
nimal substancesy as feathers, wool, haitty 

அடப் proper to 
this Hist of cet the torpedo and Suri 

மகப் the will of the animal. ல் 4 

The real and intrinsic difference between elec- 

id non-electrics remains among “the electric 
‘ata; for nothing more is ascertained, than 

e conducting power in some measure de- 
upon, or is governed by heat. Glass, resin, 

and many other articles, ate made conductors/by 
heat; while, on the contrary, cold, if not at- 

tended with moisture, renders cyery clecttie sub- 
stance more electric. Ice eooled to 13° below 0. 

of Fahrenheit’s thermometer becomes a non-con- 
ductor. க 

Mr, Achard, of Berliny has published in Rosier"s 
Journal de Physique, a very ingenfous paper on 
this subject; in which he proves by experiment,  
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ராப. பதத tals. 
Rough glass 

Negative 
ao 

Positive Amber, air. 
Negative Diamond, human hand. 

“Metals, silk, loadstone, leather, 
the hand, paper, hall ai : 

Negative Other fine furs. 

{ Positive “Bleek silk, metals, black cloth. 
‘egative ue hair, weasel’s skin, 

Positive ப்பட்ட அ 
Fate's, weasel's, and ferret’s 

Negative 1 skins, loadstone, brass, silyer, 
iron, the hand. 

Positive " Metals. ம 
அட்ட. பய் 

Negative 2 skins, hand, Teather, woolen 
cloth, paper. 

Silk. 

[ஷசி 

ட்ட Positive 
அகன்ற ae சஷி. 

Many circumstances, apparently. trifling, ‘Will 
occasion an’ alteration in these contrary electrici- 
ties. It has been said, that of two equal ‘sub- 
stances rubbed together, that which suffers the 
greatest friction, or is most heated, acquires the 

* That is by blowing with a pir of bellows upon it. By 
‘this means many electrics may be excited, and some better, if 
the air blown is hot, although in both cases very ல் dectrisity 

‘san De obtained,  
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negative electricity. ‘Though this in many cases 

holds trae with respeet to silk ribbons, yet Mr, 
the ribbon, A, be black, it 

seome positive, unless B be black 
likewise. With (Of, glass the effect is con 

trary; for, if they are both equal, the piece, A, 

which is drawn across the piece, B, becomes ne- 

gatiye; and B, which suffersthe greatest friction, 

becomes positive. Heating by fire produces the 

game effect as the greater friction. If one piece 

of glass be thicker than the other, the former be- 

comes positive, the latter negati Coloured 

glass, eyen when heated, becomes negative, if 

rubbed with common white glass, If a piece of 
plu@ glass is rabbed againsta green,one, the blue 
glass becomes strongly positive, &c. Bergman, 
Swedish Tran, 1765. 

The clectricities produced by hair and glass 
rubbed together seem to balance each other, and 

are therefore different according to the manner of 
பந்தாக and the quality of the hair. 

fair of a living animal, or hair newly cut, when 

rubbed with a glass tube lengthways, is positive; 
and here the glass, which suffers the greatest frie- 

tion, is negative. But, if the glass:tuhe be drawn 
across the animal’s back, or across. a skain of hair 

newly cut, the glass becomes positive. Old dry 
hair, rubbed on glass or on living hair, always 

. becomes negatives but, if the hair is a litle  
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greased with tallow, the same effect is produced 

as with living hair. Wilke, Swed. Tran. 1769. 

Electrics differ from each other with respect to 

the'facility with which they are excited, their force 

when excited, and the power with which they 

the effects Of the excitation. 
Ik seems preferable to any other electti¢ sub- 

for exhibiting a permanent and strong 
ctive and repulsive power. 

to haye the advantage in exhibit 
ight, attraction, and repulsion in. 

in avery vigorous; though not 

electrics, as amber, gum-lae, sulphur, 

d all resingus substances, exhibit the 
arances for the greatest length of 

single excitation is sufficient to make 
n do so for many weeks, in favourable circam- 

‘They are also remarkable for the strong 
powers which they communicate to con- 

ng bodies that come in contact with them, 

and which they will continue to communicate for 
_ aconsiderable time. t 

It may be proper to observe here, that the two 
classes of electrics and non-electrics are not so 
strongly marked by nature, as to enable the elec- 
trician to arrange every substance with propriety: 
hence the same substanée has been placed by dif. 
ferent writers in a different class, Besides this, 

the electric properties of the same substaneg vary  
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on a change of circumstances: thus, a picce of 

green wood is a conductor; the same piece, வில் 

it has been baked, becomes a non-conductor; 

charred, and formed into charcoal, it again ‘con- 

ducis the electric fluid; bat, when reduced to 
ashes, is impervious to it. Bat further, the dis- 

tinctions themselves are very improper, as every 

substance is to a certain degree a conductor of 

this fluid. 
ELECTRICITY 18 MAT 

‘That electricity is: real matter, and not a mere 

property, is evident from a variety of ciroum- 

stances, When it passes between bodies it 

yides the air, and puts it into those undulations 
whith gives us the idea of sound. It emits the 

rays of light in every direction, and those rays are 
variously refrangible and colorific, "as other light 
is: and, if light is acknowledged to be matter, it 
is contrary to reason and experience, that the 

thing which emits it should not likewise be mate- 

tial. Neither are the other senses unaffected at 

its presence; its smell is strongly phosphoreal or 
sulphureous: the sense of feeling is a witness of 
its presence, not only from the sparks which, 

when received from the conductor of a powerful 
machine, are pungent, and will pass through two 

or three persons standing on the ground, but also 
from the shock. A stream of electric matter has 

also evidently a subacid taste.  
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‘Though the electric fluid has been known and 
studied for many years, we ar lhogether igno- 
rant of its real essence and. “to me it seems 
probable, that it is fire “connected with 
some terrestrial base. The analogies between 
‘the action of electricity and fire are very striking; 

some of theseT shall point out in the words of two 
able philosophical writers. Wire, says Mr. Jones; 
is divided into three sorts, slur, culinary, and ele 
mentary; the solar is that fire which resides in the 
orbof the sun, as in its reservoir or fountain, and 
ee from it in the form of light. The culi- 
nary is that fire which is kindled on earth by 

means, and bufhs in any sort of fuel. The 
elementary is that subtile fluid, which resi 145 
constantly in all gross bodies, and is not necessa- 

rily distinguished by its beat as culinary fire; by 
its light, as solar or sidereal fire; but is known by 
other effects, even in a cold invisible state. 

‘If it be true, that natural effects are not to be 

ascribed to many different means or agents, where 
fewer will suffice, these three should be considered 
as one and the same fluid, because they haye the 
same properties and the same effects. ‘The solar 

fire will burn in fuel, and act in solid matter with 
greater effect than the most violent fire of a far- > 

nace. The culinary fire will promote vegetation, 
and ripen fruits like the sun. The clementary, 
‘or electric fire, will light a candle and fire gun- 

D  
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developement of those animals. The clectric 
fluid, in common with fire, will throw metals into 
fusion. 

If substances with equal degrees of heat fond 
ther, the heat is diffused uniformly between 

them. Tn the same manner, if two bodies with 
பப! degrees, or different kinds of electricity, 
பம்ப் எய் equilibrium will be esta: 
blished. 

Tf bodies of different kinds, and of equal de- 
s of heat, are placed in a mediumof a diffe- 

‘rent temperature, they will all aequire, at the end 
of acertain time, the same degree of heat. There 

considerable difference, however, in the space 

of time in which they acquire the temperature of 
“the medium: er, gr, metals take less time than 
glass to acquire or lose an equal degree of heat. 

On an attentive examination of the bodies 
receive and lose their heat.soonest, when 

y are placed in mediums of different tempera 
they will be found to be the same which 

receive and lose their electricity with the greatest 
facility. Metals, which become warm or ‘grow 
cool the quickest, are the substances which re- 
ceive and part with their electricity soonest, 
Wood, which requires more time to be heated or 
cooled, receives and loses electricity slower than' 

metals. Lastly, glass and resinous substances, 
which receive and lose slowly the electric fiuid, 

2  
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could not observe the least sign of their being 

electrical; but, holding them 2 the fire, at the 

distance of five or sis inches, they beeame strongly 

electrical in a short time, and more so when they 
were cooling. These balls would, ‘every time 

they were heated, give the electric power to, or 

take it from other bodies, according to the plus 

_ or minus state of it within them. Heating them 
frequently diminished their power, but keeping 
‘one of them under water a week did not in the 
least impair it. The balls retained their virtue 
“above six years. 
‘The tourmalin, and many other precious stones, 

so known to acquire electricity by heat. 
tourmalin has always at the same time apo- 

sitive and negative eleciricity; one side of it being 
_ in one state, the other in the opposite. These 
| saci may be excited by friction and by heat; 

ay, even by plunging it in boiling water.* 
Experiment virt. shewing the action of an 

: fluid on a thermameter. ட a sensible 
mercurial thermometer, and place the bulb be- 

* This curious stone is ranked as a hard semi-pellucid fossil ; 
is generally of a deep red, or purple edlour, about the size of a 
‘small walnut; it is common in several parts of the East Indies, 
particularly in the island of Ceylon. ‘The Linnean name is 
Tapis electricus; and, from its property of attracting the ashes 
when laid near the fire, the Germans call it ascben/rickker. 

Epix,  
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CHAP றா 

oF THE ELECTRICAL MACHINE, WITH DIREC- 
‘TIONS POR EXCITING IT. 

As soon as the properties of electricity were in 
som@!measure developed, the philosopher and the 
artist concurred: in) contriving and executing a 

variety of machines ‘to excite and accumulate this 
extraordinary agent. The greater part of these 
have been laid aside, in proportion as the science 

advanced, and its) boundaries were extended, 
Tsball, therefore, only describe that electric: ma-~ 

chine which is now in general usesswhose ¢on- 

struction is simple, and well adapted to produce 

the electric fluid in great quantities, and transmit 

it in’ full and continued streams to the prime 

conductor. 

“That the operator may succeed in producing 

this effect, F shall first enumerate those parts of 

the machine which require most attention; then 

describe’ the machine itself; and afterwards give 

instructions to enable him to exeite it powerfully. 

The following are’the parts of an electrical 

machine, which fall more immediately under the 

care of an electrician.  



THE ELECTRICAL MACHINE. 

1. The electric, or the glass cylinder, which is 

to be excited. 
2. The mechanical contrivances by which the 

electric is put in motion. 
3. The cushion and its appendages. 
4. The conductor or conductors. 
Plate, fig. 8, and the figure in the frontis- 

piece. represent two clectrical machines made on 
the most approved construction. They are:both 
mounted and used in the same manner, and differ 
only in the mechanism by which the cylinder is 
put in motion, 

‘The glass cylinder, HG, of the machine, which 
is represented in fig. 8, is put in motion by a 
simple winch, U, which is less complicated than 
the multiplying wheel, and therefore not so liable 
torbe out of order; it is easier to manage, and 
may, in proportion to its size, be more powerfully 
excited than those with a multiplying wheel. 
Many practical electricians, however, prefer a 
machine which is moved by a multiplying wheel, 
as it fatigues the operator less than that which is 

moyed a a simple winch; while, at the same 
time, a moderate increase of velocity in the cylin- 
der is thought by some to augment the momen- 
tum of the electric fluid, and produce a greater 
quantity of it in the same time; and that, when 
the machine is fixed to a table, the position of  
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the lower multiplying wheel is more advantageous 

to the operator, giving him a.greater power over 

the cylinder, and fatiguing him less: it may also 

be turned with the right hand, which cannot be 

done conveniently with the other, It may be 
proper to remark, that those with a simple winch 

are somewhat less in expense than those with a 

multiplying wheel. : 
ABC represent the mahogany or wooden basis 

of the machine. i 
D and E, the two perpendicular supports, which 

sustain or carry the glass cylinder, F GH I. 
‘These two pillars, for a more perfect insulation, 

"ate sometimes made of glass. 2 
‘The axis of the cap, K, passes through the sup- 

port, D; on the extremity of this axis cither a 

simple wineh is fitted, or a pulley for to use with 

the multiplying wheel. 
‘The asis of the other cap runs in a small hole 

which is made in the top of the support, E. 
OP is the glass insulating pillar to which the 

cushion is fixed; T, a brass screw at the bottom 

of this pillar, which is to regulate the pressure of 
the cushion against the cylinder. ‘This adjusting 
screw is peculiarly advantageous. By it, the ope- 
rator is enabled to lessen or increase gradually the 
pressure of the cushion; which it effects in a 

much neater manner, than it is possible to do 
when the insulating pillar, as in some, machines,  
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js fixed on a sliding board. ‘The pillar is some. 

times ceménted into a wooden socket, jointed 

with hinges, and also moved by a regulating 

serew, T. “This likewise answers very well. 

g hi, a piece of silk that comes from the under 

edge of the cushion, and lies on the cylinder, 

passing between it and the cushion, till irnearly 

mecis the collecting points of the conduetor. 

YZ represents the positive prime, metallie/eon- 

ductor, or that which takes the’ electric fluid by 

collecting points immediately from the cylinders 

LM, the glass pillar by which it is supported and 

jnsulated, and VX a wooden foot or base for the 
glass pillar. In general, electrical machines are 

sold with a single conductor; though there are 
many experiments where two are convenient, and 

from some improvements lately made in the appa- 

ratus, they are rendered excceding proper for ex- 
perimental inquiries.* 

DESCRIPTION OF THE MEDICAL ELECTRICAL 

MACHINE AND APPARATUS, BY THE EDITOR. 

The articles shewn in the frontispiece represent 
a complete electrical machine and apparatus for 

* A conductor fixed to, or connected with the insilated 
rubber, is called the negative conductor; and, where negative 
electricity is desired, ‘is indispensably necescary to be applied to, 
or connected with, the mbber of the machine, I have thought 
it proper to subjoin here a particular description of the appa 
ratus represented in the frontispiece, prt.  
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medical purposes, as actly applied’ in the prac- 
hich in this 

machine is in the form Of 8 a drawer 
to hold the several small ¢ தம் in waa! 
EGHLI, the glass cylinder which should be at 
Teast nine inches in diameter; O P, the glass pillar 

insulating the rubber above; T, the regulating 
screw which acts against a jointed socket, into 
which the pillar is cemented; g/i, the flap of 
silk; @, the pulley; cd, the multiplying wheel. _ 
There are several unequal sized grooves in the 
circumferences of the pulley and wheel, to suit the 
variable extent of the catgut band after much use. 
A simple winch ig ¢ometimes made to fix on 
axis, instead of the pulley, @ J; so that in case of 

an accident of the band breaking, of at the plea- 
sure of the operator, the winch only may be used 
in order to pnt the cylinder into motion. YZ 
is the form of the prime metallic conductor, which 
in this figure is represented of the T shape, a form 
more convenient than essential. IM the insu- 
lating glass pillar; VX, the wooden foot, like to 
the preceding machine; ¢¢fd, the improved me- 
dical bottle, suspended from the conductor by the 
brass ball and wire fixed thereto; a4 on the con- 
ductor, the discharging electrometer, consisting 

of a bent piece of glass, and sliding wire and ball 
ச. This sliding wire is useful to regulate the 
degree of charge given to the jar ced, or any 
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other jar applied to the conductor, and from 

which a patient is to be electrified, the strength, 

of the discharged electricity being in proportion 

to the distance of the ball from the conductor, 
Lane's discharging electrometer, as fixed to a jar, 

js shewn at FED GI, plate 5, fig. 853 but tho 

preceding one may be considered preferabley as it 

serves universally for any jar applied to the con- 

ductor. %, J, in the hands of the human figure, 

represent two glass handle directors, connected 

with two conducting wires or chains, , ஐ. The 

child in the figure is represented as receiving a 

small electric shock in her right arm, as far as from 

one ball to the other of the directors, &, /,, 

When the cylinder is put into motion, the jar, 

eefd, is charged in an instant by the conductor 

YZ; the electric fluid becomes thence sufficiently 
condensed to discharge itself through the conduc- 
tor and air to the electrometer, @, and thence 

by the chain, ~, to the director /, entering the 

arm of the child, and going to the other director 

k, and chain x, to the hook, d, or outside of the 
jar. Thus the electric circuit is completed, and 
the patient electrified; the repetition of these dis- 
charges constitute the number of shocks, the 
strength of which is regulated by the discharging 
electrometer, 2d, It is evident, that wherever 

the balls of the dircctors are applied, the, shock 
will pass through that part of the patient only  
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which is between them. One chain or wire 

js always connected to a director and outside of a 

jar, and another director to the discharging clec- 
trometer. The handles of the directors are made 

of glass, to insulate the operator from any effect 

by the electric fluid in its circuit, 

‘There is a small glass tube, partly coated with 
tin-foil, placed within the medical jar, cefd; a 

wire passes through the brass cap, to communicate 

with the inside of this tube; another wire also 

passes through another hole in the cap, commn- 
nicating with the inside coating of the jar; so that 

by taking out cither of these wires, either the 

larger jar or smaller tube will be charged, aecord- 
ing to the communicating wire left in. When 
the short wire only is left in, the small charges 

given to the tube are of very considerable utility 
in medical practice; the shocks from it being of 
the most slender kind, and cannot cause any dis- 

agreeable effects or apprehension to timid patients, 

and, by the electrometer, can be diminished toa 

very small degree, not more in effect than a sim- 

ple spark from the prime conductor’enly. When 

the strongest shocks are required, the wires must 

be left both in the tube and jar. 

A drawer is sometimes made in the table, in- 

stead of one in the basis of the machine, A BC, 

to hold the auxiliary articles. This table is some- " 
times made in tho form of a chest with two 

t 
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drawers and folding doors, so as to hold both the 
machine and apparatus when done with, keeping 
them clean and dry, and forming a piece of neat 

table furniture in'a room. But all.these arrange. 

ments Jay at the pleasure of the purchaser, and 
are accerding to the price given by him. 

If the patient is not to be electrified by shocks, 
hut by sparks, he is to stand or be placed on the 
insulated stool, plu‘e 2, fig. 8, and simply tohold 
a wire or chain communicating with the brass ball 

and wire fixed into’the end of the conductor, as 
at ¥, ‘The sparks to Ve taken from him by the 
all of the balls and wire shewn at K,_ or, if 
the operator objects to a small sensation on him- 
self in taking the sparks, by the bell) and wire 
with the glass handle K, to which a chain or wire 

must be fustened to communicate with the ground, 
and along which the electric fluid will pass with- 
out affecting the person taking the sparks in the 
least sensible manner. At each end of the wires 
of the balls and wires, shewn at N and-K, are 
bress and wooden points, to be used for taking 

fine streams of the electric fluid of different den- 
sities from the eyes, and from’ patients when the 
sparks might be too pungent or irritating. 

Q is a representatioa of an instrument made of 
glass, with a sliding wire and point, and is found 
a yery convenient article to take ‘the electric 
stream or aura from an eye of a patient. The  



MEDICAL ELECTRICAL MACHINE, 605 

wire is to be connected with the chain or wite 

connected with the conductor, or simply held in 

the hand when the patient is placed upon the 

insulated stool. The Strength of the:sparks or 

aura will be according’ to the degree of excitation 

of the glass cylinder, and the clean and dry state 
of the rest of the apparatus. 

DIRECTIONS FOR KEEPING THE MACHINE 

IN ORDER. 

Before the electrical machine is put in motion; 

examine those parts which are liable to wear, 
either from the friction of one surface against ano- 

ther, or to be injured by the dirt that may imsinu= 

ate itself between the rubbing surfaces. 
If any grating or disagreeable noise is heard, 

the place from whence it proceeds must be disco- 

vered, wiped clean, and rubbed over with a small 

quantity of tallow: a little sweet oil or tallow 

should also cecasionally be applied to the axis of 
the eylinders for which purpose, there are usually 
two serews at the top of the pillar D, which, 

when unserewed, disengage a wooden piece, and 

cause the axis to be freed from its supports. 

‘The screws that belong to the frame should be 
examined, and if they are loose, they should be 

tightened. 
The different working parts of the machine 

haying been poked into and put. in, order, the 

AE nts 3 : 
be ak    
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glass cylinder, and the pillars which support the 
cushion and conductor should be carefully wiped 

with a dry warm old silk handkerchief, to free 
them from the moisture which glass attracts from 
the air; being particularly attentive to Icave no 
moisture at the ends of the cylinder, as. any damp 
on these parts carries off the electric fluid, and 

lessens the force of the machine. Tn yery damp 
weather, or when the machine has been laid aside 
for some time, it will be proper to dry and warm 
thé whole machine) by placing it before, but also 
at some distance from, the fire. 

‘Take care that no dust, loose threads, or fila 

ments, adhere to the cylinder, its frame, the con- 
ductors, or their insulating pillars; because these 
will gradually dissipate the electric fluid, and pre- 
yent the machine from acting powerfully, 

Rub the glass cylinder first with a clean, coarse, 
dry, warm cloth, or a piece of wash leather, and 

then with a piece of dry, warm, soft silk; do the 
same to all the glass insulating pillars of the ma- 
chine and apparatus. Varnished glass pillars must 
be rubbed more lightly than the cylinder or un- 

varnished glass. Glass varnished is less suscep- 
_tible of moisture, 

£ A hot iron may in some cases be placed on the 
foot of the conductor, to evaporate the moisture 
which would otherwise injure the experiments.  
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Op THE CIRCUMSTANCES NECESSARY TO ‘XE 

ATTENDED. To, INg@ 0௦ EXCITE* A 

LARGE QUANTITY OF THE ELECTRIC FLULD, 

In Order to find out an effectual mode of ex- 
cititig ‘powerfully an electrical machine, it is ne- i 

sary fo frame some idea of the mechanism by 
which the cylinder extracts the electric Quid from 
the cushion, and those bodiesswhich are con- 
nected witl Thaye, therefore, gubjoined those 
conjectures on which I haye Worked, and by 
which I have been able to excite, in the most 
powerful manner, the machines which haye passed 
through my hands; “setting out on this suppo- 
‘sition, that the friction is between an electric and 
non-electric, and that the circumstances are the 

_ most fayourable when these are the most perfect 
_of their kind. * 

is probable that the resistance of the air is 
lossened, or a kind of vacuum is produced, where 
the cushion is in close contact with the cylinders 
that the electric matter, agreeable to the law ob- 
served by all other elastic fluids, is pressed to- 
wards that part where it finds least resistance: the 
same instant, therefore, that the cylinder is sepa- 
rated’ from the cushion, the fire issues forth in 
abundances because the resistance made to it by 
the action of the atmosphere is lessened at that 

ம்  
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4. Prevent the fire that is collected from escap- 
ing. f 

‘About the year 177.2, L applied a loose flap of 

leather torthe front of the eushion; the amalgam’ 

was spread over the whole of the flap; the cushion 

was then put in its place, and the loose flap of 

leather doubled down, or rather turned in, more 

or legs, till by successive experiments that situa- 

tion was discovered which produced the greatest 
effect: for, by this means, the quantity of amal- 
gam acting against the cylinder was lessened, and 
the true line of contact in some measure ascer- 
tained. Hence I was naturally led to contract 
the breadth of the cushion, a circumstance which 

has been since universally adopted by all ele@tri-* 
cians; and thus, much of the trouble to which we 

were formerly obliged to submit, is done away. 
‘The amalgam is to be placed on that part of 

_ the silk flap which bears against the cushion; the 
cylinder is to be rubbed with a piece of leather 

hich is covered with amalgam, which will ren- 

der the contact between the cylinder and cushion 
more perfect, because it fills the smaller pores of 
the glass with amalgam, and deposits the super- 
fluous particles on the cushiom. When the cy- 
linder is rubbed with the amalgamed leathef, 
that part of the oiled or black silk which lies above 

the cushion is to be turned back; and if by acci- 

dent any particles of amalgam stick, to it, they 
BQ ம்  
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fire will issue from the cushion; present a row of 

metallic points towards these, and they will dis- 
appear. ‘This experineae shews, the condacting 

substance: collects the electric fluid before it can 

take those appearanees, or be dissipated into the 

air. 

‘Elence we learn, that to prevent a loss of the 
electric fluid which is excited, we must preyent 
the air from acting on the fluid which is put in 
motion by the excitation; juse the air not only 

resists the emission of the but also dissipates 
what is collected on account of the conducting 
substances which are continually floating i it. 

These ends are effectually answered, by letting _ 

a non-conducting substance, as a piece of black 

or oiled silk, proceed from the line of contact to 

the collecting points of the prime conductor, and 

placing these points within its atmosphere. The 

ns of fire, which proceed from the cushion 

‘over the cylinder, shew whether the cushion bears 
uniformly against the cylinder; for they are most 

copious and dense at those parts where the pres- 
sure is” greatest but are uniformly dense when 
the pressure is equable. 

When the zinc amalgam is used, the silk will 
sometimes adhere so strongly to the cylinder, as 

to render it very difficult'to turn. To obviate 

this, wipe the’silk perfectly clean, and then rub  
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Bxvunimenr x. On the effects of a solution of 
continuity, Break a stick of sealing-wax in two 

pieces; those extremities that were contiguous 

will be found electrified with contrary powers; 

‘one will be positively, the other negatively, elec 

trified. 
Since the third edition of this work, Mr. Ni- 

cholson has made many experiments on the nature: 
of excitation, and on the most efficacious me- 
thods of exciting an clectric machine powerfully; 
they were communicated to the Royal Society, 

and read ‘before them, June 25, 1789, and have 
since been published in the Philosophical Trans- 

actions; I have, therefore thought it a duty to 
_ add them to this edition of the work, as contain- 
ing much important matter. 

EXPERIMENTS AND OBSERVATIONS ON THE 
EXCITATION OF ELECTRICITY, BY WILLIAM 

NICHOLSON. 

ON THE EXCITATION OF ELECTRICITY. 

i. A glass cylinder was mounted, and a cushion 
applied with a silk flap, proceeding from the 

edge of the cushion oyer its surface, and thence 
half round the cylinder. The cylinder was then 
excited by applying an amalgamed Teather in the 
usual manner, The electricity was received by a  
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conductor, ‘and passed off in sparks to Lane's elec. 
trometer. By the frequency of these sparks, oy 
by the number of tums required to cause the 
spontaneous explosion ofa jar, the strength of the 
excitation was ascertained. 

9, The cushion was withdrawn about one inch 

from the cylinder, and the excitation performed 
by the silk only. A stream of fire was seen be- 
tween the cushion and the silk; and much fewer 
sparks passed between the halls of the electro. 
meter. ஸ் ் 0 

இ. A roll of dry Silk was interposed, to prevent 
ths stream from passing between the cushion and 
the silk. Very few sparks then appeared at the 

electrometer. 5 pe 

4, A metallic rod, not insulated, was then in- 

terposed, instead of the roll of silk, sa as not to 

touch any part of the apparatus. , A dense stream 
of electricity appeared between the rod and the 

silk, and the conductor gave very many sparks. 
5. The knob of a jar being substituted in the 

place of the metallic rod, it became charged ne- 

gatively. 

6. The silk alone, with a piece of tin-foil ap- 
plied bebind it, afforded much electricity, though 
less thin when the cushion was applied with a 
light pressure. The hand, sbeing applied to the 
silk as a cushion, produced a degree. of excitation 
seldom equelled by any other cushion,  
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7, The edge of the hand answered as well as 

the palm. 
இ, When the excitation by a cushion was weak, 

a line of light appeared at the anterior part of the 

cushion, and the sill was strongly disposed to re- 

ceive electricity from any uninsulated conductor. 

‘These appearances did not obtain when the exci- 
tation was by any means made very strong, - 

9, A thick silk, or two or more folds of 
sills excited worse than a single very thin flap. 
The silk which the millenerg call Persian was 
used. 

10. When the silk was separated from the cy- 
linder, sparks passed between them; the silk was 

‘found to be in a weak negative, and the cylinder 
in a positive state. : 

‘The foregoing experiments shew that the office 
of the silk is not merely to prevent the return of 
electricity from the cylinder to the cushion, but 
that it is the chief agent in the excitations while 
the cushion serves only to supply the electricity, 
and perhaps increase the pressure at the entering 
part. There likewise seems to be little reason to 
doubt, but that the disposition of the electricity 
to escape from the surface of the cylinder is not 
prevented by the interposition of thé silk, but by 
‘a. compensation after the manner of a charge; the 

‘silk being themas strongly negative as the cylinder  
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‘meter, and two-tenths of an inch thick. During 

the excitation, the surface opposite the cushion 
strongly attracted electricity, which it gave out 

* when it arrived opposite the extremity of the flap, 
So that a continual stream of electricity passed 
through an insulated metallic béw terminating in 
balls, which were qpposed; the one to the surface 
opposite the extremity of the silk, and the other 
opposite the cushion; the former ball shewing 
positive, and the latter negative signs. The 
knobs of two jars being substituted in the place of 
these balls, the jar, applied to the surface opposed 
to the cushion, was charged negatively, and the 
other positively. This disposition of the back 
surface seemed, by a few trials, to be weaker the 
stronger the action of the cushion, as judged by . 
the electricity on the cushion side. 

Hence it follows, that the internal surface of a 
cylinder is so far from being disposed to give out 
electricity during the friction by which the ex- 
ternal surface acquires it, that it even greedily 
attracts it. 

13. A plate of glass was applied to the revoly-* 
ing plate, and thrust under the cushion in such a 
manner as to supply the place of the silk flap. Tt. 
rendered the clectricity stronger, and appears to 
be an improvement of the plate machine; to be 
admitted, if there were not essential ப்பட் 
against the machine itself,  
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half the circumference, and the cylinder be they 
turned and excited by-applying the amalgamed, 
leather, it will become very greedy of electricity 

during the time it passes under the silk. And if 

the entering surface of the glass be supplied with 
electricity, it will give it out at the other extre. 

mity of contact; that is to say, if insulated con. 

ductors be applied to the: touching ends of the 
silk, the one will give, and the other reccive elec: 

tricity, until the intensities of their opposite states 
are as high as the power of the apparatus can 
bring them; and these states will be instantly re 
yersed by turning the cylinder in the opposite 
direetion, 

As this discovery promises to be of the greatest 
use in electrical experiments, because it affords 
the méans of producing either the plus or minus 
states“in one and the same conductor, and of 
instantly repeating experiments with either power, 
and without any change of position or adjustment 
of the apparatus, it evidently deserved the most 
minute examination. 

18. There was little hope (par. 6) that cushions 
could be dispensed with. They were therefore 
added; and it was then scen, that the electrified 
conductors were supplied by the difference bes 
tween the action of the cushion which had the 

advantage of thé silk and that which had not; so 
that the naked face of the cylinder was’ always in  
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a strong electric state. Methods were used: for 

taking off the pressure of thé receiving cushion; 
but the extremity of the silk, by the construction, 
not being immediately under the cushion, fave 
ont large flashes ofielectricity with the power that 
wes used. Neither did it appear practicable to 
present a row of points, or other apparatus, to 

intercept the electricity which flew round the 
cylinder; because such an addition would have 

materially diminished the intensity of the conduc- 
tor, which in the usual way was such as to flash 
into the air from rounded €xtremities of four 
inches diameter, and made an inch and half ball 

become luminous and blow like a point, But the 

greatest inconyenience was, that the two states 
with the backward and forward turn were seldom 

equal; because the disposition of the amalgam on 
the silk, produced by applying the leather to the 
cylinder in one direction of turning, was the re- 

verse of what must take place when the contrary 
operation was performed. 

Notwithstanding all this, as the intensity with 

the two cushions was such a3 most operators would 

have called strong, the method may be of use. 

19.‘The moye immediate advantage of this dis- 

covery is, that it suggested the idea of two fixed 

cushions with a moveable silk flap and rubber. 

Upon this principle, which is so simple and ob- 
vious, that it is wonderful it-should have been so.  
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docs on the other. Mr. Nichclson finds, however, 

that the fact is directly contrary to this assertion, 

and that the opposite inference ought to he made, 
as far as this indication can be reckoned conelu- 
sive; for the Entering surface exhibits many lumi, 
ndas perpendiculars to the cushion, and the de- | 
parting surface exhibits a neat uniform line of 
light. ‘This circumstance, together with the con— 
sideration thatthe line of light behind the silk in 
par. 8, could not consist of returning electricity, 
shewed thé necessity of farther examination. 
Mr. Nicholson therefore applied the edge of the 
hand as a rubber, and by .occasionally bringing 
forward the palm, he varied the quantity of elec- 

tricity which passed near the departing surface, 
When this was the greatest, the sparks at the 
electrometer were the most numerous. But, as 

the experiment was liable to the objection, thar 
the rubbing surface was variable, Mr. Nicholson 
pasted a picce of leather upon a thin flat piece of 
wood, then amalgamed its whole surface, and cut 
its extremity off in a neat right live close to the 
wood. This being applied by the constant action 
of a spring against the cylinder, produced a yyeak 
excitation, and the line where the contact of the 

cylinder and leather ceased, as abruptly as possi 
ble, exhibited a very natrow fringe of light. 
Another piece of wood was prepared of the same 
width as the rubber, but one quarter Sf an inch 

ற  
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increased, in an higher ratio than that of the dis- 

tance of the compensating substance; because if 

it were not, the electricity which has-been carried 
of from an indefinitely small distance, would 

never fly back froma greater distance and from 
thé edge of light. 

22. Mr. Nicholson hopes the considerable inten- 

sity he speaks of will be an apology for describing 
the manner in which it was produced, wishing the 
theory of this yery obscure process were better 
Known; but no conjecture is worth mentioning. 
The method is as follows: 

Clean the cylinder, and wipe the silk, 
Grease the cylinder by turning it against a 

greased leather till it is uniformly obscured. The 
tallow of a candle was used. 

Turn the cylinder till the silk flap has wiped off 
so much of the grease, as to render it semi-trang- 

parent. . 

Put some amalgam on a piece of leather, and 
spread it well, so that it may be uniformly bright. 

Apply this against the turning cylinder. The 
friction will immediately dmerease, and the leather 
Must not be removed until it ceases to become 
greater. 

Remove the leather, and the action of the 
machine will be very strong. 

‘The rubber, as before observed, consists of the 

silk flap pasted to a leather, and the cushion is 
#2  
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the intensity they produce exceeds or falls shortof 
that which this method affords, T shall mention a 

few fasts, , 
With a cylinder seven inches diameter, and 

cushion eight inches long, three brushes at 4 time 
constantly flew out of a thrée-inch ball in a sue- 
cession too quick to be counted, and a ball of one 
and an half inch diameter was rendered luminous, 
and produced a strong wind like a point. A nine- 
inch cylinder with ‘an eight-inch cushion occa 
sioned frequent flashes from the round end of a 
conductor four inches diameter: with a ball of 
two and an half inches diameter the flashes ceased 
now and then, and it began to appear luminous: 
a ball of one and an half inch diameter first gave 
the usual flashes; then, by quicker turning, it 
became luminous with a bright speck moving 
about on its surface, while a constant stream of 
air rushed from it; and lastly, when the intensity 
was greatest, brushes of a different kind from the 
former, appeared. These were less luminous, 
but better defined in the branches; many started 
ut at once with a hoarse sound. They were 
reddish at the stem, sooner divided, and were 
greenish at the point next the ball, which was 
brass. A bull of inch diameter was surrounded 
by a steady faint light, enveloping its exterior 
hemisphere, and-sometimes a flash struck out at  
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top. When the excitation was strongest, a few 

flashes struck out sideways. The horizontal dia. 

meter of the light was longest, and might mea: 

Sure one inch, the stem of the ball being vertical, 

‘This last phenomenon 1s similar to a natural 

event related by M. Laonnni Baldwin,® who raised 

‘an clectrical kite in July 1771, during. the ap- 

proach of a severe thander-storm, and observed 

himself to be surrounded by a rare medium of 

fire, which, as the cloud rose nearer the zenith, 

and the kite rose higher, continued to extend it 

self with some gentle faint flashes. Mr. Baliein 

felt no other effect than a general weakness in his 

joints and limbs, and a kind of listless feeling; all 

which, he observes, might possibly be the effect 

of surprize, though it was sufficient to discourage 

him from persisting in any farther attempt at that 
time. He therefore drew in his kite, and retired 

to a shop till the storm was over, and then went to 
his house, where he found his parents and friends 

much more surprized than he had been himself; 

who, afier expressing their astonishment, informed 

him, that he appeared 1@ them, during the time 

he was raising the Kite, to be in the midst of a 
Jarge bright flame of fire, attended with flashings; 

and. that they expected every moment to sce him 

* Menioite of the American Acidety) vol. i. p. 297.  
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fall a sacrifice to the flame. The same was ob- 
served by somé of his neighbours, who lived near 
the place where he'stood. 

This fact is similar to another observéd by 
M..de Saussure onthe Alps, and both are referable 

to my luminous ball with the second Kind of brash. 
‘The cloud must have been negative. 

With a twelve-inch cylinder, and rabber of 

seven and an half inches, a five-inch ball gave 
frequent flashes upwards of fourteen inches long, 
and sometimes a six-inch ball would flash. Ido 
not mention the long spark, because I was not 
provided with a favourable apparatus for the two 
large cylinders. The scven-inch cylinder affords 
a spark of ten inches three quarters at best. The 
nine-inch cylinder, not having its conductor insu-~ 
lated on a support sufficiently high, afforded 
flashes to the table which was fourteen inches 
distant. And the twelve-inch cylinder, being 
mounted only as a model or trial for constructing 
a larger apparatus, is defective in several respects, 
‘When the five-inch ball gives flashes, the cylinder 
is enveloped on all sides with fire, which rushes 
from the receiving part of the conductor. Points, 
are not used, but in a simple machine the con- 
ductor is brought almost in contact with the ey~ 
linder. In this apparatus, the cushion to which 

the rubber is not applied serves that purpose.  



 



OF ELECTRICITY. 89 

would cause a cylinder to charge one square foot 

by the friction of thirty-three and an half square 
fect. It must be observed, however, that M. Van 

Marun’s own machine, consisting of two plates 

thirty-three inches diawteter, has only half the 
intensity, though he reckons it a very good one. 
‘This machine is about equal in absolute power to 
my nine-inch cylinder, with its short rubber; bute 
it is near thirty times as dear in price. In all these 
deductions the computations are omitted for the 

sake of brevity, and because they are easily made. 
‘The data are found in the description of the Tey= 

Jetian machine, and its continuation published at 
Harlem in the years 1785 and 1787. 

The action of the cylinder, by a simple cushion 
or the hand, which excited the astonishment of all 
Europe, in the memory of our co-temporaries, was 

first improved by the addition of a leather flap; 

then by moistning the rubber; afterwards by ap- 

plying the amalgam; and, lastly, by, the addition. 

ofasilk flap. Now we find, by experiment, that 
we at present obtain upwards of forty times the 
intensity which the bare I band | produces; and con= 

sequently that, since eighteen times our present 

intensity will equal the utmost we .can new con- 

dense on strong glass, even in the form of a 

charge, we haye a less step to take before we 

arrive at that amazing power, than our immediate 

predecessors have already made, க  
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OF THE FPRANKLINIAN HYPOTHESIS. OBJEC= 

TIONS TO THIS HYPOTHESIS. BRELES'S S¥s- 

TEM PREFERABLE TO THE FRANKLINIAN: 

Tr evidence of the external senses is obviously 

the primary principle from which all physical 
Knowledge is derived; but whereas nature begins 

with causes, which after a variety of changes pro- 

duce effects, the senses open upon the effects, 

and from them, through the slow and painful road 

of experiment and. observation, ascend to causes, 

Man appears upon the stage! of this material 

system as upon a visionary theatre, in which he 

looks only upon the exterior of things, as the eye 

upon’a flower that is full blown, or upon an insect 

“$n all the pride and beauty of its colours; without 

observing immediately the different stages through 

which they haye passed, the different forms they) 

have assumed, the different changes they have! 

undergone, and without descending to the secds 

and principles from which they spring, and which 
upon examination will be found totally different 
both in form and colour, In like manner are the 

senses, the ultimate eriteria of all. physical know- 
ledge, lialsle to be imposed upon and deceived in  
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regard to the qualities and causes, the powers and 
operations, of physical body. 

‘The senses are, therefore, to be assisted by va- 

rious observations taken with diligence and cit 
eumspection, and to be undeceived by different 

*analyses, which divest nature of her external and 

compounded form, and lay open her internal me= 
ehanism and construction: their errors and mis- 
conceptions are to be corrected by the use Of €x- 

periments of different kinds, which penetiate her 
inmost recesses, and descend to het remotest 
causes. By the application of such assistanee they 
are enabled, not without difficulty, to leave behind 
the fallacious exterior, to pass from one appear- 
ance to another, and, as far as human research can 

go, to judge of the realities of things. 
Nothing, perhaps, has contributed more to the 

establishment of truth, and the advancement of 
genuine science, than the transition from meta- 

physical reasoning to experimental philosophy. 
Mere conjecture, however plausible, oF fondly 
embraced at first affording at Jength but Wide 
satisfaction to the mind, we are constantly wish- 
ing for the evidence of facts; and” finding ybut 
few speculative points, bat what are fiable to be 
controverted, we are obliged to seek for demon- 
strative proof, by adyerting to practical inyestiga~ 

tion.* 

* Tuthan’'s Seale and Chart of Trath,  
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This is cminently*true with respect to clectri- 

city; a ficld of inquiry, wherein fancy has, in- 

decd, sufficiently exhibited her Inxuriance. No 
other science has had more admirers, nor been 

subject in so short a space of time, to so greata 

variety of hopotheses: these have been changed, 

corrected, and improved, almost as often as the 
instruments and. machines which haye been made 
use of upon the occasion. Indeed, 0 little of the 
nature of electricity was kno 

tus became considerably 
existence of the agent seems to 
“of speculation; but, after the instruments had 

demonstrated that such a fluid actually existed, 
the mode of that existence was | ther unde, 
termined, and became a subject of much dispute. 

Some have supposed the electric matter to be a 
Kind of unctuous effluyia, arising by means of 

friction from substances termed electrics per ses 
others, the ether pointed out by Sir Isaac Newton, 
inthe effects of which a certain subtile medium was 
coneerned.. Some called it elementary fire, and 
imagined it to bea modiligation of the fire they 
termed an element; while others conceived it to 
be a fluid’ distinct from chemical fire, but of a 
nature greatly resembling it. 

After two opposite and remarkably distinct 
effects had been observed in the attractive and 
repulsive powers of electricity, according as they  
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were excited in’ different substances, the theories 

of electricity became more complex; and a few 
gentlemen, with M. did?Fuy at their heag, as- 

serted the existence of two distinct fluids, which 
they called the vitreous and resinous electricity, 

‘in order to account for the different phenomena 
which they observed to arise from the excitation 

‘of such substances. To these hypotheses may be 
added the ingenious ddbe Nollet’s doctrine of 

electrical affluences and effluences, which he so 
strenuously maintained. ச: 

When it was discovered that this twofold elec 
tricity might be procured by one and the same 
substance, and from the same machine, the sub- 

ject appeared entirely in a new light, and the 
terms were presently changed from vitreous and 
resinous to those of positive and negative electri- 

city, because they Were then thought to be more: 
adequate and expressive of the fact; and the ap- 
pearances which were afterwards produced” by 
means of this discovery seemed sufficient to esta= 

blish at least the opinion that all electrical phéno- 

mena are effected by a fluid, extremely clastic, 
and attached to the particles of all other matter: 

You have been already told, that as long as the 
electrical fluid ig equally distributed among diffe- 
rent substanees, we cannot discover any sign of its 
existence; avstriking proof of our incapacity of 
knowing the existence of certain substances other-  
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wise than by their effects: as long as the clectrie 
fluid remains im) its natural state, its effects are 

invisible, and we are totally insensible of its 

power; but whenever the equilibrium i ஸ்வர்கம் 

i sensible of its € 

100078: an 
are rubbed t 
belonging to d 

Withoug this property, th 

_ #16 uid inight never haye b 
வி bodies Deen possessed of a 
retaining and parting with the 
sbould neither have had any means of exciting its 
ae" nor have 2 பதக்க. sens 

is Te: collected, it is ee detained, 
ing the electrified body on sueh other 
as'will not admit of the fluid’s passage. 

‘That the principal somree of the tlectric fh 
is the carth, is a position now generally 2 

and may be rendered clear by insulating or cutting 
off the communication of the rabber from the 
earth, by means af glass or baked wood.  
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Exrrniment x1. On the effects of insulating 
the cushion. If the cushion and the conductor be 

both insulated, it is observed that less of the elec- 

tric fluid is obtained, the more perfect the insula» 
tion is made. 

* Secondly. The same experiment, but with a 
ne furnished with two conductors, one con= 

nected with the cushion, the other as usual: 

Turn the cylinder, and both will be electrified; 
but any electrified body which is attracted by the 
one will be repelled by the other: if they are 
brought sufficiently near to each other, sparks 
will pass between them, and they will act om each 
‘other stronger than on any other bodies. If they 
are connected together by a chain, the action of 

one destroys that of the other, and neither will 
exhibit any electric appearances, though the fire 
proceeds from the cushion to the conductor as 
before; but being immediately conveyed) away 
from thence tothe cushion, they both remain in 

their natural state. 
‘The conductor connected with the cushion is 

said to be electrified wegatively; that placed op- 
posite thereto is said to be electrified positiveljne 

‘Yo render this subject still plainer; if possible, 

I shall introduce another experiment, the more so 
as it is one:which few writers mention. 

Exrerimen@ x11. Conductors electrified with 

the same power.  Blectrify to conductors equally, 

   
mac! 
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by placing them beforé'the cylinder, that is, clec- 
trify both positively, and the following observa. 
tions may be made: 1, Phat whut is attracted oF 

repelled by the one, is aléo attracted and repelled | 

by the other; whereas, in the foregoing instante, 
what the one attracted, the other repelled. 2, That 
no sparks will pass between two இ 
equally electrified with the same power, though 
they will pass continually between ty ட ified 
‘with different powers. 3: Connect the two cons 
duetors that are before the cylinder, and sparks 
may be taken from them, which cannot be doné 
from the others when they are united. 

Experiment xrir. Take a glass tube, and 
hy drawing the hand with a piece of flannel over 
the surface, the tube will soon be electrified, 

‘The matter leaving the hand passes to the glass, 
where it remains as an addition to its natural 
quantity: for, as neither the glass nor the air are 
conductors, the redundancy of the electric fluid 

cannot eseape till some non-electric body ap- 
proaches it. “If a pice of metal or the hand be 
presented to any part. of abe tube, the fluid will 

pass to the inetal with a crackling noise. 
But, if the persom that rubs the tube be insu- 

lated, another person standing on the floor, on 
applying his knuckle from one end to the other 
of the excited tube, will get a few sparks from it,  
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‘but no more, as it cannot get a fresh supply from 
the earth. 
ExrinimMunt X1y. shewing thal electricalsap- 

pearances are produced Voth in the electric whichis 
eucited, and the substance by which it is excited, 
provided that substance be insulated; +but their elec 
trie powers are directly reverse of tach other, dnd 
may be dis we by opposite effects. ் 

First, a‘machine with an insulated rubber, 
but no conductor conneeted with it, 

Put the machine in action, connect the வயா 
by a chain with the ground, and on turning the | 
machine the conductor willbe electrified, will 
attract and repel light bodies, amd exbibit the 
usual electric appearances. Take the chain fron: 
the rubber, and suspend it to the conductor, and 
the cushion will now attract and repel light sub- 
stances, and exhibit the same general appearances 
with the prime conductor. If the cylindér he 
turned while the chain is suspended from the 
prime conductor to thé ground, or any blunt body 
to the knob at the back of the cushion, so that 
sparks may pass betweem it and his knuckle, he is 

then said to receive negative sparks. 
But, if the chain be takén from the primé 

conductor, and suspended from the knob of the 
cushion, and/a person present his knuckle within 
the striking distance of the prime conductor, he 

will receive what are called positive sparks. 
r G  
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5. By the excitation of an clectric the’ equili- 
pbrium of the contained fluid is broken; and one 
part becomes overloaded with clectricity, while 

the other contains too little. 5 
6. Conducting substances are permeable to the 

electric matter through their whole substance, 
ர ve electricity is when a body has more 

natural state of the electric fluids and ne= 

be collected, oe making a connexion between the 
place and the rubber of an electric machine. ‘The 
most conclusive proofs of this position are obtained 

by the use of Benne#s electrometer and doubler, 

plate r, fig. 10. The case is equally clear with 
respect to the atmosphere from whieh the pees 
fluid may at any time be collected. 

‘The second position does not seem to be well 
founded; there are many reasons for supposing 
the electric matter t6 be a compound substance 
capable of being separated: at any rate, the posi- 
tion is without proof; for we have no experiments 

from which, it can be fairly deduced, that the 
clectric matter 18 a single fluid sui generis.  
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of the jar which was touched the lastyhefore the 

discharge. 

Let ws) now ௨ ie moments tum 150] | 

to Mr: Beles, and hearyhim’ speak forshimself,* 

The electric matter consists of two distinct elastic 

inediums, or powers, which equally and strongly 

ct and condense each other, and are ப் 

ed byall matter. ட் 

Henoe, when any body is immerged into an’ 

electric atmosphere, this atmosphere not only re~ 

pels that power of electricity in the body which is 
of the same kind with itself but 
the power of a different kind whith is in the 

body; and the two powers are soparated in, the 
body, as long as it remains Be in. the elec 

tric. atmosphere. 
It is absurd: to suppose, that bodies: யல் 

electrified are deprived of their natural share of 

electricity, for they are no more deprived of it, 

than when they are positively clecirified; and it is 

a manifest contradiction, to suppose that bodies 

will repel each other further, the more they are 

divested of the power of repulsion. Besides, when 

clectrified negatively, it is impossible 

one, by any effets of that body on another 

‘not electrified, to know it is thus 

=a Extracted from “ Philosophical Essays,” in eeveral letters 

‘to the Royal Society, by Henry Beles; Esq.) * 

HD ;  
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ப ப வடட ட் பண்ட் ப 
hang to the side of it; then bring an excitediclec- 
tric to the other side of the glass, and the down 

will fly off perfectly cleetrified, in the same rfan- 
ner as if the glass had not intervened. 
» If the excited electric be glass, the down will 

be electrified with the vitreous powers, and if 
wax, with the resinous power, Dr. Franklin 
they are different powers thrown from the opposi 
side of the glass: to do this, he must allow two 
different distinct powers to exist in all 
oyersets his whole doctrine. 2 

Dr. Franklin also asserts, that glass’ ‘cannot re- 
ceive electricity on one side, without parting with 

an equal, portion of its natural share on the other 
side.’ But in this he is entirely mistaken, for you 
cannot electrify a pane/of glass on one side, but 
the other side will be éqjally lectrified with the 
same power; except you form a cominunication 
from one side of the glass with the non-clectries, 
while you electrify the other side; and then, be 
your excited electric either resinous or vitreous, 
it will repel the power of the same kind from the 
glass, and attract the: நவர power from the 

non-electrics. © 

Exbeniment xxiir, Set a Leyden phial on 
a clear dry electric stand, so that a different power 
from that you attempt to charge it with cannot be 
drawn up to the outside, and both gydes will be 
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electrifiedwith the same power, whether vitrcous 
or resinous. 4 

EXPERIMENT XXIV. To electrify a pane of 

glass equally on both sides, ‘either with the resinous 

or vilkeous powers, and that by the atmosphere ஜீ a) 

conductor electrified by either of the powers. Pasg 

ten strong knitting needles through a ‘stick, so 

that they may lic parallel to, and within half an 

neh of each other; if they are pointed, the pur~ 

pose will be better answered; then fix a wax or 
le to your stick. 

| “When ‘the conductor is electrified, bring ‘the 

pane of glass fear it, and draw the points of the 

wires which are nearest the conductoria few times 

slowly over the glass, beginning at the side of the 
glass next the conductor, and drawing them from 
the conductor; and you will find this pane of 
glass electrified equally on both sides, with the 
power contrary to that of the conductor. 
Exerntment xxv. To Wectrify the glass with 

the same power as the conductor. Place one end ) 
of the wires near the conductor, and draw: your 

glass under or oyer the other points 

the conductor; and the க will be 

Se: x 

EXPERIMENT, XXVI.. ' 

glass equally 1m both sides, with the vitreous po 
by excited coans and with the resinous, by excited  
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glass. Take a clean, dry, warin pane of glass; 
place a smiall bundle of linen rags, suspended. by. 
silk, or a sheet, or two of paper folded like a letter, 
or any non-electric, on the glass; bring an *ex- 
cited tube under the pane, and in contaet with, 
or very near it; and when it has remained three 

or four'seconds, toss off the rags or papers, and 
instantly withdraw the tube; @nd you will find the * 
pane of glass electrified’ on both sides with the 
vitreous power, and the non-electric wh 
‘on the panes with a contiary power, 

To explain these. phenamena. ‘The tw contriry 
powers of electricity are equally adhesive to the 
pane of glass, as they are indeed fo all matter? 
they attract and condense each other into almost 

an insensible space, and do not iff that state exert 
any Sensiblé action;* but the. atmosphere of the 
non-electric drives part of the same power out of 
the glass into the non-electric; and at the same 

time attracts the contrary power of electricity 

into ie glass. 
y the non-electric being taken away, the 

ce le பூ பம் a are rendeted unequal 

ition is ee by all the experiments when 
solution of continuity, as in breaking a stick of 

as in the electrophomis, (condenser, doubler, Ke. 

other hypothesis) are very obscurely explained, if 
‘explained at all. Mr. Wilson's experimentsiwith the tubes and 

pith balls, are also further illustrations of Mr. fifess opinious.  
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to each other; andthe inercased, power, by its 
clastic force, the attraction of the other power 
‘being lessened, expands itself into: an extensiye 
atinbspheray which atmosphere acts in all respects 
like the atmosphere of any electric pape by ti 
same power. 

For, all cleeirics are excited in the same man- 
nér, by the separation of the contxaty powers, 
whieh ate equally inberent in them and all other 
bodies, till separated by friction, &e. And the 
reason why non-eléctrics cannot be ied, 
unless they ate insulated, is, because the different 
powers change place so quickly; for, the atmos- 
phere of an excited non-clectric always attracts — 

in the non-electric, and repels the 

Yet, as soon as it is removed, the 
powers instantly unite by their mutual attraction. _ 
Experiment xxvit. A Leyden phial being 

suspended by விர், to charge, discharge, and recharge 
i with the powors in the contrary order, only ly the 
uimosphere of an electrified conductor. Pix some 
sharp pointed wires to the coating of that 
they may project an inch below the I 
some sharp pointed needles, ‘Proje 
tothe rod in the inside of the jar,  
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wheel is turning, let’ it remain there for some 
time, and you will find the inside charged with 
the samé power as the conductor. ல... 

Now suspend the jar over the conduetor for the 
same time, with the wires from the bottom point- 
‘ing to the conductor, and you will find the jar to 

be discharged. But, let it remain’ as long again, 
and the jarjwill bé recharged, but in @ contrary”) 

» order to What it was at first. ச் 
The conductor being electrified with’ the vitre- 

pus power, attracts the resinous power fram the 
inside of the jar, and the non-cleetrie contained 
therein, and enters itself in the room’ thereof, till 
the inside is electrified like the condietor with 
the vitreous power. 

‘The vitreous power on’ the inside ells the 
vitreous power on the outside through the points 
of the wires, and attracts the resinous from the 
air, till through the points it’arrives’at the outside! 
of the jar, where it meets a resistance from the 
glass, and is there held in’ firm contact by the at~ 
traction of the contrary powers on the inside of 

‘hen the experiment ¥s reversed, by bringing 
x at the bottom of the jar pointed to- 

wards the conductor, the vitreous atmosphere of 
the conductor attracts the resinous power from 
the outside, and adds to the vitreous power al-  
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xeady there; this power repels the vitreous power 
from the inside, and attracts the resinous power 

thronghi the needle, till the jar becomes charged 

in a contfary order. 

‘The whole of electricity and excitation depends 

Lon the’ separating the vitreous and resinous pow~ 

rs by lessening the one and increasing the other, 

at electrics, these powers are never cn- 
sparate, but the lessened. ts inward 

விப, and the increasing power acts 
rt f thé*electric, with an extensive at- 

fire asserts, that glass cannot receive 
electricity on one side, without parting with so 

much of its natural share on the other side: but 

this is demonstrably false; for, a pane of glass 
thay be Electrified equally on both sides with | 
Githe# ypowers jor the Leyden’ phial, when iusu- 
Tated, may be electrified at both sides with either 5 

power. 
M. Nollet, when he talked of affluences aa 

efflucnees, was in a great degree right; bat he 
knew not thet it was an affluence of 
and an ¢ffluence of'anotlier. All his 
which ‘prove a double’ current, make directly 
against the Franklinian system, and in ec of 
the two powers. 

That there is an affluence and effluence, may 

he proved" by many experiments, of which one  
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only will be mentioned’ here, ‘namely, the com- 

. mon one‘with the dancing images. 
‘Exrenmeny xxvin. When you dry, the 

head of one of those images, the power thrown 
out from the conductor cannot enter the image 
{vith the same facility with which the contrary 
power from the table enters at the feet,. which are 

not so dry; this will therefore ascend to thé upper 
_ plate, and remain there, Reverse the experiment; 

dry the feet ‘and wet the head, and theiamage will 
fix itself to the lower plate. If the im i 
so much more of the attracted power as will ba- 
lance against its weighty than there is of the 
contrary power which proceeds from the ¢onduc- 
tor, the image will be suspended between the two 
plates. 

‘This may be effected by making ne ead of the 
image broad and round, which does not admit 
the power coming out so readily, as the feet, being. 
sharp, admit the power going in. A minute alte= 
ration will. make the images dance, or remain 

oath to one of the plates. 
் not bare matter that is attracted in these 

iments, but the elécttic power which is inhe- 
r adhesive to that matter. ட 

prertMent xxix, Uo shew tit the electric 

powers condense cach other. Take two panes of 

clean sash glass that will lie evenly on each other; _ 
place’a sheet of paper folded like a letfer on your  
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ous power of the tube attracting part of the resi- 
nous power from the fist glass, and adding part 
vof its own vitreous power tothe glass; by which 
means the glass becomes clectrified with vitreous 
power, which repels the vitreous power of the 
“paper and plate into the under glass; and thus 
the under glass is electrified with the resinous, 
and the plate with the vitreous power. “> 
‘A due consideration of the foregoing experi 
ments Will explain all the transactions of the elec= 
ttic powers. For, in exciting, the rabber 
draws off as much of one power as it adds of the 

   
   

    

  

other; and is, therefore, always electrified with a ॥ 
power contrary to the increased power Of the ex- 
cited electric. ல் 

-When an excited electric clectriffes an insu- 
Jated non-eleetric, it draws as much of one power 

from it as it gives of the other, and is therefore 
‘as much unelectrificd itself as it electrifies the 
non-clectric; and thus this change gocs on, till 
the powers become equal to each other, which in 
non-electrics is done almost instantaneously. 
Expprtment Xxx, Place a charged jar upon 

an electric stand, and/let a cork ball suspended by 
a silk hang against the outside of the*jar; touch 
the top of the jar, and the] ball flies off strongly 
electrified with the resinous power; and thus you 
may go on for a great number of times, to alter
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other pane for four or fiye seconds; take up your 

panes together, and then’separate them: you will | 

find the first pane still electrified with the resi- | 

nous, or minus power, and the other pane elec~ 
trified on both sides with the vitreous or plus 

"power. 
Now, if any man, says Mr, Meless can frame or 

shew an hypothesis, to explain by the action of 
one single power how a body divested of its matu- 
ral share of that power, can give another body an 
additional share of that power, béewil set 
all the rules of reasoning with wl 

quainted. ட 
Tt is readily explained on the principle of two 

powers, The first pane having a greater quantity 
‘of the resinous power, repels the resinous power 
from the second panc to the non-electric under if, 
and attracts an equal quantity of the vitreous 
power from the non-electric into the pane; by 

awhich means that pane has an increased share of 
the vitreous power; which increased power will, 
by its own elastic force, expand into “am atmos- 
phere, and therefore the pane a be ப 
by that power. 

EXPERIMENT XXXURy for ‘the further ‘lst: 
tion of the reciprocal eachange of the electric powers. 

Fix a wire to the under part of a இ coated jar, so 

that the point may stand upright, | -and on that 
point place the needle with the reversed points. 
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Place this jar on an electric stand, with a commu- 

nication from the conductor. All the time the 

jar is charging, the needle will turn; but when 

the jar is;charged, the needle stops. “Phen touch 
the top of the bottle with your finger, or any con- 

ductor) and the needle will’ turn till the jar is’ 
discharged. “Now, while the jar is ch charging, if 

you touch the needle with a of bog-down 

suspended by silk, You will find it electrified with 

the yitreons power, which flics off in exchange for 

the his! power drawn in from the air to the 

outside of the jar; and, while the jar is discharg- 
ing, if you touch the down in the same manner 
to the needle, you will find it clectrified with the 

resinous power, which flies off from the outside 

of the jar da exchange for the vitreous power 
drawn an through the points from the air; while 7 

the yitreous power from the inside of the jar = 
makes the saiic exchange “for the resinous power 

through your finger, to make these different! 
powers equal to each other, withinside and with- 
outside he jar. : னப் 
Experiment xxxiu. 11806 ௭௦ - Leyden 

jars on an electric stand, with their “coatings i ip 
contact; and while you charge one from the 
conductor, let a person on the floor touch the top 
of the other jar with his fingér; you will find the 
first jar charged with the vitreous power inside, 

and thé-setond with the resinous power inside. 
i  



“the coating of the’seéend jar; and the vitreous in 
“that jar changes | places for so much 6f thewesinous 

power drawn in thtoapgh the man on the floor. 
I could ay says Mr. eles, furnish, experi. 

ments sufficient to fill a great deal of paper; ன் 
யப பபப வ பட 0. பட 
டப பட்ட... en 
versed in this science, which perhaps may puzzle 
the writers on this subject: but whoever édn make 
them, must and will understand my doctrine of 
electricity; and plainly diseover, that all that has 

_ been said about positive and negati 7 
or a plus and minus of the same power, has been’ 

to little purpose, and only served to keep'men in. 
the dark about this science. 

Mr. Ecles had a glass globe, entirel 
which, with the same rubber, he ¢ 

throw out the resinous or vitreous) 
; பட் பிம் மாயவ நரம் வரர் 
he 

He had another glass globe ¢ 
supported by one glass neck, fro1 

i  
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through’ the body, bub’ that ‘this Sensilion would . 
shew. their different direction; and an cxplanation 
of these different sensations depends on a know= © 

ledge of anatomy, and the action of these powers 
on ‘the different parts, which it is possible that 

both Mr. Priestly and Me. Symmer may ballgtran 
gers to. But this objection was only:a prétext to 
mend Mr. Symmer8@iscoyeries, Mr.’ Eels be- * 
licves it will plainly appear to any gentlemanjwho 
does him the honour to read his papers with atten= 
tion, that the only theory whieh'IMr. Priestley’ 

‘could have methodized, must be what he took 
from his papers; if an hypothesisfean Be said to 

methodize a doctrine which was clearly proyed by 
experiments ten years before. He pertinently asks, 
which of Mr. மி own numerous. experi- 

| ments, or what experiments of any others man; he 
| Ras explained by his hypothesis? or how he has 
| Supported this hypothesis? or whence he took it? 
For he has not produced a single experiment in 
aid of it, to shew the existence or manny of act- 
ing ofthese different powers. Or he would: ask, 
whether his hypothesis has added’anyit the 
truth or explanation of Whaljhe has ten? Or,” 
‘ifhe had happened to have ten ன 
whether he should haye put thismatferin clearer 
light than what he has done? Or, what man 
would have depended on that hypothesis, without 
any other proof? So that he/thinks Mv. Priestley 

1/2  



 



 



ation. 
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Tf several jars are connected-together, among 
which there is one that’ islapt to discharge itself 
sooner than the othérjars, the rest of the jars, will 
he discharged with it, although by thetnsclvest) 
they may be capable of holding a very great 
charge. of ட் 

To discharge a jarj’a communication must be 
formed between the outside and the insidé of the 
jar by a conducting’ substance. - Thus, if you 

place one band in connexion wish the ontside 
coating of the jar, and touch the Wall with the 
other, the jar will be discharged, and you will re- 
ceive the shock. To ayoid the shéek, three kinds 

rods have. been contrived; one of 
ted in plate 2, fig. 1, 18 a semicir- 

balls, | 

lar in shape, and is called the luminous 
rod; the brass. balls are connected together 

by a piece of iron chain, which passes through a 

glass tube; the handle is of wood: in the dis- 

charge, luminous brushes are perteivedsat edch 

juncture of the chains. this effect willlnat be pro- 
‘duced by a brass cbain. ‘The third is a jointed 

rging rod! with a glass handle, fig. 2; the 

this are moveable, and may be set to any 

given distance by means of the joint at C, which 

renders it exceedingly convenient in 2 variety of 

cases. The extremities of the legs tre pointed;  
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Fig. 20, a small bundle of threads tied together 
at each end. 

91, an electrified glass tumbler, represent. 
motions of pigh balls ‘by attraction and 

Hig, 92, 23, 24, 25, 26, 97, small cylinders of 
wood and brass tubés On insulating glass stands, 
fornished with pith ball; four tabes, two of wood 

‘ /o of brass, and stands, are genenally suffi- 
cient. The experimentsswith. thigyittle. appara 
tus are interesting and instfuctive. 

PLATE Ml. 

‘a glass rod six feet long, with six pait 
1 balls suspended on it. : 
29, a large metallic conductor, 
sliding ball C, &c. for taking the 

sparks from the conductor. 
80, represents the electric spark from the 

luctor, as issuing in a divided’state into parts. 
ig. 31, the spiral tube, composed of two glass 

tubes, one within the other, and closed with two 
-knobbed caps of brass. The innermost tube has 
a spiral row of small pieces of tin-foil fixed upon 
its outside surface, and laying at a small distance 
from each other. It is to be held by one end; 
the other end is to be presented s6 as to take 
sparks from the prime conductor, which will be 

: x  
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little pieces of tin-foil, which are placed-at a small 
| distance from cach other. 3 

Hig: 47, represents the double jar, one 

placed on the top of her; with th 

curious experiments may Be performed. a 

Fig. AQ, the articles within the line of this fi- 

gure constitute what ig called the compound appa- 

ralits; it is certainly a most interesting part of the 

electrical apparatus, as well from the variety, as 

importance of the experiments performed with it. 

‘As itis particularly deseribed in the course of this 

Essay, [shall say but little of it here: it consists 

of two small Leyden phials, H, I, one of them, H, 

furnished with a brass belt; an exhausted flask, H, 
which is called the Leyden vacuum; an exhausted 

D, termed the luminous conductor; a glass 

எஸ் g pillar, A, on a foot, By M, a board, to 
{ occasionally on the top’ of the pillar; K, L, 

ires to screw to different parts of the appa- 

Fats. 

Fig. 63, the belted jar, designed to prove the 
direction of the electrical fluid in the charging 

and discharging of the Leyden phial. 
Fig. 58, the musical bells; an interesting appa- 

ratus, which affords much amusement, while it 

illustrates clearly the nature of the Leyden phial.  
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_ PLATE Iv. 

¥g.\59, 60, 61, 62, represent more various ௨௨ 

Sree of. ae த் 

வ 68, 69, 71, 72, experiments tend- 
the influence 6f knobs and points in 
electrical explosion: 

ir. Nicholson's improvement’on Ber 
ometer, to distinguish the different. 
as shewn by the divergencies 
or the distances at which they 
insulated metallic bars. 

72, an clectrical inflammable-air cannon, 
‘ig. 74, 75, an electrophorus. 

‘Fig. 76; ae Cavalla's atmospherical electro- 

citer வட். *shewing the 1 
ibdivisions of fluids by electricity. 

conductor and electrometer con- Fig. 78,08 
nected with the cord of an cleétrical kite. 

Fig, 79, King’s electrical orrery, shewing the 
motions of the sun, earth, and moon.  
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PLATE V. gy 

Fig. 80, 81, apparatus for atmospherical elec. 
tricity, contrived by Mr. Cavallo. நத 

Fig. 82, an exhausted receiver on the air 

pump plate, with the appearance of electticity ax 
conveyed e ball and wire. 

Fig." 83, a tabi 6, : 
silver’ and ether, for producing a beautiful green 
வணக இ ரி. 

Fig, 84, two glass tubes, L, M, with wires 
passing through thems for comtnuiiicating elec- 
tricity tothe car. 7 ட் 
Fi -yden phial, with a elec 

to the top of it, and two 4 

Fig. 87, Mr. Morgans's plan of constructing 
Brooke's dectrometer. ; 

Fig. 88, a tube for throwing flaids on any part 
of the body, ‘ 

Fig. 89, is a perspective view of the powder- 
house, the side and ihe roof next the eye being 
omitted, that the inside may be more conveniently 
scen. The front is fitted up like the thunder-house, 
FG, plate, fig. 68, and is used in the same man-  
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“ners the sides of the house, the back, and fore 
front, are joined to the bottom by hinges; the 
roof is divided into two parts; which are also fas 

d hinges to the sides; the ane ou 
   

   
    

  

sinall tube, a, with gune| 
, a small way in the tubes 

2, with the bottom of a latge jar or b 
the jar is charged, forma communi 

the hook, d, to the top of the jar; the discharge 

will fire the powder, and the explosion of the 
gun-powder will throw 
the fore and back fronts, will then 

Hig. 90, represents a wooden pyramid, யம் 
to shew the experiments which are made wai 
thunder-house, and is used in the sam 

‘When the piece, a, is thrown out by the disehar 
the upper part of the pyramid falls down, 

Figs 91, represents the imflammable air lamp, 
invented by Mr. Volia. A is a glass globe to 
contain the inflammable air; B, a glass bason or re~ 
servoir to hold water; D\is a stop-cock, which is 
to form occasionally a communication-betiveen the 

reservoir of water, B, and that of air, A; the water 
passes into the latter through the, metal pipe, ௪ ௪, 
which is fixed to the upper partor the reservoir, ae 

at sis a small cock, to cut off or open a commu- 
nication with the air in the ball and the jet, K. 
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N is a small pipe to hold.a piece of wax taper; 
L, @ brass pillar, on the top of which is a brass 
ball; a is a pillar of glass, fur dat top with a 
socket; a wire, நி slides in this socket, a 
screwed on the end ee Bisa “a 
which the ball, A, is fill a" 7 
and which afterwards serves {0 confine the air 
லி the beet fall from the bason, B, into 

174 
‘0 is instrument, after pevesif(ied ite 

reservoir, A, with pure inflammable 
bason with water, turn the cocks, 
the water which falls from the bason, neil force: 
out some of the i ible air, and cause it to 
pass through'the jet, K, into the air. 1 
tric spark is made to pass from the brass 

iss ball, 2, the inflammable je 
‘ough the pipe, K, will be fired. To 
the lamp, shut firstethe ks 

To fll the reservoir, A, with inflammable air, 
whieh is to be made in the usual manner, and 

with the ustal apparatus; having previously filled 
A with water, place thefoot, R, under water, on 

board or stool in a large tub of water, that the 

ent glass tube, through which the inflammable 
ait passes, may pass commeadiously under the foot 

of the lamp: when the air has nearly driven out 
all the water, turn the cock F, and the apparatus: 
js ready for use, ‘This: instrument is convenient  
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/ to preserve a quantity ofjinflammable air ready for 
டர் occasional experiment, a8 charging the 

small battery, 
easionally made, th 

ral tubes, being a more 
Bi, plates. 

«99, a Strip of silky jar, ru bers, &e. to pro- 

an elect charge by friction on a ribbon 

* See /a material improvement tn the construction of this 
eusious initrument, anda figure, in myedition of the Author's 
‘Lectures ont Philosopliy, five vols. Svo. 49 plates,.1709. Epir.  
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fig. 100, an hollow®glass director, ¢, partly 

coated to hold a charge, and a solid one, 4, con- \ 

nected with it, by which small shocks may in , 

some instances be conve! ம் 

Fig. 101, த்த ae “a 

Bennet’s 

jar containing pure oxygene 
jecirical discharge from a jar 

the ball will, at its discharge within 
bom the extremity of the wire to the small brass 
ball, set the wire into asmost beautiful deflagration, 
making ina darkened room a very brilliant ap- 
pearance; till the whole of the wire is fused. 

Pig. 104; 105, exhibit the method of preparing 
a dead frog,-to shew how muscular motion may may 

liced ‘therein, by merely touching it with 
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CHAP. VI 

1 பவத த்தது BY THE ar- 
TRACTION AND REPULSION OF LIGHT no- 
DIES, WITH SOME REMARKS (ON ELECTRI- 
(CAL ATTRACTIONS 

Few philosophical sciences afford தனம். 
tainment as clectricity; in it the useful and agree- 

able are intimately blended; and the philosopher, 
while he is investigating the abstruse parts, is 
entertained by the variety and) beauty of the ex- 

its, which confirm or disproye the hypo- 

he wishes to establish. 
Expuriment xxx1v. Expanded feall 

the end, A, of the wire, AB, plate 2, ig 
the small hole which is at the end of 

onductor; turn the cylinder, and the 
which aré connected with the wire by linen 
threads, will separate from each other; the fi- 
brous and downy parts will become turgid, and 
expand in a pleasing manner, in a vatiety of di- 
rections, 

Present a metallic point, the finger, ‘oF any 

other conducting substance to the feathers, the 
downy parts thereof will immediately collapse, the 
divergence of the feathers will ecase, and they  
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will roach each other and cling round the 
non-electric’ body. eee 

‘The feathers separate from each other, and 

+ tend towards unelectrified 
made by the electricity 
them to diffuse 

ன் and one which i is in its ரி 

state; which last, if not large and 
| fly through the air to the electrified 

body, where they remain fill they have, by the 
mn, acquired | the same state, when 

they are repelled. Ifa conductor which is not 
~ insulated | ae hand He will attract the small 

repelled. as! before; andiwill ae 
1d repass between the'two, ‘fill the clec- 
is entirely destroyed. 

" Exrerrent xxxv. Cork ball electrometer. 
Fix the end C of the wire CD, plate 2, fig. 11, 
into tht hole at the end of the conductor, put the 
machine in action, and the two small balls, c, d, 

will recede from each other. Bring a conducting 
substance within the sphere of their action, and 

they will fly towards it;) touch the conductor with 

a non-electric, and they will immediately come 
together,  
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The balls do not always diverge so much as 
might be expected from the action of their atmos- 
pheres, because | hey are influenced by that of the 
conductor. 

1 பம balls ones te &c, in the 
same manner, if ௮0 are annexed to a negative 

conductor, ன் 
ExpEnimen? வலவ ர லல. Pre- 

sent a fine thread towards: 
when it is at a proper’ 

and stick to the conductor, and convey the elec- 

tric fluid from it to the hand: மன் thread 
to a small distance from the conductor, and it will 

fly backwards and forwards with great’ velocity, 
and in a'very pleasing manner: present the same 
thread towards one that hangs from the condi 
tor, they will attract and join each other. 
a non-clecttic body, as a brass ball, 
threads, the ball will repel that held by ¢ d, 

and attract that which is affixed to the ப்ட் 
the upper thread renders the brass ball negative, 
and therefore goes towards it; while the under 
thread, which isvalso negative, is repelled. Let 
the ball be brought near to the lower part of the 
under one, and it will be attracted by it. The 
junction of the threads arises from the effort the 

electric fluid makes to diffuse itself through them. 
ர xxxvi1. Radiating threads. To 

the edge of the brass ஸ் bed, plate 2, fig. 12: 
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are fastened, at equal distances from cach other, 
Six or seyen pieces of thread about four inches 

be attracted by those which are fastened to the 
wire, z¢J ரவி ட் ards each other as so 

selectric fluid passes 
from the threads, he wire into tl of the 
hoop, and ‘thus occasions the seeming attraction 1 

@ the hoop, bed, on an insulating stand, 
p it is sotufated ‘with the electric mat 

Is which are tied to it will be repelled by 
f 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 move towards f, The ends of the threads 
appear luminous in the dark. 
Expermenrxxxvirt. Dancing images. Sus- 
nd the small metal plate F, plate 2, fig. 13, to 
e conductor by the hook, H; place the Stand, 1, 
rectly under it, and the large plate, G, on the 

top of the stand: the upper part of the stand, I, is*  
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moveable, so that the distance of the two plates 

from each other may be occasionally varied. Lay 
small paper images, or any other light substances, 
on the under put the machine in ac- 

“light will be attracted and 

they are then repelled and part with this 
icity to the stand, and are again in a proper 

state to be attracted by thejupper plate. i 
these bodies cannot be attracted by the upper 

late, till they have acquired a power contrary ‘to 
or till the equilibrium of the fluid in™ 

will be evident from the foll 

7 a ERIMENT xxxix. Remove the under 
plate and stand, hold in its stead, by one corner, 

-panesof glass, which has previously been made 
“very clean and dry; now, as glass does not trans- 

the two electricities, no contrariety in the 
electric states of the conductor and the light sub- 

stances can be occasioned, and therefore no at- 

traction or repulsion is observed. 
Ifa finger is presented to the under side of the, 

glass plate, the light bodies will be attracted and  
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repelled: the cause ofthis will be seen, when the | 

nature of the Leyden phial is explained, | 
_ Mr. Eeles,* speaking of this alternate attraction 

and repulsion, says, they be agreeably ரவி 
by wetting first ‘the hi ட் ப paper mp 
and, when: these are ‘dry, Sole the feet. 

3 ‘Whea’ you the head Gf one oi 
images, “the power en ‘out from the 

cannot ட image with the same facilit 
which i trary power from the table 
‘the feet, i: are not so dry; this will therefore 
ascend td the upper plate and remain there. Re- 
yerse the experiment; dry the feet and wet the 

head, and the images willl fix themselves to the” 

Jower plate. If the image retains so mu 
pt the attracted power as will balance 

than there is of the contrary po 
from the conductor, the image w 

-d between the two plates. 
“This may be cffected, by making the head of 

the image broad and round, which does not admit 
the power coming out so readily, as the feet, being 
sharp, admit thé power going in; a minute alte- 
ration will make the images dance, or remain 
fixed to one of the plates.” 
Experten? xx. Place a square piece of 

leaf brass or silver on the under plate, hold this 

% Philosophical Essays. Prefties, p. 23.  
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parallel to «tle upper one, at about five or six 
inches from it; turn the machine, and the leaf 
will then rise up into a yertical situation, and 

remain between the two plates, without touching 

either of thems Present a metal point towards 
‘the leaf, and it will immediately fall down, 

படட ட ட M@ping leaf, Place.a brass 
ball at K, fig. 14, at the end of the conductor, 
and when the leaf of brass is suspended. between 
the plate and ball, move the plate round the ball, 
and the leaf will also move round, without touch- 

ing cither ball or plate. 
A glass cylinder is @eeasionally placed between 

the two metal plates, டு fig..13, to prevent 

bran, sand, or other light substances, being thrown 
off. iy 

Exrinten? xti. Place two wires மதத் 
under and. parallel to each other, suspen 
from the conductor, let the other communicate 

with the table: a light image placed between these 
will, when the conductor is electrified, appear like 
akind of electrical rope-dancer, See fiy. 15. 

« Expurimeng xiii. Electric fish. Cut a 

piece of leaf brass, with an obtuse angle at one 
end: and a very acute one atthe other; present 
the Jarge end towards'an electrified conductor, 
and, when the leaf brass is within its atmosphere, 
let it go; it will then fix itself to the conductor 
by the apex of its obtuse angle, and, from its con~ 

L 
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tinual wavering motion, will appear to be ani- 

mated. 
‘The next experiment requires considerable at- 

tention to make it succeedy!as asmall difference, 

in the apparatus, or in the force of the noha 

&c. will make it fail: when it answers, it gene- 

rally affords ‘pleasure 185 and excites admiration 

in the Sree 
Exe IMENT XLIV. Fix the ring, NOP, 

Jig. 16, wo the end of the conductor; place the 
plate G, Ag. 13, on its stand, I, under it, and at 

alittle distance from it, put a very light hollow 
glass ball upon the பல் ut within the ring: 

turn the cylinder, and the little ball will describe 

an orbit about the ring, and turn at the same time 

own axis, ‘The poles of its ட 

at right anglesto the plane of its orbit. 
மணை மா ரித்த ical 00. 

represents a small set of bells, the two exterior 
ones are connected to the wire, VY, by a brass 
chain, the middle bell and the clappers are sus- 
pended on silk. 

Hang the bells on the conductor by the hook 

RS, let the chain from the middle bell touch the 
table, turn the cylinder, and the clappers will fly 
continoally from bell to bell, a long as the cle 
tricity continues. 

The brags chain, which connects the two exte- 

rior bells to the conductor, conveys the clectrie  
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fluid to them, which attracts the clappers; these, 
when they have received the clectric fluid, arc 
repelled by the exterior bell, and attracted by the 

_ middle one, on which they deposit their electri- 
city: they ave then again attracted and repelled 
by the outer bells. Hold up by a silk thread the 
chain, X, which procéeds from the middle bell, 
and the ringing will cease, because it: cannot 
convey the electric fluid commfuniéated by the 
clappers to the ground. 

Fig. 18 represents a more elegant form of 
mounting the bells.) When this is used, the 
knob, a, should communicate with the conductor. 
Hig. 19 represents another kind. In this, the 

clapper is led from the fly, bed; the axis 
e fly rests in a small hole on the top of the 

ட pillar, ef; the upper part of the ax 
freely in, and is supported by, hole in th 

ee Bells offthe gamut tones are place ‘ound 
‘the board, hiK. Remove the prime conductor, 

_ and place this தரல் in its stead near the: cy- 
_ Inder: when this is in action, it will cause the fly 

to turn round, the clapper will strike each bell in 
rotation, and thus produce a pleasing and harmo- 
nious sound, 

Exrertment xuvi. Take ten or twelye 
pieces of thread, each about ten inches long, tie 
them together at the top and the bottom, as in 

Fig. 20, then stispend them from the ட 
ம ஸ்  



164 ENTERTAINING EXPERIMENTS 

the threads, when electrified, endeavour to recede 
from each other, and the knot at the bottom rising 

upwards as the repulsion of the thread increases, 
will form them into a spheroidal figure. ர 

Expsnimenr xnvir. Ping feather. Bring a 
downy feather, or lock of cotton, near the end of 
an excited tube, or the knob of a charged Leyden 
phial: thefeather will at first fly towards the tube, 
but when it is saturated with the electric matter, 
it will recede from it, and may be driven about 
the room by the excited tube, till it touches some 
non-conduetor, to which | it Can impart its electri- 
city. The same side of the feather is always 
turned towards the tube; because the electricity 
acquired by the feather is forced, by the action os 
the tube, to that side which is farthest from it, 

is therefore repell 

easy to perceive, from this and the fore- 
going experiments, that it is not the mere matter 

which is attracted, but that the different pheno- 

mena are occasioned by the state of the electric 
fluid, in those substances which are ப by 
the machine. 

Expermtenr xuvitt. Dancing balls. Put a 
pointed brass wire into one of the holes which are at_ 
the end of the conductor, hold a glass tumbler over 
the point, then cleetrify the conductor, and turn 
the tumbler round, that the whole interior surface 
may receive the fluid from the point; place a few  
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small pith of elder, or cork balls on the table, and 
cover them with this glass tumbler; the balls will 
immediately begin to leap up and down as if they 
were animated, and will continue to move fora 
Jong time. See fig. 21. 

This experiment may be agreeably varied with 
two tumblers, Electrify the inside of one posi- 
tively, of the other negatively; put the balls in 

tumbler, and then bring the;mouths of both 
contact, the balls will pass from one to the 

oun till the contrariety between them is de 
stroyed, த் 
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CHAP. VIL. 

THE PROPERTIES OF BLECTRIC ATTRACTION 

AND REPULSION, ILLUSTRATED BY EXPERI-~ 

MENTS ON LIGHT BODIES. 

Narunar philosophers were originally incited to 
consider the nature of clectricity from its strong 
attractive and repulsive powers, “The phenor 

exhibited by those mysterious propertics are so 

various and so pleasing, that they were led, as by 
enchantment, to pursue! the subject; and have 

been richly rewarded by the discoveries, which 
are both interesting and important. . 

The powers of genius have been exerted with 
industrious ardour to investigate the cau 
those properties; but they are still involved in 
deep obscurity, and we are still, totally ignorant 

of that mechanism by which light bodies, when _ 
electrified, approach to or recede from each other. 

To enter into’a discussion of the difficulties,* 
which perplex this subject, would lead me too far 

* © Qui pourroit concevoir qu'un corps agit ot i ne'est pass 
sans ancun intermede? Denx particules de matiere sont a cent 
milles licures, ou a cent milliemes parties d'un ligne de distances 
Yun de Vautre, sans auctine communication materielle entrelles, 
et-aVorcasion de Vane Vautre se mouvroit!!" De Luc, Lettres 
Physiques, &e,  
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from the design of this Essay; I shall, therefore, 

proceed to state those general properties or modes 
of action, which are observed in electric attraction 
and repulsion, and then describe the experiments 

-operties have: J deduced, or 
which they are illustrated. 

9 

GENERAL PROPERTIES OF ELECTRICAL AT- 

ficilitate its transmis rough them, with the 
greatest velocity; in proportion to the 
gravity of the body, its. ந்தன power, and 

ie state of the air. 

oot oe 
4, Bodies electrified by contrary powers attract 

‘each other strongly. 
5. Bodies that are electrified attract those sub- 

stances which are not electrified. 
6. Those substances that are brought within 

the influence of electrified bodies, become pos- 

sessed of a contrary clectricity; gr, electrified 

substances, without parting with, their own clec- 

tricity, act upon other bodies in their neighbour- 

hood, producing in them an electricity which is  
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contrary to their own; or bodies which are im- 
merged in an electric atmosphere, always become 

possessed of an electricity contrary to that of tho 
body in whose atmosphere they are immerged, 

The experiments described in this chapter are 

simple, easily performed, and certain in their re 

sults; and, though they may at first peg 
டடத ம attentive examination, 

found of considerable” importance, as 

to investigate and explain a va~ 
ric phenomena, and exhibit, in a 

of negative and positive ¢ 
_ These experiments a all be ae with a small 
and portale apparatus; consisting generally of 

two small brass tubes or cylinders, as A and B, 
de 1, fig. 22; each of these is supported on a 
ir, which serews டல லவா; 

a pair of small pith balls suspended on linen 
threads, as 1, K, fit upon each tube by means of a 
small brass ring; these tubes, with a piece of seal~ 
ing-wax or a glass tube, are sufficient to illustrate 
the greater part of the experiments in this chapter, 
as well as some of the principal phenomena in 

electricity. 
‘The apparatus will be rendered more complete, 

when it consists of four brass tubes with their” 
stands. 

Mr. Wilson, ina masterly tract on this subject, 
entitled, «A Short View of Electricity,” has, with  
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a similar apparatus, explained and illustrated all 

its general principles. ம் 

EXPERIMENTS ON THE ராம நரகமா... 

ty POWERS. 1 

Exparrenr xu1x. ‘Touch & pair of insu- 
lated pith balls'with an excited glass tube, they 

ified, and will” 

are therefore attrach 
pelled by excited glass: 

As those light smb: 0 
same electric po ] each other; we can 
easily discover cig. ‘they are electrified posi-” 

Chae negatively, by presenting an excited stick | 
of sealing-wax or glass to them. If they 

J “tracted by the glass, they are negatively, 1 
by it, they are positively” ‘ified: on th 
trary, if repelled by the excited wax, they are 
gative, if attracted, positive. 

‘Tn ascertaining the nature of the electric powers, 
we must avoid bringing the bodies to be tried near 

‘each other suddenly, or one with a strong elec- 

tricity near another which is weakly so; as it may 
render the experiment doubtful, by attracting and 
not repelling the light body. 

# A round stick of sealing-wax, about twelve or fifteen inches 
Jong and at least Bue inch in diameter, 12 an meu article for 
producing negative electricity... Evsr.  
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Exrertenr t. Hold an excited glass tubal 

over one of the brass tubes, but at some distance 
from it; part of the natural quantity of electricity 

_ contained in த brass tube will be driven into ita 
pith balls that are annexed to it, by the excit 
glass, the ball€iwill diverge with positive clectrie ஜி 

city? remove the excited glass, the balls will then — 

lose. 

in its place, ‘hel 

oe ee வ ப அப ன 
but close when the electric is removed; the other 

is called the sphere of communication, in which the 
force acquired by the balls remains after the ex- 
cited electric is removed. 
Exvertment 11, Electrify the pith balls that _ 

are suspended from the brass tube A, jig, 275 
then bring the end of this ‘tube in contact with 
the end of the tube B, the balls of which are un+ 

electrified: "the stock of electricity given to the  
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tube, A, will be equally divided between each pair 
of balls, those of the tube, B, will open, and those 
of A will close a little, 
Expentmenr ur. Eleetrify the tubes, Aand | 

B, fig. 27, equally and with the same power, put 
the ends of the tubes together, and the diver- 
gence of the balls'will not be altered. 
Exrerrwent tut Electrify the tubes equal- 

ly, but with the difforemt powers, one with glass, 
theother with wax; bring the ends of the tubes 
in contact, and the ballSwill close, 
We learn from these experiments, that the po- 

sitive and negative powers 
whence, if both*are applied at the same time to 
any body, the electricity it aequires will be only 

  

punteract each other; 

the difference of the two, and consequently that 
of the strongest. * 

Exrrrimpyt rv, Holdan excited glass tube 
to one of the brass tubes, touching this tube at 

the same time with your finger, part of the natu- 
ral quantity of the electric fluid resident in it will 

be forced by the excited glass tubeinto the fingers 

remove at the same instant! the finger and glass, 

and the balls will remain negatively electrified. 
Expert™eng uv, Place the brass tubes, A 

and B, ig. 22, in a straight line, with their ends 

in contact; hold the’ excited glass over the tube 

A, part of the electric fluid naturally resident in 

this will be driven into B: separate the tubes, the
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balls of A will be ne; 
in a positive state; bring them teeta again) 

and the balls will. close. 

rubey A, was i 

ey were bought toget 
stored) evineing, that 

stantly join, and becoming ‘equal, do not ae 
any, sensible action. ் 
Exrerimenr tyr. Insulate a long metallic 

rod, suspend a pair of pith balls from each end of 
it, place one of the ends at about two inches from  



positively, as will be seen” 
பிய விபட, ம்மா, 

glass is removed, the oyer- 
_of course return, and diffu: 

tube: but, as this is not 
Joss sustained, the h 
be in a negative state.* 

a 
ச ரளி Short View of Blectricity, p. 7.  
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Exvrrimenr nr, Place three tubes, A, ர, 
C, fig. 25, im a line near to or in contact with 

each other; excited glass held over A forces ont 
| part of the natural quantity of fluid contained in 
‘A, into B and C; separate A from B and ©) 
Avwill be clecttified negatively, B and C will be 
in a positive state. Put the three tubes into theit | 

formér situation, the equilibrium will be restored, | 
and the Balls will collapse 

Experivten? cx. Place four tubes, as A, B, { 

C.D, fg 26, in contact with cach other; ex- 
cited lass held oyer A fees part of the fluid 

contained in it into £ , the quantity received in B 

will force ont a certain portion from C into D; 
the moment before’the excited glass is removed 
from A, separate B and D from A and G, after 
which it will be found, that.A and C 2 
gatiye, and B and Dim a positive state-- 
‘Exventmenr Ex. Excited glass held at 

about one inch distance from the end, B, of a 
solid cylinder of glass, BD, plate 3, jig. 28, 
which is six feet Iong, and about half an inch 

diameter, will force part of the fluid at the end B 
towards the remote end D; but, in doing this, 
the natural quantity belonging to the glass will 
undergo several alterations, which are discovered 

* Wikon's Short View of Electrici 

+ Tid,  
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by the effect an excited glass tube has on a num- 
ber of pith balls, which are suspended at equal 
distances from each other, between B and D; in 
a little space of time, the electricity of these is 
‘hanged, those that were ண வரகலளி து 
gative, and those that were negative will become 
positive. 

If the excited g! 

  

  

   

    

      

in going towards D, 
the density of thé fluid in 
tions will b டம் 
little time, will alse ; 

Te may be inferred from experiments, that 
whenever the electric — any body becomes 
suddenly more dense in ay one part, the fh க 
the’ See will be more rare, 
versa, These alternate @hanges of rarity and 
density must, from the tiature of an elastic uid, 
continue to oscillate many times backwards and | 
forwards before the fluid can beat rest; though, 
when these motions are weakened to a certain de- 

gree, they are imperceptible to the observer.* 
Most of the preceding experiments may be made 

with cylinders of wood or glass, instead of brass. 
When glass is used, it must be kept dry and not 
disturbed by friction, 

  

    

   

. 
* TF ilsoa's Short View of Electricity, p. 18.
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It is not improbable,» that the attractive and 
fepulsive motions of electrified bodies are owing 

to the alternate condensation and dilatation of the 

electric fluid on the surface of thes bodies, as 

they are naturally carried where they meet with) 
the least resistance. 

That there is a vibratory motion or struggle 

between the dectri¢ fluid, when in action, and 

the air, is@vident from that sensation which is felt 

when a sttongly excited electric is brought near 
any part of the human body; and is such as 

would be occasioned by a spider's web drawn 
lightly along’ the singe ‘ire i 

rendered more clear by ai experiment made: by 

Dr. Priestley, in order to discover whether 8205 
tricity Was concerned in the freezing of water. 
Expenimunr ட two dishes 

with water in the open/air in the time of a severe 
frost, one of them he kept strongly cloctrified, 
and could observe no difference in the time when 
it began to freeze, or in the thickness of the ice 

when it had been frozen for some time; but he 

observed on each side of the electrified wire, the 

same dancing vapour which is seen near the sur- 
face of the earth in a hot day, or at any time near 
a body strongly heated. 

An electric substance contained between pa- 

rallel surfaces, however disposed, is called an 
electric plate. 
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Exeertenr ixit.. Electrified substances 
will attract those which are not clectrified, al- 
though a thin electric plate be interposed betyeen 
them. 

ஓஒ... Bodies Baceise aah 

   

feontrary powers attract each other strongly, male ர 
though an electric plate be interp between 
them: and, indeed, all those phe 
‘depend on thes inflaene i 
pheres may be ‘produced, « Aa is 
interposed between the bodyiand excited electric. 

Thea aboye-men| speriments shew clearly 
that electrics are ® by the separated states 

     

  

   

        

of th 4 vents have been intro- 
duced before in another rk of this work, 

To account for any Phenomena: of aie 
tric attraction a 
more so to she} ie 0 டட are டா 
with the sanie power, repel €ach other, particularly 

those which are negatively electrified. Philaso= 

phers haye inyented various solutions of this diffi- 

culty; the following is esteemed the best. 

« * To understand why bodies possessed of the 
same electricity repel each other, the reader must 
be reminded of the following principle, vis. that 
the electric Auid, proper to a body, can neither be 
augmented nor diminished on the surface of that 

* Cavalle's complete Treatise of Blectricitys p. 110. 
ச 

ena, which:
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body, except the gaid surface is contiguous to 
வத பட்ட whieh can acquire a contrary electri- 

from whence it follows; 
displayed on the facing 

which are sufficiently neat 

it repel each other; 

diminished quantity, ‘of 

the ‘electric fig i in these a. ‘endeavour to 
diffuse itself equally oy tof the surfaces 

‘of these bodies, and this endeavour will cause the 
“bodies to recede from each other, so that 
tity of air may be interposed between their sur- 
faces suflicient to aequire a contrary electricity, 
at a little distance from ithe said surfaces; other- 
wise, if the bodies possessed of the same clectri- 

city ௨0% repel each other, so that a sufficient _ 
quantity of air may be interposed between their 
surfaces, the increased quantity of electric fluid, 
when’ the bodies are Geotiied positively, or the 
Temnant of it, when டல் are electrified nega-  
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tively, cannot be diffused equally over’ the surfa- 
ees of these bodies; for no electricity. can appear 
upon the surfaces of bodies iit contact, or 
yery near cach other: butt 

(JBttracting the particles of matter, 
diffuse itself equally Over the 

| bodies, and the bodies are’ by 
forced ro repel each other.” 

« * The diffic 
this theory, whicl 
ther, which 

  

    

    

     
   

   

  

   
   
   
   

  

negatively electrified 
till the electricity is 

faces, yet when this 

  

[ought tor othe 
Fequally diffused over thei 

is accomplished, the 
Further, there ig(Mo: re: the 
electrification 16" hile the bodies are 
in contact, or nearly so. One may be electrified 
negatively in one corner of a tom, and another 
in the other., The electrification may also be 

continued for any length of time we please. So 
that the electric matter must haye diffused itself’ 
equally over the surfaces of Both: Yet) if we 
attempt to bring these bodies together, they will 
repel each other, which ought not to be the case 
on the preceding: supposition.” 

* Encyclopedia Britannica, p. 2683. 

M2
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“| * Positive electricity has been supposed by 
er to (consist of a vibratory motion in the 

which the force of the 

lectricity there is also 
the: force is directed in- 

sther, and 
oer Tf a body ele 
near the first, the force of the vibration 
opposed to cach othe: 

recede from each 6 ‘The case is the’same 
with two bodiés negatively electrified: for’ here 
the vibration being directed towards both bodies, 
as towards two Centers, must cause them to recede 
from each other, becanse if they remained in con- 
tact, the ‘vibratory motions would interfere with 
‘each Other, 

* Endyelapeedia Britannica, p. 2699.  
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s When a small body is Brought within the 
sphere of another's electricity, the equable pres- 
sure of that vibratory or electrical sphere is some- 
what lessened upon thé Sid@ near which the body 
is brought, and it is therefore inppelled towards 
the first by the action of the surrounding fluid, in 
order to keep up the equilibrium. As soon as it 
arrives there, the vibrations of the fluid around the 
first body being conimunicated to that within the 
pores of the second it aéquires a re of elec- 
tricity as well asthe fivsij and is consequently 
repelled: the x ues till the vibration 
ceases, i of the air, or by the 
body comingin eomlact With another larger than 
itsclf, in which case its electricity is said to be 
discharged. If after this discharge, the second 
body is still withingthe sphere of ‘the’ first, it wilt 
be immediatelygatimacteds and very soon after re- 
pelled; and so on alternately, till the electricity 
of the farmer totally ceascs,” 

From several experiments of Beccaria’s, it ap- 
pears that, if the air is thoroughly exhausted from 
a glass receiver, the attraction and repulsion of 
electrified light bodies within the receiver grows 
languid, and soon ceases altogether. This is 
confirmed by an experiment of Mr. Cavallo’s. A 
pith ball clectrometer mgs suspended within a re~ 
ceiver of an air-pump, by its brass cap; this was 
then electrified; the balls diverged 4 little when 
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the air was only rarefied 100 times; when it was 

rarefied $00 times, the repulsion was scarce dis~ 

; when the rarefaction was greater, they 
iverge at sally and that, whether a small 

© quantity of electricity was communicated! 

exp 
7 

EXPERIMENTS ON THE ATERACTION AND RE~ 
Be EXCEPED SIL RIBBONS. 

Expentment txy. Put et oud வ 

ribbon together, and di 
gets, by this operation’ th 
electrified positively, the % 
will consequently attract each other. 
Bxreniment uxvi. Lay either of the rib- 

bons upon-a quire of paper, over it am- 
ber, sealing-wax, or ete electric, 
the ribbons will be exeited positively. 

If positive clectries are drawn over the ribbons, 
they will be excited negatively. 
Exrsnimenrixvir, A piece of flannel/and 

a black ribbon™will excite as well together as a 

black and White ribbon. 

Exprerrmenr t&yrit. Dry two white silk 
ribbons at the fire, extend them on any smooth 

plane, draw the edge ole sharp ivory rule oyer 

# Phil, Trans. vol. 73, p. 452.  



them} while they continue on!the plane they do 
not seem to have acquired any: electricity, yet 

perceived between து but, when 

they are again put on the plane ஙு i 

ceived without it a second friction. 5 
Place the ribbons on a 

bstanice, rub them as before, 
gration, shew contrary 
disappear when they 

த the uppermost being posi- 
t negatively clectrified. 

் ite tibbons receive their fretion 
a rough surface, they always acquire contrary 

r icities; ரா அதது negatively, the lower 
one positively 

Experiment? 1xx. When two ribbons are 
made to repel each other, draw the point of a 
needle lengthways down oné of them, and they 
will rush together. 

Exrrrtmenr Lxxuy Bring amelectrified rib- 

bon near'a small insulated metallic plate; it will 
he attracted but feebly; bring a finger near the  
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pe) a. spark will be observed wd them, 

draw the ivory rule over ee , 
singly, andeach will give as 

one mass, which is 
கவன். ம ் 

} Bxrerntent கலய Let them be plac 
on a rough sons sul ce, and then 

separated singly, beginning the lowermost; 
sparks appear as before, but all’ the ribbons will 
be electrified positively except the uppermost. If 
they receive the friction upon the rough conduc~ 
tor, and are all taken up at once, all the interme- 

diate ribbons acquire the electricity of the highest 
or lowest, a as the separation is begun 
with thg highest or the lowest. 

The following: very curious observations and 
experiments were-made|by Mr. Synmer. He had 
been accustomed towear two pair of silk stock- | 
ings, a black anda white; when these were pulled  
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off both together, no signs of ABetvicity-appeareds 

on pulling off the black ones fromthe 
da snapping or cracking noise; a 

a 
it was only necessaty to 

aa 
ite and black ae 

ப “to each other, they are mutually at 
and rush together, if permitted, with 

violence. As they approdeb, the inflation 

- gradually subsides, and their attraction of forcign 

objects diminishes, but their attraction of one. 

another increases; when they actually meet, they 
become flat and joined close together, like so 

many folds of silk; when separated again, their 
* clectrie virtue does not seem in the Jeast impaired 

for having once met. ‘The same appearances will 

be exhibited by them for a considerable time.  



 



 



small, ricity, ¢ 

considerable distance, 
when it is strong, 

cater distance, it  
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probably, because the more fluid electtic matter 

ta. coe i through the denser 

mew condi பர் 
pete the prime conductors injorderto 

, the sparks rill be short na “dense,” 
‘produce a_considerable sound. If Tess 

passes:to it fraiche prin 

of air, with a hissing or rustling noi 

eater ‘space, but silently, and nothing is seen” 
small. light upon, the point. If a similar 
issue from the prime conductor, and the 
ated conductor be round’and polished, the 

_ same effects happen in Tike ‘situations; but, if 
both be pointed; the electricity is more readily ~ 
discharged; and, in all these cases, the appear- 
ance of the electrie matter at the point of the 
prime conductor will be that which is peculiar to 
its ‘electricity—a large divergent cone, if posi- 
tive; ‘a smnall globular light or cone, if negatives 
and the light at the point presented fo the prime  



8 toute spark, or the” 

iors he — open for 
“through ts substaed’ (6 also shews 
‘Ticty of experiments, that the air is d 

every ion by the electrie fui 1 
| the aetion of which does not immediately subside. 

Te will appear from this, as well as many other 
considerations, that the exceeding great velocity 
and strength of the eleétric fluid are not owing to 

a repulsive:power-among its particles, but to the 
“mutual action Of the air and electric fluid upon 

themselves and On another; and that its momen- 
tum is produced by theinenmbent pressure of the 
atmosphere on the electric fluid, and the pressure 
of one part of this:matter upon another. This 
latter presstire must Be very great, if the particles  
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of the electric fluid are in contact,. or act ‘is 
diately one on the other throughout the wide 

ly condense it is agian and. 

t of the sun, த 
‘part of an electric spark often ap- 

diluted, andiof a, red’ or violet colour; the 
ore vivid and white, probably becanse 

test resistance at its 

XPERIMENT Exxv. 
minous. Place an ivory ball on the conductor, 

strong spark, or pass the charge of a Ley. 
jar through the center of it the ball will ap- 

pear perfectly Juminous, “If the charge is not 
_ taken through the center, it will pass over and | 
corrode the surface of the ball. 

Experiment xxvi. I oblain a crimson co- 
Joured spark. Take a spark through a ball of box 
wood, and it will appear of a beautiful crimson, or 
rather a fine scarlet colours, or the shock may be 

passed through pieces of wood of different thick-  
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nesses and density, which will afford a very ainple 
field for observation and experiment. 

‘The ‘two foregoing experiments are so anala- 
experiment of Mr. Hute/ 

 Gxeanrmmes, txxvir. Mr. Hotwksbe sa 
more than half the inside ofa glass 

“and his hand. ‘The lining of wax, where 
i Swould but jastallow the light ee 

geen through it in the dak. In some 
phe wax was at least an eighth part ofan 

aneh thick; yet, even in those places, 
arid figure of his hand’were as distiniguishable as 
any where clse: 

6 Beccaria aout an. clectric shock through 
» some brass dust, sprinkled between two plates of 
sealing-wax; the whole was rendered perfectly 

| Tominons and transparent. 
Experiment? txsyin, The singer rendered 

luminaus, This extraordinary experiment was 
made by Dr. Priestléy, and is thus described by  
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him. TI laid a chain, which was in contact with 
the outside of a jar, lightly on my finger, and 
sometimes kept it at a small distance by means of 
a thin piece of glass. If Tmadé thesdischarge at 
the distance pf about three inches, | ‘the deci 

was visible on the surface of the finger, giving it 
a sudden concussion, which seemed-to make it 

vibrate to the very bone; and, when it happened . 
to pass on that side of the finger which was oppo- 
site to the eye whole seemed in the dark 

perfectly transps a 
Exrerimenr ந 

ter luminous. Cor 

   

    

   
    

    

make a bottle of wa- 

end of a chain with 

the outside of a charged jar, let the other end lic ] 

on the table, place the of another piece of 

chain at about one quarter of an inch distance, 

from the former, then set a’decanter of water on 
these separated ends; and,»on making the dis 
charge through the chain, the water will’ a appear 
perfectly and beautifully luminous. 

Do not these experiments indicate, that there is 
a subtile medium both in electric and non-electric 

bodies, that renders them transparent when itis _ 
put in motion? 4 

EXprexiMpNT LXXX. Green cand red sparks. 

‘The sparks taken over a piece of silver leather, 
appear of a green colours and oyer gilt leather, of 
a red colour. ஜ் 

ட தப் 
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Exerniment txxxt. With the spiral tube, 
BP, plates, fig. 31, is a glass tube, round which at 
small, but equal distances from each other, pieces 
of tin-foil are pasted in a spiral form, hence it is 
ealléd the spiral tube, from end to end; this tube 
is inclosed in 4 larger one, fitted with brass caps 
at each end, which are connected 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 sparks from it, a beautiful and 

lucid spot will then be seen at each separation of 

the tin-foil: these ee were, the sparks 

“taken from the conduetors for, if there was no 

break in the tin-foil, the electric fire would pass 
off unpereciyed. 6 
Exprnimena txxxir. The honin word, 

This experiment is exactly onthe same les 
fas the foregoing. The word is formed by the 
stall separations made in the tin-foil, which is 
pasted on a picce of glass that is fixed in a frame 
of baked wood, as is represented in fig. 32. To 

make the experiment, hold the frame in the hand, 
and present the ball, G, to the conductor; the 

-spark 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 ap- 
pearance at each Jbreak exhibits a very brilliant- 
word by sparks of fife.  
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Esrentwenr uxxxnt, Tovtake the electric 
spark with a metal point. Serew'a pointed brass 
wire into one end of a spiral tube, and present it 
to the conductor while the machine¥s in action, 
when a strong spark will pass between the’con- 
ductor and the point. x 
Exparivenr rxxxtv. “4 strong spark ob 

tained by a point. Take a clean diy glass tube, of 
about a quarter of an inehsbore, insert a pointed 
wire in this tubesgkeep the pointed end at some 
distance from ‘the | of the tube, let the other 
end be connected ground, bring: the for- 

1 mductor, and strong 

zig-zag sparks, attended witha peculiar noise, will 
pass between the condutor and the point. 
Exrermment uxxxy, Spiral illumination. 

Take a round board well'varnished, aud lay on it 
achain in a spiral form; let the interior end/of 
the chain pass through the board, and connect it 
with the coating of a large jar; fix the exterior 
end toa discharging rod, and then discharge the 

   
    mer towards the 

   

jars a beautiful spark will be seen at every link*of 
the chain: The illuminations to beyproduced by 
a chain are capable of an infinite yarigiy of modi- 
fications. 4 

ExprriMens pxxxvi. Luminous discharger. 
Place spots of tinfoil, at equal distances from 
each other, on a piece of bent glass, andi let the 
ends of the glass be farnished with brass ball§, and 

ச 3: 2.
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a glass handle be fixed to the middle of the bent 

glass. The instrument will serve as a discharger, 
and gt the same time exhibit, at cach separation 

of the tinfoil, the electric light. ‘The same end 
is answered by connecting an iron chain with the 
two balls. க் 
கவை நய ம. [wnination by a re- 

volumg spark. Fig. 98, plate 5, represents several 
Spiral tubes placed round a board; a glass pillar is 
fixed to the board, and on ilar is cemented 
a metal cap, earrying a sl point; a brass 
wire, furnished with a end and nicely 
balanced, is placed on : place the mid- 
‘dle of this wire under a ball proceeding from the 
conductor, so that it’may receive a continued 

bee mm, the ball; ed give the wire a rotative 
motion, and the balls in revolying will give a 

* spark (each ball of the spiral tube, which will be 
communicated from thence to the board; form- 

ing, from the brilliancy of the light and its rapid 
motion, a very pleasing experiment. 

All these experiments on the interrupted spark 
may be pleasingly and beautifully varied, and the 
spark mada to appear of different colours, at the 
pleasure of the operator. 

Fig. 92 represents a small glass tube, stopped at 
one end with’ a piece of cork; k, a wire passing 
through a piece of Cork, fitted into the other end 
ofattube; thé upper ‘part of the wire is furnished 

    

    

        

>
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with a brass ball, the end of the wire within the 

tube is bent at right angles to the rést of the wire. 
Exreniwens ixxxvirn, Db peeforate « glass 

bottle by the electric spark. © Take out the upper 
cork and wire; pour some salad oil into this tube, 

and then fit in the cork and push down the wire, 

so that the end of it may be near or rather below 

the surface of the oil; present the ball'tewards-a 
prime conductor, holding the finger, 6r any other 
non-conductor, opposite thé bent end of the wires 
and, when a sparks passes from the conductor to 
the brass ball, ane ill pass from the end of 

the wire and perforate the glass: the oil will be 

   
    

   

  

curiously agitated, 
‘This experiment appears tore beautiful when it 

is made in the dark. After the first’ hole is made, 
turn the end of! the wire round towards another 
part of the glass tube, and a second hole may be 
made in the same manner. 

Mr. Luillen produces yery considerable effects 

by passing the shock through’wires that were in 
serted in tubes filled with oil. “The spark appears 
larger in its passage through oil than when’ it 
passes through water, 

Mr, Filette filled a dish of metal ட oil, and, 
when he had electrified the dish, he plunged a 
needle into the oil, and received a very strong 
spark’ as soon as the point of it came within a 
small distance of the dish. A ‘sthall cork ball
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being made to swim in this oil, upon the ap- 
proach of the thick end of the stalk of a lime, it 

plunged to the bottom, and immediately rose up 

பலரின் Between the pieces of tin-foil, in 
Experiment 62, forms a resistance which hinders 
the immediate reception of the electric fluid, and 
thus, im sétie measure, prevents the common ac- 
tion of the point on the conductor; or, the power 

of a point, to prevent an explosion, depends on 
its haying a perfect uninterrupted metallic “com 
munication with the earths though this is not 
always’ sufficient, as may be een by Experiment 
63, where the fluid is Concentrated and collected 

by the non-conducting substance which surrounds 
the point; a case similar, in many respects, to th 
conductors which are erected for the preservation 
of buildings. 

PHOSPHORIC EXPERIMENTS. 

Exprniment 2xxx1x. Phosphorus illumi- 
nated. Take-some of the powder of Canton's 
phosphorus, and, by means of a little spirit of 
wine, stick it all over the inside of a clean glass 
phiel, them stop the bottle, and keep it from the 

light. Toilluminate this phosphoras, draw seve- 
ral strong sparks from the conductor, keeping the 
phial about two or three inches from the sparks  
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so that it may be exposed to their light; the phial 
will afterwards appear luminous, and remain so 
for a considerable time. 
Expenimen xc. Cut out in pasteboard, or 

soft wood, the figure of a crescent or any of the 
planets; cover this equally with thé white of an 
egg beat up till it is quite smooth, oyer which sift 

the phosphorus through a fine lawn sieve, then 
let it dry, and blow யகது fi ‘ 

  

   

  

    

     

  

    

beautifully luminouss 
to hold the directors 
phosphorus, for if it pa 
of the powder in the 
torn off. 4 ் 

Place a small key on the phosphorus, and d 
charge a Leyden phial oyer the phosphorus, 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 seen. 
As the experiments on phosphorus are in i 

selyes exeeedingly curious, and appear to mé to 
be intimately connected with the nature of clec- 

tricity, 1 hope I shall not be thought to have 

deviated too far from the subject of ssay, by 

introducing some experiments of ilson on 

this subject; the more so, a8 1 t ‘éducing the 

  

   
  



200 + PHOSPHORIC EXPERIMENTS, 

இ colours is by no means difficult, as little 

are ie. to, they wi 
colours, after they are 

= surface of this shell, ad அவள் 
where the colour-making parts predominated, he 
Brought the end of a metal rod, and then con- 
nected the two metals properly with the coatings 
of a charged phial, in order to discharge the fluid, 
In this circuit there was left designedly an inter- 
yal of about three inches, unoccupied by metal 
andi next one side of the glass; the discharge was 

* made by completing the circuit with metal where 
the interval was left. The shell at that instant 
was lighted “up to an exceeding great advantage,  
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s0 that all the colours appeared perfectly distinct 
and in their respective: places, answering to their 
different colour-making parts. ‘These - colours 

tinued visible several minutes, and, when they 
ae to appear, a white purplish light oecupied 

which lasted for @ considerable time: 
Me hstanding this experiment was re- 

fi peated with the same and other shells, the colours 
continued in their esbeciive places, and nearly of 
the same degr Niancy; excepting, that in 
or near those pa 6 explosion took place 
a few scales were!dri 

ExpEnimen? XC Siting. spirit of sine 
by the electric spark Le ‘person stand on the | 
‘insulating stool, and connect himself By a wire or 
chain with the prime conductor, he will then 

் exhibit the same appearanees which’ are obtamed 
m the conductor, and will attract light Bodies, 

give the spark, &e. and thus afford a pleasing 
mode of diversifying every experiinent. It is ab- 

_ solutely necessary, to the complete success of this 
_ experiment, that no part of the eloaths touch the 

floor, table, &c. and that the’glass feet be carefully 
dried: a sheet of dry brown paper placed dnder 
the stool, will be found of considerable service, by © 

rendering the insulation more complete. 
Tf the insulated person lays his hasd on the 

eloaths of one that is not so, especially if they are 

woolen, they will both feel, as it were many pins  
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LEYDEN Jans CONTRARY STATES. 

the knobs of tw@ijats, one of which is charged 
the other negatively, and will in a 

charge them, 2 
rexxvirt. A ball suspended on 

silk, and placed between two brass balls, one 
proceeding from the outside, the other from the 

e of a Leyden jar, whem the’ jar is charged, 
I fly from one knob t@ithe other; and, by thus, 

conveying the fire from: ‘to the outside 
of the jar, will soon discharge it. ~ 
ExrertMent xxix. An insulated cork ball, 

after. having received a spark, will not play be- 
tween, but be equally repelled by two jars which 
are charged with the same power, 

ExvertMent oxxx. At plates, fig. 58, a wire 
is fixed to the under part of the insulated coated’ 
Jat; be, another wire fitted to, and at right 
angles with the former, a brass fly is placed on 
the point of this wire; charge the jar, and all the 
time the’ jar is charging, the fly will turn round; 
when the jar is charged, the needle stops. Touch 
the top of the jar with a finger, or any other 
conducting substance, ‘and the fly will turn again 
till the jar is discharged. ‘The fly will electrify @ 
pair of balls positively while the jar is 
and negatively, when discharging. 
Experiment cxxxr. Place aclean, dry, and 

excited pane of glass, about one “foot, square, on 
an insulated box with pith balls; itwill cause the 
balls to diverge with positive electricity, and they  
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will continue to repel cach other upwards of four 
hours in dry air. When the balls come together, 
remove the glass, and they will open with nega- 
tive electricity; replace the glass, and they will 
close; remove it, and they will open again; and 
thus alternately, as long as any electricity remains 
in the glass. 
"If the pane of glassybe placed in a frame of 
wood, and alight pith or cork ball be laid on its 
surface, on presenting towards it thejend of a 
finger, or the point of a pin, the ball will recede 
from them with a yery brisk motion, and may 
thus be driven about on the surface of the glass, 
like a feather inthe air, by an: The 
ball being deprived of its electricity by the pin, 
it instantly flies to that part of the glass which 
attracts it most forcibly: ப் 

"Po excite the pane of glass, lay it upon aiquire 
of large paper, well dricd, and then rub it with a 
piece of clean dry flannel. 

  

HE CONTRARY STATES OF THH DIFFERENT 
SIDES|Of A LEYDEN JAR, AND THE DiREc- 
TION OF THE ELECTRIC FLUID IN THE 

CHARGE AND DISCHARGE THEREOF, INVES- 
_ £1GATED BY THE APPEARANCE OF THE 

ELECTRIC LIGHT. 

We have already observed, that the different 
appearances of light on clectrified points, were
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“deemed a criterion of the direction of the electric 
fluid; that the luminous star shews a point in 
receiving the electric matter, whilst the luminous: 
brush or cone indicates that it is procceding from 
a point. 

We shali now examine the state of the different 
. sides of the Leyden jar by these appearances. 

Experiment exxxit. Screw the jar, I, om 
the insulating pillar, and the pointed wire into 
the hole g, place another pointed wire at the end 
of the conductor; bring the knob of the jar near 
this wire, and then turn the cylinder, a pencil of 
rays will diverge from, the pointed wire in the 
conductor to the knob of the jar, at the same time 
another pencil of rays will diverge from the point 
at the bottom into the air, Sce fig. 50. 

Repeat this experiment with the negative con- 
ductor, and a luminous star will appear on the 
end of each wire. © 

EXPERIMENT Cxxx11r. Screw a pointed wire 
into the Knob of the jar, see jig. 51, charge the 

jar positively, the fire willybe received from the 
conduetor by the pointed wire, and appear there 
as a luminous star, while the wire on the outside 

of the jar will throw off a diverging cone. 
Fig. 52 represents ‘the foregoing appearances 

reversed, by chargiig the jar negatively at the 
positive conductor. 

a2
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This experiment may be further varied, by ap- 
plying the jar to a negative conductor. 

Experiment exxxiy. After the jar is 
charged, as in the foregoing experiments, turn 
that wire from the cylinder which before was 
nearest to it, then put the machine in action, and 
the 'afflax and efflax will be more apparent than 
Defore; one point throwing off, and the other 

receiving the fluid with extreme avidity, which 
" willin a litile time discharge the jar. 

_ Expenrment exxxv. Charge the jar as be- 
fore thenit யு h the wire whieh is connected with 

, and the opposite wire will 
Nes) but if the positive 

side is touched, 'a Juminous cone will only be seen 
on the other wire, . 

Experiment cxxxvr, Fig. 53 is anelectric 
jar; BB, the tin-foil coating; C, a stand whieh 
supports the jar; D, a socket of metal which 
carries the glass rod, E; a curved metallic wire, 
pointed at each end, is fixed to the end of the 
rod G, which rod is moyeable’ at pleasure in a 
Spring tube, Nj that tube being fixed by a socket 
upon the top of the glass rod 1, the charging wire . 
communicates with the different divisions of the 
inside coating of the jar by horizontal wires. 

Place the jar as usual, and put the machine in 
action, a small Inminous spark will appear upon  



point is then receiving electricity san 

ring of the coating on the outside of the 
jars a fine stream or pencil of rays will at the same 

fly utifully 
of the wire, F, upon the bottom ring of the 

ting he jar; when these appearatices cease, 
ஜி they will as soon as the jar is charged, let a 
டளப் wire be presented towards the prime con- 
ductor, this will sob discharge the jar silently, 
during which the lower point will be illuminated 
with a small spark, while the upper point of the 
wire will throw off a pencil of rays, diverging to- 
wards the upper ring of the coatings 
Exrrrtment exxxvir, Take a Leyden jar, 

the neck sof which should not be very broad, ‘set 

the coating on the conductor, and charge it nega- 
tively; when charged, if not too dry, the npper 

edge of the coating will throw off one oF more 
brushes of light into the air, which will visibly 
incline towards the charging wire of the jar, and 
sometimes actually reach it. Present the knob 
to the prime conductor, and charge the jar posi- 
tively; a small spark of light will first appear on 
the edge of the cork in the neck of the boitle 
through which the wire’ passes, after’ a few turns 

of the cylinder; this spark becomes a brush, dart- 
ing out from the cork, and gradually lengthening  
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till it forms an arch, the end of it extendi 
downwards till it reaches and touches the { r 
the toating. If the jar ro 

tively chee: jar ee give eet ‘its knob. 
to an excited stick of wax, while no spark will 
pass between it and om excited glass tube. 

Exprerimment cxxxix, An analysis of the Ley- 
den jar, by neans of the Leyden vacuum, E, fig. 49. 
Serew this on the insulated | stand, with the 
pointed wire from) the bottom. Fig. 56 repre- 
sents the appedrance of the fluid on the points 

when the jar is charged negatively, at a conductor 
loaded with positive electricity. 

Hig. 67, the appearances it displays when it is 
chat'ging positively at the same conductor. 

Hig. 59, plate 4, is the same jar charging po= 
sitively at a negative conductor, Fig. 60, it is 
charging negatively at the same conductor. 
Expsrimenr cx. Fig. 61 represents the lu- 

minous conductor on the insulating stand. Sct 
the collecting point near the cylinder, and place 
the knob of an uncharged jar in contact with the 
ball, or hang a ehain from it to the table, and on 
working the machine, the ball will be enveloped 
ina dense electric atmosphere, If the point be  
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ught in contact with an insulated rubber, and 
a communication is made from the ball to the 
table, the atmosphere will be on the point in the 

If a jar positively charged be presented, 
appearances in the tube will be as delineated 

But, if a jar negatively charged be 
lied, the appearance will be as in fg. 61. 
tube, when mounted on its insuladng 

aia may be used instead of the prime conduc- 
tor, and all the common experiments may be per- 

formed with it, The tube will be luminous 
during He whole of the operation. 

OF THE DIRECTION OF THE ELECTRIC MAT- 
TER IN THE DISCHARGE OF THE LEYDEN 
TAR, 

Exreniment cxur, Place a charged jar on 
a stall glass stand under the receiver of an air- 

pump; as the receiver is exhausting, the electric 
fire will issue from the wire of the jar, in a very 
luminous pencil of rays, and continue flashing to 
the coating till the air is exhausted, when the jar 

will be found to be discharged, 
If the jar is charged negatively, the current of 

fire will appear to have a different direction from 

that which it had before. 
> From this experiment we may infer the effects 

‘of the atmospheric pressure upon the charge of  
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the Leyden jar, and learning that it is the natural 
boundary to every charge of electricity we can 

| give; and, consequently, that a jar would con- 

tain double the charge; in air doubly condensed, 
as it does in the common atmosphere, since it 
would increase the itensity of the clectric atmos- 

phere. Kine ols 
: Expeniwen® cxurr. Place a small lighted 
taper bétween the two balls of the universal dis- 
charger, then piss a very small charge of a posi- 

tive jar through them, und the flame of the taper 

will be attracted in the direction of the fluid to- 
wards the coating, Sce fig. 63, 

Exr@nimenr cxrur. Lbesame small charge 
from a negative jar will reverse the appearance. 

Tn both these experiments it is necessary to use 
the least charge that can be given, just sufficient 
to leap the interruption in the cirenit. 

Exrenimenr cxirv. Place a card on the 
table of the universal discharger, and bring one of 
the points under the card, then connect this point 

with the coating of a jar positively charged; place 
the other point on the top of the card, and at 
about an inch and an half from the former row 
complete the cireuit, by bringing a discharging 
rod from the last wire to the top of a jar, and the 
electricity will pass through the upper wire, along 

the surface of the card, till it comes to the point 
which is underneath, where it will make a hole in  
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the card, and pass through the wire to the coating 
ofthe jar, See fig. G4. 
Experiment cxny. Four cork balls, A, By 

C, D, being placed at equal distances from each 
other, from the balls of the discharging rod, and 
from the coating of a positively charged jar; on 
‘making the discharge, the ball A next the rod 
was repelled to B, which was again repelled to C; 
C remained immoyeable, and D flew to the:coat- 
ing of the jar. 

Expaninena extvi. ‘Takeacerd, and paint 
both sides with cinnabar about the breadth of the 

finger, fix this card vertically by a little wax on 
the table of the ouniversal discharger, let the 
pointed end of one of the wires touch onc side of 
the card, and the end of the other wire the oppo- 

site side; the distance of the points from each 
other must be proportioned to the strength of the 
charge: discharge a jar through the wires, and 

the black mark left by the explosion on the eo- 
Joured band, shews that the electric fluid passed 

from the wire communicating with the inside of 

the jar to that which communicates with the out- 
side, against which it makes a hole.  
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EXPERIMENTS WHICH SEEM TO MILITATE 

AGAINST THE RECEIVED THEORY OF ELEC- 

TRICITY. 

Experiment oxiv1 Let the surfaces of an 
electric plate be very slightly charged and insu- 

lated, let an interrupted circuit be formed, the 
two powers will be visible, illuminating the points 
of the interrupted circuits, and each power will 
appear to extend further from the surface conti- 
guous to it, the stronger the charge that is com- 
municated to the plate; but, if the illuminations 

on each side meet, there will immediately follow 
an explosion of the whole charge. The length of 
the interrupted cireuit used for this experiment 
was twelve feet.* 

Experiment cxiviir. Ifa cylindrical plate 
of ait, contained in the receiver of an air-pump, 
be charged, it is observed, the more air that is 

exhausted from between the surfaces, the more 

easily the powers will unite. 
Experimen@ ¢xurx, If an exhausted re- 

ceiver be made part of the electric circuit, and 
the charge should not be sufficient to cause an 

explosion, an clectric light will appear to proceed 

* Aiweod’s Analysis of a Cousse of Lectures, p. 121.  
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it ட... from the parts communi- 
the negative and positive surfaces. 

riMpNT ct. Let a coated jar be set on 
stand, and Ictats knob be touched 

knob of another jar negatively clectrified; 
1 spark will be seen between them, and 

he insulated jar will beinstantly ne- 
“gatirely electrified.* 

Fasten a pith ball genes by a little wax 
fo the outside coating of a jar, charge the jar 
slightly with poBitive electricityy and set it on an 
insulated stand, the ball will either not diverge, 
or only avery little;, bring the knob of a jar, 
which is strongly charged with positive electricity, 
near the knob of the former, and the balls will 
diverge with positive electricity. 3 
பமந மயா. Let the same jar, with the 

pith balls affixed to its outside coating, be slightly 
charged negatively, and then insulated, bring the 
Knob of a jar, which is strongly electrified nega- 
tively, to that of the insulated one, and the pith 

balls will diverge with negative electricity. 
Experiment cuir. Charge a jar positively, 

_ and then insulate it; charge another strongly with 
negative electricity, bring the knob of the nega- 

tive jar near that of the positive one, and a thread 
_ will play between them; but, when the knobs 

1 ® Encyclopaedia Britannica, vol. iv. p. 2098,  
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toych cach other, the threads, after being at- 

tracted, will be repelled by both. The negative 
electricity is some how superinduced on the posi- 
tive, and for a few minutes after they are sepa- 
rated, both will appear negatively electrified; but 

if the finger. is brought near the knob of that jar 
on which the negative electricity was. superin- 
duced, it Wwill”instantly be dissipated, a simall 
spark will strike the finger, and the jar will be 
positively charged as before! 

Some of the positions which support the Prank- 
Tinian’ Hypothesis have been already considered; 

we are now at @ proper stage for pointing out 
those def cies Which haye'been observed in 

other parts of it. To support this hypothesis, it 
is necessary to maintain, that glass, and other 
elecinic substances, though they contain. a great deal 
of eleettic mutier, are nevertheless tupernenble to it, 

Fhis position appears contradictory at the first 
view; for it is not easy to conceive, that amy sub- 
stance ean be full of a fluid, and yet impermeable 
by its especially when a considerable quantity of 
this fluid is taken from one side and added to the 
other: and, what is more surprizing, the thinner 
the glass, and the less quantity it is capable of 
containing, the more we are able to put into it, 
and the stronger will be the charge.* 

% Eneyclopedia Britannica, p.-2687.  
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‘The following, among other experiments, has 

the impermeability of glass. Let a coated jar be 
set upon an insulated ey the knob of 
another coated jar be மாமதி it near it; for every 
ஜக் discharged from the prime eonduetor to the 
knob of the first jar, a spa 

   

     

   
now, @ common பலம். 

the ao runs thro 

are te to ‘com r 

we cannot from this ; ments த் 
clude : that. glass is எண்று. except we 
pose Hee coc matter tobe aecumulat one 

  

never bes Deen proved: it has inde 
ff glass were permeable to this fluid, it 

could neyer be charged; but this rests wholly on 
' the supposition that there is an accumulation of 

the fluid in bodies positively electrified, and a de- 
ficiency in those whieh are negatively so.* 

Mr. Wilson, to prove the permeability of glass, 
took a very large pane of glass a little warmed, 

   

  

* Eneyclopeedia பக பத த ௮ 2 

ஜ். 
been adduced as a strong argument in fayour 6ம் 
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and, holding it upright by one edge, while the 
‘opposite edge rested upon wax, he rubbed the 
middle part of the surface with his finger, and 
found both sides electrified plus; he accounted for 
this from the electric fluid passing through 

glass from his finger, But Dr. Priestley says, this 
appearence ought: to take place on Dr. Franklin's 

principles; for, the fire given to the glass by the 
finger on onc side, repels an equal quantity from 
the other, which stands as an atmosphere, so that 

both sides appear positively electrified. Mr. 7Vil- 
gon tried zlso another experiment, which seems 

decisive than the former. Haying by him 3 
, one side’of which was rough and 

jo0th, he rubbed it on one sides upon 

doing this, both sides were electrifiéd minus. 

Dr. Priestley attempts to reconcile this to Dr, 
Frankiin's hypothesis; as the electric fluid con- 
tained in glass, says he, was kept equal on both 
sides by the commom repulsion. If the quantity 
‘on one side is diminished, the fluid on the other 
side being less repelled retired inward, and leaves 
that surface minus. But surely those words mili- 
tate strongly against the system he means to esta- 
blish. The quantity of fluid in one side being 
diminished, that on the other, he says, retires 
inward. But into what does it retire? If into 
the substance of the glass, then is the glass per-  
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meable by it, which is the Meee thing Dr, Priestley 
argues against.* 

‘DR. GREY ON THE PRANKEYNIAN EXPLANA- 
TION OF THE LEYDEN JAR. 

Dr, Franklin, in various parts of the first'volume 
of his, experiments and obsetvations, asserts, that 
the natural quantity of electric fluid in glass can- 
not be inereased o¥ decreased; and, that it is 
impossible to add any to one surface of a plate or 
jar, unless an equal quantity be at the same time 
given out from the other surface. This error has 
been adopted by succeeding electricians; among 
others, by the late Mir. Henley, who, in one of his 
last. pape printed inthe Philosophical Transac- 
tions for the year 1777, has the following words: 
** According to Dr. Franklin’s theory, the same 
quantity of electric matter which is thrown upon 
one of the surfaces of glass, in the operation of 
charging it, is at the same time repelled or driven 
out from the other surface; and thus one of the 
surfaces becomes charged plus, the other minus; 
and that this is really the case, is, I think, satis- 

factorily proved,” &c. 
Beccaria also has adopted the same opinion, 

saying, that a quantity of excessive fire cannot be 

* Eneyclopoedia Britannica, p. 2688,  
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introduced into one surface, but in as much as ar 
equal dose of natural fire can quit the other sur- 
face. ம் 

These assertionslate, I apprehend, directly con- 
trary to, what really happens; instead of \ 

imited degrees which 
jon to the. quantity of mat-) 

ut is, celeriy puribus, in 

its knob to the prime conductor of an 
machine, if then the machine be put 
a certain quantity of electric fluid, agreeable te 
the above-mentioned law, is added to the natural 
quantity belonging to the inner surface of the j Jar. 
After which, if the fi finger, or any other conduct- 
ing substance, be presented to the outer oating 

the jar, a i quantity of electric fluid, nearly equal 
to that thrown in, comes from it. But, this de- 
parture of the electric fluid froin the outside of  
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Us6 jan, cannot beias Dr. Frankie supposes ft, 
the cause which. permits the addition of fluid to 

the inside, but is merely the consequence of the ¥ 
action of that superfluous intity which was _ 
thrown ins and the operato® may, if he ரல 
instead of taking the electri 
side of the jar, take out agai 
knob, nearly the whole o ப vad 
which he could nat d 

already gone from th 
the quantity னல pe 6 
from the outside of the jar, 

nearly restored, anothe) qu 
again be ‘added to th 

    

          

    

    

  

        

‘ged. 
we other ways of charging coated glass; 

be allowed that the charge, in the fore- 
going instance, is produced in the manner I have 

supposed, it will not, I think, be disputed that 
all other charges are produced by a similar alter- 
nation of small quantities; this, however, will ap- 
pear more clear from the following observatioi 
on the manner in which the discharge is pros 
duced. ec 

ட ல் 4 
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When the astonishing velocity 
charge of a jar or, battery moves thi 
siderable space is considered, it may at 
pear impossible, “that the discharge should be 
made by the alternate giving and receiving such 

small ae as those by which the 

matter will, I think, shew that it rot possibly 

be brought about any other way. 
T presume it will be granted, that the charge of 

ajar, in discharging, either நட it call at 

it wentin. To ரம் any intermediate manner, 

would neither lessen: the difficulty, nor would 
it be consonant to any of the known laws of clec- 
tricity. 

If then the whole charge leave the jar all at 
once, there must be a point of time at which the 
jar will be without any electric fluid, either on 
one side or the other; nay more, suppose a large 
jar or battery to be discharged by means of a few 
inches of thin wiré, diere will then be a point of 
time at which the whole quantity of electric fluid, 
which constituted the charge, must be contained 
ina piece of wire, weighing only a few grains. 

Now, if it be considered, that time, like matter, 
is infinitely divisible; may we not rather suppose, 
that the discharge of a jar is nothing more than  
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an inconceivable rapid succession of such small 

quantities as may be sent off, without causing 
such a destruction of the equilibrium as the laws 
of electricity seem not to admit.* ‘Lo this we 

may add from other experiments, that one side of 
a charged electric may contain more of one power 
than is sufficient to balance the contrary power 
on the other side. For, if a charged jar is insu- 
lated, and the discharge is made by a discharger 
with a glass handle, after the explosion, the dis- 
charger and both sides of the jar will possess a 
contrary power to that obtained on the side of 
the jar which was touched the last before the dis- 

charge, 

  

A DESCRIPTION OF A VERY PORTABLE Ok 

‘POCKET ELECTRICAL APPARATUS, BY THE 
EDITOR. 

Various substances, besides glass, have been 
used by electricians for the excitation or collec- 
tion of the electric fluid: ina large machine, 

glass has decidedly the preference; for a small 
apparatus, resin, lack, baked wood, silk, brown 
paper, &c. Dr. Ingenhouz, who many years'ago 
invented the glass plate machine, contrived a 

portable apparatus for charging a small phial by 

* Dr. Gra’s paper, Philos. Trans. part 1st, 1788. 
R22
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means be a Varnighed silk ribbon ல to ‘ts 
friction of a rubber attached to 2 

ng, while the opposite electric 
taken off by a metallic part communicating 
the inside. With some small variation, I have co 
structed this apparatus, and made it capable 
tolerable strong charge or accumulat 

‘tricity, and to give a sinall shock to ‘one, two, 
three, or a greater number of persons. 

Plate 5, fig.99, A is the Small Leyden os 
jar that Holds the Charge: Biis the dischar 
discharge the jar, when required, without ee 

ing the 4 nm that holds it; Cis a varnis 

I ited, and communicate its elec— 

tricity to the jar; D are two hare, &e. skin rub- 
bers, which are to be placed on the first and! 
middle fingers of the left hand. 

_ Place the two finger-caps, 
D, on the first and middle finger of the left 
hand; hold jar, A, at the same time at the 
edge of the coating on the outside, between the 
thumb and first finger of the same hand; then 
take the ribbon in your right hand, and steadily | 
and gently draw it upwards:between the two rub- 
bers, D, on the two fingers, taking care at the 
same time the brass ball of the jar is kept ட 
elose to the ribbon, while it is passi 
the fingers. = By repeating this operation twelve 

or fourteen times, the electrical fire will pass into  



POCKET ELECTRICAL APPANATUS, 261 

the jar, which will become charged, and by 
placing the discharger, C, against it, as shewn in 
the figure, you will sce a sensible spark pass from 
the ball of the jar to that of ‘the discharger. If 
the apparatus is dry and in good order, you will 
hear the crakling of the fire when thé ribbon is 

passing through the*fingers, and the jar will:dis—_ 
charge at the distance represented in the figare. 
To electrify @ person, You must desire him to 

take the jar in one hand, and with thé other touch 
the knob of it; or, if diversion is intendec 

the person to smell at the knob 
tion of smelling the scent of arose or a pit; this 
last made has. occasioned it sometimes to he called 
the magic smelling bottle. me 

Mr. Cavallo describes a still more simple ap- 
paratus for producing the clectric charge, thaygh 
not so portable as the above, which he calls the 
self charging Leyden phial, and thus deserih 

“© Take a glass tube of about eighteen inches 
in length, and an inch, or an inch and an half, in 
diameter. It is immaterial whether ost of its 
ends be closed or not. Coat the inside of if with 

tin-foil, but only from one open extremity of it to 

    

    

   

about as far as its middle; the other part, whieh 
remains uncoated, we shall call the naked part of - 
the instrument. Put a cork to the aperture of 
the coated end, and let a knobbed wire juss
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through the cork, and come in contact with the 

coating. The instrument being thus prepared, 

hold it in one hand by the naked part, and with 

the other hand clsam and dry-rub the outside of 

the coated part of the tube; bat, aftereyery three 
or four strokes, you, must remove the rubbing 
hand, and must touch the knob of the wire, and 

in so doing a little spark will be drawn from it, 

By this medns, the coated end of the tube will 
gradually acquire a charge, which may be, in- 
creased to a considerable degree. If then you 
grisp the outside of the coated ead of the tube 
with one hand, and touch the knob of the wire 

with the other band, you will obtain a shock, 820. 
© Tn this @xperiment, the coated part of the, 

tube answers the double office of electrical machine 

and of Leyden phialy the naked part of it being, 
only 8 sort of handle to hold the instrument by. 

‘The friction on_ the outside of the tube accumu- 

lates a quantity of positive electricity upon it, and _ 
this electricity. in’ virtue of its sphere of action, 
forees out of the inside a quantity of clectricity 
also positive. Then by taking the spark from the 
Knob, this inside electricity, which is by the coat- 
ing communicated to the knob through the wire, 
is removed, consequently the inside remains un- 
der-charged or negative, and of course, the posi- 
tive clectrioity of the outside comes closer to the 
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sitrface of the glass, and begins to form the eharge, 
By farther rubbing and taking the spark from the 
knob, this charge is increased, &e. 

« Instead of a tube, this instrument may be 

constructed with a pane of glass; in which case-it 
will be rather simpler, but it cannot be, managed 
so casily, rior of course tab it be charged go high 
as the tube. “A piece of tin-foil must be-pasted in 
the middle of only one surface of the panc) leay- 
ing about two inches and an half 6r three inches 
of uncoated glass dll tound, This done; hold the 
glass by a corner, with the .. from yee 

and with the other hand 
and take the spark from the in-foil பலம் 
until you think that the glass may be sufficiently 
charged; then lay the glass with its uncoated side 
fiat upon one open hand, and, on touching the 
tin-foil with the’ other hand, yon will receive the 

shock.” 

‘The electric power of a charged jar ‘may be 
conyeyed to any distance, and its effects have 
heen found tobe instantaneous in going through a 

conducting wire of several miles, which connected | 
the two coatings of a jar; but it is somewhat 

‘weakened by the length of the circuit. 

For mere entertainment, a person might he 

electrified at the door of a room or house. A 

chain or wire “connected with the outside coating 

of a jar should secretly go-along #lfe floor, under 
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the door, and lay on the ground close to the 
outside of the door, another chain or wire fast- 

ened at one end to the knob of the Jock, and at 
the other end tovan insulated wire or director, 
‘Then, at the instant of the pérson’s attempting to 
open the door by his hand at the knob, the dis- 
charge of the jar is tg be made by bringing the 
insulated wire to the ball of the jar; the fire will 

pass from the jar, வரித் the wire, to the hand of 
the person, ahd through him, to his feet and the 
wire on the லம் communicating with the out= 

   

   

side o giving him the shock. 
El t ought of as the means of 

conv quick “intelligence from one 
“For this purpose Mr. Cavallo 

has made several experiments, and from’ which 
probably some use may de derived. The hest 

means he found was by inflaminable air; and the 
following is his description of thé method which 
he found to succeed best, and by which means 
gunpowder or other combustibles may be certainly | 
fired from the, distance of two or three hundred 
feet; and probably from a much greater distance, 
without danger to the operator, or without any 
loss @f time; for the inflammation will take place 
at the m@ment that the knob of the charged jar is 
நாகல மர fo the extremity of the long wire. 

* © Thesinflammable air must be contained i ina 
two @r thrce’ounce phial, such as is used for
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medicines, which must be prepared in the follow- 
ing manner: Turn the phial with the bottom 
upwards, and by striking the apex of the conical 
cavity with a pointed thick, wire, a hole will be 
made in the bottom of the phidl. In this hole 
a piece of thin wire must be cemented, so as to 
project about an inch within the phial, and_its 
external part must be bent ee ee of 4 hook.’ 
A very sound cork must be fitted to the mouth. 
of the phial, and another piece of thin wire must 
be passed through. it, so as to cee within the 
Phial, and (6 come with itsext 
taneé of about the fortieth | 
the extremity of the wire that 
hottom. The external part of this wit 
cork should be about two or three feet in Jength. 
The phial being £ thuS prepared, yemove the cork 
from it, and plase it inverted for about fear er 
five sceonds of time} over the mouth of another 
large phial full of inflammable air; then slip it off, 4 
and cork it up as fast’as you.can. By this means 
a certain quantity of inflammable airwillbe in 
troduced, which, by mixing with the common air | 
contained in the phial, will form a compound 

clastic fluid, which is so ready to take fire, that, 

if the least clectric spark be passed frost wire to 
wire through the phial, the air will 4nstani 
plode, and the cork will be pushed"ont of it with 
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violence, The long wire of ‘communication is 
prepared in the following manner: ் 

« A pieceof annealed copperor a of 

© about a fiftieth or forticth’ part of an inch in dia. 
meter, being stfetched from one side of a 

6 5 uccessively from one 
the other by means'of the flame of a can: 

1 pigee of iron; and, as you ‘proce’ 

candle, ub ‘ales of pitch over the heated 
ae aM beh the w wire Been ட் i 

\ be easily made, to 
this ragsancther coat oi 

ba brush, the pitch being 
in or othr convenient vessel, 

nd layer of pitch must be covered with 
a stip 6f woolen, cloth, which must be fastened by 
meaugof a needle and thread, Lastly, the cloth 
must be covered with a thick coat of oil paint, | 

"and when the-peint is dry, the covered wire may | 
be used for the experiment. In’ this manner 
many ypieces of wire, each of about twenty or 

thirty feet in length, may be prepared, which may 
afterwards be joined togéther, so as to form one 

மர்மம் metallic ன தத வழ ப must 

| ப் of oil-silk over the painted cloth, round the  
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two contiguous extremities, and binding it with 

thread. When along wire bas been thus made 
cout of the various short pieces, let one end of it, 
purposely left out beyond the fore-mentioned 
envelopes, be formed into a ring, and to the other 
extremity adapt a small brags ball. 

“In order to perform 'the experiment, lay the 
wire upon the ground in any direction, fasten the 
hooked wire of the phial that contains the inflam- 
mable air to the ring at one end of it, and ptish 

the extremity of the wire that comes out of the: 
cork of the said phial about an‘ineh or two into 
the ground, hen; if you bring the knob of a 
charged Leyden phial in contaet with the ball at 
the other extremity of the long’ wire, the inflami- 
mable air will explode immediately, and the cork 
will be pushed out of the neck of the phial. 

* Por this purpose a Leyden phial, that contains 
about one square foot of coated surface, ‘will be 

found to be quite sufficient, when the distance 
between the operator and the spot in which, the 
inflammation is to take place doesnot exceed 
200 feet. For greater distances it wil be neces 
sary to use Leyden jars of proportionably larger 

size. ‘ 

   

   

« Thus we have shewn how inflammable air may 
be fired; but, in order to set fire to gun-powder, 
the only addition which needs he made, is to 
surround the cork and neck of the phial with
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loose cotton, that has been previously filled with 
pounded gun-powder, from which a quick match 
may be continued, &c. for, when the cork is 
pushed out of the neck ofithe phial by the explo- 
sion of the inflammable air, a flame comes out 

which has power sufficient to set fire to the gun- 
powder in the cotton I have sometimes put a 
sinall quantity Of cotton rubbed in gun-powder 
into the phil “of isfammable air, besides the 
cotton on the outsides but it is he: no means 

   
      

nvenience which I haye found tof 
attend #1 ribed ‘methodiis, that some- 
times the ¥ we Of the inflammable air in 
the phial sn ich an alteration as to lose its 
inflammability; in which ease the experiment will 
not be attended with the desired effect. Bat this 
degeneration of the inflammable air does seldom, 
if ever, take place in less than two or three days, 
@nd sometimes not even in a fortnight; so that’ 
one may be sure that the experiment will answer 
within 24/0r S0%hours; and it is probable that it - 
will answer “within two or three days. Et is im- 
material whether the phial be left attached’ to the 
cdi on the ground all that time, or be fast- 

to it the moment before the time of inflam- 

] f this experiment be tried without any inflam, 
mable air in the phial, the only effect will be, that 
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a spark will be seen between the two wires in the 
phial at the moment that ‘the.charged jar is ap- 
plied to the knobbed end of the long wire, By 
sending a number of sparks. at different intervals 
of time, according to a settled plan, any sort of 
intelligence might be conyeyed instantaneously 
from the place in which thé operator stands to the 
other place in which the phial is situated, With 
respect to the’ greatest distance to which such 
communication might be extended, I can only 
say, that I never tried the experiment With a wire 

®©f communiGation longer than about 95) feet; 
but, from’ the results of those:     
lieve that the fore-mentioned sort of mmunica- 
tion might be extended to two or three miles, and 
probably to a much greater distance.”* 9) - 

* Cavallo on Wectricity, vol. iii. ற 285, et seq 

 



OF THE ELECTRICAL RATTERY, AND TH} 

FERAL EXPLOSION OF CHARGED ie 
a 

ந் increase the foree of the electric oy 
several Leyden jars are connected together ina 
box; this collection is termed an electrical bat- 

tery. mF 65 டம one of the most approved. 

ox is covered with tin-foil, 

erior coatings; the inside coat- 

‘connected by the wires a, b, c, 

d,¢,f which meet in the large ball A; C isa 
hook “atthe bottom of the box, by which any 
substance may be connected with. the outside 
Goating of the jars; a ball, B, proceeds from the 

Vinside, by which the circujt may be conveniently 
completed. ‘The following precautions are ne- 
cesgary t0/bé attended to by those who make use 
of an electrical battery. 

Zo Keep the top and uneoated part of the jars 
dry and free from dust; and, after the explosion, 
to connect a wire from the hook to the ball, 

whieh should be left there till the battery is 
eharged again, which will totally obviate the in- 

; 
3  



கடுக நதா... நர 

‘ Blas ட்ட jars of a theme battery olde 
‘ime of the explosion} it has, been recom- 

not to dischargela battery through a 
ductor, except the cireuit is at least five 
but what is gained on one hand by this 

ற்கு isdost on the other; for, by lengthening 

the circuit, the force of the shock i is sueskened 

Proportionably. + ் 
ட ட. 

to break by an explosion ey jars 
of green glass, fabricated at Neweastle 
had no opportunity to make any opts on 
this glass myself, - 

The force of a battery may be considesly 
inereased by concentrating the spark from the 
explosion, which is effécted by causing it to pass 
through small, circuits of non-conducting sub- 
stances. By this means the re: ல் i 
through which the spark is to pass, thay be so. 
es as to augment its power, - If the spark 

Sart to pass through a hole in a. ve  
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one-twelfth orone-sixth part of an inch in digs 
moter, it will be less dissipated, more compact 
aid powerful. If the part round the hole is 
wetted with a little water, the spark, by convert- 
ing this into vapour, may be eonveyed toa greater 
distance, with an igerease of rapidity, attended 
witha loader noise than common. 
+ Mr. Worgan, by attending to these, and some 

other circumstances, has’ melted wires, &c. with 

    

  

sinalb jars. 

Exprnimenr curt. To make wire red lot. 
Pass the'ch f a strong battery through two! 

appear r 1 
redness will proceed regularly towards the other 
end... - 2 ae 

Exbuitiarnweniv, Top 
chargé a battery through a quire of paper, a per- 
foration will be made through it; each of the 
leaves is protruded by the stroke from the middle 
towards the outward leaves, 28 if the fire darted 
‘both ways from) the center, If the paper is very’ 
dry, the fire meets with moxe difficulty in its pas- 
sage, and the hole is small. If that part of the 
Paper, through which the explosion is made, is 
wet, the hole is larger, the light more vivid, and 

the explosion louder. 
Expenmbne cry, Togive the magnetic power. 

The discharge of a battery through a small steel 
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needle will, if the charge is sufficient, communi- 
cate magnetism to the needle. 
Experiment cuvi. To invert the magnetic 

goles, The discharge of a battery through a small 
and slender magnetic needle, will gerterally de- 
stroy the polarity of the needle, and sometimes 
inyert the poles thereof, “Do succeed im this cx- 
periment, it is often necessary to pass: seyeral- 
strong charges through the needle, before it is 
removed from the cireni 

It appears from Beccaria’s experiments, that the 
magnetic polarity, which is communicated to the 
needle by electricity, depends om the position of 
the needle when the charge is sont through it, 
and is not regulated by the diredlion of the elee- 
tric matter in entering the needle. 
Exrenimun® Ouyit. Aftvood on electric perfo- 

vation, Let a quire of paper be suspended by. a 
line in the’ manner of a pendulum from any con- 
yenient altitude, so that its plane may be vertical, 

Let the largest charge from a battery be caused to. 
pass through it, while quiescent in an horizontal 
direction perpendicular t6 the plane, the rods of 
communication not t6uehing the paper. Dhe 
phenomena are, first, the aperture heretofore 
mentioned, the leaves being protruded both ways 
from the middle: second, not the smallest mo- 
tion is communicated to the paper irom the force 
of the discharge. 
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A quite of the thickest and stro 
made use of for this experiments 
which it was suspended, ர 
extraordinary appearance hypotl 

single cleotic fluid, that « force, suffici 
penetrate a solid substance of great tena 

cohesive force, should not commu 

smallest ‘motion to the paper, when a 

ir would canse some sensible vibrati 5 

But this difficulty is not unanswerable: for ௩ 

velocity may be assigned, with which a body im- 

pingés against and passes through a pendulum of 

any given weight and resisting force, so that a 

smaller angular yelocity shall be communicated to 

ityehan any that shall be proposed; and we know 

no limit to the yelocity of the clectric power or 

powers, But the other phenomenon, 7, ¢. the 

‘opposite direction in which the leayes are pro- 

truded, tends very much to, strengthen the opi- 
nion of two opposite currents. Perhaps either of 
those phenomena, considered simply, may admit 
of an easy solution from the hypothesis of a single 
power; When they are taken both together, it 
seems more difficult to zeconcile 1 
with matter of fact. a 

Exvermtenr cryin. | Tp mels a wires Dis- 
chitge a battery through a slender piece of wire, 

* Ahids Analysis,  
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ew gr. one-fifticth of an inch in diameter, the 
wire will be broken to pieces or melted, so as to 

fall on the table in glowing balls, 

‘When the wire is melted in this manner, the 
spatks fly frequently to a considerable distance, 
being scattered by the explosion in all directions, 
_If the force Of the battery is very great, the 

will be entitely dispersed by the force of the 
explosion... Small particles of sueli substances as 
cannot be easily drawn into wire, as’ platina, 
grain gold, ores, &¢. may be placed in a groove 
of wax, and then put-into the eireuitsvif avdis- 
charge of sufficient strength: is passed through 
them, they will be melted. 

The forve, by whieh ப வன் ட 
battery, varies with the length of the circuit, as 

the fluid meets with more resistance in propor- 
tion as the passage through which it is to pass is 
longer. Dr, Priestley could melt nine inches of 
‘small iron wire at the distance of fifteen feet, but 
at twenty feet distance he could only make six 
inches of it red-hot; so that metals resist with 
considerable force the passage of the electrie fluid, 
and therefore in estimating the conducting pow- 
‘ers of different substances, their length must be 
particularly attended to, 
Experiment curx. Inclose a very slender 

wire ina glass tube, discharge a battery through 

this wire, and it will be thrown into globules of 
s2  
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different sizes, which may be collected from the 

inner surface of the tube: they are often found to 

be hollow, and little more than the scoria of the 

metal. 

Many experiments have been mace, in order to 

try the different conducting powers of metals, by 

passing the discharge of a battery through them; 

“put it has not yet been. determined, whether the 

greater facility with which some metals are ex 

ploded depends on the case with which the fluid 
passes through them, or whether it proceeds from 

the degree of résistance they make to its passage, 

of froma want of ductility in the metal, which is 

therefore less capable of expansion. 

ட ட டட. Discharge a battery? 

through a chain whieh is laid on paper, and black 

marks will be left on the paper in those places 

where the rings of the chain touch each other; the 

rings will be more or less melted at those places. 

Experiment exx1, To stain glass. Take 

two pieces of window glass, of about three by two, 
inches; place a slip of brass or gold leaf bebween 
them, Heating the metallic leaf out beyond the 

glass at cach end; them place the two pieces of 

Glass in the press of the universal discharger; pl. 2, 
fig. 35 bring the points of the wires ET, EP, 
to touch the ends of the leaves, and pass a dis- 

_ charge through them, which will force part of the 

metal into zhe glass, and stain it with a colour  
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which differs from the metal that is made use of. 
‘The metallic leaf should be made narrowest in the 
middle, beeause:the force of the electric fire is in 
proportion to its density, whieh is increased when 
‘the same quantity of fire is compelled to: pass 
through fewer conducting particles. 

‘The explosion in melting the strips of leaf. 
&c. renders them non-conducting and less 

capable after cach discharge to transmit another, 
Some particles of the metal காக driyen into the 
lass, which is really melteds those parts of the 
metal which Tie contiguous to the glass, are the 
most perfectly fused. The pieces of glass which 

cover the slip of ictal ere generally broken to 
pieces by the discharge, 

Expgertmenr ctxir. Zp break thick pieces of 
glass. Place a thick piece of glass on the ivory 
plate of the universal discharger, plate 2, fig. a, 
and a thick pice of ivory on the glass, on Tes 
aweight from one to seven potihds is to be placed: 
bring the points of the wires, EF, ET, against 
the edge of the glass, and pass the discharge ~ 

through the wires, by, connecting’ one of the | 
wires, as EF, with the hook, C, of the battery, 
plate A, fig. 65, and forming a communication, 
when the battery ischarged, from the other wire, 

ET, to the ball, and the glass will be’ broken, 

and some part of it shiveréd to an impalpable pow- 
der. When the piece of glass is strong enough  
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to resist the shock, the glass is often marked ee 

the explosion crit the most po an 

the same as when it is pressed by the w 
and this mode is in various experiments | more. 

convenient. in 

Place a piece of very dry white wood between 
the balls of the universal discharger, the fibres of 

the wood to be in the same direction with the 

wires, pass the shock through them, and the 
wood will be torn to: pieces; or run the points 
into the wood, and then pass the shock through 
them, 
Exprriment exit. To ruise aveights. 10 

the discharge is passed undér the piece of ivory 
with the weights upon it, without any glass be. 
tween the piece of ivory and the table, GH, of 
the universal discharger, the weights ல. 
up by the lateral force of the discharge: the num- 

ber of weights must be proportioned to the force 
of thevexplosion. 
ExpERtMENT CLXTV. Lateral explosion, PLA, 

| fig..66, -arepresents an ingtlted rod, nearly touch- } 
inga வண்டிய Dis another insulated rod, placed 
ima line with and near to the former; make the 
discharge by the rod ¢, from which a chain hangs 
that does ‘not touch the bottom of the jar, and the } 
rod, d, will receiye‘an electric spark, which quits |  
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it again almost in the same instant, because the 

finest threads hting upon it will not be clectrified 
by the spark. 

‘This electrical appearance, without the cirenit 
of a discharging j 

If pieces of cork; or any light bodies, be placed 
near the explosion of a jar or battery, they will 
be moved out of their place in all directions from 

the center of the explosion; and the greater the 
force of the explosion, so much gréater will the 
distance be to which they are removed. It is 
not surprizing, therefore, that heavy bodies should 
be remoyed to considerable distances by a strong 
flash of lightning. Dr. Priestley apprehends, that 
this species of lateral force is produced by. the 
explosion of the air from the place through which 
the électric discharge passes. 

‘This lateral force is not only exerted in the 
_ncighbourhood of an explosion, when it is made 
between pieces of metal in the open air, but also 
when it is transmitted through pieces of wire that 
are not thick enough to conduct it perfectly. 
The smaller the wire is, and the greater the fu- 

sion, the greater is the dispersion of light bodies 
near it. 
நற ககக ந, சரச of laterahaibaians 

If circuits, different in length and of different 

substances, form a communication between two 

charged surfaces of an electric plate, it is ob- 

5 is called the Jeteral explosion, ° 
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seryed, the discharge will be made (॥ 
best conductors, whatever be, the length the 

others, ட 
2. If circuits of the same substance be different 

in length, the discharge will be made through the 
shortest of them. ் 

~ 3, If the circuits be the same in ever respect, 
the discharge will be made through many of them 
at the same time.* 
"If one cireuit consists of undried wood, and is 
of considerable length in comparison of another 
which consists of metal, the discharge will be 
made wholly through the latter, unless the charge 
should be yery great, in which case some small 
part'will pass through the wood. 
If a short metallic rod and any part of the hu- 

man body form "two circuits between the Same 
charged surfaces, the discharge will, in: general, 
be made wholly through the metallic rod; but, 
if the charge is very great, or if the rod is very 
slender, or if it should be yery long, in cither of 
these cases the discharge may be perceived to pass 
through that part of the body which forms one of 
the circuits, ் 
his will be the case when the 

but it may be so increased, as to. 
both the longer and shorter circuits. 

ர் அவசி Analysis, ஐ, 119, 120,  
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T have been informed by a gentleman, that it 
‘was his custom to make a variety of circuits for 

discharge of a large jar or battery; and, that 
asufficient number of these, he could in- 

e himself into one of them, and take his 
ofthe shock without ineonyenience—it even 

‘was not disagreeable; and he could by this means 

essen the'seqsation almost to'nothing. ” 
Exprrimpn? ¢txvi. Mr. Henley made a 

double circuit, the first i an iron bar, one inch 

and an half in'diameter, and half an inch thick; 
the second, by four feet and an half of small 
chain. On discharging a jar, contaming five 
hundred square inches of coated surface, the 
electricity passed in both circuits, sparks being 
visible on the small chain in many places. On 
making the discharge of three jars, containing 
together sixteen square fect of coated surface, 
through three different chains at the same time, 

bright sparks were visible in them all, “Phe 
chains were of iron and brass, of very different 
lengths; the shortest ten or twelve inchés, the 
longest many feét in length. When’ those jars 
were discharged through the iron bar before- 
mentioned, together with a small chain, three- 
quarters of a yard in length, the whole chain was 
illumined, ‘and covered throughout with beautiful 
rays, like bristles or golden hair. laying placed 
a large jar in’ contact with the prime conductor, 

he affixed to the coating of it an iron chain, which  
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was also connected with a plate of metal, on which 

was made the discharge by the discharging rods 

this done, he hooked another chain, much longer 

and of brass, to the opposite side of the jar, and 

brought the end of it within eight inches and an 

half of the metal plate. Tn contact with this end 

‘a small oak stick° wes laid, eight inches long, 

“which was’ covered with saw-dust’ of fire wood, 

On miking ihe discharge upon the: plate, both 
the chains were luminous through their whole: 

lengths, as was also the saw-dust, which was co- 

vered by a streak of light, making’a very மல்டி 

ஹவா | 
At the glass-house there is generally, made 

a number of rods of glass, about one-quarter 

of an inch diameters if these be examined nar 

rowly, several of them will be found tubular ௨) 

considerable length; the diameter of the cavity” 

seldom exceeds the 200th part of an inch. Se- 

lect and break off the tubular part, which may be | 
filled with quicksilver by sucking, care being) 
taken that no’ moisture previously insinuates it- 
self; the tube will them be prepared for 
periment. 

Experiment cixyit. Displosion of 

Pass the shock through this small thread of quick- 

% Mibokvon's Tntroduction to Philosophy, p. 413.  
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Exrenimeng cexvi. Take a glass’ tube, 
the bore. of which is about one-quarter of an inch, 
fill it with water, and stop the ends with cork, 
insert two wires through the corks into the tube, 
so that theit ends may nearly touch, make the 
ends of these part of a circuit from a batt on. 
the discharge, the water will be dispersed in every 
direction, and the thbe blown to pieces by the 

discharge. : 
‘The electric Nuid, like common fire, ‘Converts 

the water into an highly clastic vapour. Dr. 
Franklin, on vepeating this experiment with ink, 
could not find the least stain upon the white pa~ 
per on which the tube had been placed. Beccaria 
passed the shock through a drop of water, which 
was supported in the center of a solid glass ball 
between the ends of two iron wires, and the ball 
was shivered in pieces by the explosion. On-‘this 
principle he contrived what he calls an electrical 
mortar, which qwill throw a small leaden ball to 
the distance of twenty feet. It is clear, from se= 
veral of the foregoing experiments, that the elee- 
tric fluid endeavours to explode, im every direc- 

tion, the parts of the resisting substances through 
which it passes, 
Exreniment (enxix.  Wlectric earthquake. 

Place a building, which is forined of several loose 

picees of wood, on a wet board in the middle of a 
large bason of water, let the electric flash from a 
battery be made to pass oyer, the board, or over 
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the water, or over both; the water will be 
agitated, and the building thrown down. The 
report is louder than when the explosion passes 
only through the air. 

The electric fluid endeayours to pass near the 
surface of the water, where it meets with more 
resistanée than if it is forced to) pass through it, 
‘This partly arises fiom the power the electric fluid 
has of raising’ an expansive vapour from the sur- 
face of the water, which drives off the resisting air, 

A discharge passed over the surface of a piece 
of ice, will leave on it small uncqual cavities, ex- 
hibiting the same appearance a: if a hot chain had 
been placed on if, 

A discharge sent through a green a tears the 
surface in yarious directions, Teaving an image in — 
miniature of some of the effects of lightning. A 
discharge will'pass to a certain distance cover spirit 

of wine, without inflaming i it; but, if the distance 
is increased, it will sct it on fire. From hence it 

appears, that the facility with which the electric 
fire is transmitted over the surfaces of moist sub: 
stances, depends on the ease with w 
turned into paDOuESS ் 

The discharge, i in melting the parti ae me- 
tals, driyes into its passage the conducting vapours 
whieh atise from them; and in‘proportion as the 
parts of any body are more readily driven into 7 
vapour of dust, the spark will run 
distance. 

ர 
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Exrerimenr euxx. Wire lengthened. If a 
wire is stretched by weights, and a shock is sent 
through it thatwill render it red-hot, it is found 
to be considerably lengthened after the discharge, 
When the wire is loose, it is said to be shortened 
by the explosion. 
ப erxxr. Ifalong narrow trough 

of water is thade part of the cirenit in the dis- 
charge of a battery, and a person's hand be im- 
merged in the water at the time of the explosion, 
he will feel an odd vibration Water, very 
different from an electrical shock: _ Theo quick 

    

* The explosion of steel wire hae been found a Te the best 
method of measuring electricity. My. Cuthbertson from a va- 

riety and snecession of experiments las proved, that the quantity 
‘of electricity to disperse-a given portion of wire will be the same, 
even though the charged snrface should’ be greatly varied; or, 
that equal quantities of electricity in the form of a charge will 
cause equal leigths OF the same steel wire to explode, whether 
the jar made use of be of greater or less capacity. ‘The kind of 
Jar made use of Was a common one with Lanes electrometer, its 
balls being at a fixed distance, as shewn at 2 2, plale 5, fig. 60; 
the wire was of steal flattened, such as used for the spring of the 
balance in watches, about <2,, of an inch in breadth. The jar 
with the clectrometerwas applied to the condiistor; a bras ball, 
supported on an insulated stand, was placed so as to receive the 
explosion from the jar: from this ball hung a small pices of the 
above wire, confined at each'end between small forceps) and the 
Jength of the wire five inches, Gradual increases of the interval 
or length’ of spark were made, till the charge became so strong 
‘as completely to ignite the wire. ‘The lengih of the explosive 
park was Einch, See McBolen's Journal, vol, i, p.217. 

Eprr. 

      

   



386 EXPERIMENTS நாமா 

stroke from the: re-percussion of the air and ‘the 
vapour is communicated to the hand by the water, 
and the hand receives a shock similar to that re 

ceived bya ship at sea during an earthquake, 
Experiment cixxit. P: ie rings. Place 

a plain piece of metal between the points of the 
universal dischargety pass several explosions of 
battery through the wires, and the discharges wil ॥ 
gradually form on the metal different circles, 
beautifully tinged with the prismatic colours, 
The circles appeat sooner, and are closer to cach 
other, the nearer the. point is to the surface. of the 
metal, ‘Phe number of rings or circles depend 
‘on the sharpness of the point; the experiment 
therefore succeeds better if @ sharp needle is fas- 
tened to.onc of the points of the discharger. 

Several very curious experiments were made by 
Dr. Hatsen and others, to ascertain the distance 

to which the electric shock might be veyed, 
and the டப். with which it moves. Tn this 
first experiment, the shock was given ai 
fired by 5 matter which had 
veyed through the river Thames. In the 
experiment, ‘the clectric fiuid was made 
through a circuit of two miles, o 
Tiver twice, going over several gra -pits, ane a 
Tirge field. It was afterwards conveyed chrough 
a circuit of fonr miles, Tt passed over these spaces 
instantaneously as to sense. This sensible instan- 
taneity in the motion of the clectric 1  
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ascertained by an observer, who, though in the 
room with the charged jar, was at the same 
time in the middle of a circuit of two miles, and 

even by the best sald 
the electric matter has nat time: to make 

the circuit, and the jar will remain but half dis- 
charged; and there are seyeral instances where 
the motion appears slow, and not easily reconcile- 

with this immeasurable velocity; and it is 
certain, that thisifluid is resisted in its pas- 

sage through or over eyery substance. 
‘The wonderful part of the foregoing experi- 

ments will vanish, if we admit the reasoning of 
Dr. Gray and Mr. Folia on this subject; and 
the reader will find this reasoning considerably 
eee by experiments of Mr. d/coood, re- 
lated in this Essay, though it must, be owned, 
ட அத Seem to lead much further, and 

the direction of the electric finid 

னல்... Leyden jar, which differs 
altogether from the received theory.  
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CHAP. XL 

ON THE DIFFUSION AND. SUBDIVISIONS ‘op 
FLUIDS BY ELEGDRICITY. 

SWE are chichy ARMCHAIR ice Noller for 
what is known on the subject of this chapter, 
which wa investigated by him with incredible 
industry’and patience. I have only subjoined the 
principal result of his experiments, and must refer 
the reader, for a more ample account, to the) 
Abbe’s own’ writit ட 
of Blectricity. 

Electricity augments the natural evaporation of | 
fluids; since, excepting mercury and oil, all the 
others which were tried suffered a diminution that, | 
could not be ascribed fo any Other cause thaw! 
electricity. 

« It increases the டர். of those fluids mot 
which naturally tend to evaporate readily. Vola-_ 
tile spirits of sal-ammoniae lost ‘more than spirit 
of wine, this more than water,&c. 

Electricity acts strongest upon the fluids, when 
the yesscls which contain them are non-electrics, 
‘The eyaporation was greatest in the most open) 
vessels, but did not increase in proportion to thei 
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constantly Happened at the distance of half an 
inch, with a loud and full explosion. Then 
charging the jar, be brought it in the same gra- 

dual manner towards the point of the insulated 
wire, to try also at what distance it would be 

struck: but this, im many trials, never happened 
atall; the point being approached in this gradual 
manner, always drew off the charge impercep- 
tibly, leaving scarce a spark in the jar. 

‘The same gentleman connected a jar, contain~ 

ing 509 square inches of coated surface, with the 
prime conductor; see fg, 68, If the jar was so 

charged ag to raise the electrometer to 60 de- 
grees, by bringing the ball on the wire of the 
thunder-house to half am inch distance from that 
connected with the prime conductor, the jat 

would be discharged, and the piece in the thun- 

der-house thrown out to a considerable distance, 
Using a pointed wire as a conductor to the thun- 
der-house, instead of the knob, the charge being 
the same, the jar was discharged silently, though 
suddenly, and the piece was not thrown out. 

He afterwards made a double circuit to the 
thunder-house; the frst by a knob, the second 
by a sharp pointed Wire, at an inch and a quarter: 
distance from each other, but exactly the same 
height. Lhe charge being the same, ‘the knob 
was first brought under the prime conductor, 
which was balf an inch above it, and followed by
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the point at an inch and a quarter distance, yet 

no explosion fell upon the ball, as the point drew 
off the charge silently, and the piece in the thun- 
der-house remained unmoved: ல் 

He insulated a large jar, and connected by 
chains with the external coating, on one side a 

knob, on the other a sharp pointed wire, both 
being insulated and standing five inches from each 
other, and placed an insulated copper ball, cight 
inches in diameter, s0 as to stand exactly at half 
an inch distance both from’ the knob and the 
point; the jar was then charged, and the: dis- 
charge made by'the discharging rod on the copper 
ball, from whence it leaped to the knob, which 

was three quarters ofj an inch in diameter; the 
jar was discharged’by a loud-and full explosion, 
and the chain was very luminous, 

Mr, Henley suspended by a silk string from one 
end of a wooden bar, which turned frecly in an 

horizontal direétion upon the point of a needle, 
a large bullock’s bladder, gilded with leaf coppers 
the bladder was balanced by a weight at the other 
end of the arm, sce fig.71; he gave a strong 
spark from the knob of a charged jar to the blad- 

der; he then presented towards it a brass ball two 

inches in diameter, and observed that the bladder 

would come towards it at the distance of three 
inches; and when it got within an inch, would 

throw off its electricity in a fall spark, He then



328. ON THE INFLUENCE OF 

gaye it another spark, and presented a pointed 

wire towards the bladder, which never approached 

~ to the point nor ever gaye any spark, the electri- 

city being carried off, 
Exrerranr cov. Franklin's cloud. Take 

two or three fine’ locks of cotton, fasten one of 

them to the conductor of a fine thread, another 

lock to that, and a third fo the second; put the” 

machine in action, and the locks of cotton willy 

expand their filaments, and will extend themselves 

towards the table. Present a sharp point under 

the lowest, and it,will shrink up towards the se- 

cond, and this towards the first, and ull together 
towards the prime eonductor, where they will con- 
tinue as long as the point remains under them. 
Experiment cevr, Ejfect on a point of dig 

verging hair, Basten a number of fine threads or 
hair to the end of the prime conductor; when the 
cylinder is! turned, these will diverge like rays 

" proceeding from 4 center: continue turning the 
cylinder and present a poiut towards one side of 
the conductor, and the threads on one side will 

hang down and lose their divergence, but those 

on the other side will still continue to diverge; 
which shews, that the power of points to draw off 
the electricity does not extend round the eleetri- 
fied body, when means are used to keep up the 

supply of electricity. 
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ig. 72 represent an Oval board three feet long 

and two feet broad, coated on both. sides with tin- 

foil, and suspended byssilk lines from a double 
hook; this tutns on an axis, whichis fastened to 

‘one arm of a nice balance, and counterpoised at 

the other atm by a weight; part of the table un- 
derneath the boatd is to be covered with tin-foil, 

and communicate to the floor by achain: 

  

Exrinimenr cevit. Rendulons board. Con- 

nect the pendulous board with the prime conduc: 
tor by a small wire; a few turns of the machine 
will clecttify the apparatus. When 0 
ment was made, the board was attracted by the 
table at fifteen inches distance, and discharged 

itself with a strong spark, ‘The same happened 
to a metal’ ball whiclsjwas placed on the table, 
the board approaching till it was about one inch 
from the ball, and then discharging itself by a 

| spark. “Ifa point is fixed on the boardyinstcad of 
knob, the pendulous board, though it begins to 
approach, stops, at about four or five inches from 
the table, and it will not approach nearer, or 
givela’spark: a small light is seen upon the point 

in the dark. A Leyden jarqwas then connected. 
with the prime conductor; it now requires more 
turns of the machine to charge the apparatus: the 
effeet was the same as before. ‘The counterpoise 

was now held, that the board might not descend 

fill it bad’ received a full charge; when set at 
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liberty, it was not only attracted by, but also gave 
a loud explosion on the point, insomuch, that the 
tin-foil round it was strained by the overflowing 

of the fire, 

ExrerrMent ceviti. woods experiments om 
points. Tf an interruption is made im cach of two 
similar circuits, which form communications be- 

tween the charged surfaces of an electric plate, 
and if the space of air in one of the interruptions 
is terminated by points, and in the other by balls, 

the discharge will be made through the circuit of 

which the points make.a part, although the length 
of the intetmpted space of air is considerably 
greater than that in the other circuit. 

Before any discharge takes placc, the two 
‘powers are suspended’ onthe opposite surfaces of 

the charged electric. 
‘An electric plate may be discharged two ways, 

either silently in some sensible portion of time, or 
by explosion in an instant: in either case experi- 
ments abundantly shew, that, ceteris paribus, the 
discharge will be made through a pointed body in 
preference toa round termination. 
When a pointed body is presented to any 

charged surface, a cylindrical plate of air of eva- 
nescent diameter is charged with the contrary 
clectricities strongly attracting cach other through 
it; and the quantity of air being so small, there 
will be little resistance to their union; the dis
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made by explosion, in preference to 
charge, according as the opposite 

(the pointed body and the surface op- 
posed to it) are larger, ay they are nearer each 
other, and as the charge is greater; for it will be 

observed, that a point, or very small spherical 
termination, which is ina physical sense a point, 
will discharge any quantity of electricity silently 
and gradually without explosion, while it is ata 
sufficient distance from the opposite charged sur- 

4 bringing it nearer, the method of dis- 
will be altered, which will now be a sue- 

small explosions very quickly following 
each other. ‘The reason of this seems to be, that, 
when the charged surfaces are very near, there is 

not sufficient time for the contrary powers to unite 
gradually, nor snfficient room in which they may 
be diffused among the surrounding air, _ 

This is confirmed by again removing the two 

Opposed surfaces to such a distance, that the dis- 
charge may be made gradually; in this case, if 
the parts of the apparatus are so disposed by any 
‘Kind of contrivance, that the discharge must ne- 
-cessarily be made suddenly, the method of dis- 
charge will be again altered, becoming now a 

succession of explosions, instead of a gradual cur- 
rent between the opposed surfaces. This sudden- 

ness of the discharge may be effected by a proper 
ise of interruptions in the circuit: it may also be  
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caused by motion; if either surface be moved 
bri 

charge will be promoted. 
Elevaicd conductors applied to buildings, as 

securities fromthe effects of lightning, will con- 
tribute to discharge the electricity from a cloud 

that passes over them; and a greater quantity of 

the discharge will pass through a pointed con~ 

ductor, than through one which is terminated by 

a ball: but, whether the discharge will be made 

by a gradual current, or by explosion, will de- 
pend on the suddenness of the diseharge, on the 
proximity of the cloud, its motion, and the quan- 

tity of the electricity contained in it. Ifa small 
cloud hangs suspended under a large cloud. loaded 
with electric matter, pointed conductors on a 

building underneath will receive the discharge by 

explosion in preference to those termimated by 
balls, the small cloud forming an interruption 

which allows only an instant of time for the “dis 
charge. If a ‘single electric cloud is driven with 
considerable yelocity near tova pointed conductor, 
the charge may be caused to explode upon it by 
the motion of the’charged body. In other cases, 
pointed conductors contribute to discharge ௨ 

thunder cloud gradually without explosion. 
Mr. Wilson's experiments, published in the Phi- 

losophical Transactions for 1778, have contributed 

  

ly toward the other, the explosion of the



al hes அன were ட into a 
low cone, formed into an clectrified 

wid, the surfaces of the two cones being equi- 
distant, no greater discharge of the electrics 

(| would follow, than if the two conical surfaces had 
heen plain, and opposed to each other at the same 

distange. 

If two electric plates be charged, and a com= 

munication between the positive side of 
cone and ees side of the other, no dis- 

will follow, whless a communication be 

formed between the other two surfaces at oc same 
time. 

The nataral electricity in the எட் is 
frequently discharged in this manner: two clouds 
being electrified with opposite powers, the sur- 
faces of the carth immediately under them are 
likewise clectrified With powers contrary to those 
in the’elouds above them; and the moisture of the 
earth forming a Communication between the’ two 
contiguous charged surfaces, whenever the two 

~ clouds meet, there will follow a discharge both of 
_ the clouds and surface on the earth opposed to 

them. If the earth should be dry, and conse- 

quently afford “a resistance to the union of the 
two electricities accumulated om or gnder its sur- 

face, there will follow an explosion in the earth as 
ல்  
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well as the atmosphere, which will produce con- 
cussions and other phenomena which have fie. 
quently been observed to happen in dry seasons, 
particularly in’ thoseelimates which are the most 
liable to storms of thunder and lightning. 

  

DR. MUSGRAVE’S OBSERVATIONS ON POINTED 
௦090 007013. 

ம + 

Dr. Eranklin, in none of the passages where he 
speaks of the efficacy of sharp-pointed conductors 
4 prevent electrical explosious, has expressed any 
doubt of their being universally preferable for this 
purposé to these which haye a blunt or spherical 

termination. ‘The same observation may be nade 
of the other gentlemen who are.the advocates for 

this doctrine. Tt may therefore be assumed, that 

both he and they mean to asscré-an universal pro- 
position, Dhat sharp poius will, in all cases, draw 
off the electrical fluid silently evithin the distance ut 
which tounded, ends «will. explode: or, at least that 

the former sort will im no case receive am explosion at 

@ greater distance than ihe Jatter. Though | dis- 
sent from this doctrine, 1 do not mean to assert 

the contrary universal proposition, but only to 
deny the universality ef that asserted by Dr. Prank- 
Gx, which I apprehend to be sometimes true, and 
sometimes also false.
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But, before I attempt to specify the particular 

cases in which the sharp and the blunt termiria- 
tions are respectively more liable to electrical ex- 

plosions, it may be of use to. shew, what many 

gentlemen scem not to be thoroughly aware of, 
that sharp points, haying the most perfect com- 
munication with the earth, are not wholly exempt 
from recciying them, My first authority ‘shall be 

~ Dr. Franklin himself. “ Let a person,” says he, 
p. 60, * standing on the floor, present the point 
of a necdle of twelve or more inches from it (the 
prime conductor,) and while the needle is so pre- 
sented, the conductor cannot be charged, the 
point drawing off the fire as fast as it is thrown on 
by the electrical globe. Let it be charged, and 
then present the point at the same distance, and. 
it will suddenly be discharged.” The word வ 
denly means A suppose, that it will receive an 
explosion; that being the most natural.and ob- 
vious proof of the suddenness of the discharge. 
‘Phessame thing is ymore directly ‘asserted by 
Mr. Henley, in yol, lxiy. p. 188, of the Phil. Trans. 

where he informs us, that, in discharging three of 

his large jars, to the coating of which he had con- 
nected wire nicely tapered to a point, the fire 
flew to the point, and the jars were discharged 
with a, full and loud explosion, A. third, and 

equally decisive proof is furnished by Mr. Nairne’s 
experiments, though seemingly made with a con-
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trary view. Hor, when the double or interrupted 
conductor was used, and the second conductor 
fised down by screws at about three inches dis 
tance from the first, the pomt presented to the 

contrary end of the seeond conductor was found: 
to. receive a strong and loud explosion, with 
white light, at che distance of at cast three inches, 

If we: compare this experiment with another 

yery common one,” exhibited at, the same time by 

Mr. Najrney the comparison will perhaps lead us 
to the discovery of a principle upon which clec 

trical explosions very frequently depend. Though 
the point, inthe circumstances above-described, 
received So strong an explosion, yet, when it was 

presented directly to the prime conductor, it re- 
ceived no explosion whatever at any distance, 

unless a suecession of weak Sparks at the distance 
of about a quarter of ap inch caw be called so. 
To what must this difference be attributed? 
Plainly to the different quantity of electric fluid: 
aécumulated on. thé prime eonductor in the one 
and the other case, Where the point is presented 
to thé prime @bnductor, from the time the ma- | 
ching begins ¢0 work, the property which is attri- 
buted to them, aid which in some cases. they 
really possess, of stealing away the electricity 
silently; this property, T'say, operating from the 
very beginning, prevents the cleettic fluid. from 

  

being accumulated in the prime conductor, and
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of course the quantity of it will always be small. 
But, when a double or interrupted conductor is 
used, the second conduetor rece’ 

till the prime conductor is pretty highly charged, 
and, if put at the greatest stffking distance, not 
till it is fully charged, and consequently the sharp 
point presented to the opposite end can carry 

away none of it till that time; when the whole 

    

s no electricity 

quantity is thrown off at once. Ttshould seem 
then, that the explosion in one ease, and the non- 
explosion in the other, depended wholly upon the 
different quantities to be thrown Gf: whence it 

will follow, that though a small quantity of clec- 
iricity will pass off silently upon a point, yet that 

    

this power is Very limited; for, that if a somewhat 

greater quantity be applied suddenly to a sharp 
point, it will not pass off silently, but ercate an 
explosion in proportion to its density. ‘The es- 
periments in this Essay demonstrate, that a bro- 

  

Ken communication will ocvasion the sharp point 
to receive an explosion. 

Let us now consider more particularly. the 
practical question, whether the sharp-pointed or 
the blunted conductors be the best preservatives 
from lightning. And here it is necessary to ob- 
serve, that buildings may bé exposed to a stroke 
of lightning-in several different ways. ‘The light. 
ningy which to ayoid prolixity I shall only speak 
of as positive elecirieity, the lightning, I si 

x 
may 
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accumulate directly oyer the building; or it may 

be brought towards the building by a small cloud 
fetching it in several successive trips from a large 

cloud at some distagces ora large electrified cloud 

  may be carried rapidly towards it by the wind, a 

civéumstance this by no means rare, there being 
no less than four instances of it upon record in 
the Phil. Trans. vol. xlix. p. 16 and p. 309, vol. 

Ix. p. 72, and vol. Isiy, p. 351. In the first of 
these supposed eases, a sharp-pointed conductor 
might possibly drain the cloud of its lightning as 
fast as it began to accumulate, and thereby pre- 

vent any explosion whatever. In the second, as 
the cloud, by supposition, not being driven in 

one direction by the wind, could not move with | 
any remarkable velocity, it is reasonable to ima- 
gine, that in this casé also there might be no 
explosion, and that the electricity of the larger 
cloud might be gradually exhausted. But 
according to the third supposition, a cloud of © 
great extent and highly electrified should be 

driven with great velocity in such a direction, so 

as to pass directly over the sharp-pointed conduc- 
tor, there can be no doubt but that such a point 

from its superior readiness to admit electricity, 

would take the explosion at a much greater dis- 

tance than a rounded end, and, in proportion to 
the difference of that striking distance, would do 
mischief instead of good. 
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But, perhaps it will be said, that every stroke of 
lightning falling upon a sharp point is previously 
diminished by that point, and therefore may more 
easily be transmitted through the conductor than 

when it falls undiminished upon a rounded end. 
Upon this supposition, I must observe, that it not 
only contradicts Mr. Wilson's experiments at the 
Pantheon, but also Mr. Henley’s experiment al- 
ready referred to in this paper, where the fire flew 
toa very taper point, and melted the end with a 
strong and loud explosion, So also the sharp. 
pointed conduetors affixed in America to the 
houses of Mr. West, Mr. Raven, and Mr. Mayne, 

do not seem to have diminished the force of the 
explosion, if we may judge from the violence of 
its effects as related at large in Dr. Franklin's 
works. It should scem, therefore, that the power 

of diminishing a stroke, like that of preventing it, 
is only contingent, and depends, as we said be- 
fore, upon the degree of velocity with which the 
lightning moves. 

The sum of the whole is, that conductors ter- 

minated by sharp points are sometimes advanta- 
geous, and at other times prejudicial. Now, as 
the purpose for which conductors are fixed upon 
buildings is, not to protect them from one parti- 
cular sort of clouds only, but, if possible, from all, 
it cannot surely be adviseable to use that kind of 
conductors, which, if they diminish danger on 

x2
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one hand, will increase if’ on the other. It is the 

duty of a pilot to kcep out of the way of rocks; 
but it is also incumbent upon him, in avoiding the 
rock, not to take so large a compass as to run his 
ship upon a quicksand. 
When I say that sharp-pointed conductors may 

in some’ cases diminish danger, I speak of them 
perhaps rather too favourably; for, their power of 
stealing away the clectric fluid being confined to 
cases where the accumulation is small, it follows, 
that they afford no protection where the danger is 
great and imminent, and only obviate that which 
is distant and problematical. ‘Lhe cases against 

which we wish principally to’proyide, are the ex- 
plosions of extensive and highly electrified clouds; 
and here we have seen that blunted ends, as act- 

ing to a much smaller distance, are entitled to the 
preference, 

If it be admitted, that sharp-pointed conductors 

are attended with any, the slightest degree of 

danger, how much must that danger be aug- 
meuted by carrying them high up into the air, by 
fixing them upon every angle of a building, and 
making them project in every direction? Ought 
this to be advised while there is still a doubt of the 

bility of their doing mischief? i 

 



‘OBSERVATIONS ON THE ACTION OF CONDUC- 

‘rors, &c. BY THE EDITORS OF THE ENCy- 

CLOPADIA BRITANNICA. 

« Ever since the disdovery of the identity of 
electricity and lightning, it has been allowed by ” 
all parties, that conductors! of some kind are in a 

manner necessary for the safety of buildings, in 
those countries: where thunder storms are yery 
frequent, The principle on which they “act is 
this; that’ the electric fluid, when impelled by 
any power, always goes to that place where it 
meets with the least resistance. ‘Now, as metals 
are found to give the least resistance to its passage, 
it will always choose to run along a metalline rod, 
in preference to a passage of any other kind. But 
it is necessary to observe here, that electricity 
neyer strikes a body merely for the sake of the 
body itself, but as by means of that body it can 
arrive at the place of its destination. When a 
quantity of électricity is collected from the earth, 
by means of an electric machine, a body commu- 
nicating with the earth will receive a strong spark 
from the prime conductors it receives this spark, 
not because it is capable of containing all the 
electricity of the cylinder and conductor, but 
because the natural situation ofsthe fluid being 

disturbed by the motion of the machine, a stream  
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of it is sent off from the earth. The natural 
powers, therefore, make an effort to supply what 
is thus drained’ off'from the earth; and, as the 

individual quantity which comes out is most pro- 
per for supplying the deficiency, as not being 

employed for any naturdl purpose, there is always 
an effort made for returning it to the earth. No 
sooner then is a conducting body, communicating 
with the earth, presented to the prime conductor, 

than the whole effort of the electricity is directed 
against that body; not’ mercly because it is' a 
conductor, but because it leads to the place where 
the fluid is directed by the natural powers by 
which it is governed, and at which it would find 
other means to arrive, thongh that body were 
not to be presented. That this is the case, we 

may casily sce, by presenting the same conducting 
substance in an insulated state to the prime con- 
ductor of the machine, when we shall find only a 

small spark will be produced, In like manner, 

when lightning strikes a tree, a house, or a thun- 

der rod, it is not because these objects are high, 
of in the neighbourhood of the cloud, but be= 
cause they communicate with some place below 
the surface of the ground, against which the im- 
petus of the lightning is directed, and at that 
place the lightning would certainly arrive, though 
none of ‘the above-mentioned objects had been 
interposed,
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« When the atmosphere begins to be electri- 
fied, either negatively or positively, the earth, by 

means of the inequality and moisture of its'sur- 
face, but especially by the vegetables which grow 
upon it, absorbs that electricity, and quickly be- 

comes electrified in the same manner with the 
atmosphere; this absorption, however, ceases in a 

very short time, because it cannot be continued 

without setting in motion the whole of the elec- 
tric matter contained in the earth itsclf. Alfer- | 
nate zones of positive and negative electricity 

will then begin to take place below the surface of 
the earth, for reasons given in the course of this! 

Essay: between the atmosphere and one of these 
zones, the stroke of lightning will always be. 
‘Thus, supposing the atmosphere is positively elec- 
trified, the surface of the earth will, by means of 

trees, &c. quickly become positively electrified 
also, we will suppose to the depth of ten feet; the 
@ectricity cannct penetrate further, on account 
Of the resistance of the electric matter in the 
Dowels of the carth. At thé depth of ten feet 
from the surface, a zone of negatively clectrified 
earth begins, and to this zone the electricity of 
the atmosphere is attracted; but to this it cannot 
get, without breaking through the positively elec- 
trified zone which lies uppermost, and shattering 
to pieces every bad conductor which lies in its 

way. We are therefore sure, that in whatever
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place the onter zone of positively a 
is es there the lightning will strik 

it: but it would also have strack a house situated 

on that spot without any conductor; and, if the 
house had not beemthere, it would haye struck 
the surface of the ground itself, Again, if we 
suppose the house with its conductor to stand on 
a patt of the earth where the positively electrified 
fone is very thick, the conductor will ட 

ently draw off the electricity, nor will the Tight- 
ning strike it; though perhaps it may: stri 
much lower object, or even the surface of the 
ground itself at no great distances the reason for 

indoubtedly is, that there the positively 
zone is thinner than ‘where the con- 

ductor was. % 
«To suppose that a pointed conductor will 

evhaust a thunder cloud of its electricity, must at 
first sight appear trifling, to insist on it, ridieu= 
lous, Tnnumerable objects are all conspiring to 
draw off the electricity, as well as the conductor, 
if it could be drawn off; but of the effecting this, 
there is an impossibility, because they have the 
same kind of electricity with the clouds them. 

selves, ௪ ்  
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«© Besides} Beeaéria has observed, that during 
the progress and increase of the storm, though the 
lightning frequently struck to the earth, yeralie 
same cloud was the next moment ready to make a 
greater discharge, and his apparatus continued to 
be as much ‘affected as ever. 

* The conductor has not even the power of 
‘attvacting the lightning a few feet out of the dis . 
rection it wotld choose itself; of this we havea 
most decisive instance in what happened. to the 
magazine at Purfleet, in disses. ‘That house was 
furnished with a conductor, raised aboye the 
highest part of the building: nevertheless, a flash 
of lightning struck dh iron ramp in the corner of 
the wall of the building, considerably lower than 
the top of the conductor, and only forty-six feet in 
a sloping line distant from the point. 

* ‘Phe conductor, with all its power of drawing 
off the’ electric matter, was neither able to prevent 

the flash, nor to turn it forty-six feet out of its 

way. ‘The matter of fact is, the lightuing was 
determined to enter the earth at the place where 
the Board-house stands, or near it; the conductor 
fixed on the house offered the casiest communica- 
tion, but forty-six feet of air intervening between 
the point of the conductor andthe place of the 
explosion, the resistance was less through the 
blunt cramp irom and a few bricks moistened with 
ihe rain, to the side’ of the metalline conductor,  
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than through the forty-six feet of air to its points 
for the former was the way in which the lightning 

actually passed. 

& The zig-zag kind of lightning is the most 
dangerous, because it must overcome a very vio- 

Jent resistance of the atmosphere; and, wherever 

that resistance is in the smallest degree lessened, 

there it will undoubtedly strike, and even ata 

considerable distance. It is otherwise with that 

‘Kind that appears in flashes of no determinate 

form, the clectrie matter of which is cvidently 

dissipated in the air by some conducting sub- 

stances which are present there, and they are 

therefore rendered less powerful. 

« The most destructive kind of lightning is 
that which assumes the form of balls. ‘These are 

produced by an exceeding great power of electri- 
city, gradually accumulated till the resistance of 

the atmosphere is no longer able to confine it, 

In general, the lightning breaks out from the 

electrified cloud by means of the approach of 

some conducting substance; but the fire-balls 
seem to be formed, not because there is any sub- 
stance at hand to attract the clectric matter from 
the cloud, but because the electricity is accumu- 
Tated in such a quantity, that the cloud can no 
longer contain it. Hence, such balls fly off 
slowly, and have no particular destination; their 

appearance indicates a prodigious commotion and
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“of electricity in the atmosphere, 
proportionable disposition in the earth 

to receive ‘This disposition is, however, altered 
by a thousand circumstances, and the place which 
first becomes most capable of admitting electricity 
will first receive a fire-ball, Hence, this kind of 

lightning has Been known to move slowly back- 
wards and forwards in the air for a considerable 
time, and then suddenly fall on one or more 
houses, according to their being more or less af= 

ith an clectricity opposite to that of the 
ball at the time, Tt will also run along the ground, 
break into several parts, and produce seyeral ex- 
plosions at the same time, ர 

“ Tt is very difficult to imitate this kind of 
lightning im our electrical experiments. The only 
cases in which it hath been done in any di , 
are those in which Dr. Priestley made the explo- 
sion of a battery pass for a considerable way-over 
the surface of raw flesh, water, &c. In these cases, 

if, while the electric flash passed over the surface 
of the flesh, it had been possible to interrupt the 
metallic circuit by taking away the chain, the 
electric matter discharged would have been pre- 
cisely in the situation of one of the above-men- 
tioned fire-balls; 7... it would have been at a loss 
for a conductor. The negative side of the battery 
was its place of/destination, but tothat it could 

pot casily have got, because of the great quantity  
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of atmosphere which lay in its way, and the inca+ 
pacity of the neighbouring bodies to receive it, 
Bat, while the electric matter was thus stationary 
for want of a conductor, if any one standing near, 
or touching the negative side of the battery, pre- 
sented a finger to this seemingly inoffensive lum 

nous body, he would be instantly struck very vi 
lently, because a free communication being now 
“made by means of his body, the powers by which 
‘the electric fluid is impelled from one place to 

another would urge it upon him. But if we sup? 
‘pose a person, who has no communication with the 
battery, to present his finger to the same body, he 
may perhaps receive a slight spark from it, but not 
ashock of any consequence. 

“ We may now account for the seemingly cat 
pricious nature of all kinds “of lightning, but 
especially of that kind which appears in the form 

   

of balls. Sometimes it will strike trees, high) 
houses, &c. without touching cottages, meny or 
animals, who are in the neighbourhood; in other 
-instances, low houses and cattle have been struck, 
while high trees and steeples in the neighbour- 
hood have escaped:* The reason of this is, that 

in thunder storms there is a zone ‘of earth consi- 

# Of this, two remarkable instances: have been adduced, in 2 
paper read by My. Achard at the Berlin Academy of Sciences, 
And Beccaria cautions persons ftom depending on @ higher, or, 
in all casés, a better conductor than their own body,
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derably under the surface which the lightning 
desires to strike, if we may use the expression, 
because it had/an electricity opposite to the light. 
ning itself. ‘Those objects, therefore, whieh form 
the most perfect conductors betweenthe electri- 
fied clonds and that zone of earth, will be struck. 

by lightning, whether they are high or low. Let 
us suppose a positively electrified cloud is formed 
over a certain part of the earth’ssurface; the elec- 

  
tric matter flows out from it first into the atmos= 
phere all around, and while it is doing so, the 
atmosphere is électrified negatively. In propor 
tion, however, as the current pervades greater and 
greater portions of the atmospherieal space, the 
resistance to its motion increases, till at last the 

air becomes positively electrified as well as’ the 

cloud, and they both act as one body. ‘The sur- 
face of the earth then begins to be electrified, and 

it silently receives the electric matter by means of 
the trees, grass, &c. which grow upon its surface; 
tillat last it becomes also positively electrified, and 
begins to send off a current of electricity from the 
surface downwards. 

The causes which first produced the electri- 

city still continuing to act, the power of the elec~ 
tric eurrent becomes inconceiyably great. The 
danger of the thunder storin now begins; for, as 
the force of the lightning is directed to some place 
below the surface of the earth, it will certainly
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dart towards that place, and shatter every thing ta 
pieces which resists its passage. 

&« he benefit of conducting rods will now also 
be evident. For, we are sure the electric matter 

will, in all.cases, prefer that way-where it meets 

with the least resistance, and this is over the sur- 

face of metals. In such a case, therefore, if there 

happen to be a house furnished with a conductor 

directly below the cloud, and at the same time a 

zone of negatively electrified earth not very far 

‘elow the foundation of the house, the conductor 
will almost certainly be struck, bit the building 
will be safe. Ifthe honse wants a conductor, the 
lightning will»nevertheless strike in the same 
place, in order to get at the electrified zone aboye- 
mentioned; but the building will be now da- 

maged, because the materials of it eannot readily 
conduct the electric fluid.”* 

* See Encyclopadia Britannica, Art. Lightning, vol wi, 
p. 4224, 

‘That the electric matter, which forms and animates the thin- 
der-clouds, issues from places far below the eurface of the eatth, 
‘and buries itself there, is probable from the deep holes that have 
been made in many places by lightning, by the violent inunda- 
tions that have accompanied thunder storms, not occasioned by 

‘but by water bursting ftom the bowels of the earth, from. 
which it must haye been dislodged by sorite internal concussion, 
Ko, See Dr. Prissil's History of Electricity, p, 928,  
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CHAP. XV. 

TO CHARGE A PLATE OF AIR. 

A\s air is an electric, it will receive a charge like 
all other clectrie substances. To this property 
may be ascribed many of the phenomena which 
are observed in the course of the common electri= 
eal-experiments; for, the air which surrounds an 

non-electric is always in some degree 
with the fluid, and thus acts upon the 

atmosphere of the electrified conductor, not only 
by its pressure, but also by its acquired electric 
powers; and that-it pervades the air to a consi- 
derable distance, is evident from the different 
methods by which the air of a room may be elec- 
trified, 

‘Cover two large boards with tin-foil; suspend 
one by silken strings from the ceiling, and then 
connect it with the conductor; place the other 
‘board parallel to the former, on an insulating 
stand that may be easily raised or lowered, to re- 
regulate the distance of the plates from each other, 
Or, place the boards in a yertical situation, on 
insulating stands of the same height. In inost 
gases this form will be found the mst convenient.  
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VOLTA’s CONDENSING PLATES. 

  

Whenever the atmospherical conductor gives 
sufficient signs of electricity, then the condensing 
apparatus becomes/useless. For, when the 04 
tricity is strong, it often happens that part of the 
clectricity of the metal plate is impressed upon 
the other, in which case the apparatus acts as an 

electrophorus, and becomes unfit for our purpose. 
The apparatus adapted for this purpose con= 

sists of the upper plate of an cleciraphorus, and a 
semi-electric, or an imperfect conducting plane, 

   

  

which will only hinder in a certain degree the 

passage of the fluid, Many conductors of this 
kind may be formed; such as a clean dry marble 
slab, a plate of wood covered with a coat of var 
nish, &&c. the surface of those bodies not contract- 
ing electricity; or if any should adhcre to them, 
it soon vanishes on account of their semi-conduct~ 
ing mature; for which reason they cannot answer 

  

the end of an electrophorus, but are fit to be used 

as Condensers of electricity. 
Care should be taken howeyer in choosing this 

plane, that it be’ not of too free a conducting 
nature, nor likely to become so by use, it being 
absolutely tiesessary that the electricity should 
find a considerable resistanee in pervading its sur- 
face, In pi 
otherwise, it is much better to come too near than 

too far froma non-conduetor, A marble slab, or 

ving S08 a plane, by drying or 

    

board yroperly dried, answers well, and is preferas 
aa
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ble to any other plane; otherwise the plate of the 
electrophorus is preferable © to all bodies யா 

pared. } 
‘The worst sort of marble, if Pc with copal, 

‘amber; or lac-yarnish, and then kept in an oven 

for a short time, will answer very well, even with- 

ont pr eviously 

is marble, wood, &c. varnished, it 

they are hot, may be excited by a very slight fric~ 
tion, and sométimes by only laying the metal 7 
on them; to preyent which, they should 
without warming. 

‘The advantages plates of this kind Fs. over 
the common electrophorus are, 1. That the var- 
nish is always thinner than the common resinous 

of an electrophorus; and 2. That the 
ires a smoother and plainer surfaces 

al plate can with more advantage be 
adapted to it. a 

Any sort of plane, covered with dry and clean 
gil-cloth, or oiled silk or satin, and any other silk 
stuff that is not very thick, may be used with 
equal advantage, if it is slightly warmed. Silk 

tui answer better for this purpose than those 
ade of cotton or wook-and both better than 
linen. Paper, leather, wood, ivory, bone, and 
every other sort of imperfect conductors, may be 

made to answer to a certain degree, if they are  
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previously dried, and kept hot during the experi- 
ment. 

‘This apparatus is rendered more simple by ap- 
plying the silk, &c. to the upper plate of metal, 
which is fixed to the glass handle, instead of the 
marble pr other plate, which now becomes useless; 

nd may be used, 
as a common wooden or marble fable; even not 
very dry; a piece of metal, a hook, or any other 

conductor with a flat surface. 
Nothing more is requisite in these experiments, 

than that the electricity, which tends to pass from 

one surface to the other, should meet with some 

resistance or opposition in one of the surfaces. 

   
  

    

for in its stead, a plane of any 

Tt is immaterial, whether the non-conducting 
or semi-conducting stratum be laid upon one or 
the other of those planes; all that is necessary is, 
that they should coincide together, which renders. 
it proper to use two planes that have been ground 
together, and one of thein varnished. A single 

metal plate covered with silk, with three silk 
strings fastened to it by way of handle, may be 
conveniently used for ordinary experiments. 

‘To use the apparatus, the upper metal plate 
must be placed upon the uneleotrified plate and 

in perfect contact with 1 
‘The plates being thus placed, let a wire com- 

municating with the conductor be brought to 

Aad
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touch the metal plate of the இ பல்க and 
that only. 

The apparatus being left in that situation a 
certain time, will acquire a sufficient quantity of 

electricity, but very slowly. 
Remove the communicating wire from the me- 

tal plate, and by means of its insulated handle 

separate it from the whder one; it will now attract 

a thread, electrify an electrometer, and, if it is 

strong, will give sparks, &c. though the atmosphe- 

rieal conductor shewed no, or only small: signs 
of it, 

It is not easy to determine the exact time neces- 
sary for this apparatus to remain in contact with 
the'conductor, as it will depend on many circum- 
stances; for, if there aré no signs of electricity in 

the conductor, it will require eight or ten minutes, 

but if it attracts fine thread, as many seconds will 
be found sufficient. ச 

It is difficult also to determine the precise de- 
gree to which the electricity may be condensed, 
or how much the electrical phénomena may be 
increased by this apparatus, as it depends on ya- 
Tious circumstances, The augmentation is, how- 
ever, greater in proportion as the body which 
supplies the metal plateTS a greater capacity, 
and is larger in proportion as the electricity is 
weaker, Thus, though the atmospherical con- 
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ductor has scarcely power sufficient to attract a 
fine thread, it i$ nevertheless capable of giving 
such a quantity of electricity to the metal plate of 
the electrophorus, as not only to actuate an elec- 
trometer, but even dart strong sparks. But if the 

electricity of the atmospherical conductor is strong 
enough to afford sparks, or to raise the index of 
the electrometer to five or six degrees, then the 
receiving plate of the electrophorus, according to 
this method, will raise its index to the highest 

degree and give a stronger spark; yet it may be 
plainly perceived, ‘that the condensation is pro- 
portionably Jess in this than in the other case; for 

this reason the electricity cannot be accumulated 
beyond the greatest degree; that is to say, when 
it is increased so much as to be dissipated every 
way: therefore, as the electric power which sup- 
plies the condenser is nearest to the highest de- 
gree, the condensation is proportionably less; but 
in this case the condenser is useless, its principal 
use being to collect and render sensible that small 

quantity of electricity, which would otherwise re- 

main imperceptible aed unbbserved. 
Hitherto we haye adapted our condenser to 

the detecting weak atmospherical electricity, as 
brought down bypeiteseaductor; but this, though 
the principal, it not the only use to which it may 
be applied, It will likewise discover artificial clec- 

     



374 oF vouTa’s 

tricity, when it is so weak as not to be discovera. 

ble by any other means. 

‘A Leyden jar charged, and Pe wdlicharged by 
touching its coated sides with the discharging rod 

or the hand, appears to be quite deprived of its 
electricity; yet, if you touch the knob of it with 

the metal plate of the condenser, situated upon 

an imperfect conducting plane, and immediately 

take up the plate, it will be found to give very 

conspicuous signs of electricity. But, if just 
sufficient charge is left in the jar to attract a fine 

thread, and the metal plate is then brought to 

touch the knob for a moment, it will, when lifted 

up, give a strong spark, and if touched again, a 
second scarce smaller than the former; and thus 

spark after spark may be obtained fora long 
time. 

This method of producing sparks, by means of 
a jar which is not charged so high as to give sparks 
of itself, is very convenient for various pleasing 
experiments; as to fire or light the inflammable- 
air pistol or lamp; especially when a person is 
provided with one of those jars contrived by 
Mr. Cevallo, which, when charged, may be car- 
tied in the pocket a long’ time. ‘These jars, a8 
they retain a sensible chasge-for several days, will 
retain an insensible one for weeks and months; 

or, such a oné as cannot easily be discovered
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, without: the cond r, in svhich case it becomes 

Thirdly. If the electrical m 
but the conductor is so badly insulated that it will 
not give a spark, either from its being connected 

_ with the walls of the room, or by having a chain 
from it to the table, let the conductor in this state 

touch the metal plate of the condenser, while the 
machine is in action, the plate will afterwards 
give sufficient strong signs of electricity; which 
proves the great power this apparatus has of draw- 

ing and condensing the electricity. * 
Fourthly. Where the electrometers are not 

sufficiently sensible to discover the quantities of, 
__ excited electricity, those quantities may be readily 

explored by the condenser, For this purpose, 
rub those bodies ‘Witbsthe metal plate of the con- 
denser, which’ ‘must be naked, 
and if the plate ‘be then eal to an electro- 
meter, it will be found considerably electrified, 

_ although the body rubbed may have acquired little  
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or no electricity. The quality, whether positive 
or negative, may casily be ascertained, since the 
electricity of the metal plate must ‘be the contrary 

of that body on which it was rubbed. Mr. Ce- 

vallo made use of this method to discover the 

electricity of many bodies. But still a better me- 
thod may be used, in case the bodies to be exa- 

mined cannot easily be adapted to the metal plate, 
viz. the ‘metal plate being laid on the imperfect 
conducting plane, the body to be tried is rubbed 
against, or repeatedly stroked upon it, which done, 

the plate is taken up and examined by an electro- 
meter, If the body tried is leather, a string, cloth, 

velvet, or other imperfect conductor of the like 
sort, the plate will certainly be found electrified, 
and incomparably more by this means, than if it 
were stroked by the same bodies, whilst standing 
insulated in the air. In short, by either of those 

methods you will obtain electricity from bodies 
which could Rardly be expected to give any, even 
when they are not very dry. Indeed, coals and 
metals excepted, every other body will afford 
some electricity. Electricity may often be ob- 
tained by stroking the plate with the naked hand. 

The metal plate has a much greater power to 
retain electricity when it lies-apotta proper plane, 
as mentioned in the foregoing experiments, than 
when quite insulited. 
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It is easy lo comprehend, that where the capa- 

city of holding electricity is greatest, there’ the 
intensity of the electricity is proportionably less, 
for it will then require a greater quantity to raise 
it to a given degree of intensity; so that the ca- 

pacity is inversely as the intensity; by which we 
mean, that endédyour, by which the electricity of 
an electrified body tends to escape from all parts 
of it; to which tendency, or endeavour, the elec- 

trical phenomena of attraction anid repulsion, and 
especially the degree of elevation of an clectrome- 
ter, correspond, 

That the intensity of electricity must be in- 
versely proportioned to the capacity ef the body 

electrified, will be clearly exemplified by the fol- 

lowing experiment. 
Exrenrtment ecxxxit. Take two metal rods 

of equal diameters, the one a foot, the other five 

fect long; let the first be electrified wil the index 

_ of the electrometer rises to 60°, then let it touch 

the other rod; and in that case it is evident, that 

the intensity of the electricity, being diffused be- 
tween: the two rods, will be diminished as the ca- 

pacity is inereased; so that the index of the elec- 
trometer, which before was, clevated to 69°, will 

now fall to 10° vis. te.one-sixth of the former 

intensity. For the same reatap, if the like quan- 

  

tity of electricity was communivated to a rod 

60 feet long, its intensity would be diminished to.
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ary, if the electri 
ன into the 

that: capacity, its intensity would he: 

ifferent bulks have not only 
for holding electricity, but 

any of matter. . 

ப it does nor compre- 

hend the whole hee since eyen the extension 

contributes to increase the capacity. In short, it 

appears from all the experiments hitherto made, 
. that the capacity of conductors is not in propor- 

tion to the surfaces in general, but to the surfaces 
which are free or uninflucheed by similar or ho- 
mologous atmospheres; and farther, that the ca+ 

pacity of a conductor, neither altered in its form 
or surface, is increased when, instead of remain- 

ing quite insulated, it is presented to another not 
_ insulated; and this increase is more conspicuous, 

as the surfaces of the luctors’ are larger, and 
approach nearer ich other. 

‘The above-niéntioned circumstances, by which 
the natural capacity of conductors is greatly aug-  
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mented, has been overlooked, and therefore no 

advantage’ has hitherto been deduced*from it, 

The following experiment will shew this increased 
capacity in the simplest manner. 
Exrertment ccxxxim. Take the metal plate 

of an electrophorus, hold it by its handlein the 
air, and clectrify it so that the index of an clec- 
trometer annexed to it may be elevated to 60°, 
then lower the plate by degrees to 0 
plain conducting surface, the index will gradually 
fall from 60°, to 50°, 40%, 30°, &¢. and yét the 
quantity of electricity in the plate remains the 
same, except it is brotight so near the table, us to 

occasion a transmission of the electricity from the 
former to the latter; at least, it will remain as 
near the same, as the dampness of the air, 8c. will 
permit. The decrease of intensity:is owing to 
the increased capacity of the plate, which is now 

  

not insulated, or solitary, but conjugate or com= 
municating with another conductor: for, let the 
plate be gradually remoyed from the table, the 
electrometer will rise again to its former station, 

namely to 60°; excepting the loss that the air, &c. 
may have occasioned during the experiment. 

The reason of this phenomenon is easily derived | 

from the action of electric atmospheres. The 
atmosphere of the metal plate; which for the pre- 
sent I shall suppose électrified positively, acts 
upon the table or other conductor to which it is



380 © oF votra's 

sojthat ithe electtic| Mtid in’ the table 
the remoter parts of it, becomes more 

parts which are exposed to the metal 
this rarefaction increases the nearer the 

brought to the table: if the 

is electrified negatively, the contrary 
: short, the parts which are 

e of action of the clectrified 
‘a contrary electricity, give 

metal plate an opportunity to. 
‘will thus diminish its intensity, 

sion of the electrometer. 

ts will throw more 
tion of the electric 

atmospheres. 

Expeniment cexxxtv.’ Electrify two flat 

conductors, either both positively or negatively; 

then bring them gradually towards each other, 

and it will appear, by two annexed electrometers, 
‘that the nearer they approach each other, the more 

their densities will increase, as all elastic bodies 

re-act in proportion as they are acted on; which 
shews, that either of the two conjugate powers 
has a much less capacity to receive more fluid 
now, than when singly insulated, and out of the 

influence of the other, — ட் 

This experimen‘€xplains, why the tension of 
the electric atmosphere on an electrified conduc- 
tor is greater when it is contracted into  
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bulk; and also, why a long extended conductor” 
_ will shew less intensity than a more compact one, 
‘supposing their quantity of surface and electricity 
to be the same; because the homologous atmos- 
pheres of their parts interfere less with each other 
in the former than in the latter 

dnd the effects will then be just the reverse of the 
preceding, a. the i ப their electricities 

i 
| be diminished, their capacities, or 

power and facil expanding, are in- 
creased, the nearer’ the conductors come to cach 
other. ன் 

Apply the explanation of this last experiment 
to that mentioned before, viz. the bringing the 
electrified metal plate towards a conducting plane 
whieh is not insulated; for, as this plane acquires 
a contrary electricity, it follows, that the intensity 
of electricity in the metal plate must be dimi- 

- nished, and the annexed electrometer is depressed 

according as the capacity of the plate is increased, 
or as the density of its atmosphere is diminished; 
and, consequently, the pleye in that: tuation i 
capable ,of receiving a greater quantity? of clec- 

tricity. 4 ர  
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‘This will be rendered still elearet by the follow~ 1 

ing experiment. ம் 

Expermmenr Céxxxy1, Insulate the con- 

ducting plane whilst the other electrified plate is 
upon it, and afterwards Separating them, both the 

metal plate and. condtcting plane, which-may be 
June, will be found electrified, 

sontrary electricities, as may be 

; electrometers, 

If the டன plane is insulated first, and then’ 

he electrified plate: is brought over it, the lat 

will.cause an endeavour former to acquir 

contrary electricity, “nn prevents 

from taking place; hence the intensity of the elec 

tricity of the plate is not diminished, at least, the 

electrometer will shew a yery little and almost 

imperceptible depression; which small depression 

is owing to the imperfection of the insulation of 

the inferior plane, and to the small rarefaction 
‘and condensation of the electric fluid, which amay 

take place in different parts of the said inferior 

plane. But if, in this situation, the inferior 
plane be touched so as to cut off the insulation 
for a moment, then it will acquire the contrary 

electricity, and the intensity in the metal plate 

will be diminished. | A 

If the inferior plate, instead of being insulated, 
were itself a non-conducting substance, then the  
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same phenomena would happen, viz, the intensity 
of the electrified metal plate laid upon it would 

not be diminished. ‘This, however, is nOt always 
the case, for if the said inferior non-conducting 
plane is very thin, and is laid upon a conductor, ™ 
then the intensity of th electrified. etal plate 
will be diminished, and its capacity will be in- 
creased hy being laid: upon the thin insulating 
stratum; as in that case, the conducting sub- 
stance which stands under the non- conducting 
stratum, acquiring an electricity contrary to that 
of the metal plate, 
and then the insul 
the mutual action of the two atmospheres more or 
less, according as it keeps them ‘at greater or 

smaller distances from each other. 
The intensity or electric action of the ‘metal 

plate, which diminishes gradually as it is brought 
nearer and nearer toa conducting plane not insu- 
lated, becomes almost nothing when. the plate is 

‘nearly in contact with the plane, the compensa- 
tion or natural balance being nearly perfect. 
Henee, if the inferior plane only opposes @ small 
resistance to the passage of the electricity, whe- 
ther such resistance is @eeasioned by a thin ‘elec- 
tric stratum, or by the plaue’s imperfect conduct- 

ing nature, as is the case with Wy wood; marble, 
820, that resistance joined to the interval, howeyer 

small, that is between the two plates, cannot ke 
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overcome by the weak intensity of the electrici 
of the metal plate, which on’ that accot 
not dart any spark to the inferior plane, except 

its electricity were very ae or its sees not, 

so that, being removed Poin the inferior plane, its 

clectrometer will nny recover its former height. 

touch the iniperfectly eatin 
remain in that situation forssom: 
case, the intensity being reduced almost tc 
thing, the டட will 

in’ performing this வண்ட ட் 

te touches the inferior plane 

i being greater than 

proportion to the quantity of surface which they 
oppose to each other within a given distance; so 
that when the metal plate touches the other plane: 
in flat and ample contact, its electricity is not dis- 
sipated. ~ This apparest, paradox is clearly ex- 
plained by the theory of electric atmospheres. 

Tt is still more like a paradox, that neither 
touching the metal plate with a finger or piece of  



    

     

  

rally leaves it 8044 
rated from the plane, 
this phenomenon c 

supposition, 

conduetors. t 

perfect conductor, 

sufficient resistance 
sipation of the clectricif 
that case actnated bya 
tensity or p 

  

   

    
    

    

   

ider to the 50th 

electricity would 

8 ae diminished, as to render the intensity of its 
clectticity 100 times greater, then the intensity of 
that remaining electricity would become of two 
degrees, or more, wis. sufficient to afford a spark. 

Ei 4 i what manner the a 

  

    

  

whilst ee பட்ட a ae plane. . As te 
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whole business has been’proved in the preceding 
paggesjit is easy to deduce the applications from 
it: nevertiic!ess, it will be useful to exemplify it 
by an experiment. 

Exvrntment? Ccxxxyrr. Suppose a Leyden 

jar, or a conduetor, so weakly electrified, that its 
| inten: hi or even less; if the 
ae ser, when standing 

upon. its proper. yplane, was to be touched with 
that jar or conduétor, it is evident that either of 
them would: impart toita quantity of its electri- 

city, preportional to tl te’s Capacity, viz. so 
sity of the clectri- 

it of the electricity ia 
the conductor olan Viz. half a degree; but the 

plate’s capacity, now it lies upon a proper plane, 
is above 100 times greater than if it stood insu- 
lated in the air; or, which is the same thing, it 

acquires 100 times more electricity from the jar 
or conductor. Tt naturally follows, that when 
the metal plate is removed from the proper plane, 
its capacity being lessened so as to remain equal 
to the 100th part of what it was before, the in- 
tensity of its electricity must become 50%, since 

the intensity of the electricity in the jar or ear: 
duotor was half a degree, 

Ifa small quantity of electricity, applied to the 
metal plate of the condenser, enables: it to give a 
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strong spark, it may be asked, What would a 
greater quantity do? Why, nothing more.» Be- 
cause, when the “electricity communicated to the 

metal plate is so strong as to overcome the small 
resistance of the inferior plane, it will be dissi- 
pated.» | 

It is easy to un that if the meal plate 
of the condenser can receive a food share of elec 
tricity from a Leyden Jar or ample conductor, 
however weakly electrified, it ¢annot receive any 
considerable quantity of it from a conductor of 
small capacity;) for sonductor cannot give 
what it has not, exeept it were continually re- 
ceiving a stream, y I, asvis the case 

with an atmospherical conductor, or with the 

conductor of a machine which acts very weakly, 
but continues in action. In those cases it has 
been observed, that a considerable time is ree 
quired before the metal plate has acquired a suffi- 
cient quantity of electrieity. 

As an ample conductor, weakly electrified, 
imparts a considerable quantity of electricity to 
the metal plate of the condenser, so when this 
platesis afterwards separated from its plane, the 

electricity in it appears much condensed and vi- 
gorous; when the same plate contains a small 
quantity of electricity, such as cannot give a 
spark or affect an electrometer, that electricity 

Bb2 
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very. பத் ் ஸ் communis 
lenser. 

is improvement, 
He     

    

“electricity is so 
¢ clearly observable, 

has been fully proved. 
plate of a condenser 

ity of electricity, that 
thes inferior plane, 

   
    
   

     

  

   

  

In this case, if the said 5 iS 

trified was made to touch the other small plate 

properly situated, and was afterwards brought 
near an electrometer, the electricity was then 

generally stronger than was sufficient merely to 

ascertain its quality. 
Now, if by the help of bothycondensers, the 

intensity of the electricity has been augmented 
1000 times, which is by no means an exagera- 

tion, how weak must then be the: clectricity of 

  

electricity that is produced by rubbing a piece 
of metal with one’s hand! since, when it is con-_ 

denged by both condensers, and thenecommuni-



tion, tl 
‘iction o: fricti ff 
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CHAP, XVIII. 

OF THE METHODS OF MANIBESTING THE rne- 

SENCE, ற். ASCERTAINING THE QUALITY 

oF gee OR ART: AL ELECTRICITY, 
4 

Mak. Ganton was the first person who constructed 
an electrometer, or instrament capable of shewing 
what was then considered as a small quantity of 
electricity. This consisted of two 
‘small balls of pith o} af cork, fastened to 
the two extremities: “thread, the middle 
of which was fastened to an oblong wooden box, 

in which the thread and balls were kept when not 
actually in use. 

+ Mr. Cavallo found, in the course of his experi- 
ments, that these were not sufficiently sensible; 
and that a small quantity of power, being diffused 
through the box, thread, and ball had not suffi- 
cient power to separate the ballsi” 

‘To obviate this, Mr. Cavallo made the electro- 

meters yery short; suspended each ball by a sepa- 
rate piece of silver wire, the upper part of which 
was formed into a loop, moving in a ring of wire; 
this he inclosed in a bottle; from whence it ac- 
quired the name of the bottle electrometer, 
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DESCRIPTION OF MR, CAVALLO’S Rortur 
ELECTROMETER. 

‘The principal part of this instrument is a glass 
tube, CDMN, plate 4, fig. 76, cemented at the 
bottom into the brass piece, A B, by which part the 
instrument is tobe held, when used for the atmos- 
phere; and it also serves to serew the instrument in 
to its brass case, ABC, The upper part of the tube 
CDMN, is shaped tapering toa small extremity, 

ii e ith sealing-wax; into 

is cemented, the 

Tee extremity,” with sealing-, 
wax, projects' a small way within the tube, 
C€DMN; into this smaller tube a piece of wire 

is cemented, which with its under extremity 
touches the flat piece of ivory, H, fastened to the 
tube by means of a cork; the upper extremity of 
the wire projects about a quarter of an inch above 
the tube, and screws into the brass cap, EF, 

which cap is open at the bottom, and serves to 
defend the waxed part of the instrument from 
rain, &c. 
IM and KN are two narrow slips of tin-foil, 

stuck on the inside of the glass CD MN, and 
communicating with the brass bottom, AB. 
They serye to convey that clectricity, which,  
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when the balls’touch the glass, is communicated 

to it, andlbeing accumulated, might disturb the 

free motion of the balls. 
is instrument for artificial electricity, 

electrify the brass cap by/an cleotrified substance, 
and the divergence or comyergence of the balls of 

the electrometer, at the approach of an excited 

electric, will shew the quality of the electricity. 

‘Phe best manner to electrify this instrument is, 

to bring excited wax s0 near the cap that one or 

both of the corks may touch the side of the 
bottle, CD MN; a they will soon col- 

lapse and appear w: Tf now the wax 

js removed, they will e/ and remain 
unelectrified positively. 
When this electrometer is to be used to try the 

electricity of the fogs, air, clouds, &c. ட 
server is to do nothing more than unscrew it from 
its case, and hold it by the bottom, AB, to pre- 

sent it to the air a little above his head, so that he 

may conveniently see the balls, P, which will 
immediately diverge, if there is any electricity; 
i.e. whether positive or negative may be ascer- 
tained, by bringing an excited piece of scaling 
wax or other electric towards the brass cap, B Py - 
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OF MR. DR SAUSSURE’S BOTTLE BUM TRO- 
METER.* 

    

    
   

கணினி வயில் பூராக long என் to eli 
the tin-foil whieh is pasted on the inside of the”) 

glass, begause the eleciricity, when strong, will 
cause them i 
tively, and #l 

their clectricity 

  

     

  

ant this defect, and a 

give them a snfficient degree of motion, it is 
necessary to, use larger glasses than those that are 

¥ WDhis electrometer miey, be used instead of the condenser of 
M. Filia, by only placing it on a piece of oiled silk, somewhat 
larger than the base of the instrument; but, in this case, it is 
the base, and not the top of the instrament, which must be 
brought into, contact with the substance whose electricity is to 
be explored, 

By this instrument, iL is easy to ascertain the degree of con- 
ducting power in any substance. For example, placed 
on an imperfect conductor, 28 dry wood or marble, and if the 
Gnstrument is clectrified strongly, and afterwards the top is 
touched, the electricity will appear to be destroyed; but, on 
Jifting up the instrament by the top, the balls will again open, 
because the imperfect conductor formed with the base a lind of 
dlectrophonis, by which the electric fluid was. condensed and 
Jost its tension, till the perfect conductor was separated. from 
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the imperfect one; whereas, if the conductor had bei 
perfect, it would have been deprived of its electricity immedi- 
ately on the application of the hand. 

Tis easy to discover also by this instrument the electricity 
‘of any substance, as of cloaths, hair of different animals, &c. 
For this purpose, it must be held by the base, and the sub- 

top of the electrometer acts in this 
the electricity it acquires is always  



  

AND     Tn கணிதன் lect great q 
city fiom the air, the lec 

      

     

Jong, which eae in three 
render the nt portab 

fg. 11. W 
pluie, plate 1, 
top of the 

preserved, notwithstanding the rain, © 
‘This instrument indicates not only the clectri- 

a i serene weather, and 

        

    

  

begins to be sensible. 
A conductor * exhibits signs of electricity, only 

when the electric fluid is more or less condensed 
in the air than in the earth, Though the air re~ 
sists the passage of the electric fiuid, it is not 

absolutely ee to it; it suffers it to pass 

ally with more! ease in prow 
or thickness is less. It is, 

‘0 discover at what த் 

    

    

       
  



800. TO ASCERTAIN THE PRESENCE 

it is necessary to be elevated, in order to find a 

ce betiveen the electricity of the 
of the air. A very sensible diffe- 
nerally discovered by this instra- 
ance of four or five feet from the 

ie sometimes it maybe seen if the instru- 

[ment is placed even on the ground, while at 

‘others, it must be raised seven or more feet, be- 
fore the balls will open; sometimes, though sel- 

‘dom, this height is not sufficient. ‘This distance 
is generally greatest when the electricity is the 
strongest, though necessai 
“riety of circumstance: 

as the degree of 

and others are unknown. 
‘The degree of intensity at a given height may 

be discovered thus; raise’ the electrometer, and 

judge by the divisions which are placed on the 
edge thereof the degree of their divergence. To 
find the relation between this degree of diver- 

gence and the force of the electricity, M. De 
Saussure took the following method: as he could 
not with certainty double or triple a given quan- 
tity of electricity; yet, as a given force may be, 
reduced one-half, a fourth, or eighth, &c. by 

viding between two equal and similar bodies the 
electricity contained in one, he took two of his 
unarmed clectrometers, which were as similar as 
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வப and electrified one of them, so that the 
balls separated precisely six lines; he tl 
the top thereof by the top of that 
electrified; inan instant the elec! 

divided between them, 3 as was @ 

each; “consequently, a F winution 6 of half the dens 
sity had only léssened the divergence one-third. 
One of these electrometers was then deprived of 
its electricity, and was afterwards brought in con- 

tact with the other, as before; the remaining 

் again between them, and 
.o twenty-cight lines,. 

‘as before; in the 

ti ட to nineteen; in the 

fourth, to ones ihre he was obliged to stop; as 
there was not now sufficient force in the fluid to 
pass from one electrometer to the other, and dis- 

- tribute itself uniformly between them. The same 
experiment repeated several times gaye very nearly 

the same results. Negative electricity decreased 
also in the same proportion as the positive. The 
following table may, therefore, be considered as 
giving a general, though not exact idea (wn 
aiperci.) of the inerease in force which corresponds 
to different degrees of divergence in the balls; it 
is only calculated to eyery fourth ofa line. The 
force of electricity is always expressed by whole  



    
          

    

15 

16 

17 

* M. De Saussure, in a long 
that may be made to the for 
force of electricity; but, as at th 
science is at present in a state of 
‘will be unecessary to take notice of 
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Distance of the balls 
in fourths of a line, 

  @oeresponding forces 

18 

19 20 

ஆம் 
22 

24 
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(
ப
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‘Those who are desirous to carry this measure 
of the electric for ther, may do it by having 

similar eleet ftucted, but made upon 

a larger seale, eavier balls, which would 

only separate one line, with the degree of electri- 
city that makes the smaller ones diverge six lines; 
these would consequently measure a force 1024 
times greater than that which forms the unity of 
the preceding table; and thus, by degrees we may 
be enabled to discoyer the ratio of the strongest 
discharge of a great battery, or perhaps even of 
thunder itself, to that of a piece of amber, which 

only attracts a bit of straw.* 

    
    

  

# ‘The consideration of the repulsive force is not sufficient to 
discover the absch ‘of an explosion or electrical dis- 
charge. For Mr, that the force of a discharge 
depends principally on the quantity of the electric fluid which 
passes from one body to another. Now, the repulsive force of 
the’ electrometer only indicates the ratio of this quantity in 
equal and similar bodies, and which are also similarly situated. 

 



      

   
   

of the bottle electrometer — 
ited by the Revs Mr. Benne/, 

sensibility is far superior to any 

    
ee ace would act with the force on the: 

meter; though it is probable, the force of the discharge in 

‘the two conductors would be equal. The repulsive force serves, 
however, to shew what Mr. Vilia calls the electrizal capacity. of a 

‘body, the quantity of the electric Huid it actually contains, or 
is capable of containing. To effect me and ye points of | 

  

    

    

  

eK {ll_ give’ the ratio of x 
aE of tho ball. Let us suppose a ia jar ee 

fore ignorant of its size, and the strength of the shock it will 
igive. | Let the top of M. De Saus:ura's ‘electrometer be in con- 

tact with the knob of the jar, and the balls of the electrometer ~ 
separate six lines: from this solitary fact, we shall gain no infor _ 
ration relative to the force of the shock because, ifthe jars 
very large, this degree of tensi ன் 
tion; when, ifit is very small, x 

the sensation may be almost imp: 
ball of a foot diameter in contact 5 
after having thus taken a part. 

trometer is again put in 

   
remaining quantity of டய.



   

   

The cylindrical glass, B, in which the gold leaf 
is suspended, may be about five inches high, and 
two inches diameter, : 

  

   

   

  

     le ap is about an inch more 

at of the glass, and its rim is about an inch 
deep, hanging parallel to the glass, to keep it 
clean and dry: within this, is another circular 
rim, about half as broad as the other, made to go 

over or within the glass, and is therefore lined or 

; aid in the cenier of 
herein a peg is placed. 

 



ப் on opposite sides of the internal ‘surface of 

the glass, w! the gold leaf may be expected to 
strike, and are connected with the oy 

 



    

  

GOLD DEAF     aind making it pass throug] 

  

   

      

   

  

   

  

    

‘The positive electricity generally remains; but in 

the negative, the leaf gold collapses as soon as the 
cloud ௦8 ஏ is passed. 

i balk: drawn over a brush, or 
   

  

    electricity. If a brush is placed upon the ப இ 
and a piece of chalk is drawn over it, when the © 

hand is eS: the _— gold வடம் exe 

g from one plate to 
instrument, electrified it 

xperiments haye been _ 
‘cose wing, chalking” 

‘The instrument being 
dust struck up with a 

dit positively; wheat ont 
டன் ம்



WITH BENNED'S: 

rong negative electricity, in 

‘face, it will exhibit the positive 
ascending vapour, when introd 
electricity of rain may probably be illustrated by 

pouring w water on hot coals இதுத ப்வவ் 
» the 

leaf gold before, will aus 
sides for a long time: together, and the 

electricity is now communicated so strong, that 

the leaves will ibe pres by a stick of excited, 

A thunder-clond 

flash of lightning: 
been discovered by 
powder, or the pro  



டன்ன வ லட 
Bold strike the sides of the gla 

he electrometer, and exposed to 
open place, or not too near high 

it seldom fails to render the 

very sensible. ட் 
charged with a small 

this instrument, or of the வின் to be oo 
apparatus; and that 

 



    

406 ass siconpensen. | 

  

    

     

  

ged a very sensible divergenoy 

  

“40 the philosophical world, by which!sueh quan. 
tities of electricity may be rendered! manifest, as 
could not be perceived by other means, The 
first of these methods is an மத Mr, Volta, 

et eu is an 

  

    

    
     

   

     
    

eo அ டடத 
, and a semi-conducting or imperfect insu- 

ய ப்ப See D and E, plate 11, 992. 10 
To examine a weak electricity with this appa- 

yatus, as that of the air in calm and hot weather, 

which is generally too i 
ble by an electrometer, 
the semi-conducting plane, 
ather conducting substan 
the metal plate, and 

_ absorb its electricity; 

the metal plate muse | 
conducting plane, and being presented to an 

    

     
  



quantity into a small space. But 
loubler is designed to multiply, by 

g a small, and otherwise unper- 

ported on pillar six: inches and an 
Tt consists of the following parts: two fixe 

plates of brass, eae ‘are separately insulated, 
and disposed i plane, so that a revoly- 

near them, without _ 

plates is two inches in | 

adjusting pieces: 
m accurately in the, 

iss ball, likewise of two 
‘the extremity of.an axis 
Besides the more essen- —  
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tial purpose this ball is intended to answer, itis so 

loaded withing Gn one sido, that it serves as a! 

erpoi y the revolving plate, “and enables. 

  

   

    

   

  

     
h  distinotly seen 

Th led parts represent metal, 

represent varnished glass. 011 இது 

passing through the piece, M, whiGh last sustains 

the plates A and C, At one extremity is the 

pall, D, already mentioned; and. the other is pro- 

longed by the addition of a glass stick, which | 

sustains the handle, L, an GH, scpa- 

yately insulated. FE, 01) 

fixed plates, A and CG; 

the axis... The cross piece, 
in one plane, and have their ends 

sinall pieces of harpsichord wire, thi 

perfectly touch the pins, F, F, in certain points of 

the revolution. There is likewise a pin, I, in the 

piece, M, which intercepts a small wire proceed- 

"ing from the revolving plate, B, 

The touching wires are sd adjusted, by bend- 
ing, that when the revolving plate, B, is imme- 

diately opposite the fixed plate, A, the crossfpiece, 

GH, connects the two fixed pl s, at 
“fime that the wire and pi 
cation between the revol 

On the other hand, whe 

immediately opposite the 
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become connected with this last plate, by the 
touching ofthe piece K against Py the two plates, 
A and B, haying then no connexioi 

siden! as ன and the eae te 1 
together with the ball, D, will constitute anovher 
mass. All the experiments ve ட concur to 

8, with respect to eacly 
he plus and minsr 

le, and without any 
0 ம ப, 18 the masses were remote froin _ 

each other; but as that is not the ease, a part of 
the redundant electricity will take the form of a 
chafge in the opposed: plates, A and B. “From 
ether experiments, I find that the effect of the 
compensation on. plates opposed to each other, at 
the distance of one-fortieth part of am inch, is 
such that they require, {6 produce a given inten- 
‘ity, atleast of hundred times on quantity of; 
electiicity that have produced it in either, | 
singly and apart, Whe redundant clectricities in — 
the masses under cons ‘ion will therefore be 
unequally ibuted? the plate, A, will have 
about ninety-nine parts, and the plate, C, one;  
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and, for on, the revolving plate, B, 

will haye 99 parts of the opposite clectricity, and 

ball, Dy) The rotation, by y 
this unequal 

   
     

  

    

     

   

    

  

C, and produces the contrary slate 
the communication between d 

which last must therefore acq 
the same Kind with that of, 

  

to compensate ninety-nine parts of the opposite 
electricity im the revolving plate B, while the 
communication produced an equal mutation in 
the electricity of the ball, A second rotation 
will, of course, produce @ propo: tionable augme! 

      

   

  

oto ‘their maximum, 

sion between the plat 
Tfone of the parts b 

meter, more especially that of Bennet, ee effects



NICHOLSON'S DOUBLER. an” 

will be yery clearly seen. Phe spark is usually 
produced by a number of turns, os eleven 

the effects, not diffieulé SBE 

eneral principles, but sufficiently 
the meditations of persons the 

this branch of natural philo- 

to brevity, however, renders 

iS is such that the cross pie fi 
touches thé*two pins; a very few turns will rén= 7 
der it perceptible. But here, as well as in the 
common doubler, the effect is rendered uncertain 
by the condition, that the communicated electri- 
city must be stron; gle? to destroy and predo- 

i , “electricity the plates may 

‘its use, the very speedy 
and the unequivocal na- 

ture of its results.  



rs when it is ready be used. © 
Fig. 96, B, is an arm, the ball of which is to be 

laid to make a communication with a battery. 

 



BROOKE'S ELECTROMETER. Ais 

The dial plate, fig. 06, is divided into 90 equal 
parts; the index of this plate is carried once round 

shen thearm, B C, has moved through 90 degrees, 
ora quarter: of acircle. That motion is given to 

the, a. repulsive power Of the charge 
acting, bety the ball D and the ball] நர் 

The arm, BC; being repelled, shews whem the 
charge 18)imereasing, and the arm, PH, shews 
what this repulsive power is between two balls of 
this size in grains, according to the number the 

weight: rests at when lifted up by the repulsive 
power off large: at the same time the arm, 
BG aoe out the namber of degrees to which 

ல்லி, B, is repelled; 86 that, by ropcatcd trials, 
the mumber of degrees, answering to\a given 
number of grains, may be ascertained, and a table 

formed from these experiments, by which means. 
the eléctrometer, fig. 96, may be used without 

that of yig. 97. 

Mr, Brooke thinks that no glass, charged, a3 
we call it, with clectricity, will bear a greater 
force than that whose repulsive power, between 
two balls of the size he used, is equal to sixty 
grains; that i yery few instances it will stand 

‘sixty grains weight; and he thinks it hazardous to 
go more then forty-fiyewgrains. 

Hence, by knowing the quantity of coated sur- 
face, and. the diamete the balls, we may be 

* Phil. Trans, vol. யம். ற, 384, 

        

    

   



ட் வின a Cas is 
“index being repelled to 
tances, or by the char, 

© distances, yet the 
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CHAP. XIX, 

OF APMosrnentcan BLE மோர். 

Ir is: now, படத acknowledged by every 
philosopher, that the electric fluid is disseminated 

through the whole atmosphere: it is also known, 
‘that the motion of this fluid is restrained when it 
acts in denge\ air, bit it moves with the greatest 
liberty inva Waeuum or rarefied air, as in an ex- 
~hausted receiver. ‘Therefore at a great height, 
where’the air is equally, if not more rarefied than 
in our receivers, its motion must. be exceeding 

free, and hence capable of the greatest effectss, 
because it ean be moved from one place to another: 
with ext#6ie¢ase and rapidity, and in great quan- 

tities: and if, as many philosophers believe, the 
electric fluidiis that ether or subtile matter which 
fills the interyals between the planets, how: great 
‘must be the force of an agent which fills these 
immense spaces! Be this asit will, we know that 
the upper. strata of air are filled with this fluid, 

, and that it moyésthere freely. 
Again, we know ப. whether in sub- 

* stance or in vapours 

that in proportion as air is loaded with i ‘it, it resists 
Jess the motion and diffusion of the clectric fluid;  
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“Vapour rises to a great height, it 
luctor and canal of பழத வாப்ம் 

251006 the equilibrium. But 

not last.long, for it is na 

“immense fluid subject to a 
rents, &c. which will alter. 

also this fluid, which is con 

accumulate or rarely 

to maintain the equilibriam be our globe 
and the fiuid in the higher regions Of-tHe“atmos- 

phere. ம் 
‘This theory is so natural a const 

most immediate and certain prine 
city, that it seems almos த் confirm 
it by the phenomena wh ; 
only one that accounts for the 
ட்டு never rise to a great |  



ர கணம் ட... p. 273, 
pd.) as  
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first suspected, that electricity was so intimately 

blended with every operation of nature, as it is 

now known fo be, the labourers in this pare are of 

few; the principal are, பயம 
mand Mr. Cevallo. ~ 

I have extracted and methodized'the results of 

the observations made by P. Beeearia, Matroducing 

occasionally those made by others; that the reader 

might be in possession of the most material facts, 

and excited to investigate and pursue with atten- 

tion this delicate and important subject; for, in- 

deed, little certainty can be expected from any 

system of meteorology, where the action of the 
principal agent’ is not particularly considered and. 

attended to. 
‘The apparatus used by P. Becearia, for investi- 

gating the electricity of the atmosphere, was an 
iron wire; which he terms an exploring wire, 132 

fect long. It was fixed at one end toa pole raised 
oyer the chimney, the other end was fastened to 
the top of a.cherry-tree. The extremities of the 
wire were insulated, and covered with a small 
umbrella of tin. Another wire was brought from 

this, through a thick glass tube coated with seal- 
ing-wax, into the room; by which means, conti- 
nual information of fhe/State of the electricity in 
the exploring wire was, obtained. “He connected 

with this wire a small slip of metal, on each side of 

which was a small pith ball, one line in diameters  
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“the balls were suspended eo sixteen 
lines | 

a ons will probably ண us to discover 

    

     
  

with et 

of the’ 
made th riment swith a bal made of taf 
fety, © 00 cubic fe air, and whieh 

  

was raised by the heat from me of spirit of 
wine; with this; in cloudy but @alm weatherg he” 
obtained a strong - positive clectricity.* 

The electricity, in ne weather, generally 
makes each of the balls diverge about six lines; 
when it is very strong, they will diverge fifieen or 
twenty degrees from the metal plate; when weaky 
the divergence is very small, - > 

Ta Serene weather, the wire, after pated, 
willtake a minute or longer before it again shews: 

signs Ofeleetricity; though, at other times, it 
will become electrified in the space of a second. 

The electri¢ity during serene weather is always 

positive: there are few instances in which it is 

negative, and then it i$ brought over by the wind 

from some part of the atmosphere, perhaps very 

distant from the place of observation, where there 

is either fog, Suow, rain, or clouds. The whole 
seriés of observations . Becearia has made 

    

  

    
ee 

%* Paujas do St. Fond, Description des Experiences Acrostae 
tiques, tom. ii. p. 271. ம் 

pd 
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confirin this position, He seems to have met with 
only three or four instances to the contrary. 

Dr. Franklin has observed, that theo) 

sometimes, negative, which is certainly trae; 

cause heya ம “at times absorb, atvand through 
the apparatus, a large and full bottle of positive 
electricity, of which the apparatais could not have 
feeciyed and retained the hundredth part. And 
it is easy to coMecive, how a strongly charged 

large positive cloud may reece smaller clouds to 
a negative state. i 

‘The electricity of the Pepe is very much 

connected with the state of the air, as to moisture 

and dryness; so that it is necessary to attend to 
the hygrometer, in order to form a proper judg- 
ment of the different degrees: of electricity at 
different times. That invented by Mr. Covenizy, 
which is made of hatters paper, “will ‘answer 

best; it is very sensible, absorbs moisture soon, 
and parfs with it easily.* Comparative observa- 
tions may also be made with it, Tt is also neces- 
sary to place a thermometer near the hygrometer, 
to ascertain what quantity of moisture the air can 
keep in solution with a given degree ‘of heats 
though this object will more probably be obtained 

ட் observing வலத் பூலா of, moisture  
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evaporated from a given surface at different times 
It is als to be observed, that the different degrees 
of detisity'in the air will affeet the quantity of 
moisttire which is retained in the air, 

The moisture in the air is the Constant oén— 
ductor, of the atmospheric electricity during: clear 
weather; and the quantity ofieleetricity is propor- 
tioned to the quantity of moisture which surrounds: 
the exploring wire; ம் there is so much as to 
lessen the exactness OF the insulation of the wire 
and of theatmosphere, In a dry state of the air, 

. it will sometimes be aboye a minute before the 
balls will manifest any electricity after the wire 

has been touched; though, in a damper state, 
a second will scarce elapse, heforesrapid oscilla~ 
tions of the balls may he observed befween the 
finger and the plate of brass to which they are 

affixed. * 
‘The electricity, when the weather clears up, is 

always positive. When the weather is clearing 

up, and begomes dry:quickly, the electricity rises 
to a great degree of intensity, and affords fre- 

quent opportunities for repeating the observa- 
tions. It sometimes happens, that the electricity 

  

  

| In malking Obseerations on, the ery of the atmos- 
  phere in clear weather, it பவி to repeat them very fre- 

quently; i. ¢. to observe the ¥ ey with which the electricity 
rises after it has been annihilated which P. Beccaria generally 

  

falimated by the number oP eseends clapied before the balls 
began to manifest their dlectricity,



422 ° oF ATMOSPHERICAL ELECTRICITY, 

_ caused by the clearing up of the weather eonti= 

nues.in its state of intensity for a long while; and 

also, after being interrupted, it begins afresh. 

| ‘These aetideats seem to be owing to the electri- 

city: being brought over by the wind from great 

distances. ட் 

BP. Beccaria says; that whenever: he “observed 

that the thick low clouds which were: over his 

Head began to bfeak, and the rare even clouds, 

which are above the former, became dilated, that 

the rain ceased and the balls diverged with posi- 

tive electricity, he always wrote down, certain 

tendency to clear weather. 

Prior Ceca says, that a strong positive electri2 

city aftersrain’ is an indication that the weather 

will continue fair for several days. If the electri 

Gity is weak, it isa sign that the fair weather will 

not last the whole day; but that it will Soon be 

cloudy, and even rain. ட் 

Tf, when the sky grows cloudy over the place of 

_ observation, and a high cloud is formed, without 

Any secondary clouds wader it, and it isnot an 

‘extension of a cloud which drops rain elsewhere, 

either no electricity takes place, Or it is positive. 

If the clouds which are gathering are shaped 

like locks of wool, and™ moving first nearet 

to, and then separatin, ; each other; or, if 

the general cloud whieh is forming lies very high, 

and is stretched downwards like descending smoke,  
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then positive ‘electricity commonly takes place, 

which is more or less strong in proportion to the 

quickness with which this cloud forms; and it 

foretels thegreatér or less quantity and velocity of 7 

rain or snow which is to follow. % 

When @ thin, even, and extensive cloud is 

forming, which darkens the sky aud turns it into 

a grey colour, a strong and repeated positive elec 

tricity takes places bul, in proportion as the ga 
‘thering of the cloud slackensy this clectriigy 
lessens, or even fails. On the contrary, if the” 

‘rare extensive cloud is gradually formed of smaller 

‘clouds, like locks of wool, which are continually 
joining to and parting from each other, the posi- 

tive electricity commonly continues. ~ —* 

Low and thick fogs, especially whenlas they 
‘rise, the air aboye them is free from moisture, 

‘carry up to the exploring wire an electricity which 

will give small sparks repeatedly, and produce a 

divergence of the balls from 20° to 25°, or even 

~ 30°. If the fog grows sluggish, and continues 

round the exploring wire, the clectricity soon fails; 

but, if it continues to rise, and another cloud 

succeeds, it electrifies again the wire, thongh less 

than before. Sky-rockets sent through such thick, 

Jow, and continued fogs, often afford signs of 

electricity. P. Beeagria, winder any one of the 

circumstances*above-teseribed, never met with  
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an instance of negative electricity; except perhaps 
once, when he sent a sky-rocket, to.which a 
string was fixed, through a low thick fog though 

| he had afterwards cvery reason to think, that he 
had mistaken @ false little star for a dfue-one. 

Mr. Ronayne observed, that the air in Ireland 

was generally electrified in a fog, andveven ina 
mist; and that both day and night, but princi- 
pally in winter; seldom in summer, except from 
positive clouds, Or cool fogs. ‘The electricity of 
the air in a frost or fog is always positive. He 
says, that he has often observed, during what 
seemed the passing of one cloud, successive 
changes from negative {0 positive, and from po- 

sitive to negative, 
N. BS Most fogs have a smell very like an ex- 

cited glass tube. 
Mr. Henley has shewn, that fogs are more 

strongly electrified in, or immediately after ‘a 
frost, than at other times; and that the electricity 
in fogs is often the strongest soon after their ap- 

pearance. ற 

Whenever there appears a thick fog, and at the 
same time the air is sharp and frosty, that fog is 
strongly electrified positively. 

Though rain is not/an/ immediate cause, yet he. 
is inclined ta think it was always a remote con- 

Sequence of electricity ithe atmosphere; and he 
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generally found, that in two or three days after he 

had discovered the air to be strongly electrified, 
we had rain, or other falling weather, 

Tf, in clear weather, a low cloud, which moves 
slowly and is considerably distant from any other, 
passes ovér the wire, the positive electricity ge- 
nerally gfows very weak, but does not become 
negative; and when the clouds gone, it returns 

to its former state. When whitish cl 

Tike locks of wool, keep over the wire, some! 
‘uniting with, and then separating from each other, 
‘thus forming a body of considerable extent, the 

positive electricity commonly increases. In all 
the above circumstances, the positive electricity 
never changes to a negative one, 

‘The clouds which lessen the-electricity of the 
‘exploring wire are those which move; though 

_ those’ that are low scem also to have the same 

effect. 

OF THE DIURNAL ATMOSPHERICAL 
ELECTRICITY. 

In the morning, when the hygrometer indi- 
cates a degree of dryness equal to, or little less 
than that of the preceding day, an electricity 
takes place beforé the Sin rises; which is mani- 
fested by. junctions, adhesions, or eyen a diyer-  
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gence of the balls, and is proportioned to the 

dryness of the ait, and the smallness of its diffe- 

rence from that of the preceding day) If this 
state of dryness does not obtain, nosdiscernible 

electricity will be perceived before, or even for a 

Tittle while after, the rising of the sun. As the 
air is. generally damp in the night) electricity is 
= observed Before the sun rises. During 

» months ல் P; Beccaria found the 
ricity before the sun rose only eighteen morn- 

; and from the whole of his numerous obser- 
“yations it appears, that the appearance of electri- 
city in winter before Sun-rise is more frequent than 

in summer, especially if the dampness from the 
oar frost is னத் from affecting the appa- 

ratus., 

. In the morning, as THES sun rises * higher, ae 

த whether it began before sun-rise or 

only after, gradually increases. This gradual in- 
crease of the morning electricity begins sooner, 
if the hygrometer continues after sun-tise to indi- 
cate a greater degree of increasing dryness. The 
imtensity and the rise of the electricity, after it 
has been annihilated by touching the exploring 
wire, lasts in serene days, in which no impetuous 
wind takes’place and the hygrometer is stationary 
at the highest degre Attained that day, till 

the sun draws near the place of its selling. When  
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the sun is near setting, and in-proportion as the 
hygrometer absorbs the moisture, the intensity of 
the daily @lectricity lessens. 
Though’the hygrometer may indicate equal 

degrees of dryness at twelve 'elock, in different. 
days, ‘yet electricity will appear’ sooner afier 
being destroyed on some days than on others; 
and this is in @ great measuré proportioned to the 
inerease of heat. The i. c or 

mences'on such days latet i ori 
falls sooner in the evening. a 

‘The friction of winds against the coches of tiem ப 
earth is not the cause of atmospheric electricitys. 
Impetuous winds Iessen the intensity of the elec 
tricity in clear weather. “If they are.damp, they 

lessen its intensity in proportion to the diminution 
they cause in the exactness of the insulation both 
of the wire and atinosphere. 

    

    

  

   

OF THE ELECTRICITY PRODUCED BY THE 
RYENING DEW. ~ 

In cold seasons, if the sky is clear, little wind, 
and a great degree of increasing dryness, an clec- 
tritity of considerable i intensity arises after sun-set; 
as soon as the ‘dew: The frequency of 
such electricity 18 r greater than that of 
the daily electricity, and/it vanishes slowly. 
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Jn temperate or warm scasons, if the same cir- 
cumstances as before-mentioned take place, an 
electricity entirely similar to the former arises as 
soon as the stn has set: only its intensity 
constant; it begins with greater wapidity, and 

ends sooner. 
‘If, under the above circumstances respectively, 

the general dryness of the air happens to be less, 
the electricity that rises in the eyening when the 

| ew begins is less in proportion to the diminutions 
‘of the exactness of the insulation of both.the ex- 
ploring wire dnd the attnosphere; but correspon- 

.dently to the greater quantity of dew, the fre- 
quency of the electricity is greater, 

The electricity of dew seems to depend on the 
quantity of dew, and to follow, in its various 
changes, proportions similar to those which take 
place between the electricity of calm mild rain, 
and that of rainy and stormy weather, and varies 

also according to the seasons, 
‘As rain, showers, the aurora borealis, and the 

zodiacal light, have a tendéney,to appear for se~ 
veral successive days with the same characteristic 
accidents, so the electricity of dew seems to have 
as it were an inclination to appear for several eve- 
nings successively with the same eharacters. 
Exrerimenr coxxxymr. Let the air in a 

well-closed room be electrified; that is to say, the 

is not so 
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EXPERIMENTS AND OBSERVATIONS 

MOSPHERICAL ELECTRICITY, BY 

VALLO. 3 
Me 

‘These were principally madeiwith an electrical 
Kite, which will collect electricity from the air at 

time. ‘The power of this instrument resides 
string. be best method of making’ the 

, is by twisting two threads of common 
| ‘twine with one of that copper thread which is used 

for trimming: a school-boy’s kite with this string 
answers the purpose as well as any other. When 
a kite constructed in this manner was. raised, 

Mr. Cavallo says he always observed the string 
to give signs of electricity, except once; the weu- 
ther was warm, and the wind so weak;)that the 

Kite was raised with difficulty, and could hardly 
be kept up for a few minutes: afterwards, when 

the wind increased, he obtained as usuel a strong 
positive electricity. 

If this kite was faised at a time when there 
Was any probability of danger from the great 
quantity of electricity, Mr. Cavallo connected 

one end of a chain with the string, and let the 
other end fall on the ground, and placed himsélf | 
also on an insulating ‘stool. “Except the ‘kite is 
raised ina thunder storm, there is no great dan= 

ger that the operator will receive a shock. Al  
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though he raised his kite hundreds of times with- 

out any precaution whatever, he seldom received 

even afew slight shocks in the arms. But it is 
not adyiseable to raise it while stormy clouds are 
over héad. This is*also less necessary, as the 
‘electricity of the atmosphere may then be easily 

observed by other means. 
When the kite was raised, he often introduced. 

the String through a window intoja room of the | 
house, and fastened it by a Strong silk lace 
chair in the oom. Pluie N, fig. 78, AB repre= 

nts part of the String of the kite, which comes 
hin. the room; ©; the silk lace; DE, a small 

"prime conductor, whieh by means of a small wire 
is connected with the sting of thekite; F, a qua- 

drant electrometer fixed upon an insulating stand, 

and placed near the prime conductor; G, a glass 

tube about eighteen inches long; gn, 4 ball and 
wire of brags, which are fixed to the glass tube. 

‘This small instrument is useful to determine the 

quality of the electricity, when it is not safe to 

come near the string. This i8 effected by touch- 

ing the string with the wire, which takes a sufi- 

cient quantity from ft to ascertain thereby the 

quality of the eleci ‘either by the attraction 
g or the appearances of 

the electric light: or i may be ascertained by a 

Leyden jar, which will retain a charge for a con 

siderable time; and then the kite need not be  
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Kept up any longer than is necessary to charge the 

jar, by which the quality. will be shewn even at 

some days distance. r 

If a charged jar is carefillly kept fein zeny of 

those means by which it is known tg be dis- 

charged, it will retain its charge for a Tong time. 

On this principle the above mentioned jar is con- 

structed: the jar is coated in the usual manner; 

thes wncoated pare, of the glass is¥eovered with 

Wax, or clse well varnished; alas tube, which 

45 open at both ends, is Cemented into the neck of 

this jar, having a piece of tin-foil Conuecied with 

its lowest extremity, which touches the inside 

non-electric coating. A glass handle is fixed to 

the ball on the wire which passes into the fore- 

going glass tube; the wire is of » proper length 

to touch the tin-foil which is at the bottom of the 

tube. Charge this jar in the usual manner, and 

then take ont the wire from the glass tube by 
means of the glass handle. ‘This may be done 
without discharging the jar; and, as the fire can- 

not now escape easily, the charge of a jar may be 

preserved for many weeks. 

Fig. 80 represents a yery simple instrument, 
contrived by Mr. Czvallo, for making experi- 

ments on the electricity of the atmosphere, and 

which, on several accounts, appears’to be the best? 

forthe purpose. AB ig 4 common jointed fishing 

rod, without the last or smallest joint; from the  



ON ATMOSPHERICAL ELECTRICITY. 433 

extremity of this rod proceeds a small glass tube, 
C, covered with sealing-wax; a cork, D, is fixed 
at the end of it, from which an electrometer with 

pith balls": suspended. HGI, is a piece of 
twine fastened to the other extremity of the rod, 

and supported at'G by a small string, FG. “At 
the end of the twine, T, a pin is fastened, which, 
when: pushiéd intoythe cork,\D, renders the elec- 
trometer, B, 7th st lated. Wheniithe electricity, 

of the atmosphere!is obseryed with this ins 
ment, thrust ghe pins, 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 house, raising 
the end of the red with the electrometer, so as to 

make “au angle of 50 or 60 degrees with the ho- 
rizon. Keep the instrament in this situation for 
a few seconds, then pull the twine at H, and the 

pin will be disengaged from the eork, D; which 
operation causes the string to drop in the dotted 
situation, KI, and leaves the electrometer insu- 

lated, and electrified with an electricity contrary 

to that of the atmosphere. This being done, you 
may draw the electrometer into the room, and 
examine the quality of the electricity, without 
obstriiction either from wind or darkness. 

The aurora botealis se@ins no: to affect the 

electricity of the kite. 

  

     
   

  | 
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The electrical spark taken from the string of 
the kite, or from any insulated conductor con- 

nected with it, especially when it does not rain, 

is seldom longer than a quarter of anj ஸ்ஸ், but it 

ig exceedingly pungent, When the index of the 
இட is not highes than 20%, the person 

Jar, ee 3 
luctor of an ek 

or weaker, accor 4 

shorter; but it does not keep ஊர exact propor- 
tion to it. For instance; the electricity brought 
down by a string’of an hundred: yards may raise 

the index of the electrometer to 20°, when, with 
double that length of string, the index off the 
electrometer will not go higher than 95% 
When the weather is damp, and the electricity 

is pretty strong, the indes of the electrometer, 
after taking a spark from the stringy or presenting 
the knob of a coated jar to it;srises surprizingly 
quick to its usual place; but, in dry or warm 
weather it rises exceedingly slow. 

It appears, from the observations which have 
been made on the electricity of the atmos] 
that nature makes great use of this fluid for pro ச 
moting vegetation.  
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1. In the spring, when plants begin to grow, 
then temporary electrical clouds begin to appear, 
and pour forth electric rain. The electricity of 
the clouds”and of the rain continues to increase 
till that part of the autumn in which the last fruits 
are gathered, 5 

9. It is this Abid which supplies common fire 
with that nipisti 6, by the help of which it actu 
மஜ கார் கா் fon; it is-the agent that» 

collects the vapours; i the'clouds, and is then 
employed to ioe issipate them in rain. 

3. From the same principle may be explained 

the proverb,’ that No watering gives the country so 
smiling a Wok as rain, ‘The clovds of rain, by 
extending their electric atmosphere to the plants, 
dispcse the pores of the latter to receive with 
greater facility the water which is impregnated 
with this penetrating and dilating fui i 
it is natural to suppose, that the positive electri- 
city, which continually prevails in setene weather, 
will contribute to promote vegetation, since this 
has been found tobe the effect of even artificial 

electricity. 

  

  

௩ 2
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OF THE IMPERFECTIONS OF METEOROLOGY, 

  $0 LONG AS BAROMETRICAL, THERMOME- 

TRICAL, AND, HYGROMETRICAL OBSERYA- 
TIONS ARE NOT ACCOMPANIED) WITH ThE 

LAR OBSERVATION OF THE ELECTRI- 
y oF THE AUMOsPHERE, Ox THE ELEC. 

TRICITY OF RAIN, SNOWSEMISTS, AND AQUR- 

OUS METEORS IN Tain. நமக, 

    

    

   

      

As it is now clearly ascertaine 
is a cause of various meteorol 
it is rather surprzing that phil 
perceived the absolute necessity of 
strument, by whieh observations may be made on 

the electricity of the phere, to those which 

indicate its weight, heat, and’ humidity. 
Withont considering in this place the different 

proofs of the influence of electricity on meteors, 

it will be sufficient to remark, that we cannot 

attain to an adequate knowledge of any pheno- 
mena, occasioned by the eon@urrence of various 
causes, without being acquainted with them all; 
for, if any one is neglected, it will be absolutely 
impossible thoroughly to explain the phenomena. 
If electricity is not th€ Sole catise of several mete | 
orological appearances, it is undoubtedly con- 
cerned more or less in their formation; so thal, 

hy neglecting to observe it, as well as the baro- 
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meter, &c. We lose the fruits of other, even very — 
act, meteorological observations. 

of electricity on vegetation is 

படா appears, that the — 
vations alone will 

778, Mr. Achard 
f the atmosphere, in ii 
the evening, with a 2, (11! 

‘of small pith balls, which were tee above  



    
        

    

electrometer, on account of the co 

of the balls. It seemed y iderably when 
the air was heavy, When the 
weather was very ‘y without 
clouds, the electr ‘rin the least, 

except towards su i 
small degree, ஆதல் ன கு 

It is remarkable, that in those days in which he 
observed no electricity in the air, there was no_ 
dew at night; while, on the other nights, it fell 

sy 

          



‘METEOROLOGY, BY MR. ACHARD.  43Q_ 

jn greater of less quantities. He docs not think 
ions are sufficient to determine, that 

dew is occasioned by electricity; but it may, 
thinks, be fairly inferred, that the elevation 
fall of the d dew is obstructed or promoted by 

ity may ட the விலட 
to be either positivel 

c air, cooling by 
vill not, after the 

powers, the attraction 
6 அத்தன். but 

_ upon all bodies, and that electric bodies are those 

on which it falls with the greatest abundant  
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‘This fact admits of an easy explanation, if we sup- 
pose electricity to be the cause of the dew; for 

the electric bodies do not readily receive clectri- 
city from the medium which surrounds them: 
there is, therefore, always a greater difference be- 
tween the electricity of the air and that, of the 
electrics which are placed in it, than between the 
electricity of the air and the conducting bodies 
which it enyclopes. Now, it is'im the ratio) of 
this difference that thé power of electric attraction 
acts, and consequently these bodies ought to be 
covered more abundantly with dew! 

As electricity i is often, if not always, the cause 

of dew, no one will doubt the nesessity of attend- 
ing to it in the botanical meteorology, as every 
one is acquainted with the influence of ‘dew on 
the growth of vegetables, 

In the Phil. Trans, for 1773, are observations 
on the electricity of fogs, which prove. that they 
are generally electrical. Mr. Achard has made 
several obseryations, the results of which corres- 
pond entirely with those, for he constantly found 
that the air was more or less clectrified by a fog. 
Twice he observed, that in’ the space of a few 
minutes the fog ceased altogether, and fell in 
form of a fine rain; and, though it was very thick, 
disappeared in about seven minutes. It is also 
very probable that rain is occasioned by electri- 
citys and of this we shall be convinced, if we  
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ttractions and repulsions that the | 
jospheric electricity must occasion, 
the surface of the globe and 

pas in the air, as between the par- 
vapour which always necessarily tend to 

these changes of whi 
without being able to 

| its relation. Thus, in stormy weather, we see the — 

strong, then null, and ina moment after  
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arise to its former force; one instant positive, the 

next negative, without being able to assign any 

reason for these changes. M. De Saussure says, 

that he has seen these changes succeed with such 

rapidity, that he had not time #6 note them down, — 

‘When rain falls without a storm, these changes 

are not so sudden; they are however very irre- 

‘gular, particularly with respect 00 the intensity 

@f force; the quality thereof i is more constant, 

Rain, or snow, almost un ay வு positive 

| electricity. ச் 

In cloudy weather, ee rain ர. the 

" electricity follows generally the> same laws as in 

serene weathery 

Strong winds generally diminish its intensity; 

they mix together the different strata of the at- 

mosphere, and make them pass successively to- 
wards the ground, and thus distribute the electri- 

city uniformly between the carth /and the air, 

M. De Saussure has observed a strong electricity 
with a strong north wind (la bise.) 

‘The state of the air, in which the electricity is 
is foggy weather; this is always accom- 

h electricity, except when the fog is 
going to resolve into rain. 
The most interesting observations, and those 
which throw the greatest light upon the various 
modifications of electricity in our atmosphere, are 
those that are made in serene weather. In winter,  
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during whiéh most of M. De Saussure's obscrva- 
tions were : ide, and in serene weather, the 

| மோ generally weakest in the evening, wl 
rs had fallen, until the moment of the sun’s © 

and sc ti 
precede the rising 

and setting thereof. This will be further ex- 
plained in the following pages. ் 

M. De Saussure Wa | an instance of this 

periodie flux in el y, on the 22d of Febru- 
ary, 1785, one of th st days ever remem- 

at Geneva: the ter and thermome- 

ter were suspended in the open air, on a terrace 

_ exposed to the south-west the electrometer, from 

its situation, indicated an electricity equal to 

what it would have shewn if it had been placed of  
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ah open plane. The height of the Barometer is 
reduced to what it would have been if the mercury 
had been constantly at the temperatureyofi ten 
degrees of Reaumur’s thermometer. The place, of 
observation was clevated 60 feet aboye the level of 

the lake, ‘The observations of the day preceding 
and following this great cold, arc inserted in the 
following table; because it is pleasing to have the. 

Observations which precede and follow any sin= 
gular phenomena. ‘There was ayweak S.W. wind 
during the whole!thtec days; and it is rather re- 
markable, that most of the great ‘olds, which 
have been observed at Geneva, were preceded by, 
or at least accompanied with, a little §, W. breeze.
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From the first eighteen observations) of this ta- 

ble, when the sky was quite screne,; We see that 

the electricity was pretty strong at nino, in, the 

morning, that from thence it graduallydiminished 

till towards six in the eyening, which was its first 

minimum; after which ivinereased again till cight, 

jis second maximum; from whence,it again தாட் 

dually declined till six the mext Morning, which 

was the time of its second mingnum ‘after which 

it again increased till ten in the morning, which 

was the first magiftmim of the following day; as 
this was cloudy, electric periods were not so 

regular. # ‘ee 
‘The clectricity of serene weather’ is) much 

weaker in summer than in winter, which renders 
jt more difficult to observe these gradations in 

summer than in winter; besides a variety of acci- 

dental causes, which at the same time render 

  

     

them more uncertain, In gencral,. in summer, if 
the ground has been dry for some days, and the 
air is dry also, the electricity increases from the 

rising of the sun till three or four in the after- 

noon, when it is strongest; it then diminishes till 

the dew begins to fall, which again reanimates it; 

though after this it declines, and is almost extin- 

guished during the night. 
i But the serene days that succeed rainy weather 
in summer, generally exhibit the same diurnal
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4A 

ably positive in serene weather, 
d summer, day and night, in the 

essentially positive, and 
0 be negative, in certain. 

obably arises from som 

To Pp strong evaporation, he thre தி 

| mass of red- hot iron into‘a small quantity of water 
which was contained ina coffee pot with a large 
mouth, and ilken strings; by this 

lectricity, though, 
it ought to have 

    

        

  

\ As it was not easy to think so ட பட்ட 
Mr. Volta was deceived, it was necessary to try 

ment in a manner more analogous to   
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that of Mr. Folia. A small chafing-dish was, 
therefore, insulated by silken cords, and the cofs 

fee-pot, with a small quantity of water, :placed/on’ 
it; one electrometer was connected with the cof 
fee-pot, and another with the ehafing-dish; the 
fire was raised by a pair of bellows. sWheu the 
water had boiled strongly fora fewaninutes, both 
electrometers exhibited sigts/of eléetricity, which, 
on examination, was found to be negative; prov- 

ing the truth of Mr. Volla’s experiment. The 
evaporation proditeed by the: s¢ence of iron 
in the vitriolic a@id, and by that of chalk ‘in the 
same acid, gave also negative electricity. 

Tt was now, necessary to inquire, why the va- 
pour excited by the heated iron produced positive 
electricity, while that from boiling water, in any 
other way, produced a negative electricity. 

M. De Saussure suspected, that the intensity of 
heat to which the water is exposed, by the contact , 

of a body in the’ state of incandescence, was the 
cause of the electricity produced by. its evapora- 
tion, and that a combination was then formed, by 

which a new quantity of the cleetrle fluid was 
produced, This conjectife may at first. sight 
seem improbable; but, the quantity of electricity 
produced by. this experiment will astonish those 
that repeat it: and this quantity is the more sur 
Prizing, because, if it is true, according to the 
system of Mr. Volia, that vapours absorb, while 
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they are forming; a quantity of the electric fluid, 
there = be enough developed in this 

for formation of the great quantity 
4 eo me heated oe and after- 

  

    

     

    

   
     

   

i lectricity, which is* un- 

foldéd in th if volcanos; as it is proba+ 
ble that 

    

   
    

it was in some 
or the iron, 

it was proper. 

@nanner: a-large iron crucible, five inches high, 
four in diameter, and six lines thick, was heated 
red-hot, then insulated; after which small quan- 

i into it, each projection 
-and more the crucible; 

till ‘there was only 
sufficient heat to boil the water, carefully obscry= 

| ing and then destroying the electricity produced 
| at each: projection. The electricity was always. 
மஜக or null; at the first projections it was” 

இராம it gradually diminished to the twelfth, 
Se 

      

ம்
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when it was searce sensible, though always with a, 

tendency to be positive. _ 
On repeating this experiment 

in different ways, a remarkable 
observed: when a small q 
thrown into the crucibl 

_ from the fire, while it was’ 

ng ‘what is called the whi 
was obtained. 

his fact seemed to 

_ another, mentit ் 

great “number of experiments, wh 
accurately described in his-excellent ae 

as the detail would be much too long to be intro- 
duced in this work, I must content myself with 
presenting the reac h 
a description of th 

‘The apparatus 
baked or annealed, ‘fifteen lines thie a 
inches diameter; this was insulated by a di 

goblet: upon this pot was placed the crueil 
_ any other heated substance, upon which th 

was to be thrown in order to be reduce 
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pours; the crucible was contiguous to a wire con- 
nected. with an clectrometer; a measure contain- 
ing 54 grains Weight of distilled water was thrown 
upon the | ted crucible; the time employed in 
the evaporation thereof was observed by a second 
watch j the elestrieity produced by this evapora- 
tion was noted. Whien this measure of water was 
reduced are: electricity of ide appa- 

‘evaporation was 
hottest; for, at the 

ர the fire, it required 
nineteen seconds to evaporate the water, and took 

more time till the third projection, when it took 
thirty-five seconds; though from that period it 

employed less time, or, in other words, the eva~ 

poration accelerated in proportion as the iron 

cooled. 
to. வியன் icity, it was at first 0, 

© shee negative, then 0, and 

afterwards positive to the end of the experiment. 

‘The vapour was not visible till the seventh pro- 

jection. 

“In the second ékperiment with the same cruci- 
ble. though ey endeavour was made use of to 

ச் rf  
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render them as similar as possible, the electricity 

was constantly positive. 

The third experiment was with @ Copper cruci- 

ble; here also the electricity was positive, andithe 

longest time employed inf evaporation was not the 
instant of the greatest heat. Wf was very curious 
to sce the water endeavouring to gather itself into 

a globule, like mercury oniglass; {6 be,sometimes 
immoveable, and then to turn om itself horizon- 

tally with great rapidity sometimes: throwing 

fiom some ம் [இரண்ட ட அது 
with an hissing mise 

‘The fourth expetiment’ was with the ‘same cru- 

cible; the electricity was at first negative, then 

constantly positives 
‘The fifth was with a crucible of pure silver; a 

considerable time was employed ‘ere! in evaporat- 
ing the same quantity, of water, even im the in- 

t of the greatest heat it took five minutes six 
seconds; the electricity was weak, three times no 

electricity was perceived, five times negative elec- 
tricity was discovered: 

Tn a sixth experinent with the same crucible, 

a positive electricity was obtained, at the second 
projection; after which none of any-kind was pér- 
ceived. 

The seventh, with the same, gave at al a 
strong negative electricity; thé second ட்ப! 

projection gave a weak positive electricity.  



was ai contrary to what hap- 

e the electricity was always. 

effects. é 
ent was with spirit of wine 

there was no electri 

time, or evaporating tee till the crucible was 
neatly col 

‘als 

ty, we may conelude 
elec Pe is. positive those bodies that 

capable of decomposing water, or of being 
. decomposed themselves by their contact with the 

; and negative with those which are not at 

composed or altered:  
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From hence M. De Saussure conjectures, that 

the electric fluid may be looked upon as formed 

by the union of fire with some wwknown principle, 

perhaps a fluid analogous to inflammable air, மம். 

exceedingly more subtile. Thi ogy seems sto 

him sufficiently proved by the inf ion of the 

electric fluid, and by the t 

which this inflammation is 

doubts have been attempted to] 

inflammation, there see 

forces us to admi 

_ tity of this fluid 

at pleasure any 
etinceler) by taking a pumber of s 

From whence may be inférred, that a 

considerable qtiantity. is destroyed ஸா. day by 
thunder, 

According to this system, when earn. 
which converts water into vapour, prodiices at the | 
same time a decomposition, it then generates the 
electric fluid. A part of this fluid combines itself 

immediately with these vapours, ai 
to form them. The yessel in whic 
tion is performed will acquire a positive el 
none at all, or a negative; according as the quan- 

tity of the fluid generated is superior, equal, or 

inferior.to that which the formation of the vapours 
consumes. “When no decomposition accompauies 
the evaporation, the electricity onght to be eon-  
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stantly negative, because there is nothing to re- 
plage the quantity of this fluid which is employed 
in forming the vapour. 

Tf in the foregoing experiments, those எஸ். 
statices which Were susceptible of calcination had 
constantly given a positive electricity, and those 
which do not-ealeine bad always given the nega- 
tive, évery thing would have been explained by 
these pri ‘and. they would thence have 
acquired a greater degree of probability. But the 
phenomena have not always\followed this law; we 
have seen iron and Copper sometimes give a ne- 
gative electricity, and silver the positive. The 
firstiease is not difficult to account for; it is well 
known with what facility iron and copper calcine 
ina brisk fires they become covered with a scaly 
‘erst, which is not susceptible of any further alte- 

iit the same heat. _ Ifthe bottom of the 

crucible aegutires this crusty coating, the drop of 

water placed thereon will be no longer in contact 

with a calcinable substance; there will be no fur- 

ther decomposition, no” generation of the electric 

fluid: the yapours, however, which are still formed 

will absorbia part of the fluid naturally contained 

in the apparatus, and this will therefore be elec- 

trified negatively. If some of the scalesshould be 

so far detached, that the water may gain some 

points of contact, the quantity thus generated 

may compensate for what is absorbed by the va- 
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pours, and thus the electricity will be null: if 
more are detached, it will super-abound and be 

positive. From the same reasons, a large mass of 

water, by attacking the iron in ajgreater number 
of points, always gives, positive electricity; "and. 
hence also a strong positive electricity, is obtained, 
by throwing a piece of red-hot iron info a mass of 
water, இத : 

It is not so easy to explaig, i... gives 
sometimes a positive electricity, but by suppos- 
ing it to have beén mixed with ‘some substances 

capable of calcination; and this the more, as the 

white porcelain always gave negative electricity, 
‘This supposition was verified by some: subsequent 
experiments, in which the same silver, when puri- 
fied, always gave negative electricity. " 

M. De Saussure owns himself incapable of ex- 
plaining, why heated charcoal always’giwes nega- 
tive electricity; unless it can be attributed to the 
promptitude with which so rare a substance loses 
its heat by the contact of water. ‘ 

One fact astonished him, namely, that by com- 
bustion, properly so called, although it is an eva- 
poration, nay, the highest degree of evaporation, 
he neyer obtained any signs of electricity; though 
he tried to obtain it ina variety of ways. Pro- 

bably the current produced by the flame disperses 
and dissipates the electricity as soon as it is formed. 
‘The case, however, must not be looked upon as 
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general, because Mr. Volta obtained signs of clee- 
tricity from bodies in combustion by means of his 
_condenser. 

உ “Arrother singular fact was, his not being able 
10 Obtain cleotticity without ebullition, though he 
endeavoured to compensate by the quantity of 

surface for the quantity of vapours that was ele- 
vated by boilitig: wat and, indeed, the same 
quantity ‘extended over too large a 
surface, electricity. 
Notwi ainty these exper- 

ments. thro 5 it does not at 
present seem possible to ன் another reason, 
which 90. satisfactorily agcounts for the positive: 
electricity which reigns in The prodi- 
gious quantity of this ria continually 
descends the upper part ofthe atmosphere, 

filtrati ugh the air to penetrate the interior 
parls of thesearth, must necessarily he brought 
back again by some means; for, otherwise, the 

air wouldibe exhausted of its fluid, or the earth 

would be saturated. The perpetual circulation of 
this a whic “carried on by means of va- 

ing circumstances it rises invisible 
and. ad concealed in their bosom, but dis- 

playing afterwards its energy. When the vapours 
have changed their form, it descends.active, ani- 
mated with a penetrating and expansive force: 
tops of trees, the points of leaves, the beards of 
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different grains, attract and force it to pass, 
through the vegetables, of which it becomes, 

perhaps, when decomposed, the most active and) 

savoury part. This also may be one of the tea 

sons, why exercise in the open air is much more 

conducive to health than that which is taken in 

coyered or close places; for it seems evident, 

that the soft and gentle eleetrization, which cvery 

‘one must partake of in theopen air, must have an 

influence upon-our organs, on the'eirenlation of 

the blood, the séeretion’ of thephtmours, and 
insensible transpiration, 

Tn farther pursuing this பப்ஸ் weimust con- 

sider, that vapour sometimes acts as the producing 

cause of acrial électricity; at other times, asa 
conductor of this same fluid; and sometimes, both 

together. Towards the cnd of the night the elec- 
tricity of the air is very weak, eithembecause there 
is no evaporation, or because the humidity of the: 
preceding evening and that of the fore part of they 
night have transmitted to the earth the electricity 

that was accumulated in the ai: but,*as soon as 
the sun warms the éarth, and in proportion as he 
rises above the horizon, the aerial electricity aug- 
ments; becausé the vapours which then rise carry 
this fluid into the air, But, when the sun has 
attained the meridian, the heat increases ina 
greater proportion than the evaporation, the air 

becomes dry, and hardly transmits the fluid which!  
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js accumulated in the upper, part of the atmos- 
phere; the clectrometer, therefore, exhibits less 
signs of electricity, though it is still accumulating 
in the upper’ part of the atmosphere. Lastly, 
when the sin #§/ near setting, the air grows cool, 
becomes humid, and ‘ansmits more abiindantly 
to the carth’ the fluid that was accumu- 
Jated “in the highe® கதம் the ‘electrometer, 
therefore, rises again et the dew, till two or 
three hou 5 

* hausted, anid 

the next days) wee 
In summer, the electrici FOF a serene atmos 

phere is much weaker than in winter, and that 
because the air ts then warm to a greater’ 
height, and therefore resists lly the 
transmission! Of this fluid, that ig aecumnulated in 
the higheFregions of the atmosphere. ‘This inter 
rupted aééummlation accounts at the same time 
very naturally for the violence and frequency of 
stormisyat this season. But the increase of elec~ 
tricity, from the heat of the sun in thc dry and hot 
days of summery from its rising till four or five in 
the afternoon, is not so‘casily accounted for. It 

is not improbable, that the° dry exhalations from 
the earth, which are occasioned by the heat, may 
produce this augmentation of electricity, and fa- 
‘Vour the descent thereof from the upper part of 
thé atmosphere. It appears however in general, 
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_ This explains the diminution of the aerial clec- 
tricity, where clouds are forming in an atmos- 

phere that was serene; for the electric fluid, which 
was. ‘disseminated in the dir, combines with the 
“vapours when’ they take the vesicular form; the 
strata om striated “appearance that is then seen 
among the clouds, இ is oné of the most sure 

“indications of vai, Seems to pronounce the pre- 
|, endeavouring to restore 

pthat whi ut 

which the @louds consi y experiments 
shew, that) his fluid, ae d by art, disposes 
in parallel and’ converging lines) like the clouds, 
those particles of dust through it is made to’ 
pass; while, on thé other hark of 
aerial electticity, which is observed when the air 

is getting “clear and serene after rain, arises from 
this fluid; which the vesiculat yapours part with 

avhen dissolved in air. 

OBSERVATION: KPERIMENTS MADE RY 

DR. PRIESTLEY, ON THE EFFECTS OF ELEC- 

TRICIPMON DIFFERENT BLASTIC FLUIDS. 

Exrenimenr cexxxix. Zo change the blue 

சன of liquors tinged with vegetable pices red. 

‘Phe apparatus for this purpose is seen in fig. 4  
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AB is a glass tube, about four or five inches long 

and one or two tenths of an inch diameter im the 

inside; a piece of wire is put into one cud of the: 

tube, and fixed there with coments a brass ball 
placed on the top of this wires 
the tube from « is to be ‘filled ith water tinged | 
blue with a picce of tuingole or arehal. ‘This is 
easily effected, by setting the t tube in a vessel of’ 
the tinged water, then placing i it under a receiver 
onthe plate of the வணர exhaust the receiver 

* ல் thelr, the tinged 

elevation will 

of the’vacuum; 

perceived, ‘ha after. = electric isp 

taken, between the wire, /, and the liqu 
about a minute, the upper part of) itbegan ‘to பத் 
red; in two minutes it was nuanifest! | 

the: princes வயதி twice as n the lower 
side as on the uppers In proportion as the liquor 
became red, it advanced nearer to the wires <0 
that the dir in*which the sparks were taken was 
diminished: the diameter amounted to-about one  
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பத பவ பட்ட பப பவ the 
| hidhhdles are of glass, Avis a brass wire with,a ball 
obits end, The wire of one is bent, for the more 
obaveniently throwing the electric fluid on the 
eye, &c. The balls may be unscrewed from the 
wires, and the wooden point, B, screwed in its 

place; or the pointed end of the brass wire may 
be used, ‘The divectors should always be held by 
that extremity of the glass handle which is farthest 
from the brass, and care should be taken that the 
heat of the hand docs not make them moist. 

Dand M, jig. 84, represent glass tubes, through 
which small wires are made to pass, to convey the 

» fluid’ directly to the ear or throat. 
Fig. 88 represents another glass tube, ofa larger 

size, the end of which is capillary; a small quan- 
tity of rose-water,: or any other fluid, is to be 
poured into this tube; then connect it with the 
prime conductor by a wire; turn the cylinder, and 

a subdivided, gentle, and refreshing stream of this 
fluid may be thrown on the patient. 

Fig. 86 xepresenis the insulated electric forceps: 
some Operators think it a very convenient instru- 
ment for communicating a shock. Its use and appli- 
cation are evident from an inspection of the figure. 

Hig. 85 is the medical jar, furnished with an 
electrometer, to limit the force of the shock, and 

enable the operator to give a successive number 
of them of the same force. C is a bent piece of
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turn the machine with one hand, while he is 
receiving the fluid or the shock: But this may 

also be readily efftcted, by fastening a wire to'one 
of the conductors, and pinning the other end of 

it to one extremity of the part through which you 
intend to pass the shock, or convey the fluid; 
then connect a director with the other conductor, 
and hold it to the other extremity of the part. If 
the situation is such as to occasion the wires to 
touch the table, pass a small glass thbe over’ them, 
which will prevent a dissipation of the fire. 

Blectricity thay be applied medically in the fol- 
lowing different modes: 

1. By merély ‘placing the patient in an insilated 
chair, and connecting him with the prime conductor. 

When the machine is in action, he will be filled 

with the electric fluid, which will be continually 

dissipated froin tlie points and edges of his cloaths; 
and, though the effects of this are probably too 
slow to be rendered very advantageous, yet a se- 
dentary person might perhaps derive some benefit 
from sitting in an insulated chair, having before 
him’an insulated table, the chair to be connected 

with the ball of a large charged jar or battery; by 
which means, a small quantity of the fluid will be 

continually passing through those innumerable ca~ 
pillary yesscls, on the right state of which our 
health 0 much depends. 
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2. By throwing the fluid upon, or extracting. it 
pfrom a piatient, by means of a cooden point. "This 
may be effected ina two-fold manner. ist, By 
insulating the patient, and connecting him cither 
with the cushion or the positive prime conductor, 
the operator presenting the point. 2d, Let the 
Patient stand upon the ground, and the wire of 
the director be connected either with the positive 
or negative parts of the machine. ‘The sensation 
produced by the fluid, when acting in this man- 
ner, is mild and pleasing, resembling the soft 
breezes of a gentle wind; generating a genial 
warmth, and promoting the secretion and dissipa- 
tion of tumours, inflammations, &c. 

3. By the electric friction. Cover the part to he 
rubbed with a woolen cloth or flannel. The pa- 
tient may be seated in an insulated chair, and 
tubbed with the ball of a director that is in con- 
tact with the conductor; of, he may be connected . 

with the conductor, and rubbed with a brass ball 

which communicates with the ground. The fric- 

tion thus produced is evidently more penetrating, 
more actiye, and more powerful, than that which 

is commanicated with a flesh brush; and there is, 

Lapprehend, very little fear of heing thought too 
sanguine, if T assert, that this, whem used bat for 
a few minutes, will be found more efficatious than 
the other, afier several hours appli€ation.  Elec- 
Coa pplies he ‘peculiar propticty to’ 

at  
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spasm, pléeurisy, aud some stages of the palsy; and 

in every case answers. the end of blistering where 
the discharge is not wanted, being the most safe 

and powerful stimulant we know. 
4. By taking strong sparks from the patient, 

Here, as in eyery other case, the operator may 
connect the ball of the director with the positife 
or negative conductor; or, he may connect the 
patient with cither of these, and the ball with the 

ground. Now, it is clear from what has been 

already laid down, that, if the direetor be con- 
nected with the positive conduetor, the fluid is 
thrown upon the patient; if with the cushion, the 
fluid is extracted from him, Let the patient be 
insulated, and the action is in some measure re- 
versed; if he is joined to the negative conductor, 

ot cushion, he will receive a spark f¥om a person 
stauding on the floor; but if he communicates 

with the positive conductor, be will give the 
spark to the person on the ground, 

5. By causing a curgent of the electric uid io 
pass frontone pari of the bad), and thus confining 
4nd concentrating its operation without commumical— 
ig the shock. Place the patient in an insulated 
chair, and touch one part of the body. with a 
director joined to a positive conductor; then with 
a.briss ball Communicating with the ground touch 
another part, and when the machine is in action 

the Huid will pass through the required part, from. 

ட்ப  
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Hthe conductor to the ball: the force of the stream 
will be different aceording to the strength of the 
machine, &e, Or, connect one director with the 
cushion and the other with the positive-conductor, 

and apply these to the part through which the 
fluid is'to’pass; and, when the machine is in.ac- 

tion, the electricity will pass from one ball to the 
other. It is not necessary to insulate the patient 
in this case. 

6. By the shoek. Which may be given to any 
part of the human body, by introducing that part 
of the body into the circuit which is made be- 
tween the outside and inside of the jar. ‘his is 
conveniently effected by connecting one director 
by a piece of wire with the electrometer, and the 
other with the outside of the jar; tHen hold the 
directors by their glass handles, and apply the 
balls of them to the extremity of the paris throngh 
which’ the shocks are to be passed, The force of 
the’ shock, as we have already observed, is aug- 

mented or diminished by increasing or lessoning 
the distance between the two balls, which must 

be regulated by the operator to the strength and 
sensibility of the patient. When the little jar 
with the glass tube is ised as a common jar, both 
wires are to be left there, and the shock is com- 

municated by two directors, one connected with 
the bottom, the other with the top, by means of 

the electrometer; sce the plate facing the title- 
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page of this Essay. The operator will often find 
himself embarrassed in giving small shocks, the 
fluid passing from the conductor to the ball of the 
electrometer, instead of going through the circuit 

he desires: when this happens, which may be 
known by the chattering noise of the spark in 

passing to the electrometer, the resistance formed 

to the discharge i$ so great, that the fluid cannot 

force its way through the circuit. To remedy 

this, and lessen the resistance, pass two metallic 

pins through the cloathing, so that they may be 
im contact with the skin; which will lessen the 
resistance, and conduct the fluid. 

7. By w sensation between a shock and the spark, 
which does not communicate that disagreeable fueling 
allending the common shock. This is effected by 

taking out the long wire from the small médical 

jar, and leaving the shorter one which is con- 

nected with the tube in its place; the directors to 

be connected and used as before, In lessening: 
this vibratory shock, the electrometer may be 
drawn to a much greater distance; for, the rapi- 

dity with which the charge of the jar sends for- 
ward the charge of the tube is sufficient to over- 

come the resistance of a large body of air. The 
effect of this species of shock, if it may be called 
one, is to produce a great vibration in the mus- 
cular fibres, without inducing that pungent sen— 
sation which the shock effects, It ட  
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icable to some stages of palsy and rheuma- 
tism; it may also serve as an artificial means of 
exercise. 

8. By the bottle director. Insulate the patient, 
and place the ball g, in contact with him, by 

which means this director is charged. Now, if 
a wire is conveyed from the bottom of this to 
the top of another director, the bottle direc- 
tor, plate 5, fig. 119, will be discharged when- 

ever the ball, 4, is brought in contact with the 

patient; so that, by bringing it down with rapi- 
dity, any number of small shocks may be procured 
inaminute. Or, connect the insulated patient 

with the top or inside of alarge charged jar, and 
then this apparatus, used in the foregoing manner, 
will discharge from the large jar, at each spark, 
its own contents; and, by repetition, discharge 

the whole jar. Thus, a number of shocks may be 
given, without continually turning the machine, 
or employing an assistant. 

Q. By passing the whole fluid contained in the 
Leyden jar through a diseased part, without giving 
the shock. Connect a director by means of a wire 
with the ball of a Leyden jar; charge the jar 
either completely or partially, and then apply the 
ball or point of the conductor to the part intended 

to be electrified, and the fluid which was con- 

densed in the jar will be thrown on the part in a? 
dense slow stream, attended with a pungent sen- 

Baas  
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sation, which produces a considerable degree of 
warmth. If a wire that communicates with the 
ground ig placed opposite to the end of the direc- 
tor, the passage of the fluid will be rendered more 
rapid, and the sensation stronger. Or insulate 
the patient, connect him withthe top of a jar, 
charge this, and then apply a metal wire or piece 
of wood to the part through which you mean to 
make the fluid pass. It is obvious, that in this! 

ease the cireuit between the inside and the out- 

side of the jar is not completed, therefore the 

shock will not be felt. The condensed fluid, 
passes in a dense slow stream through the re- 
quired part, while the outside acquires a sufficient 
quantity from substances near it to restore | 
equilibrium. 

  

Tt is in all cases most adviseable to begin with 

the more gentle operations, and proceed gradually | 
to increase the force, as the strength and consti- | 
tution of the patient, or the nature of the disorder 
requires. The stream ftom a wooden point, a 
wooden ball, or brass point, may be first used; 
sparks, if necessary, may then be taken, or Small 
shocks given 

  

  

In rheumatic cases, ihe electric friction is ge~ | 
nerally used. IF the pains are local, small shocks 
tay be given. To relieve the tooth-ach, very 
Small shocks may be passed through the tooth; 

cayet the part affected with flannel, and rub 
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it with a director communicating with the ma- 
chine. 

In inflammations, and other disorders of the 

eyes, the fluid should be thrown from a wooden 

point: the sensation here produced is that of a 

gentle cooling wind; but, at the same time, it 

generates a genial warmth in the part affected. 
In palsies, the eleetric friction and small shocks 

ave administered. “Streams of the fluid should al- 
ways be made to pass through the affected part. 

In aformer edition of this work I mentioned 
that the electrical operations cartying on at a 
great hospital, under the direction of Mr. Birch, 
had even then gained some reputation. And I 
yentured to express my hopes, that the science, 
being taught under the cautions eye of public 
scrutiny, would-be more universally diffused, and 
that its merits would soon give it an established 
vank in the art of healing. That these hopes are 

fully realized, will, I think, be evident from the 
following Jetter on the subject of medical elec- 
tricity, with which I haye been fayoured by 

© Mr, Birch. 

 



 



Mr. GEORGE ADAMS, 

on tHE susjeer oF 

MEDICAL ELECTRICITY, 

FROM 

Mr. JOHN BIRCH, 

SURGEON. 

—— 
SIR, 

‘Tire pains you haye taken to diffuse’a general: 
knowledge of electricity, and the unremitting at- 
tention you haye paid to the improvements of the 

‘apparatus, claim the approbation of eyery one 
whose study has been directed to the science. I 
am happy in an opportunity of testifying how 
much the success of my practice has been owing 
to the expertness with which you have remedied 
the defects I found in the machine, as they have 

presented themselves to me in the course of my 
experience; for, without your aid I should, like 
many others, haye been tired out by the inefficacy  
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of the instrament, though I should not, Like 
them, haye condemned the art for the faults of 

the artist, 

‘The public haye a right to expect from me 

somesaccount of the result of those experiments 

in medical electricity, which I have now been 

more than twelve years engaged in, and in which 
T could never haye so: invariably. persisted, had" 

T not found it in many cases exclusively eminent 

and efficacious; for, if it applied only to such 
diseases as were curable by other means, it would, 

Iam sensible, avail little in practice * but its me- 

rit is, that ifoften affordsrelicf where every other 

hope is lost; and sayes the noble'art of surgery 

from the opprobrium of amputation. 
Tt wasenot till after several years experience, 

that I formed in my own mind a system arising 
from its actions on disease: this system was the 

result of continued observation; and, as it has 

enabled me to teach the practice more scientifi- 
cally, Lean haye no objection to add it to your 

useful Bssay, and to illustrate it by'a series of 

cases, which will enable the reader to judge of the 

truth or deception of it. Ifit should induce those 
who may have taken up the practice without a 
sufficient knowledge of the subject, to resume it 

‘on better grounds, T will venture to say it will 
answer their’ expectations, provided they are mas-  
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‘ters-of the instrument, and are ‘acquainted with, 

the.cause and seat of diseases, - 
The applications of the-clecttic fluid to. the 

diseases of the human body may be all comprized 
under three heads: the first, under the form of 
‘radii, when projected from a point; the second, 

under the form of a spark, when many of these 
yadii are concentered on a ball; and the third, 
under that of a globe, when many of these sparks 

are condensed in a Leyden jar. Now, to each of 
these heads a speeific n belongs: the first, or 

fluid state acts as a s¢dative: the second, concen- 
trated state, as a stimulant; and the last, conden- 

sed பத் deobstruent: 
Under ‘these three plain intentions, 1 apply 

electricity to disease, being guided by anatomy to 
the distinction of local from constitutional com- 
plaints: in the former of which T trust to its 

power sim and id the latter, join the aid of 

the physician and his art. 
‘The apparatus I have also reduced to a simple 

form, consisting of a moderate sized éylinder, 
conductor, and Leyden jar, with an insulating 
chair and electrometer; a glass mounted director 

Wyith a wooden handle, to the extremity of which 

a brass ball and wooden point are fitted, and a 
brass director mounted in wood. 

When I wish to apply the fluid, I connect by a 
smooth wire the glass-mounted director to the  
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conductor with a point at its extremily, und the 

radii are projected from it to the part affected. 

When desirous of propelling the sparks, I change 
the point for the ball. When the shock is in- 

tended, the circuit of the Leyden jar must be 

made, A person insulated may be subjected toa 

two-fold intention at one moment. Suppose a 

pain-in tho eye, requiring a sedative application 

to the affected part, and the stimulus of a blister 

at a remote, place: the fluid may be flung from 

the wooden point on the eye, and stimulating 

sparks may, be drawn at the same instant, by ¢ 

brass ball applied between the shoulders. 
By means of the electrometer and these cirees 

tors, the shock is also manageable to the most exact 

nicety, and applied to the scat of disease only. 
The ingenuity with which, these simple modes 

of application may be varied, to puzzle and 8௨ 
ceive the observation of a by-stander, is un: 

bounded, and would have formed a grattd basis 
for empiricism, if they had been artfully employed; 
but as electricity has escaped abuses, and, I trust; 

_ 38 worthy the serious’ attention of every practitio- 

ner, I submit the following cases to the candour 
of the public for their determination, whether 

T have followed an idle pursuit; or dedicated my 

hours to an important object, that has already 
proved in no inconsiderable degree: beneficial to 
mankind,  
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Cases of the electric power applied in the form of 
radii or fluid. 

J. M. aged 18, received a blow from a hammer 

on his thumb, the pain of which extended up his 

arm; the flexor muscles were in a short time 

thrown into such strong action, that the fingers 
were immoveably contracted. ‘The proper reme- 

dies, both internal and external, were incffectually 

applied for several weeks; the lad was then sent 

to St. Thomas's Hospital, under the care of Mr. 
Chandler, who, finding his applications unservice- 
able, sent him to’ the electric room for ny opinion. 
In the presence of several of the young gentlemen, 
J placed the lad on the insulated chair, and, con- 

necting him to the prime conductor, I drew the 
electric fluid from the fore arm by a needle point. 
In about three minutes he complained of uncasi- 
ness in the flexor muscles of the fingers; immedi-. 
ately the fingers began to extend, and in about 
five minutes he had the complete use of them. 

The indention in the palm of his hand was 
considerable, from the length of time the fingers 
‘had been contracted. I prognosticated this effect 
would not be permanent; it continued, however, 
till the hour of rest, but in the morning the hand 
clenched. This readily gave way to the re-appli- 

5 i on the third  
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day the spasm returned, but in a much 

degree: the same application was continued for 

six days, when, ‘the museles appearing to have 
recovered their tone, it was desisted from. Some 

appearance of relapse being observed on the tenth 

day, electricity was resamed, and continued for 
several successive days; and at the expiration of a 

month, the lad was presented from the hospital 

well. About) fourteen days after, he returned | 
the hospital with his fingers again contracted, 
owing to an esertion he had madé’in:the use of « 
hammer at a-smith’s forge, Hlecwicity was ap- 
plied as before, and with the same good: success. 

The young man who had the conduct of the 
machine, choosing to depart from) the system th 
recommended on the third day, drew some sparks, 

and passed a few slight shocks through the mus- 

cles of the fore arm, which immediately caused 

the contraction of the fingers, and so strong, that 

they could not overcome it by the fiuid for the 
three succeeding days. 1 was then acquainted 
with the fact, and patting the machine into high 

order, I drew the fluid from the hand and: arm 
ட் about six minutes: I then perceived a tremu- 

motion take place in the flexors, which was 
lowed by an extention of the fingers one after 

the other; the antagonist muscles then acted so 
forcibly as to bend back the fingers; a perfect 
relaxation of spasin next took place, and the lad  
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ட ப் பயம் அரி 
ment to be continued eyery day for a fortnight, 
when he was again discharged from the hospital 
cured, 

A shopman of Mr. Baratyy’s, of Fish-strect- 
hill, had been three years afflicted with a coldness 

and total loss of the use of his lower extremities; 

he had gained no relief from the advice and re- 
medics he had used, and therefore was sent for 

my opinion. Upon examination of the sping, 
1 found no reason to conjecture it depended on 
any affection of that part; the disease had gradu- 
ally come on from a chill, after heating himself in 

a summer's day; he was otherwise well in health: — 
I therefore thought the clectric friction oF shock 
might probably be serviceable, and I put them in 
use. The first week I made powerful frictions; 
but with no advantage: the weck following I used 
shocks, and increased them from day to day, but 

the patient was not better; however, he felt no 
inconvenience from the experiment. I then pro- 

posed to him, that for one month he should re- 
gularly suffer me to draw the fluid only through 
the affected limbs; and I had not adhered to this 

simple experiment more than one week, before 

evident advantages were perceived: I determined 
therefore not to alter my plan; and within the 

kk 
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month proposed my patient was able to walk with 
the help of a stick only. 

Somebody advised him to use cold bathing, 
but he staid so long at the edge of the bath, that 
no re-aetion followed the use of it, and his ex- 
tremities again failed him. He applied to me, 

and I put the same method of electricity in use, 

with equal good success; the patient obta 
perfect cure. 

A young gentleman, whilst a pupil at St. Tho- 

mas’s Hospital, bad an eruption of his face, which 
followed a fever, and which had resisted all the 

advice and treatment of eminent abilities. It 

appeared in small blisters, which broke and scab- 
bed, and were extremely unpleasant in their 

appearance, I persuaded him to let me try the 
experiment of drawing the electric fluid through 

the parts; to which he readily submitted, though 
he laughed at the proposal. ‘The instant relief he 
found, from its first application, changed his ridi- 
cule into hope: he was glad to repeat it every 
day, and in one week he was well. Some weeks . 
after he was fishing, and exposed to the power of 
the sun, which renewed the blisters: he’called on 

me that day, was clectrified a few times, and re- 
oe before.  
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  Mr. அ. having been a great while under 
the care of my friend, Dr. Huck, for an eruption 
on his hands and fingers, without the least relief, 
came at length to. consult me, by the Doctor's 
desire. The eruption had been suspected to be 

the itch and scurvy, and had been treated ’aceord- 
ingly at different times: the discharge was Copi- 
ous, the skin stiff, and the fingers, unpliant. It 

was in vain to propose unguents or le otion, I knew 
the skill of D: Huck had left none uni 3 Thad 

experiment of the electri ic 
fluid, which immediately gave so pleasant a feel 
to the skin, and rendered fe short time the 

» pliable, that the patient and myself 

ப at the effect. T requested 
pplication should be made externally or 

internally, I applied the fluid only once a day, 
and in a fortnight he was quite well, and has 
remained so ever since. 

About ‘two years since, this same gentleman 

finding a little girl, about nine years old, affected 
exactly in the same manner, recommended her to 

my care, T applied the electric fluid in the same 
manner, and she was cured in one week’s time. 

    

   
    

    

   

  

An infant under three months, who had sucked 
her mother during ‘an inflammatory fever, Wwas'so 
exhausted, that Mr. Crawfurd thought it inpos- 
sible she could survive the day. The mother had 

xk2
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recovered, but was'in avery weak state; the child 

had lost all febrile symptoms, and had formed a 
itical abseess near the knee, but the powers of 

life seemed to be exhausted to such a degree, that 

the infant was incapable of | taking sustenance, or 

refreshing ; itself by sleep. In this state Mr. Craw- 

furd thought it would be a very fair experiment, 
to try if the electric fluid would as it were re-ani- 

mate the . The nurse being seated in the 

insulated chair, the fluid was drawn through the 
child for a few minutes: the languid pulse was 

evidently. strengther went almost 
immediately into Da quict sleep, which lasted two 
hours; on waking, it took the breast, then slept 
again; in the evening it was m t clearly better, 
I electrified it again; sleep and food alternately 
occupied it till the morning. From this time the 
child throve and grew strong: the abscess in a) 

few days pointed, I punctured it, and discharged 

an ounce of good pus; two other abscesses formed, | 
and at least an ounce of matter was discharged 
from each: daily electricity was continued, the 
abscesses were only kept clean, and diy lint ap- 
plied to them: the Peruvian bark was given to 
the mother. Notwithstanding this large depot of 
matter, the child mended daily, the punctures 
healed’kindly, and the child recoyered. 

‘Two years after I inoculated it for the small-pox. 
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An infant of six months, remarkably healthy, 
and born of very healthy parents, was inoculated 
in the spring of the year 1780, and had the small 
pox very favourably; she was purged afterwards, 
and returned home. In about two months, the 

lymphatic glafds in the neck appeared tumid, the 
child lost her appetite, her feces were of a bad 
colour, she fell away, and the tumours inereased, 
Dr. Hebberden was consulted; and, after the child 

had taken the medicines he directed for some 
weeks, without any relief, I waited on him, to 
know his opinion of the case: with his usual per- 
spicuity and ¢andour he told me, he thought the 
child must die, because the glands of the mesen- 
tery appeared fo be as much diseased as those of 
the neck, Which now were suppurating, For a 
dernier resort, I proposed to him a trial of the 

electric fluid; to which he readily assented, as 
from that mode of application he thought no harm 
could result. 

      

‘The next day I placed the nurse in the chair, 
with the child in her lap; I tied the wire, con- 
nected with the prime conductor, to the infant's 
hand, and drew the fluid through the tumours; 

I next presented it to the abdomen, and conti- 
nued the operation a few minutes: the sensation 
appeared agreeable to the child, for she smiled 
and played during the whole time: as she rode 
home she fell asleep; on waking, she took nou-
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rishment, appeared more cheerful during the eve- 

ning, and rested well at night. In a yery few 

days,‘ there was a visible alteration in the child’s 

spirits and general appearance; the tumours, 

which I thought would burst every night, did not 

discharge till the tenth day; shé then. gained 
appetite and strength: Tapplied nothing but dry 

lint to the ulvers, and continued to draw the 

electric fluid through thém daily; they healed 
quickly, the surrounding glands diminished, the 

abdomen grew sofi, and in about two months she 

was recovered, The summer advancing, I ad- 

vised seacbathing, which was accordingly put in 

usc; the girl has been since in perfect health} and 

no marks of scrophula haye ever appeared: 

A servant maid in my neighbourhood was seized 
in the autmmn of 1781 with a constipation in the 
bowels. The first day she kept her complaints 

from the family; the next, she was so ill, that the 
apothecary was sent for. He endeavoured, by 
five purgative doses given at proper intervals, to 
open a passage; on the third day, the medicines 
being ineffectual, a clyster and the warm» bath 
were administered; nothing succeeded, her pain 
was extreme, her pulse very quick and low; she 

began to vomit. In this extremity, it was pro- 
posed to electrify her; she was brought into my 
house, and placed in the insulated chair. I con-  
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nected the chair to the prime conductor by a 
wire, and drew the fluid through her cloaths with 
a stecl point, She instantly complained of a 
burning heat all oyer her body; in less than two 
minutes, the pain'in her bowels increased so vio- 

lently, that-she fainted; on her recovery she felt 
quite easy, and was in such a burry for an evacu- 
ation, that she could scarce reach the conve- 

nience. After this, she was carried to her bed 
and fell asleep. In about four hours after, her 

pain and constipation returned; I directed her to 
have the experiment repeated; it was followed 
with the same success, a second eyacuation was 
produced in five minutes: her medicines now 
took. effect; their operation, as may be supposed, 
was violent. ‘The rest of her cure remained with 
the apothecary: she recovered in a few days, 

A lady upwards of 70. years old, of a firm and 
| healthy. constitution, after a fit of the gout, had 

“her foot and ankle swelled and weak; she hoped 

the advantage of country air and exercise would 
restore it, but she got no better. As she passed 
through London, she consulted me; I persuaded 

her to let me pass the electric fluid from a point 
through the affected joint;, she complained of 
feeling a creeping sensation up her leg as I was 
electrifying the ankle; it was then evening, she 
grew hot and restless, slept ill that night, and the  
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next morning was surprized with an cruption of 
the catamenia, I was not alarmed at this, as I 

had known sithilar circumstances; I requested 

hier to keep at home and do nothing: ‘after the 
third day they disappeared; the swelling of her 
foot subsided, she recoyered the strength and 

use of the limb, and returned into Sussex per- 

fectly well, 

By friction, 

Intermittent complaints were extremely fre- 
quent in the years 1780 and 91, insomuch that 
the failure of the Peruvian bark, which had been 
considered as a specific in this disorder, was re- 
marked by many practitioners, and hence the red 
bark was introduced. 

Several patients were submitted to the experi- 
ments of electricity, when other means failed of 
Success; and the result of repeated experiments 
was remarkable, 

A young man, aged 22, had been six months 
afflicted with an ague, which at its commence- 
ment was a tertian, and degenerated into a quar- 

tan ague; he had taken the cortex, and yarious 
other remedies without success; he was much  
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when he expected his next fit. ¥ahe bark would 
not stay upon his stomach, but he came on the 
day he expected his ft one hour previous to its 
usual time. I placed him in the insulated chair) 

and applying the ball of the glass-mounted direc- 
tor, connected to the prime conductor by a wire, 
to-the region of the stomach, I poured’a stream 

of electric sparks into the stomach, and exiracted 
them by a brass ball applied up and down the 
spine: he perceived himself warm and casy, yet 
at the expected: time his rigor attacked him. 
I immediately electrified him again in the same 
manner, and in less than three minutes his rigor 
ceased: in fifteen minutes the rigor returned, 
I repeated the operation with the same effect; his 
pulse now quicktned, and the feyer came on; he 
‘went home and into his bed, the sweat sueceeded, 

‘and the paroxism ceased: the sucéseding day he 
found himself much better than usual. I conti- 

"nued to electrify him in the same manner the four 
following days, and his fit did not return; then 

I directed him to take the cortex in powder, 
which agreed well with his stomach, and his ague 
was cured, 

Mr. Saltinstall, hearing; of this ease; requested 
ine to electrify a patient of his, who had a quartan 
ague, which resisted the cortex and other reme- 
dies. I applied the sparks to him in the same  
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manner, and abithe access of the cold fit, with 
equal success: After being electrified, the cortex 
would rest upon his stomach, and his ague never 

returned. 

A servant in my neighbourhood, had been for 
many months afflicted with a quartan ague, for 
which he had taken a variety of remedies with 

very little relief In April 1780, he was மட 
mented with a periodical pain in his head, pre- 
ceded by. shiverings, and attended with fever. 
A physician directed for him a yomit, and the 
cortex to be freely taken after it: this judicious 
treatment howeyer gave no respite to his pain, or 
alleviation to his sufferings; L was therefore in- 
duced from compassion to try the effects of clec- 
tricity on his-ease. I insulated him, and passed 
the stream of electric fluid from, the forehead 
through the back of the head; this speedily gave 
ease, but only for a few minutes: I then covered 
the head with flannel, and rubbed the sparks 
along the os frontis, extracting them from the 

occiput for a few minutes. This application suc- 
ceeded, his pain ceased, he passed a comfortable 
evening, and slept well at night; but about an 
hour after he rose in the morning, his pain re- 

turned as violent as eyer: he came, and I repeated 
the frictions as before, but could gain only a 
momentary intermission of his anguish, I re-  
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I did not escape myself from an attack of in- 

termittent fever. My friend, Dr. George Fordyce, 

directed me an emetic, and some febrifuge 

draughts; afier the second fit, he ordered the 

cortex, of which T took an ounce and an half, 

and I flattered myself with success, for several 

hours elapsed beyond the expected time of the 

aroxism. Just as I was sitting down 
to dinner, a nausea and chillness seized me, my 
pulse quickened, and the fever approacheds, I or- 

dered my bed to, be prepared, but I wished to 
experience the sensation of électricity under this 
state of approaching fever; accordingly I was in- 
sulated, and frictions passed throug! 

and spine. The feel was vastly agreeable, a glow 
returned upon my skin, and the quickness of iny 
pulse abated? on my return to thedining-room, 

T found the effluvia of the table not disagreeable 
to me, I eould have tasted something, but I re- 
frained. I sat by the fire fifteen minutes, and 
found myself revive: before I went up stairs, I 
repeated the electric frictions, and when I reached 

my dressing-room, I was too well to go to bed; 

so I amused myself with reading for an hour, 
when I found myself perfectly easy, free from 

heat or thirst, my pulse quite moderate, and my 
stomach wishing for food: I took only some tea, 
with bread and batter; at supper-time T eat some 

vegetable, and went to bed at twelve quite well.  
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I continued well the next day, went abroad, and 
had appetite; I resolved to take no medicine for 
the sake of the experiment. I passed a good 
night, but at eight o'¢lock in the morning T found 
the fever beginning its attack: I rose immediately, 
and ran to the machine; I was electrified im the 
same manner, and the symptoms flew before it. 
I remained well that day and the next, but the 
following morning, at nine o'clock, I began 
again to change; the clectric machine was a 
third time! applied. to with equal suecess; and 
from that period I never had any return of my 
complaints. 

A young lady, during the month of her laying- 
in, was seized with a paralytic affection of the 
muscles on one side her face; the eye-lid dropped, 
and the mouth was drawn on one sides stimulants 
were applied to the part without relief: when she 

was able to go abroad, she came to consult me. 

I covered that side of the face with her shawl, and 

drew the fluid through it, first with a piece of 
wood, and a few days after with a brass ball in a 
wooden handle; the cheek on the affected side 
was flushed with a beautiful vermilion’ colour 
every day, for several hours after the application; 
in less than, three weeks she was perfectly reco- 

yered.  
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These local attacks are not uncommon; and, 

when unattended by further symptoms, are not 

considered of much moment. 
i —— 

A young man, aged 28, was scized with a pa- 

ralysis, which affected his speech and the muscles 

of his face and arm. Finding little relief from 

the tisual remedies, he applied toelectricity; by 

the use of powerful frictions witha metallic ball, 

he was ட்ட இலவம் in about one month. 

An old man, oh ae three years had been 

groaning under the affliction of an hemiphicgia, 

and who, though wealthy, had’ not the heart to 

apply to a physician for aid, and had too much 
pride to ask relief from an hospital, came recom- 

mended for advice. 1 insulated hima, and put in 

use powerful electric frictions, which perfectly 

_ cured him within one month. 

Ae gentleman, who had been many years an 
invalid, but who had attained his Goth year, being 
opposed to a bleak wind, was blighted, if T may 
be allowed the expression, on the exposed side; 
the’ muscles on that side his face entirely lost their 
action, his eye-lid dropped, his tongue hung slob- 
bering from his mouth, his face was dtawn on one 
side, his speech affected, and his arm and hand  
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great, his fever followed? 9T sent him again out 
of the hospital till he recovered; on his return, 
the testis was much diminished, and small shocks 

daily repeated completed his cure, 

A negro servant ‘was admitted into the'hospital, 
under Dr. Blane’s care; with a scirrhous testis. 

The Doctor desiréd me to try the electric shock, 
which was adininistered in'thé sime manners in 
the former cases; and he was: be ge of the 
hospital in two months cued. 

பட இதுப் 

A coach-painter was séized with so violent an 
inflammation of the’ body of the testis, that a li- 
beral use of bleeding, evacuations, and opiates 
gave him no relief. On the third day, I found, 
it would terminate in an abscess; to prevent which, 

oT “proposed to pass small electric shocks through 
the part, which I accordingly did; the first was 

followed by some respite of pain. I repeated them 
every four hours, and the next day the pain and 
inflammation had so much subsided, that the fear 

of a suppuration vanished. I continued the small 
shocks, but less frequents and at the end of one 

weck the cure was completed. 

A man was admitted into St. Thomas's Hospi- 
tal, with a scirrhous testis. On a consultation, it 

was supposed he must part with it, but it was 
Mm  



A gentleman, aged 28, im perfect health, went a 
into the country to pu the pleasures of the 
chace; the strong which he used, and 
the little temptation he met with, made him in- — 
different about softer pleasures. At length, this 
indifference amounted to a loss of power; and 

alarmed at this, he applied to a physician of emi- 
ence, who treated him with great judgment,  
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but without success, The medicines all agreed 
with his stomach, he took them in powerful doses, 
but no good effects followed them. After the 
inability had continued tyelve months, the phy- 
sician directed him to aj ply to me for experiment. 
‘The experiment had been tried i 
success; I therefore passed gentle shi 
both the testes, supposin: i 

were continued daily, 
week it was evident fy ee 

“ The patient, however, wa டவ 
timor animi, that he chose to continue the remedy. 

a month before he satisfied himself of கவ 

cure. 

I saw him three years after, when he ign 
he continued well. ழ் 

ம் 2. the month of November; 1787, a porter of 
«the India warehouses was sent to me by a lady of 

great humanity for advice, being in a state of 

“melancholy, induced by the death of one of his 

children. Seven years before, he had been seized 

in the same manner from a similar event, but 
recovered from it in a short time without medical 
aid. In the year 1783, he was a second time 

seized, and remained in this melancholy state up- 

wards of twelve months, although eyery proper 
adyice was called to his assistance. 

Mm 2  
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‘He had been two tno! டப when T first 
saw him, He was quiet, would suffer his wile to 
Icad him about the house, but he never spoke to 
her; he sighed frequently, and was inattentive 

to every thing that passed; his appetite and sleep 
were moderate, his body regular, and his pulsc 

i inding no inconvenience 
hind ensued, I passed six sinall shocks through the 

i ifferent directions. As soon as he got 
into an adjoining room and saw his wife, he spoke 
tOher, and in the evening was cheerful, express- 
ing himself as if he thought he should soon go to 
his work again: I repeated the shocks in dike | 
nue a third and the fourth day ate 
which he went to work. I desired to see him 
every Sunday, which I did for three months after, 
and he remained perfectly well. I then dismissed 
him, with a request that I might be acquainted if 
ever he had occasion for advice. In the latter 
end of August, 1791, the Woman again applied to 
me; her husband had continued well till that time, 

but then had a recurrence of his melancholy 
without any proximate cause. As he had appa- 
rent feverish symptoms, I did not think him ina 
fit state for the electric shock; I therefore advised  
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him to apply for medical and, ‘and’'to the hospital, 
if he grew worse, as I was'leaving town. Tam 
ubacquainted with the sequel. 

One of the public singers, from a varicty of 
distressing causes, became extremely melancholy; 
his disease gained ground upon him so much, that 
he was totally incapable of taking an employment 
which a kind friend had procured for him; and 
was therefore sent to me for advice. He had no 
fever, his appetite was moderate, his body regular, 
but his depression of spirits excessive. Consider- 
ing this in the same light as the former case, 
T began with passing shocks through the head, 
about six in number, and directed him to call the 
next day. He said he had rested better, The 
shocks were repeated daily; his accounts were 
daily more favourable. Within a fortnight, he 
asked me if he should accept an offer to sing at 
‘one of the summer theatres; I told him, if he 
thought himself capable of undertaking it, he 
should, for employment would divert his mind. 
He accordingly attended some rehearsals, I elec- 
trified him after the first fortnight every other day. 
He anxiously waited trom time to time, to find me 

at leisure for a conversation, which took place at 

the end of the month, when I pronounced him 
well enough to undertake his engagement: he 
then informed me, that his anxiety had arisen  
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from a wish he had to impress me with the change’ 

Which the first operation ‘of electricity made in his 

mind. For some few days, previous to his con- 

sulting me, he declared he had at several times 

determined to put a period to his life; for this 

purpose he had pensively walked along the banks 
of the Serpentine river in’ Hyde Park, when a 

thought of religion impressed him with the horror 

of the design. At another time, he had the razor 

in his hand, when the footsteps of a friend stopped 

his purpose, He had resolved however to effect 
it, and was in the most distressful agitation about 

it, the morning he first applied to me. In the 

evening of that day, he declared he was sensible 

of the divine interposition in preyenting his wicked 

design; that he found himself able to return 
thanks; and this relief of his mind was followed 

by a refreshing sleep, from which he awoke a new 
being; that he felt sensible of the powers of elec- 

tricity every day after its application, being capa- 
ble of mental exertions immediately. He could 

not be satisfied, he said, without making this de- 

claration to me, as no one but himself could have 
an-adequate idea of the sudden change the first 
electric shocks wrought in his mind. 

After this conyersation I dismissed him, and he. 

fulfilled his engagement that summer with his 
usual applause.  
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A gentleman who had been long a patient of 
Dr. Monro, with a moping melancholy, and who 
had reached the age of 26 without any relief, was, 
brought to me, by the consent of the Doctor, for 
experiment, As I had passed shocks through the 
brain with such advantage, I thought this a proper 
case to carry the experiment as far as prudence 
would direct. I therefore took a Leyden jar, 
which contained 112 square inches of coated si 
face, and passed two Strong shocks froin it, in 
directions from the frontal to the occipital bone, 
and from one temporal bone to the other, The | 
patient was at first surprized, not stunned with 
the shock, and in a few minutes desired me to 

wepeat it if [ pleased. ‘The nest day, he sat down 
with firmness, and as no inconvenience had oc- 
curred from the shocks, I increased the strength, 
and passed two shocks in the same direction as 
before. On the third day, he was reported to 
have found no sort of inconvenience or alteration 

from the experiments; so I ventured to pass the 

fall force of the jar; this likewise produced no 
other effect than a slight head-ach, which lasted 

for an hour. I chose to omit two days, and then 

repeat the experiment; tbe patient strongly ex- 

pressing himself satisfied, that this was the most 

likely means to do him service. I was myself 

most surprized, that I could practice so boldly, 

without any serious inconvenience to the brain; 

and having carried the experiments as fer as T 
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wished, I dismissed the patient in the same un- 

happy state he had so long suffered. 

Two ycars since, I was directed by two eminent 

physicians to clectrify a gentleman who had not 
secreted a drop’ of urine for nine days: every 

means to procure a return of the secretion had 
been put in use. It was remarkable, that the 

patient suffered no apparent inconvenience, nor 

had any particylar alarming symptom from this 
want of secretion. I passed slight shocks from 

the region of the kidneys to the perineum, 

through the urinary passages; in eight hours after, 
about three ounces of a dark-coloured fluid (not 

bloody) passed from the bladder; after the 80-டி 
cond application of the shocks, four ounces of a 
fluid, haying the colour, but not the smell of 

urine, passed in a few hours: the next day, he 

was electrified morning and evening, and passed 

about twelve ounces of urine; the following day 

it increased to a pint; the fourth day he passed a 
natural quantity and seemed well. However, the 
shocks were continued a few days longer, during 
which an eruption appeared on the skin. I then 
took my leave, and have the pleasure of knowing 

the patient has continued well. 

The same year, a gentleman in good health, 
and of regular habits, aged about 50, was seized 
with a palsy of his urinary bladder; for several  
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days bis water had been regularly drawn off by 
the catheter: he had been duly attended, and 
well advised by an eminent physician and a sui 
geon, and was at that time taking a course of 
tincture of cantharides, without any relief: the 

parts began to grow tender with the passing of the 
instrument. I passed a stream of electric sparks 
from the pubis to the perinzum, and along the 
inferior part of the spina dorsi, for ‘three. ‘days, 
without any relief: I then passed gentle shocks 
in the same direction, and in three hours after he 

was able to expel some urine by the muscular 
power of the bladder. I saw clearly this was the 
mode to be pursued; I repeated the shocks with 
daily advantage; in’ a fortnight the’ cure was 
completed, the patient ‘rode on horsc-back, 
went a long journey, and has remained well ever 
since. 

An elderly gentleman, whose faculties were 
gradually leaving him, had a relaxation of the 
muscular coat of the bladder, which rendered his 
company offensive to his visitors and attendants. 
As I foresaw the inconveniences which would re- 

sult, being at that time called to him for excoria- 

tions, I proposed passing some gentle electric 
shocks through the bladder, in hopes of restoring 

its tone. I was permitted to carry my'advice into 
execution: he went out: in. his carriage.after the 

operation, and did not wet himself during -bis  
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ride; the shocks were repeated in the evening, 
and he held his'water the night. ‘The next day, 
his pulse was too quick and his head confused; 
T did not therefore repeat the shocks, concluding 

they had occasioned these symptoms. Towards 

night these symptoms abated, and, as the bladder 

had recovered the retentive power, I had no fur- 

‘ther eccasion to repeat electricity. 

A lady upwards of 70 years, attacked with a 

paralysis, which gained upon her, notwithstanding 
the most. able assistance, from the involuntary 

flow of urine, was much excoriated: I was desired 

to attend her on this account, and was asked to 

electrify her for her palsy. Her extreme debility, 
and the space of time she had laboured under her 
inereasing disease, réndered all prospect of reco- 
yery hopeless; I therefore proposed to confine my 

endeavours to the relief of that symptom which 
was becoming so prejudicial to her, and passed a 

few shocks from the os pubis to the coccigis, di- 

recting proper applications to be made to the 
excoriated places. Finding no inconvenience re- 
sult from the shocks, the next day I repeated them 

more strong, and this was followed by apparently 
good effects, as she did not wet herself that day. 
I continued the same mode for a few days; the 

advantages were daily more favourable, the exco- 
iations healed in proportion as their cause dimi- 
nished. I then thought I might interrupt my  
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constant attendance, but the first. day’s absence 

reproduced the complaint; the bladder lost its 
retentive power, and her spirits were remarkably 

low; she would not speak the whole day, ate 
little, and slept ill. Within an hour after I had 
clectrified her, the following day, she spoke, grew 
more’ cheerful, and kept her ‘water till night. 
1 found a constant attendance necessary, dnd’vi- 
sited her upwards of eight months, Every day, 
after being électrified, she would speak, appear 
more cheerful, take her food, keep her water, and 

sleep well af night; but before I came, she was 
speechless, shewed great inarks of insensibility, 
and was averse to all the endeavours of her atten- 
dants to assist her. I was once obliged to absent 
myself two days; during this short interval, they 
all thought she would have expired: on my appli- 
cation of electricity, she revived again. Thus the 
electric power seemed to keep life vegetating; and 

this seemed the only power it had, nature being 

too much exhausted to co-operate with it: howe-_ 

yer, it certainly made her exit comfortable, and 

the last periods of life supportable. The mor 

tification, which usually follows the urinary ex- 

coriations, is as offensively disagreeable to the 

attendants, as distressing to the unhappy pa- 

tient. 

On Sunday, the 3d of May 1789;:2 labouting 

man in a fit of despair hanged himself with his  
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silk handkerchief, but, being discovered by a 
watchman, was cut down before his life was ex- 

tinguished; how long he had been suspended, 
was not to be ascertained with any accuracy. He 
was conveyed to a house, where all possible assis- 
tance was given by a gentleman of the faculty; 
about ten o'clock the next morning he was 
brought to St, Thomas's Hospital, where Mr. 
Johnson, jun. of the Minories, was on duty. At 
the time of his reception he was irisensible; his 
breathing was laborious, noisy, and performed 
séldom; his pulse was slow and intermittent, his 
countenance indicated an accumulation of blood 
in the head, and he was incapable of swallowing 
any fluid. Mr, Johnson first opened a vein in the 
arm, and with much ‘difficulty obtained between 

five and six ounces of'blood: this evacuation pro- 
ducing no sensible alteration or effect, he thought 
an electric experiment might with great propriety 
be tried; he accordingly passed an electric shock 
from one leg to the other, the effect of which was 

extremely surprizing; the patient started, opened 
his cyes, and seemed very much frightened. On 
repeating the»shock, he spoke, the blood left his 
face and his countenance became pale, his pulse 
was free and regular, and his respiration easy. 
The shocks were repeated three or four times more 
in the space.of ten minutes; after the last, a kind 
of hysteric affection ‘took place, and seemed fur- 

ther to relieve him; his feet became warm, 2  
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general perspiration ensued, ‘tie became quite ra- 
tional, and on removing the ‘bandage from his 
arm it bled: freely, and six ounces of blood were 
taken from it. The patient was kept quiet for 
three days, and then discharged well from the 
hospital. ப 

On examining him with respect to what had 
passed, he said, he recollected immediately after 
his suspension, to haye felt a most oppressive pain 
in his’ back,. afterwards a pleasing sensation of 
green fields (colours) before his eyes; from which 
time he recollected nothing till the electric shock, 
which he described as balls of fire darting through 
his eyes. I do not know if this account of the 
patient's elucidates any things but it is evident, 
apparently, that suspended life was re-animated 
instantaneously by the shock. 

Tf the foregoing cases are not sufficient to 
prove the system I have adopted, they must at 

least evince the advantages of electricity in the 
practice of surgery; for itis evident, amputation 
must haye been submitted to in some of them, 
if the experiments had been unsuccessful. I 
could adduce several more cases to illustrate my 

meaning, but that I fear to be tedious; and there 

are already enough on record’ to have awakened 
attention. 

A mechanical power, which possesses such 
eminent utility as to lessen the number of surgical  





ADDENDA, 

BY THE EDITOR. 

OF ANIMAL ELECTRICITY, AND THE DiscOVE- 
RIES OF DR, GALVANI OF BOLOGNA. 

Oux Author, in the preceding Essays, not haying 
treated on the electricity peculiar to animals; 
and some very remarkable discoveries having been 
lately made thereon, I judge it proper, for the 
information of the reader, to add a Short account 

of the subject to this work. 
It is from the remarkable and similar electrical 

powers of three fishes that the name Animal Elec- 

tricity has been derived, and to which the names 

torpedo, gynmotus electricus, or the electric eel, and 
the silurus electricus, are given. From some ex- 
periments made by Mr. /alsh, and other inge- 

nious electricians, it was found, that whenever a 

communication is made, by means of substances 

that are conductors of electricity, between two 

parts of these fishes and a man or other animal  
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It is to Dr. Galvani that we are indebted for the 

discovery, that a frog dead and skinned is capable 
of haying itsmuscles brought into action by the 
application of artificial or atmospherical electri- 
city; and also that independent of these, the same 
motions may be produced on it, or even a de- 
tached limb, by a simple communication between 
the nerves and the museles with substances con- 
ductors of electricity, and that no motion can be 
produced if non-conduetors are used. It is from 
this circumstance, that this wonderful property of 
organized matter has been ranked as animal clec- 
tricity. Dr. Galvani’s discoveries were principally 
made with dead frogs, but the properties -haye 
been verified in a number of other animals. 

The variety of experiments as made by him; 
and the valuable and illustrative ones since made 
by Mr. Gavallo, Dr. Lind, Dr. Valli, Dt Fowler, 
and other: philosophers, the limits of this work 
will not admit me*to insert here. I shall only 
give the reader two or three of the most striking 
experiments, and for a more general and arranged 
practical account of this subject, must refer him to 
Mr. Gevallo’s Treatise on Electricity, vol. iii. p.1 
to.75, whence these experiments are extracted. 

« When the netves of a ftog recently killed 

and deprived of its integuments, are exposed to 

anelectrified atmosphere, or, in short, are so 
disposed; as that by the action of an electricat 

Wa  
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machine, or of any electrified body, 4 quantity of 
electric fluid is caused to pass through them, a” 

contraction of the muselés takes place, with a 

tremulous convulsive motion, which may be reite- 

rated for some hours after, Dr. Galvani pre- 

pared a frog, haying its legs attached to a part of 
the spine, but separated from all the rest of the 
body; and observed, that whenever a spark was 

taken from a large prime conductor of an electri- 
cal machine situated at some distance from the 
prepared part of the animal, those legs moved 
with a kind of spasmodic contraction, sometimes 
strong enough to jump a considerable way. It 
was found necessary to place the prepared legs 
contiguous to some good conductor not insu- 

lated. ம் 
* Tf the electric atmosphere be so strong as 1௦ 

occasion little sparks between the conductors 
contiguous to the animal, or if it be ‘capable of 

affecting an electrometer placed near the animal; 

then even a whole frog, a lizard, a mouse, ora 

sparrow, will be strongly affected with’ violent 
conyulsions, When the animal is insulated, and 

the electricity is made to pass through its body, 

then a whole living frog is affected by the passage 
of so small a quantity of electricity as is discharged 
by a middling prime conductor, that is just capable 
of affording a small spark. In this case, if a 
Leyden jar be used, a much smaller quantity of  
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electricity will be found sufficient for the purpose, 
viz: such a’ charge of it as canriot afford a spark, 
but that can just produce a sensible divergence of 
the pendulums of an ‘electrometer. 

“ But a frog prepared, especially after the man- 
ner of Dg. Galvani, is affected by an incomparably 
smaller quantity. of electricity. Mr. Folia has 
observed, that so small a quantity of electricity as _ 
is absolutely incapable of occasioning a divergence 
in the most sensible electrometer, but such as may 
be obseryed by his condenset of electricity, is su 
ficient for the purpose. ‘Thus, if a Leyden jar be 
charged and discharged, and afterwards be dis- 
posed so that the prepared frog be placed in the 
circuit between its inside and outside coating, the 

passage of that small residuum is fully sufficient 
to produce the contractions, By being sen- 

“sible of so small.a quantity of electricity, the pre- 
' pared frog becomes a most sensible sort of clee- 

trometer, which perhaps heteafter may be of sin- 

gular use in some nice electrical experiments.” 
“ Dr. Galvani had the curiosity of trying whe- 

ther the electricity of the clouds produced the 

same effect on the prepared limbs, as the artificial 

electricity of the ordinary machines; and for that 

purpose he extended a conductor from the top of 

a house to the prepared animal, which was some- 

times laid on a table in the open air, and at other’ 
yn 2  
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convulsions, &e, for a timaneatly cqual in length, 
can, be produced both in dead and living animals, 
without the.aid of any apparent electricity. 

“ In an animal recently dead, detach a nerye 
from the surrounding parts; taking care to cut 
it not too near its insertion into the muscles; 
remove the integuments from over the muscles 
depending on that nerve; take a piece of metal, 
as a wire, touch the nerve with one extremity, 
and the muscles with the other extremity of the 
wire, and the consequence will be, that the mus- 
cles will moveexactly as if a quantity of electricity 
were sent through them. This experiment will 
answer equally well when the preparation is laid 
upon an insulated stand, as when it communicates 
with the ground. If the communjeation between 

the nerve and the muscles, instead of being formed 
by means of metal or other conduetor of clectri- 

city, be formed of substances. that are yon-con- 
ductors, as glass, sealing-wax, oils, &c. then no 

motion will take place.” 

* The motions will be also excited when the 
metals are not in immediate contact with the pre- 
pared limb, provided they form part of the circuit 
of communication. ‘Thus lay a prepared limb 
upon’a table, hold the nerve in one hand and a 
Piece of zinc in the other hand; lay a piece of 
silver upon the table at about one or two inches 
flistance from the prepared muscles, and make 4,  
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communication between the muscles and the silver 
by means of water or some other. good conductor, 
If now you touch the said piece of silver with the 
zinc which you hold in one hand, the-contrac- 

tions will take place. The same effect will hap- 
pen, if the two pieces of metal be first put in 
contact, and then the operator touches the nerve 
of the preparation with his finger. 

* The preparation of the frog, or other animal, 
for this experiment, generally consists in-detaching 

one of the principal nerves from all the surround= 
ing parts, where it enters a member susceptible of 
motion, and arming it with a metallic foil. On 
making the communication, the motion will take 

place; but the preparation which answers best is de~ 
Iineated in pi. 5, fig. 104 and 105, which, for the 
sake of distinetion, we shall in the following pages 

call the usual preparation; it being, in fact, that 
which has been more frequently and more advan- 
tageously used: it is made in the following man- 
ner. Separate with a pair of scissars the head and 

upper extremities of a frog, in the line A.B, from 

the rest of the body. Open the integuments and 
muscles of the abdomen, and remove the entrails; 
then you will lay bare the crural nerves, as shewn 
in fg. 104, which in this animal come out of the 
spine at a considerable distance above the pelvis, 
viz. from the line CD. Then pass one blade of 
the scissars under the said nerves, and cut off  
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the spine with the flesh close to the thighs in the 
line EF, by which means the legs will remain 

attached to the Spine by the neryes alone. This 
done, leave only a small bit of the spine attached 
to the crural nerves, and cut off all the rest, 

Thus you will have the two legs, G, H, fig. 105, 
of a frog adhering to a bit of the spine ACD, by 
means of the crural nerves CE, DF. These legs 
must be flayed in order to lay bare the muscles. 
‘The metallic armour, which generally consists of 
a piece of tin-foil; must be placed round the 
nerves very near the spine, wis. at CD, or round 
the whole bit of spine, AD, and the extremities 

of the nerves next to it. A frog. thus prepared, 

and touched by means of @ conducting rod ap- 
plied to the muscles and.to the armour of the 
neryes, will act vigorously for a considerable time. 
Some contractions haye been ,obseryed several 
hours, and even days after; but the power is 
gradually diminishing, and in general it can sel- 
dom be perceived after two or three hours. 

« With a frog prepared in the above described 
manner, one may shew the experiment various 
ways; but the two following methods are peculi- 
arly eligible, because they produce very strong 
and striking movements. Hold the preparation 
by the extremity of one leg, the other leg hang- 
jng down, with the armed bundle of nerves and 
bit of spine lying upon it. In this situation inter-  
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pose a piece of silver, asa halfcrown, between 
the lower thigh and the nerves, so that it may 
touch the former with one surface, and the metal- - 

lic coating of the latter with the other surface, or 
with its edge; and you will find thatthe hanging 
leg will vibrate very powerfully, sometimes so far 
as to strike against the hand which holds the 

other leg. 
«© The other method is the following: Put two 

wine-glasses full of water contiguous to cach 
other, but not actually touching. Place the 
thighs and legs of the prepared frog in the water 

of one glass, and laying the nerves over the edges 
of the two glasses, let the bit of spine and armour 
touch the water of the other glass. ‘This done, if 

you form the communication between the water 

of the two glasses by means of the conducting rod, 
er put the fingers ofone hand into the water of 
the glass that contains the legs, and, holding a 

piece of silver in the other hand, touch the coat: 

ing of the neryes with it, you will find that the | 

prepared legs will move sometimes so powerfully 
as to jump fairly out of the glass. It is however 
necessary to remark, that the effect in this expe- 
riment is inereased by a sort of artifice, which 
must necessarily take place; viz. the legs, in order 
to be placed into the glass, must necessarily be 
drawn up; and, as the effect of the communica- 
tion, &c. is to produce a sudden extension of the  
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limbs, it must naturally follow, that from the 

resistaneé of the glass the preparation must en- 

deavour to jump out of the water. There is 

another reason which contributes to increase the 

effect inthis experiment, which is, that the water 
by surrounding the prepared legs, becomes a very 
ample armour or coating, which touches the legs 
in every point of fheir surface. It frequently 
happens in this experiment, when the animal elec- 
tricity is strong, that without forming the com- 
munication, the motions are excited by only 
touching she! armour of the nerves with a piece of 
metal; or if one person touch the eoated spine; 
whilst another person touches the legs, the mo- 

tions will take place, though the two persons do 
not communicate with வனர cus by any thing 
else besides the floor.” 

By the application of armout8/of different: me= 
tallic substances, and forining a cotinexion be- 

dween them, the motions may be excited in an 

entire living-frog, ‘and also in other living animals, 
particularly cels and floundérs. Mr, Cavallo gives 
the following directions: “A living frog is placed 
upon 4 piece of zine, with a slip of tin-foil pasted 
upon its back. This done, whenever a commu- 

nication is formed between those two armours, 
especially when silver is used, the spasmodic con- 
vulsions are excited not only in the muscles 
which touch the metals, but-also in the: neigh-  
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bouring ones. The slip of tin-foil may be omit. 

ted when silver is used for the conducting rod, 

‘The experiment may be performed entirely under 

water. 
«© This experiment may be made with a floun- 

der in a similar easy and harmless manner. Take 
a living flounder, such as can almost always be 

found at the fish-mongers, Jay it flat into a pewter 

plate, or upon a sheet of tin-foil, and put a piece 
of silyer, as a shilling, a crown-piece, or the like, 

upon the fish; then, by means of a piece of metal, 

complete the communication between the pewter 
plate or tin-foil and the silver piece; on doing 
which, the animal will give evident tokens of 
being affectedy The fish* may afterwards be re- 
placed in the water t0 preserve it for farther use.” 
Dr. Fowler has provedjithat of the involuntary 
muscles, the heart alone is capable of being con- 

tracted. , 
& Even the living body (says Mr. Cavallo) can 

be rendered sensible of the action of metallic ap- 
plications, and both the senses of taste and sight 
be excited by it. Let a man (says he) lay a piece 
of metal upon his tongue, and a piece of some 
other metal under the tongue; on forming’ the 
communication between these two metals, either 

_ by bringing their edges into contact, or by the 
interposition of some other piece of metal, he will 
perceive a peculiar sensation, a kind of cool and  
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subacid taste, not exactly like, and yet not much 
different from that produced by artificial clectri- 
city. The metals which answer best for this ex- 

periment are silyer and zinc, or gold and zinc. 
The sensation seems to be more distinct, when 

the metals aré;of the usual temperature of the 
tongue. The silver or gold may be applicd to 
any other part of the mouth, to the nostrils, the 

ear, and other sensible parts of the body, whilst 

the zinc is applied to the tongue; and on making 
the communication between the two metals, the 
taste is pereéiyéd on the tongue. ‘The effect is 
more remarkable, when the zinc touches the 
tongue in a small part, and the silver‘in a great 
portion of its surface, than wice versa. Instead of. 
the tongue, the two metals ; likewise be placed 

in contact with the rooftfef mouth as far back 

as possible, and on completing the communica~ 
tion between them, a strong taste of itritation is 

perceived.” 
s In order to affect the sense of sight by means 

of metals, let a man in a dark place put a slip of 

tin-foil upon the bulb of onejof his eyes, and let 

him-put a piece of silver, as a Spoon, or the like, 

in his mouth. On completing the communica- 
tion between the spoon and the tin-foil, a faint 
flash of white light will appear before his eyes, 
This experiment may be performed in a more 

convenient manner, by placing a piece of zine  
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is mucly stronger. This phenomenon is not alike 
perceiyéd by every person, some being hardly sen- 

sible of it, whilstothets observe a strong flash.” 

‘The property of animal motion being excited 
by a metallic: or other communication made be- 
tween the nerves and the muscles, is not consi- 
dered peculiar to a few animals only; but seems, 
from a great variety of experiments, to be a pro- 
perty common to,all animals. Mr, Cavallo ob- 
serves, “ from the ox and the horse down to the 
fly, the effects of metallic applications have been 
repeatedly andl uriequivocally observed. ‘The leg 
of a recent dead horse was agitated so violently 
by the application of a shilling and a piece of tin- 
foil, that the strength விக ம இ was unable 
to check the blow.” re x 

I shall end this extractawith some observations 

and inquiries by Mr. Cavallo. © Those, surpriz- 
ing effects of an unknown cause,. generally, inex- 
plicable, and sometimes contradictory, sceni to | 

admit of no theory sufficiently probable or satis- 
factory; nor can we yet see how they may be 
applied for the bencfit of mankind. An. attentive 

considération of the subject will naturally suggest 
several doubts and’ queries, which can only be 
answered by future experiments and discoveries — 

In what manner does artificial electricity affect 
the muscles?—Does it act as a mere stimulus, or 

otherwise?—-Where is the animal clectricity ge-  
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of Mr, Beanet, in order to distinguish more accu- 
rately the different intensities as shewn by the 

divergencies of the strips of gold leaf, or the dis- 

tances *at which they strike two ‘metallic bars, 
Plate 4, fig. 70, “A represents the insulated me- 
tallic cap, from which, at C, depend the two 
narrow pointed slips of goldleaf. BB is the glass 
shade, which serves to support the cap, and de- 
fend the leaves from the motion of the surround- 
ing air. DD are two flat radii of brass, which 
open and shut by means of one common axis, like 

a pair of compasses. By a contrivance of springs, 
they are disposed to open when left at liberty; 
but the micrometer screw, E, seryes to draw a 

nut which has two steel bars, with a claw’at the 

end of cach, that enters into a correspondent slit, 
in two small cylindricalspieees, to which the radii 
are fixed respectively, This apparatus is seen in 
another positionsin fy. 70*. KL represents a 
piece of brass, which serves as a frame for the 
work, and fits the lower socket of the electrome- 

ter PP, fig. 70. In this the letters, 1 H, indicate 
the Gylindrical pieces which carry the radii, and 
are seen from beneath. Onvthe side of the nut, G, 
one of the steel drawing pieces is seen; the other 
being on the opposite side, and consequently not 
visible. Towards L appear the two re-action 
springs. The other parts require no verbal de- 

scription.  









 









 



584 THE PLATE ELECTRICAL MACHINE. 

vun's, the reader will see explained by Mr: Ni- 

cholson in his Philosophical Journal, vol. ii, p. 835 

from whom it appears, that a plate machine care- 

fully and well constructed is, upon the comparison 

of the excited surfaces, at least equal in steady 

intensity, and superior in power of charging, to 

‘any cylinder which has eyer been made. 

‘The Harlem machine consists of two Greular 

glass plates, each 65 inches in diameter, at seyen 

inches and an half apart, fixed parallel to cach 

other, and rubbed by four cushions to cach plate. 

Jn the Journal, Mr. Nicholson has described the 

simple and powerful plate machine invented by 

Dr. Van Mariany the plate of which is 31 inches 

in diameter, and produced a ee considerable 

intensity of power. 
There were some practical difioulics formerly 

found in the construction of these plate machines, 

that are now removed; and I conceive but one 

objection that can be made by persons who only 

procure them for the common purposes of instruc- 
tion and entertainment, that is, that the glass 

plates, unless managed with the most particular 

attention in the adjustment of the rubbers, &c. 

while in action, are liable to be cracked, flying 

from the center towards the circumference.  
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