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P R E F A C E .  

T may be eafily perceived by the tide I of this work, that it is not offered to the 
public as a finified piece on the fubjea. To 
triat of the theory and praaice of eleari- 
city, in the fulleit manner, would require a 
larger treatife, and employ more time than 
I can devote to a work ofthis kind. 

The fcience of eleAricity is now gene- 
rally acknowledged to be ufeful and irh- 
portant; and there is great reafon to think, 
Ithat at a future period it will be looked up 
to as the fource from whence the principles 
and properties of natural philofophy muit 
be derived. It’s utility to man will not be 
inferibr to it’s dignity as a fcience. 

not attempted to ,trace ele&ricit)t 
from it’s firit rude beginnings, or to follow 
the mind of man in it’s various and irregu- 
lar wanderings, in fearch of the laws by 

a 2  which 
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which it a&, and the iburce from whence 
it is derived, as this has been fo wdl  cxe-' 
cuted by Dr. Prieffley. Our view of things 
is fo circumfcribed, and the myfteries of na- 
ture fo profound, that it is not eav for us to 
determine, whether the ,received theory is 
founded ori the bafis of truth, and conform- 
able to nature, or whether we hall be eon- 
fidered, by future philofophers, as mere 
ehiIdren, arnufed and fatisfied with impcr- 
fee  opinions and ill-digefied theories. When 
a variety of things are mixed together, 
which have little or IZQ conne&ion, 
naturally create confution. It has bee 
endeavour, in the following Effay, to col- 
le& and arrange, in a methodical and con- 
cife manner, the efkntial parts of eleEtcri- 
&y, by thefe means to render it$ applica- 
tion eafy, plearant, and obvious to the 
young praaitioner ; and by bringing toge- 

riments of, the fame kind, make 
tually illufirate each other, and 

thus poiilt out the ftrength, or difcovkr the 
weaknefs, of the theories that h a w  beem 
deduced ffam them, Though the nature 

and 
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land confined limits of my plan did not ad)- 
rnit of much variety of obfervation, or a 
formal enumeration of every particular, yet 
few things, I hope, of ufe and importance 
have been omitted. 
AS I do not wilh to incur the imputation 

of plagiarifm, I with pleafure acknowledge 
the aaitance 1 have received from the dif- 
ferent authors who have written on this hub- 
jeA. I have ufed an unreferved freedom, 
in fele&ing from their works whatever L 
found to anfwer my purpofe. 

The various interruptions and avoca- 
tions, from which, as a tradefman, I can- 
not be exempt, will, I hope, induce the 
reader to make fome favourable allowances 
for any errors which he may difcover, and 
kindly correa them for hirpfelf. 

Being encouraged by the very rapid fale 
of tll'e former editions of  this work, to offer 
another to the public, I have endeavoured 
to render it more perfell by rich additions 
apd, qlterations, as either occurred to my 
own mind, or were fuggeited to me by 
others. The reader will find xnoft of the 

chapters 
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chapters either enlarged by the addition,of 
pew matter, or improved by a different ar- 
rangement of the old ; more particularly, 
the chapters on medical eleRricity aQd the 
Leyden phial. 
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E L E'C T R I C 1 T Y. 

c H A P. I. 

OF ELECTRICITY, OF ELECTRI.CS, AND NON- 
L'LECTKICS. 

4 is a natural agent or power, gene- 

fri&ion, or other means, is excited, or brought 
into attion. 

This a&ion is rnanifefccd to our fenfcs by what 
are tcrmcd cleAric appearances,. 

B There 

THERE rally called the eleflvic Jiuid, which by 



2 A N  ESSAY ON ELECTRICITY.  

Thcfe appearances are-the attraLkion and 
repuliion of light bodies-pencils of light dart- 
ing from thc cleltrified body, attended with a 
happing noife on the approach of certain fub- 
fiances, 

ExrERIMENT.-Take a ghfs tube of an inch 
and a half in diameter, and about three feet 
long, rub this tube from one end to the other, 
with the hand, or a piece of dry filk, and it: 
will exhibit elearic appearances, or be excited. 
The  power rhus brought into &ion will nttr@ 
and then rcpel fmall light ,bodies; fmall pen- 
cils of light will alfo darc from the tube in a 
beautiful manner, attended with a crackling 
noife, if the finger, or any other metallic fiub- 
fiance, is broughe near the tube. 

ExPERrMENT.-Put your cylinder in good 
order, by the rules laid down in this work. Then 
turn the glafs cylinder, and all the foremen- 
tioned appearances may be obrerved ; but as the 
ahion of the cylinder is itronger than that rJf the 
tube, ~ the effeCts will be more viiible in the hr- 
mer.' In rhek two experiments the fridion 
agahnit the tube or cyIindcr has brought into 
aQion and rendcred fenfiblc an agent, which 
before was apparently dormant and invifible 
to us. 

With 



A N  ESSAY ON ELECTRICITY,  9 
With refpea to the eleEtric matter, all dbb- 

fiances may ,be divided into two claffes; efcEIric.t 
or non -elenrics. 

Ele&vics do tiot fuffer the elebric matter to 
pafs readily over their furfaces ; hence they arc 
alfo called tlon-comduEiotv. 

Non-eleEtrics pemit the eie&ric matter to pars 
readily$over their furfaces ; from whence they 
are termed condu@ors. 

EXPERIMENT.-R metallic cylinder being 
fixed upon a glafs fipport, and placed near the 
cleCitric machine, will receive the de&ric fluid 
from the glafs cylinder, which will diffufe itfelf 
Over the whole furfacc of the metallic cylindcn 
It does not however readily pafs over the glafi 
fupport, but is detained by it on the metallic 
cylinder, from whence it may be conveyed bji 
any metallic fubfiance. 

A metallic cylinder fupported by glafs, and 
furnifhed with harp-pointed wires to colleCt 
the cleltricity from the glafs cylinder, is called 
the prim condu8or. It is faid to be inJirIatcd by 
the glafs Cupport, bccaufe this obfirucrts the par- 
fage, or cuts off the communication of the 
cleCtric fluid with the earth 

B a  
This 
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This experiment will ,feme to 'give a generat 
idea of the foundatioh of the divifion of all Tub: 
fiances into elearics and non-eleQtrics; but a@ 
it is a dirtinttion which runs through the whole 
bufitlefs of elearicity, wt: &all crndewour to 
elucidate it further, by tntering rno-Fe ful ly  idto 
the gfoperties by which dhefe fubi?ances arefdif- 
tinguiihed. 

Elettrics, or non-condunors, may have atky p r t  
of their furface rendered -eIe&tricaI by frifiion, 
without diffufing the fame kind of.ele&icity to 
any other part 'ofstheir fubitance. 

Non-eieDrics, or conduDors, cannot be ren- 
dered ele&ricaI by fri&ion: and when clc&ri- 

ny other means, the ela&riciry 1istdiE 
the whole of their furface, and every 

part thereof exhibits the fame kind of eletlricity. 
The  partial diitribufiion of the eleCtric fluid 

.on non-condu&ors is eafaly ihewn, by only exci- 

.sing one part of a @ai% piane, or a glafs tube. 
The equal diffufion of this fluid is feen by the 

grime condudor wheh elctlrified. 
A candudor eleEtrified by ~comwnicatioh, 

parts with the whole of it's ele&ricity at once tal 

any conduEting tubfiance, (that communicates 
withthe earth,) when brouglwin corm& witbit-; 
or a conduCtor cannot be elearified while it corn- 
municatcv with thc earth, becaufe all the elec- 

tricity 



6 
tricity is carried off by the communication. 
Whereas under the fame circumltances an excited 
ele&ric lofes it's clcCtricity only in thok parts, 
which are near the coriduLting fubflancc, or to 
which it is applieh. 

A N  E S S A Y  ON ELECTRICITY.  

EXPERIMENT.-TO illuitratc this pofition, 
bring any condudling hubfiance, tbat communi- 
cates with the earth, in contall with the prime 
condu&or, and it will immediately deprive it o f  
all the elekricity it had acquired; but if the 
time condudling rubfiance is brought near the 
excited glafs cylinder, it will only take off a 
portion of the elettric matter from that part. to 
which it is applied, 

Some conduaing fubitanccs arc mom pcrfe&* 
than others. - 

EXPERIMENT.-ThC:  fluid W i l l  pafi mort? rC14 

dily over a metal rod, than one of wood. 

Among conduttora, metnls are the moil per- 
fc& ; fealing-wax, rofin, and glaib, #re ainorigfi 
the beit non-condu&ors. A lift of conduAihg 
fubfianced will be given in this work. 

The ele&,ric fluid inay be cxcitcd by fric%on, 
by heating and cooling. 

B a  Expea I MENT, 
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EXPERIMBNT,-In working the eleEtrica1 
machine, this fluid is excited by fric%on. Tho 
Tourmalin itone is excited by increafing o$ 
aiminifhing it's heat. 

QF EXCITATION, AND or THE CONTRARY 

STATES OF THE ELECTRIC FLUID. 

The excitation produced by rubbing of elec- 
frics againfi each other is very fmall. 

EXPERIMENT.-RUb two pieces of glafs, or 
fcaling-wax, together, and only a Cmall degree 
pf eleltricity will be obtained. 

It is, therefore neceffary, that the rubber i 
fiould be a conduAing fubitance, and that it 
fhould not be infulated. 

Only a fmall quantity of ele&ricity can be 
produced, when the rubber and conduAor of 
an  ele&xical machine are both infulated. - 

EXFERIMENT.--Take off the chain, which is 
generally fufpcnded from the cuihion to thc 
table; ,turn the machine# and you will find leis 
el'edlricity than when the cuihion or rubbcq 
communicated, by the chain, with thc earth. 

I f  
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ff  the rubber of an elcCtrica1 machine be in- 

fuhted, and the conduAor uninfulated, or made 
t o  communicate with the earth, by hanging a 
chain from i t ;  on turning the cylindcr, the 
rubber will be itrongly elettrificd, and will at- 
traA and repel light bodies, and exhibit the 
fame general appearances as the prime con- 
duCtor. 

EXPERIMENT, -Come& an infiilatcd con- 
d u a o r  with the rubber, place another before 
the cylinder, and both will be eletkrified. 

The  coIdut3or which is e.le&rified by the 
cylinder will attradt thok bodies, which art 
repelkd by the conduaor that is connelted with 
the cuihion, and vice verfa. 

If there condultors' are brought near each 
other, itrong f p r k s  will pars between thcm. 

If they be brought into contaQ, (or if they 
are cr>nne&ed together by a chain,) ehc cie&ri- 
city of one will deitroy that of the other; and 
though the fluid may be feen to circulate round 
tile cylinder, yet the two conduAors, when thus 
conjoined, will exhibit few or no figns of elec- 
tricity. 

From thcfe experiments it may be inferred, 
li34 that 
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that there arc two powers in eledlricity, the 
one termcd pofitive ele&ricity, the other negative 
elearicity ; that thefc powers may be rendered 
evident to the fenfes when thcy are feparated; and 
that they counteradl each other when united, 
the one deitroying the effeds of the other. 

To render this poiition more clear, we ihallt 
re-confider the foregoing experiments on the 
two conduliors, comparing them with iimilar 
exp-riments on two conduliors eleBrified with 
the fame power. Elearify two condu&ors, 
cqually, by placing them before the cylinder, 
(that is, elektrify both pfitively,) and the fol- 
lowing abfervations may be made : I .  That 
what is attraoed or repelled by the one, is alfo 
attra&d and repelled by the other ; whereas, in 
the foregoing infiance, what the one attrakled, 
the other reixlled. 2. That JYO f p d s  will pars 
between two conduAors equally cledlrified with 
the fame power, though they will pars continu- 
ally between two cfecOtrified with diEcrent pow- 
ers, 3. Conne& the two condudors that are 
before the cylinder, and fparks may be taken 
from them, which caiinot be done from the 
others when they are united. 

~ The conduQor conncdted with the cufliion, 
i s  'hid to be riegativcly clctlrified. 

The 
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The condudlor placed before the gl& cylin- 
der is hidid to be pofitively ele&rificd.* 

There experiments, if the rubber be inrulated, 
may be eaGly exhibited by onc conducctor, by 
means of the two direaors with @afs handles, 
ghat arc dcfcrihcd in  the chaptcr on medical 
clcffricity. Take oft' the chain from thc 
cufhion, and connc& a direRor with it by n 
wire or chain, and connelt anothcr dircQor 
with thc prirnc condu&or ; t u r n  thc cylinder, 
and on bringing thc diretkors ncar to cncli other, 
fparlis will pnfs from the one to the other ; the 
one will alfo a t m &  what the other ~.cpcls, and 
whcn brought into contalct, neither of thcm will 
exhibit m y  iigns of clecitricity. 

The eldtricity produced by thc excitation of 
glafs, is cnllcd pofitive elettriciry, fomctiincs 
vitrcous, 

The 

\ 

* I-lcncc cvcry c!c€trical machine, with an infulated 
rubbcr, may be conGdcrcd 3s acing in a tlireefold manner. 

1. As a machine ptoducing ngnt iuc  ckElricity; by con- 
neRing thc ptirnc conduAor to thc earth by a chain, and 
taking the fluid from the cuihion or rubbcr. 

a. As a machinc producing poJitive ide&i!ricity. To effckk 
this, makc the rubbcr cOmmunicatc with the ground by a 
chain, arid takc thc fluid from the condu0or. 

3. As communicating the aEtiori of b d f t  i)owcrs nt O I I C C .  

I n  this care, the rubbcr and condu&tor muk both bc inlulae 
tcd, and the fubltancc to be olc&trificd placed betwccn. two 
d j r c b r s  conncacd with thcm, 
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The eleCtricity produced by the excitation of 
feealiog-wax, or rofin, is called negative, or 
rofinous. 

01: ELECTRICAL AT~I*RACTION A N D  REPULSION, 

If two bodies be eleRrified, both yoficively, 
or both negatively, they repel each other. 

If one bc eleftrificd pofitively, the other nega- 
tively, they attraa each other. 

A body not at all eleArified will be attraQed 
by thofe which are cleEtrified, cither pegatively 
or pofitively. 

E x m i  Mxcr.--Elc&rify a pair of infulated 
pith balls pofitively, and they will repel each 
other. 

E X P E R I M E N T . - E k & r i f y  a pair of infulated 
pith balls negatively, and they will repel cnch 
other. 

EXPGRIMENT.-A pair of infulatcd pith balls 
elenrjfied pofirively, will attraa a pair that arc 
elearificd negatively. 

ExpERrMENT.-A pair of infulated pith balls 
clettrified negatively, arc attraaed by excited 
glsfs, and repelled by excited wax ; and the con- 
trary : for if the balls are eIecZrified pofitively, 
tkey will be repeIlcd by excited glafs, and at- 
tra&ed by cxcitcd waxt 

E X P I -  
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EXPERIMENT.---A pair of infulated balls in 
their natural flare are attraeed both by excited 
glafs, and excited wax. 

The repulfion of balls eleftrified pofitively is 
deitroyed by the application of an equal degree 
of negative ciehricity. 

-- 
EXPERIMENT.---EIC&rify t W O  pair of i d u -  

lmed pith balls equally, but one with poiitive 
clelttricity, the other with negative ; bring the 
cylinders by which the balls are fufpended in 
contact, and the balls will immediately clofe. 

pith balls equally with pofitive elearicity, bring 
thecylinders by which they are fufperlded in 
conta&, the balls will remain unaltered. 

EXPERlMEN'&'.---Ek&rify two pair of infulated 

From thefe experiments it may be inferred, 
that in the natural fiatc of eleCtricity the two 
powers are always united ; that they only become 
vifible by their feparation, and that when fepa- 
rated they manifeit themfelves by thofe appear- 
ances which we term eleltrical. It is highly 
probable, that the geiierai phlenoinena of nature 
art Carried on by pwers wbm uided, and 

the 
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thc more particular phaenomcna, or difcordant 
notes in the great fyfkm of the univerfe, arc 
occafioncd by the afiion of thefe powcrs whctl 
$xmtcd,  and thcir conitant tcndcncy to unite. 
Be this as it may, the foregoing pofitions will 
be found to illuitrate all thc cxperimciits on 
eleAric attraaion, from which we have fcleCted 
thc following, as fome of the moil pleafing. 

EXPERIMENT.-Light feathers, hair, &c. 
connetled with the condu&ctr, arF, when elcc- 
trified, attidied by any non-ele&ric body. 

EXPERIMENT.-ThC hair of any perfon thaa 
is cte&rified becomes repellent. 

ExPCRIMENT.--L)owny feathers, bits Qf leaf 
gold, paper images, and other light bodies 
brought near the condullor, are firit attra&cd, 
and thcn rcpcllcd, 

EXPEKI M i:Nrr,--?’he two outiidc bclls, fig. 
L 7 ,  communicate by a chain with the condutlor 3 
rhc middle bcll and the two clappers% are fLiL 
pcndcd by filk, which is a non-conduAor. 
?'lit clearic fluid pafles from the condudkor to 
the outfide bclls, thefe attratk tht clappers and 
inipart eleAricity to them, which they in their 
turn communicate to the middle: bell, from 
whence ic is conveyed by B chain to the earth. 

The 



A h  ESSAY OM ELECTRICITY. 13 

Thc clappcrs, in rccciving and communicating 
the fluid, arc altcrtlatcly attraaed and rcpellcd. 

Thofe fiibf'tances that arc broirght within tlic 
infl{cnce of elettrified bodies, become poiEffed 
of a 'contrary eleAricity ; or, bodies, which arc 
immerged in an elcQric arinofphere, always be- 
come poKeired of an elctlricity conti-ary to that . 
of the body in whofe ntrndfphcrc .they are <iin- 
merged. - 

EXPERIM cNT.-Bring a condudior (-kithout 
pointed wires) ncar to the glafs cylindcl;, wbiltk 
tlic machine is working. If' the condudtor be 
not infulatcd, it will bc iiegatively clec'trified, 
till i t  is brought Tu near as to receive fparks 
from tlic cylinder. If the coiiduCtar be infululatcd, 
i t  will, in the faine.fituation, be clc&rified 11ega- 
tively in ehc parts neareit the glafs cylinder, and 
pofitivcly in the parts inare remote ; as may bc 
fcen by briqging a glafs tube, which is pditivcly 
elcCtrified, near a ball whjch is fufpended fiom 
xhe condu8or. 

OF ELECTRIPILD P O I N T S .  

'The cIeQic fluid appears as,& diverging fiream 
darting 'forwards irito the air from a poimed 
body pofiti,vdy de&riiied. 

.It 
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It appears as a little gIobuIar fiar on a point: 
negatively eltarified. - 

ExPEaIMENT.-Thefe appearanccs are to be 
obierved in a dark room on the extremity of a 
pointed wire fixed upon a condulior poiitively 
or negatively cle&rhied; or on a wire held in 
the hand, and prefentcd to a pofitivcly or nega- 
tively eleEtriiied conduflor. 

ExPERIuswr.--Thefe phacnomena arc beau- 
tifully cxhibitcd by the luminous condullor. 

A current of air is occaiioncd from an eIc&ri.. 
fied point. 

EXPERIMENT.--PlaCe a pointed wire in the 
condultor, and hold the hand over it when the 
machine is in aaion, a very fcnfible wind will be 
felt by the hand. 

EXPERIMENT.-stiCk fcveral pieces of paper 
or card like vanes in a cork, through the center 
of which a needle or fieel pin paffcs, fufpend the 
whole by a magnct, prefent one of the vanes to 
a pointed wire infertcd in the condu&or, and 
they wig be put in motion by the current occar 
fioned by the point, and will turn with rapidity. 

A pointed wire placed on or brought near ro 
ap eleltrified condudlor, gradually and. filently 
(liifipates the eleQric fluid. 

rt 
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It is to be obferved here, that if thc point be 
brought within certain limits, it will not dif- 
charge the conduttor in the manner expreffed 
in the foregoing pofition, but by a f‘uccefion of 
fnaall exploiions very quickly following each 
other, which lead:, td the following pofition. 

If an clclkrified point be fituatcd in fuch cir- 
cumfiances as to caufe the fluid to accumulate 
on the condulkor; or, in other words, if it be 
fo iituated, that the power of the fame name with 
that of the conduEtor cannot be readily difchargcd 
from it, it will then rcceivc the cleltricity froin 
the condutlor in the form of a irong {park. 

EXPERIMmT.-1’hcC a pointed wire on the 
end of a fpiral tube, and it will take a fpark. 

OF TIIE LEYDEN PHIAL. 
A glafs jar or phial coated 011 both fides (ex- 

cept about two inches from the top) with tinfoil 
or any other conduQiiig fubitance, is called the 
Leyden jar or phial. 

If one fide of this jar is clefirified, while the 
other fide communicatcs with the earth, it is hid 
to be charged. 

I fa  communication is formed from one fide 
of the jar to the other (by a coiidu&ina fib- 

flancc) 
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4tance) after it *has been charged, an .explofisn 
will be heabrd, and tliejar is faid to be difcharged. 

A Leyden phial cannot be chargcd when it is 
infiulated ; that is, when neither fide communi- 
Bates with the earrh. 
As the apparatus reprefcnted at' fig. 49, platc 

11, is the moit ready, and belt adapted for il- 
lufirating ,the -phenomena of the Leyden phial, 
we hal l  confine ourfelvcs principally to-  it m 
,this part .ofithe prefeent Summary. 

ExFERxnENT.--Screw the phial with rhe belt 
on it's infirlilted .Rand, as at fig. 48 ; bring the 
coafing in contaCt with the condu&or, turn the 

, and after a few turns remove, 
the condudtor; then form a 

communication between the outfide and the in- 
fide of the phial, by placing one end of the dif- 
charging rod fir& upon the coating, and then 
bringing tho $other end of ole IXKI to .the h a f s  
!A1 of the battle ; there will be no explofion, 
ahe battle not being charged bccaufe both iidks 
were infulatcd. 

ExPERIt&.-Hang a chain from rhe brafi 
ball of the +phial to the table, then bring the 
coating in contac?: with the condu&tor, and after 
a few turns of the machine xemovc the phial as 
hdore.; fihenapply rhe Ucharger, an explofion 

will 



A N  E S S A Y  ON E L E C T R I C I T Y ,  17 

will be hcard, anb the bottle will be difcharged ; 
for in this’cak, the ini’ulation of the infide is 
deAroyed b y  the thaih, and the phial becomcs 
cayaWc obf receiving a charge. - 

As much of the elctlrical fluid is thrown OF 
fmtn one fide of a jar whtn charging, as is cob- 
municatcd to the other. -- 

EXPERrMENT.-PhCe the coating of the jar, 
fig, 48, in  coma& with the condultor, and the 
knob of apother equal fizcd jar (as L, fig. 49,) 
in contatt with the knob of the firit ; turn the 
tnachinc a kvv rimes, thenwemove the jars from 
each other, and from the conddtor ; apply a 
difcharger, as before direCted, firlt to the one, 
then to thc other, and you will find them both 
cqualig charged ; the infidc of thc fecond phial 
havhig received from the infidc of the firfk, as 
much of the fluid as the outtide thereof rcccivcd 
frqm the machine. 

When a Leyden phial is charged, the two 
fides thereof are in contrary itates; that  is, the 
one‘ is pofitively, the other negatively clett’trified. 

E~pgRrMW~.-Charge the jar, fig. 48, by 
bringing the coating in contacZ with the con- 

C duttor, 
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duCtor, and letting a chain fall from the bafl to 
.. When it is charged, remove the jar 

conduaor, hnd the chain from the 
knob. The  coating of the jar will .ele&rify a 
pair of iiifuIated pith balls poiitiveky, and, the 
knob will elearify a pair negat 

fide and outiide of the 

lieverfe the 9 foregoing experiment, by bring- 
ontaR with the con- 
fall e 

the chain, the 'coating will now eleltrify the 
infulated pith balls negatively, and the knob wiU 

coating to the table ; charge th e 

the jar, fik. 48, 
tivcly ; conncA a dircttor with the chain from 
the coating, and Fring the ball ofi the direclor 

s tbd knob of the bottle ; a cork ball, ot 
an artificial Cpider, fufpendcd by a iilk firing, 
will play between the two balls till the bottle is 
difcharged, carrying the fluid from one to the 
other, till it has refiored thc equilibrium, 

A jar is raid to be pofitively eleltrified, when 
the infide receivcs the fluid from the condugor, 
and the outlide is conneaed with the earth. 

It 
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It is faid to be negatively clearified, when 
the ouciide receives the fluid from the conduEtoq 
;md die iiifide comtnunicates with the earth.* 

7 

The contrary itates of the Leyden phial fhewn 

EXPERIMENT.-Take two bottles of the fame 
by the charge and difcharge thereofr 

fize, as H and I, fig. 49, charge ,both pofi 
and connea the coatings of each, as in 
bring the two knobs togethcr, and no explofion 
will takc place, and the bottles will not be dif- 
charged ; becaufe the infidc and outfide of each 
bottle is in the fame itate, or cndued 'with a 
powe 
tendency to unitc, Thc kme happens if both 
are charged negatively, 

other negatively ; then on bringing the knobs 
together as before, an' explofion will tdke place, 
and both bottles will be difchargcd; in this the 
powers on the infidc and outfide of each bottle 
were of different kinds, with a itrong tendency 
t6 unite. 

,EXPERIMENT.-char&e One pOfitiVdy, the 

_ _  - 

h 
* It 16 necclTary that a . jar charging negatively ihould be 

tnruht.cd, b'ccaufe the fluid is, in the firIt infiance, coir. 
vqed to the coating, and would, if un-infulated, be immedi- 
ately carried to tho earth, 

c 2 .  
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fn the foregoing experiments it will bc h n d ,  
very convenient for the difcharge of the jars, to 
fcrew the wire K or L into the holc ar the top of 
the infulating pillar; as the coating of the 
moveable jar may be placed 00 this wire, and it's 
knob be eafily brought: to touch the infulntcd 
jar. 

The contrary h t a  of the fides of a Leyden 
phial may be exhibited by the appearance d 
the ele&ric light, or pointed wire? conneaed 
with the coating, at balTs of the 
affo by the differeht appearahce thefeof in! \tkcuo. 
But for rhefe we f h h l l  refer the reader to the 
f'olowing Effay, as the foregoing experiments 
are fuffidima 86 p 

The charge of a coated jw refides in the glafi, 
and not in the coating. 

E.]tPER~Mwr,-Let 8 plate ofglaf be placed 
between: two metallic plates, about two inchcs in 
diameter, fmaller thab the plate of glafs ; a charge 
t h e  prate of glafs, aiid then rernuve the upper 
metallic plate by an infulared handle ; take up 
the~glafs' plates, and place it between two other 
plates-of metal unelehrified and infulated, and 
the plate of ghfs thus coated afrefi will 'AS be 
charged, 

Thc 
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The pafing of the cle&ric fluid from one fide 
of a charged jar to the other, is apparently inc 
itantancow, through whatever lcngth of a me- 
tallic Dr other good conduttor it is conveyed. 

EximxMmT.-Let any number of perrons 
makc .a part of the circuit of communication, 
and the ;fluid will pars infiantariqou4y through 
the whole. 

The difcharge of a charged jar gives a painful 
fenfition, called the eleElric hock, to any animal 
placed in the circuit of communication. 

If rhc circuit be Interrupted, the fluid will 
become vifible ; and if refifted in it’s paffage, 
will leave an impreffmn upon the intermrdiate 
or refiiting bodies.* 

EXPBRIMENT.-LCt the fluid pars through a 
chain, or ,through any metallic bodies, placed 
at fmall diftances from each other ; the fluid, in 
a dark room, will be vifible between the links 
of the chain, or between the metallic bodies. 

ExPfiRIMfiNT.--If thc circuit be interrupted 
by fcveral folds of paper, a perforation will bt 
made through it, and each of the leaves will bc 

c .3 PQ- 
* Enficld’e InRituteo of Natural Philofophy,> 
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protruded by .the,itrokc from the middle to- 
wards the outward leavds. 

EXPERIMENT.-If fpirits, of wine, or gun- 
powder, be made part of the circuir,. it will bc 
fired. 

rce of an'ele&kic charge does not de, 
he fiape of t h t  charged furface. 

Let the fame q k n t i t y  of coating be placed 
upon a jar, and up0 pIatc ~ f ' g l a f s ~  the &e& 
will  be found to be 

Whcn the furfaces of an eleCtr e 
charged with a certain quantity of thc two pow- 
ers, it is obkrved, thar no additional cleliricity 

- 
OF THE EL~CTRIC BATTERY. 

The force of the clcctric charge may 
creafed, by apgmenting the furface of 
glafi. 

Thc urial method of cffeaing this, 

be in- 
coate4 

is to 
form a communication between the infide of a 
number of coated glafs jars, and'an~thcr com- 
munication bgtwecn the' external coating; jars 
fo I "  dikofed are called an eleCtrica1 battery. . 

' Fine 
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Fine mttallic wire may be melted by a bat- 
t.ery, fmail animals may be killed, thick pieces 
of glars be fliattered to pieces, and other curious 
cfhcfls produced, the greater pare of which art 
defcribed in the courk of this EiTay. 

The cleeric fluid and lightning are thc fame 
-fu bita nce. 

Their properties and cffeQs are the fame; 
Aalhcs of lightning form irregular lines in the 
air;  the ehQrid fpark, whcn ftrong, has the 
fhme appearance. Lightning Arikes the higheit 
and molt pointed objcQs, takes in it's courfe 
the befi condafkors, rets Are to bodies, melts 

other particulars, 
ena of the eleQric 

fluid. Lafily, the lightning being brought 
from the clouds to an ckCtrical apparatus, will 
exhibit all the appearance of the eleAric fluid. 

It is fuppofecd that buildings may be fecured 
from the eEe&s of lightning, by fixing a pointed 
metallic rod higher than any part of the huild- 
ing, and continuing it, without interruption, to 

rhe ground or nearclt watcr. 
The experiinent molt generally ufed to illuf- 

tratc this poGtion, is that of the thunder-houfe, 
board haped like the gable end of a 

houfc, ?nd fixed perpendicularly upon an hori- 
c4 :Lontal 
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zontal board; in  the perpendicular board i 
fquare hole is made, into which a fquare piece of 
wood is to be fittcd, fo that it may catily fall out 
of it’s place; a wirc is fixed diagonally into this 
fquate piece ; another wire, terminated with a 
Wafs ball, is faitcncd to the upper part of rkc 
perpendicular board, with it’s ,ball above the 
board, and i t ’ s  lower end in cpntac2 with thc 
diagonal wirc ; in the Cquarc piecF of wood, a 
cainmunicatiqn is caiitinucd fr& the other end 
4f the diagmal wire, by a vire ty the bqttqm 
of the perpendicular board. J 
this itate, are made part of 4 
municatipn, on dikhargiqg the jar, the fquarc 
piece of wood will qat be pi 
GQmMuirication be inkrrupte 
dire&ion of the diagonal wire, the fquarp piqc 
of wood will, on the difcbargc, >e driven put 
Qf it’s plage. 
If, -infiead of the upp,cr brafs b l l ,  a pointed’ 

s wire be placed abovc the yerpendjcular board, 
the difcharge may be drawn off withopr an ex- 
plofion. 

Sce fig. 68. 

- 
OF A PLATE QF AIR. 

As’the air is an cle&ric, it will receive a 
charp,  and give a fbock like any othei. ele&ric 
fubfltancr. 

This 



This is eftg@ted by mwnv of two large boards, 
@gyered with tin fpil, the one conwtled with 
!he cQndu&pr, the 9thw placed parallel to it Qn 
a p  infukged it;rnd; [here boards may be cpnn 
fidcred as the Coat.in,gs f ~ 1  8 plate of ai;; and if 
a communication be fwmcd between them by 
touching the uiunfulared beard, with o m  hand, 
and applying the other hand to the condu&t9,r, 
the fliock will be felt. See,Nicholfon’s In- 
troduClrion to Natural Philofophy. 

e‘ A great part of the eleCtric phaenomena, 
are tlie ConC’quenw , ~ f  the air being thus 
charged. Thus the priinft condvaar imparts 
it’s qIekiri&y the {urface of i\ir immediately 
cqntiguous to  it, and when the fprk i s  drawn, 
thc difchqrge is wade tp the noncclc&rics in thG 
rq&n, which are in coma& with the oppofita 

‘( It i s  a Confequence of the air being charged, 
that broad non-ele&ris: furhces draw large fprrrks 
from the wndu&r, for the @arks arc the dif- 

% charges of a large plate of interpofed air ; a leCs 
Curfgce will draw a l e t  fpark, becaufe the fame 
machine difcharges lefs furfaccs higher than 
grqater ; the fpon3gneoMs difcharge through the 
body of the eldkqic air, vi11 b,e made at a g ~ m t e ~  
diitwx 01 tbe firfams; that is tQ fay, the 

fpa& 

fur*fac.e. 
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rks will be longer. If the furface of the pre- 
h t e d  plate be itill 8 fmaller, the fparks will alfo 
be frnaller,' and emitted to a greater diitance ; 
and if the lurface be indefinitely finall, or in  
other Words, if the non-eleEtric be pointed, ,the 
fpark may be fo fmall as ro be invifible, and the 
diftance to which it can be" emicted, may be un- 
,limited." 

OF MEDICAL ELECTRICITY. 

The fatisfalltory experiment 
made on this head, by fome o 
ters in the medical line, particularly at  St. Tho- 
mag's HoTpital, , by Mr. Birch, have e 

puration of eie6ricity in rnedicin 
clearly proved, that when ufe 

ikilful, it is as certain in it's effcCts as any me- 
dicine in the .whole materia medica, and more 
extenfive in it's application. 

In medicine, it has been very, tjudicioufly 
confidcred as aaing under three forms. 

I .  "be j u i d ,  which may be confidered as 1 a 
fedative. 

2. Tbe Spark, or €ri&ion, which may be 
ranked under the title of a fiimulant. 

3. Thefiock, which may be confidered as a 
'powerful deobfiruent. 

The 
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The fluid may be thrown upon or extraacd 
from the patient. 

This is always befi effelkd by'a  wooden 
point. 

I,  Infulate the patient, and conneik him 
with the pofitive conduaor i then prelint t he  
wooden point of the direcOcor towards him, and 
it will gradually draw thc fluid frotn him. 

2. Let 'the patient communicate with *the 
ground, and connett the metal part of the direc- 
tor with the pofitive condu&or, and the fluid 
will bc gently thrown upon the patienr. 

3. Come& the infulated patient with the 
cukion, then he will receive the fluid from the 
dire&or hand. 

4. ConnecZ the dire&or with the cuihion, and 
the fluid will be cxtradtted from the patient. 

Of tbc eleh'ric Spark, or frinion. 

What has bcen faid GitH refpect to the fluid, 
is equally applicable to the eleCtric friaion ; only 
here the point' is to be unfcrewed from the dire- 
tor, and the brafs ball fcrewcd on in it's h a d .  

In the friCtion, the parr kould be covercd 
with woollen cloth or'flannel, and'the brafs ball 
is to be applied clok to the flannel; but in 
taking fparks, it is to be removed a little dif- 
tancc from the body. 

TO 

t 
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'To incretfe the denJty of the Juid or Spark. 

Fix the medical bottle to the conduttor, let 
a chain fall from the hook 2t the bottom thereof 
go the'table, place the elcAromceer on the con- 
du&r, (as it i s  reprefcnted in the frontifpiece 
to this work,) let the ball of the eleArdmeter be 
placed at  fome little diftance fiqm the conduc- 
tor, and then come& your dirclkor, by means 
afa wire, with the exterior ball of thc elearo- 
mew; after this prepamtion, yog may turn 
the machine, and whcn the fluid has artai 
{uficient force to paca from the conduaor to the 
hi1 of the eleCtsoineter, you rnay apply thc 
direAor to the paticnr, 'who will receivc a denfe 
At 
ing during the operation. 
fLIlated patient with the cleltrometer, and then, 
Qn applying the dir&or to him, you will ex- 
tra& a denfe fiream @om him, 

N. B. Whenever the dire&or i s  ufed without 
being. connefied with the condudtor or cufhion, 
the hand fliguld communicate with the .brafs 
part thereof. 

Ta pdt a firem r$' ibe denric &id ibxaugh 
p4rb fl the body, wibhoui givhg kbt JIJock. 

I .I CnrrmwA one dircRqr with the culEpioa, and 
another with ' the condu&or ; , place the P x C  

through 

Or, c 
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through which you want the fircam to pafs, 
between the dirt&:ors. 

N, B. The denfty of this flrearn is,aug- 
mented, if the bottle is furpendcd agreeable to 
the dh%ons in the preceding article, and one 
direttor joined to the elcttrometer. 

2. Infulate the patient, and apply a direCtor 
that communicates with the ConduRor, (or 
with the ele&rorncter and battle,) to'one part, 
and a brafi ball to the other. 

To give the f l o c k ;  

Sufpend thc bottle from the conduEtor, put 
the elcaromcter in  it's placc, (fec the plate that 
faces the title-page of this work,) and remove 
the inner ball a fmall diffance from the conduc- 
tor ; then conncCt one dirrAor by a wire with 
the hook at the bottom of' the bottle, and*tht 
ocher with the exterior ball of the eletkromcter; 
the part through which the kock is to pars,! 
mufi be placed bctwccn thef; balls ; there will 
be a flloclc every time the fluid has acquired 
fufficient force to paib from the conduitor to 
the el&rometer. 

To give n qnick vibratory fin/irtiw, ?tot fo pungetit 
ns the h o c k ,  thougb Jronger than t k S p n r k .  

The dircaions in the preceding article apply 
immcdiatcly to the prcfent, with only this dif- 

fcrcncc, 
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fcrence, the bail of the eletkrometer map be reb 
moved further off, and the long wire is to be 
taken out of the tube of the bottle. 

OF ATMOSPHERIC ELECTRICITY. 
s always eledlrified, fome- 
u t  moil commonly with 

pofitive elettricity. In ferene weather, the 
clearicity is always pofitive, and the quantity 
is proportional to the quantity of moiiture. 

Hail is always accompanied with eletlricity, 
Rain generally fo. 
Low and thick fogs flrongly ele&rical, though 

generally more io after a frofi. 
mmer, the clelkricicy of the atrnof'herc 

IS very weak ; 'it grows firongec at fun-rife, and 
increafes in itrcngth with the elevation thereof;' 
at fun-fet it again beconietl weaker. 

Impetuous winds generally leffen the force 
of the atinoryheric cledkricity. 

A itrong cIctlricity often rifes with the 
dew, particularly if the feeafon is cold, the tky 
clear, and very littlc wind. 

OF A VACUUM. 
Air rarified to a certain degree, pernita the 

eldric fluid to,'pafs eafily through it. 

48 
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As the air is a non-conduflor, it refifis the 

motion of the cledtric fluid ; therefore, the re- 
moval of it facilitates the effort this fluid makeq 
to efcape from the fubjea on which it is thrown; 
at the fame time it is highly probable, that it is 
by means, of the vapour which expands itfelf 
when the preffure of the atmofphere is I taken 
0% that the eledric fluid is conduaed throuih 
the vacuum;. for there is reafon to think, that 
dledtriciry alwap requires a condu&or, to make 
it pafs from one body to another; and $this is 
further confirmed by thofe kxpcriments, which 
fhew that a more perfc& vacuum bf air is a non- 
condudkor. 

EXPERIMENT.-LCt  a vacuum.be made part 
of the circuit in difcharging a Leyden phial. 

vacuo, 
EXIJERIMBNT.- Let a. jar be charged in 

C I4 A'P. 
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OF E L E ~ T R I C ~ T V  IN GEN~~RRL.-OF THE DISTINC- 

.& CIRTAL~&VE OF CONDUGTING SUBSTANCES. 
,Tti~ A h ~ t m Y  BETWEEN ELECTRICITY A N D  

FIRE. 

TION’ BETWEEN ELECTltIOS A N D  NON-ELECTRICS. 

7?m& appear furpriCtng to I afrcr trmhi that eleArkity, 
allowed to be one of the principal agents em- 
ployed in producing the pliznomena of nmre ,  
fihould have remaincd Co long in obfcurity-; for, 
comparatively fpeakini;, it’s exiitence was not 
known ,to the ancients. They were not, indeed, 
altogether ignorant of the peculiar properties of 
thore bodies that we now term eietJrics; never- 
thelefs their knowledge was Circurnfcsibed, 
being confined to the obfcrvation only of thofe 
phanomena which nature prefcnted to their 
fenfcsJ in the ordinary courfc of her operations ; 
hence niar two thoufand ycars clapfcd, before 
any addition’ was made to the little which W ; ~ S  

known to Theophrafius, and this branch of 
natural hiltory remained uncultivated, till the 
happy period arrived, when the philoropher was 

cmanci- 
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ming at the &fiance of fifteen feet, they will bp- 
a ffe Aed the re& th . 

Many difotders of the human frame ha& 
been cured or relieved by els&ricity ; new 
adlion has been given tq deficient powers, and 
the terrors of the knife been frequently pre- 
vented, 
’ But the moil remarkable appcarances of elec- 
tricity, which are viewed with furprize by all 
ranks of peqlc ,  are thofe’ which may be termed 
atmofpherical, as oxifiing ink OF depe 
the fiate of the umnofphece. Lighrn 
to be an eledric phmamcnbn, and there is little 
doubt bur that the aurora borealis, whirlwinds, 

depend on the faam 
oncconfiderable adv 

mofi other branches df fcience; it furniihcv 
matter of cuterrainment tbr all pcribns promif- 
cuoUfly, while it is a fibje& for fpecuhtion to 
philofbphers, Neither the air-pump, nor the 
orrery ; neither experiments in hydrofiatics, 
optics, or magnetifm ; nor thofe in ’all’ othar 
,branches of natural philofopby, ever brought to- 
gether fo many ur fuch great concourfes of 
people, as thofe of eleRricity have done fingly.” 

c‘ If we only confider what it is in ob$!& that 
makes them tapble of exciting that pleafing 
hflonifhment, Which has fuch charms?for all 

mn kind, 

I 
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mankind, we Ihall not wonder at  the eagernefs 
with which pcrfons of both fexea, and of every 
age and condition, run to fce eleCtrica1 experL 
rnents. Here wc fee tbe’courfe of nature to ail 
appearance entirely reverfed in it’s moit fundad 
mental laws, and by caufes feemirlgly rhedlightefi 
imaginable: and not only the greate 
produced bycaufes which €ecm to be incon+ 
fiderable, but by thofe with which they fcm to 
have no conneaion,” 

Here we fee, contrary to the principles of 
gravitation, bodies attratted, repelled, and 

hich are feen to 

metal, or even watcr, or icc, emitting itrong 
s of fife, fo as to kindle many inflsmmablc 
nces 1 Again, what can’ kern more mira- 

culous, than to find that a common glah jar 
fllould, after ;I littlt preparation, br capable of 
giving a perfon fuch a violent fenfation, as 
nothing elfe in nature can give, and of even de- 

ying animal .life; and that this ihock is 
plofian $ke thunder, 

it’s infancy, when confider- 
definitions and axioms can-’ 

ith geometric accuracy. I hall 
D2 endeavour 
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kdcavour to avoid, as much as poifible, the UCC 
of pofitive exprefion, in Order to invite' the, 
reader to examine the experiments himfelf, tb 
compare them one with another, and then draw 
his own conclufins ; beginning with thofe ex- 
gcrinenw which were rhe Foundatiop of the pre- 
fat aatk of eleEt;ricity, and which gave rife to 
the principal technical terms made ufe of in this 
E ienc e. - 

EXPERTWNT r.-Rub a dry glafg tube with 
a piece of dry fiPk, and it  will thereby 'be elec- 
rrificd ; prefent light. bodies, as feathers, pith 
*balls, &c. to it, they will ba: attratked, and 
then repelled. 

-w- 

k piece of black or oiled filk, on which 8 

little amalgam has been placed, makes the beft 
rubber for a iinooth glai's tube : foft new flannrt 
Eucceeds well with fealing wax. - 

EXPERIMENT II,-Rub a dry flick of fealing 
wax, it will firit attracrt and afterwards repel 

ight bodies that are brought near t o k  ' 

The frictioa in the two preceding experirn68 
has put .indiion an agent, or power, wkkh at- 

traAs 

- 
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tra& and repels light bodies; this power is 
called cZeBrich'y. 

A certain quantity or natural fiarcof the elec- 
tric fluid, is fuppofed to bc diffeminoted in all 
bodies, in which Rate it makes no imprefion on 
our fhfes i but when, by the powers af nature 
or art, this equilibrium is defiroyed, and the 
agency of the fluid is rendered vifible to the 
fenfes, then thdic Ne&s are graduced nhich we 
term eledtrical, and the body is hid to be elec- 
IriJ'ied. 

Any Cubfiance, that is made by friaion to 
exhibit cleAric appearances, is raid to be excited. 

Ilt, jet, dry wood, iind 
other fubitances, being excited, ati 
pel light bodies ; thefe are called eie8vics. Such 
hbfiaiices, as merals, wmr,  &e. the f alctionof 
which will not produce this power of attradion 
and rcpulfion, are called non-cfetfvics. 

When the excited glafs tube, or nick of fed- 
'ing wax, is in good order, and the particles of 
elearicity arc fufficiently united to,a& on the 
argans of vifton ; pencils of light, or flaihes of 

nt flanic, will dart from the tub; in a 
manner, attendcd with a cratkfing 
ici  will be heard on the a6proach of 

. The matter caufrng this'light 

D 3  EfeCtrici r y 

._.a 

is meant by ele&ri&ty. 
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EleQricity is often rexciteli byathkr caufes a8 , 

vel1 as fricftion, Thus i e  may be produced, by 
heating 'or cooling of fornr fubfiances, by blow- 
ing of air violently on s body, &c. nay, i t  is 
probable, that whatever rcmoves the firaturn of 
air from the furface of any body, or influences 
the cohefion ofWs parts, wil.1 difiurb the elec- 
tric fluid, 

The difcharge of large cannon, and the blow, 
ing up of 'powder magazines, has been known 
to eleQrifit glafs windows 

E X P E R I M E N T  m.-Ler a metallic cylinder 
be placed upon iilk lines, or upon glafs, bring 

ar 
wi 

bodies; as forcibly as the excited eleAric itfelf, 

EXPERIMENT rv.-Suppart a dry glals rod on 
filk lines, 'or by glafs, bring an, excited elearic 
nvar it, and no attrattioq br repulfion 
place ; becqufe the eiqkricity cai?not 
miffed through it. 

' 

\ , .  .. ..* 
fe eyperiments is deduced the diL 
ween rhofe bodies which produce 
fluid, and,tbofe which do 

one having the power of tranfmitting this fluid, 
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Thofe bodies which paiueis the power of tmnf- 

mitting ele&ricity, are called coridu@mpnd non- 
ele#rics* 

Thafe fubfiaoces, which are impervious to 
elecltricitp, are calk$ not$-condutton, or eleEtni.r, 

A bady which communicates with nothing 
but elecqrics, is faid to be iduluted. 

I f  all fubRances poffqffed an equal power of 
retaining or parting lektric fluid; the 
greater part of it's phmioniena would have re- 
mained unknown to us ; but, as i 
only over the Curface of Come fih 

t's paffage, or are nearly imper- 

it eafily to the ceit of experiment. 
From the third and fourth experiments we 

learn, that, excited $eBrics will communicate 
the ele&ric powers to conduCting fubitnnces. 
which arc infulated, that thcfe will then attrac.2 
and repel light bodies, &c. fimiiak to the dcc- 
tric itielf; with this difference only, that a con- 
duCtor, which has received elcklrkity, part8 

at once, when it is touched by another 
or that communic;2tes with the earth; 

the excited eleBric, under the fime 
circumhccs, only loris it's eIecCtricity par- 
$,ialiy. Y 

334 A con,, 
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A condutkor canmi be eIenriJed while it com- 
municates with the ‘earth, becaufe the eledtri- 
city i3 imrnediately conveyed away. 

An inhlated elektriiied c6nduCtor will be de- 
prived of it’s eletlricity, by taking a fpark from 
any part rhereaf with an uninfulated condyClor, 

EXPERIMENT ir.-Ele&rify, with excited g/lfi 
two infulated cork balls, fur- 
about fix inches long, and thc 

EXPBRIMI~NT V I .  - EleCcrify one ball with 
gjafs, the olher with fealing wax, and they will 
be mutually txtm&ed, 

There two oppofite and remarkably difitinQ 
cffcEts in the attraoivo and repulfivc powers of 
clearicity, whereby one a/lra&h what the other 
rtpds, were difcovered at an early periad of the 
hiftory of this fcienac, 

he ele&ric power produced by the excitation 
czf %la&, is called p0J;live CleBricity, and the 
I)OWOY praduced by the cxcitatiqfl of fealing 
wax is called ntgalive ele@virifY. This diffkr- 
cnce was .at  firfi thought to depend on the alec- 
tric, and ik vas thcn fuppofed that the twa 

kind6 
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kinds OF ele&ic.ities vyere eflentially diftinCt ; 
but it is now known, that each of thcfe powers 
may be produced from the excitation of either 
glaf8 or fealing wax, 

Elcaricians have been engaged, by the dii- 
cowry of the two foregoing diitiqttions, to ex. 
amine the elctStric3 properties of inoft bdieo, M 
afcertain Ivhether they poffeffed the pofitive or 
negative powers 5 by this means the.. catalogue 
of ele&rics has been confiderably increaikd, and 
it was foon found that every fubitanc 
acquainted with, had more or lefi affinity with 
the ele&tric fluid.” 

CATALOGUE OF CONDUCTING SUBSTANCEN. 

I ,  Stony Sulpances. 

Stony frlbflances in g 1 condut‘k very well, 
though diy and warm. 
’ Lirn&mc and lime juit  burnt arc equally 
ixnperfeCt condudtors, 

Marbles condutk confidcrably better than 
free-ftone, and there ir found very little differ- 
ence amon an of the Cpccimens of marble 
that have been tried. 

A Iargc 

s :  

* See Dr. Pdctklay’a Hitkory, Caval10 on Eldkricity, 
Marit, Rechcrchcs fur I’Elc&bici& 
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A large piece of white fpar, with a tinge‘ of 
bllte and femi-tranfparenr, will hardly conduB 
in the 1kaR degree : pretty iFrong fparks may be 
taken from the prime conduCtor, while it is in 
contalk’with it. 

A piece of agate, femi-pellucid, receives the 

pafi over &bout three quarters of an inch of it’s 
furface to reach the finger that holds it, and it 

ark into it’s’ fabftance 

b better condua 
piece of free-itone, which conduCts but poorly. 

Touch-itone conduAs pretty wcf . 
d 
furface takes a itronger fpark. 

A piece of afbefi from Scotland, ju i t  as it is 
taken from it’s bed, will not condu&, While 

e condultor, fparks maybe 
e of half an inch with 8 mo- 

A piece of Spanik chalk condu&ts much like 

A piece of Egyptian granite condufis con& 

derate elearification. 

marble. 

derably better than free-ftone. 

r .  
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oil of vitrid condu&s very well, 
The metallic falts in general conducZ betm 

Vitriol! of copper and of iron condUift.very 

Vitriolated tartar gives a fmall hock. 
Salt-petre does; not condue 

than any neutrals. 

well, though they will not tranfmit a ihock.5 

11: a e . t l -  
ammoniac. If the elc&ric explofon pares over 
i t 's  furface, it difyerfcs into a great' number of 
fragments, in all direlttions, with confiderablc 
violence. 

allurn; the eleC7cric fpark upon it is peculiarly 
red, 

Sal-ammoniac exceeds rock-falt and allum in 
it's ConduEting powers, but will not take the 
leait fenfible fpark; Eo that it kerns made up 
of an infinite number of the fineit points, 

I Salenitic falts condua but poorly, 
By ellurn the explofion is attended with I 

Peouliar hifing noife, like that of a fquib. 

3. Injammable d3odie.s. 

es, of a black colQur, 
ble diftancc from the 

condueor, 
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condu&or, likc fome of the inferior pieces of 
charcoal, 

Another piece afpyrites, which has been parr 
of a.regular fpherc, confitling of & ihining me- 
tallic matter, will not condud3 near fo well, 
though much better thhn any other. ftonp fub- 
itan mediom betwixt a fione and 
an ore. 
. Blackclead in a pencil conduAs a hock feern- 
ingly Iikc,rnaial.qr chatcoal. A h a l l  lump of 
$6 %itkw:asr 6 1 1  rand ifidng a. fpark; dr&n the 
.prime E'ondu&or a$'-& 6rafs h o b .  

&qjqe:sf goI&JuradffW M&GO i i  ha 
bc diitinguifhcd in this refpe& from the metal 
i[fdL I 

A:piec@ of filvor. ore from Potofi,* though 
mixed with >pysites, cdnduQs very ,well. 

Two pieccs of copper we,  one the mofi v a i  
luable that is knmh, and anothet of only-half 
ghawho, are hardly t6 be difihguiMd# from 
one anocher in their conduaiig powers. 

Lapis-haemdtites condu&s pretty well. 
Black-fand from the coafi of Africa, which 

ore, and part of which is aE&ed 
t as much as fiecl filings, is found 

to 

r .  . 



to conch9 tle&ricity, but not a fiock. Scpa- 
raring with the magnet al l  that will be caiily 
attratled by it, it conducls a fhock ve;y wdk: 
the reit would hardly conduA at all. 

The ores in which tihe metal is mineralized 
with fulpkur or arfenic, as the ores of lead, tin, 
and cinnabar, the ore of quickiilver, arc little 
inferior t o  gald and filver ore. 

Ores that contain nothing but the earth of 
the metal, condufk eleAricity httk bettcr than 
other &ones. . 

Lead, tin, iron, ibrafs, copper, flvcr, and gold. 

Thc fluids of an animal body. 
All fluids, excepting air and oils, 
Fluids appear, in general, to be better COR- 

duttors in proportion as th6y contain lefs in- 
flammable matter. 

Mr. Cavendiih has ihewn, that iron wire 
condutts about four hundred millions of times 
better that1 rain or diitilled water; i. c. the 
elericity meets with no more refiflance, in 
Fa@% through a picce of iron wire four hun- 
dred millidn inches long, than through a column 
of water Qfbthe fame diameter only one inch 
long. 

Sea 
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Sea water, or a folution of one part of faIt in 
thirty ofwater, conduds an hundred times, and 
a faturated ,folutioh of fea falt feven hundied and 
twenty times better than rain water. 

The effluvia of flaming bodies. 
Snow, fmoke, the tlapour of hot water, the 

y an air pump, charcoal, &c. 

ELECTRIC BODIES. 

Ambe itch, and fulphur ; likewife all 
the precious ffones, as diatnonds, rubies, gar- 
ncrs, topazes, hyacinths, ckryfolites, emeralds, 
fapphires, amethyfis, opals, and efpccially tour- 

ns and reiinous co 
Ldry animal fub 

thers, wool, hair, paper, &c. White fugar, 
air, oil, chocdate, Calxes Of metals, dry vegeta- 
bles,, &c. 

I do not know whether it is altogether proper 
to add to this liit of elcarics, the torpedo and 
Surinam eel , living eledrics, whore ele&ricity 
is put in a&ion by the will of the animal. 

The real and intrinfic difference between eled-. 
trics and non-eleCtrics, remains among the elec- 
tric defiderata ; for nothing more is afcertained, 
than that the condukking power, in fome'mea- 
lure, depends upon, or i s  governed by hqaar. 

G'lafs, 
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Glafs, refin, and many otlier articles, are made 
condu(;tors by heat ; while on the contrary, cold, 
if not attended with moiiture, renders every 
eIeCtric fibfiance more cle&ric. Ice, cooled to 
130 below o of Fahrenheit’s thermometer, be- 
comes a non-condudlor. 

Mr. Achard, of Berlin, has pubIibed, in 
Rozier’s Journal de Phyfique, a very ingenious 
paper 011 this f‘ubje&; in which he proves, by 
experiment, I f i n  That certain circuinfiances 
wilf caufe a body to condukk elearicity, which 
before was a non-condutkor., zd, That thek 
circumitances are the dcgrecs of heat to which 
the here is certainly reafon 
to fpofition .in metals ro 
eonduCt elecrtricity, depends on the itate of’firc 
within them, and that there is a certain degrcc 
of heat at  which a given body may bc, at thc 
medium, between perfee condu&ing and non- 
condlrCting i and that conduQors are bodies 
whofc cledric fiate does not appear but in a 
dcgree of cold below the dual itate of our at- 

here; and that eleCtrics, to be rendered 
&xi, require a degree of heat much abovc 

rual itate of the air with us. 
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A LIST OF ELECTRIC SUBSTANCES, AND OF 

THE DIFFERENT ELECTRICITIES PRODUC~D 

BY TIIEM. 

Every fubfiancc with which 
it has been hitherto tried. 

The back of a cat Politive 

rEvery fub&nce hithew 
Potitive -( tried, except the back of Smooth glafs i cat. 

Dry oiled Glk, fulpburj 

Woollen cleth,’quills, w d ,  
Negative { paper, feahg-wax, white 

-. 

i wax, the human h a d ,  

Rough glafs 

r 

rMctals, filk, loadfione, lea- 
Pofitivc 3/ ther, the hand, paper, bakcd 

Negative Other fine furs. 
1 wood. 

Hare’s &in 

r Black filk, metals, black 
Whire ftlk { Pofitive / [  cloth, 

~~~~~i~~ Paper, hand, hair, weakel’s 
k i n .  

* i. e. By blowing with a pair of bellows upoti it ,  By 
this means many eleBrics may be excited, and fome bitter 
if the air blown i$‘hot, although, in both cafes, very littlc 
cleEtricity can be obtained. 

Black 
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Sealing wax. 
Harc’s, wearel’s, and ferret’s 
&ins, loadltonc, brafs, Glver, 

c iron, thc hand. 

Black filk 

Pofitive Metals. 
rr-Iarc’s, wcakl’s, and ferret’s 

Negative -( fikins, hand, leather, wool- 
’ I lcn cloth, paper. 

Sealing wax 

L 
f Pofitivc Silk. 

Uakcd wood 1 Negative Flannel. 

Many circumitmces, apparently trifling, will 
occafion an3lteration in thefc contrary eleL~rici- 
ties. It has been hid, that of two equal fub- 

, h n c e s  rubbed together, that which Cufkrs the 
greateit friQion, or is mofi heated, acquires the 
negative elcdricity. Thouih this in many cafes 
holds true, with rcfpclt to iilk ribbons, yet 
Mr, Bergman fays, that if the ribbon A be black, 
it will never become pofitive, unlcfs 13 be black 
likewife. With pieces of glafs the ere& is con- 
trary ; for, if they are both equal, the picce A, 
which is drawn acrors the piece 13, becomes 
negative; and B, which fuffers the grejtefk 
f&&ion, becorrles pofitive. Hcating by fire 
produces the fame effeA as the greater friktion. 
If one piece of glafs be thicker than the other, 
the former becomes pofitive, the latter ncptive. 
Cdowred glafs, CVCJl when hcated, becomes 

E ncgat ive, 
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negative, if rubbed with common white glafs. 
If c?. picce of blue glafs is rubbed againlt a green 
one, the blue glafs becomes itrongly pofitive, 
&c. Bcrgman, Swcdiih Tran. 1765. 

The eleAricities produced ky  hair and glafs 
rubbed together fwm co ballance each ocher,arwP 
arc therefore different according to the manner 
of rubbing and the quality of thc hair. 

Hair of a living animal, or hair newly cur, 
when rubbed uich a glds tube lengthways, is 
pofitive; and liere, the glafs, which fuffers the 
greatefi friEtion, is negative. But if the glafs 
tube bc drawn  a c d ~  the animal's back, or 
wrofs a fkain of hair newly cut, the glafs be- 
comes pofitiva Old dry hair, rubbed on g lak  
O r  on living hair, always bccomcs negative ; but 
i f ' the  hair is a little greafed with tallow, tlic 
fame effeCi is produced as with living hair. 
Wilkc, Swcd. 'I'm. 1769. 

EleArics differ, fiom each other with refpcA 
ro the fiicility with which they ar;e excited, their 
force when excited, and die power with which 
they retaiii thx eft'e&s. of the excitation. 

+ Silk feeems preferable to any other ele&ric 
fubiiance, for exhibiting a permanerik and firong 
attraRive and repulfive power. 

Glat appears to have the advantage in exhi, 
biting the ele&ric light, attraaion, and r&~.dfion 

in 
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In quick fucccfion, in a very vigorous, though 
not a durable maiincr. 

Ncgativc clcc'trics, as amber, gum-lac, fu1- 
phur, rcfiii, and all rcfinous fubftances, cxhibit 
the cledxic appc;irances for thc grcateR length 
of time. A firiglc excitation is fufficicnt to 
make them do rot fix many weeks, in favourable 
circumltanccs. Tlicy are alfo remarkable. for 
the firong cIedtric powers which they cornmu.. 
nicate to conduQing bidies that comc in  corltac2 
with them, and which they will continuc to 
communicate for a confiderable time. 

It may be proper to obferve here, that the 
two claffes of clc&rics and lion-clcdrics are not 
fo ilrongly markcd by nature as to enable thc 
elc&rician to arrange cvcry fubfitancc with pro- 
priety : hence the fame fubftance has been 
placed by different writers in a different clafs. 
Betides this, the elcEtric properties of the fatne 
fubitancc vary 011 a change of circumftances ; 
thus a piece of green wood is a conduttor ; the 
fame piece, after it  has bcen bakcd, becomes a 

non-conduLCtor i charred and formed into char- 
coal, it again condulis the elcQric fluid; but 
when reduced to afics, is impervious to i t :  
but furtlicr, the diitintlions themfelves are very 
improper> 3s every lubitance is  to a certain' 
dqyee a condudtor of this fluid. 

E2 What 



That eIe&ricity is real mdier, and not a titere 
property, is evident from a variety of circum- 
fiances. When it paffcs between bodies, it di- 
vides thc air, and puts ir into thofe undulations 
which gives us the id of found. It emits the 
rays of light in evcry dire&iou, and thofe rays 
are varioufly rcfrangiblc and rolorific, as othcc 

light is acknowledged to be  
txary to reafon arid experience, 

that thc thing which enilts it ihould not like- 
.wife be material; ncither are the other fenfcs 
urpffec2ed at  it's prcrciice : it's fmell is firongly 

fulphureous. The fenfe of 
of it'd prefence, not only 

the fparks which, when received from the con-. 
du&or of a powerful machinc, are pungcnt, and 
wit1 pafs through two or three perf'ons itanding 
on the giound, but alfo from the ihock. A 
fiream of ele&ric matter has alfo evidently a 
Mxcid taite. 

Though the eleeric fluid has been known 
and &died for many ycars, we are altogethe; 
ignorant of it's real eirence and nature; to me 
it feems probable, that it is fire or light c o d  
nc&cd with fome terreitrial bafe : the analogies 
between the aaion of cledricity and fixe are very 

Rriking 
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flriking ; forne of tlicfc I hall point out in the 
words of two able philahphical writers. Fire, 
Gys Mrl Jones, is divided into three forts, f&r, 
dimry, and elcmenlary; the folar is that fire 
w,hich refides in the orb sf the fun, as in it’s 
rcfcrvoir Or fountain, and procads ,from it ip 
the form of light. Thc culinary is that ,fire 
which is khdlcd ypon earth by artificial nieans, 
and burns in any fort af fuel. The elementary, 
j s  chat Cubcil fluid which refides coiifiantly in 
all grofs bodies, and is not ptzceihrily diftin- 
guiihed by it’s heat as culinary fire, by it’s light 
as folar or fidereal fire, but is known by other 
affc&s, even in a c0ld invifible itate. 

If it be true, that natural eEcrfts are not to 
.be afcribed to many different meapssor agents, 
where fewer will fufice, thefie three ff1oLdd be 
confidered as one and the fame Quid, becaufii 
they have the fame properties and the fame 
.effcEts. The filar $re will burn in fucl, and 
a& in Solid matter with greater effeA than the 
molt vioknt fire of a furnace. The crrcj&rjfwc 

,wil l  promote vcgetation, and ripen fruits like 
the fun. The elemcnmry, or eleuric J;re, will 
light a candlc and fire gunpowder, like tbe 
cu l iwy;  will afford a fpe&rurn of the fcvcn 
primordial colours in  common with the folar 
rays, 01’ the light of nn ordinary fire ; and will 

E 3  throw 



54 A H  ESSAY ON E L E C T R I C I I ’ Y ,  

throw rnctals into futon with a violent fcorclid 
ing heat. Fire is brought into atlion by fric- 
tion, as well as cletlricity. Fire dilares all 
bodies. 1 The eledric fluid has alfo a dilating 
power, which is evident from it’s allion ,on a 
thermometer, though, in general, the force 
with which bodies cuhdre together is greater 
than the dilating power of ekdtricity. 

.Fire promotes and accelerates vegetation as 
well as germination. Elearicity, whether pofi- 
tive Dr kgdtive, ,does the fame. 

Elekrility, as well as fire, accelerates eva- 
poration. 

Fire and eleflricity accelerate the motion of 
the fi fear, confirain 
tion criment; might a 
pulrc, and thus be attributed to elc&ricity, Mr, 
Achard made the expcrimcnt 011 a dog when 
afleep, and always found, that the number of 
pulfations was incrcafcd when the animal *atas 

clbflri fied, 
’ The experimcnt made by Mr. Achard on‘thc 
eggs of a hen, and by others on the eggs of 
moths, proves that clcOricity, as well as heat, 
favours the dcvelopement of tliok animals, The 

eleAric 

* This pofitiont.has been much contrdverted, and it 
feems clear, from modern experiment, that fimplc elcttri. 
city does not accelerate the pulfc, 
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rIe&r.ic fluid, in common with fige, will thrbxv 
metals into fufion. 

If fubfianccs, with equal degrees of hear, 
touchmch other, the lieat is difful'ed uniformly 
between thctn. In the time m.wner, if two  
bodit% with unequal degrees, or, different kind3 
of cleclricity, touch each otiier, an equiiibriurn 
will be efiabliihed, 
' If bodies of difkreyt kinds, and of.cquaI de- 

grees of heat, are placed in a medium of a dif- 
fcrent temperature, they will all acquire, at the 
cnd of a certain time, the fame degree of kcat. 
There is a confiderable .differmce, however, in 
the fpivce of time in. which they acquire thc Fern- 
perature of the medium : ex. gr. metals rake leh 
timc than glafs, to acquire or lofe an equal de- 
gree of heat. 

On an attentive examination of the bodies 
which receive and M e  their beat foondt, whcn 
they are pIaced,,in medium4 of different tempe- 
rature, they will be found to be the fame which 

'receive and 10fe their elettricity with the greateit: 
facility. Metals, which become warm or grow 
cool the quickefi, are the fubitanccs which re- 
ceive and part with their eledricitp fooncfi. 
WGOd, which requires more time to be heated 
or cooled, receives and lofts elctitricity flower 
than nleta1~. Lafily, glafs . a d  refinous fib- 

E +  fiances, 
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ftances, which receive and loft flowly the elecd 
tric fluid, acquire with difficulty the tempera- 
ture of the medium which furrounds thcm, 

If one extremity of an iron rod be heated red- 
hot, the other extremity, though the bar is fed 
vera1 feet long, will become fo warm in a little 
rime that the hand cannot hold it 3 becaufe the 
iron conduEts heat readily ; but a tubc of glafs, 
only a few inches long, may be held in thc hand, 
even while the other end is melting, T h e  elec- 
tric flui the fame manner, paffes with great 
velocity from one end of a rod of iron to Ithe 
other; but it is a confiderable time before a 
tube ofglalk, a t  one end of which an excited 
elecZric is held, will.give elearic figm at the 
other. 

Thefe obfervations prove, that fcveral bodies 
that receive and lofc w i t h  difficulty their a&ual 
degree of heat, receive and loit alfo with dial 
culty their ele&ricity, To dererrnine if this law 
i s  ger~eral, and what are the exceptions to it, 
will require a variety of experiments. 

. EXPERIMENT vIr-ficws as that the elenric 
powlevs maj be put in agion by befit and cold, ,Ir 
was originally made by Mr. Canton. He pro- 
cured lome thin glafs balls, of about an inch 

a half diameter, with fiems or tubes, about 
eight 
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eight or nine itx3-m in ‘length, and elc&riRed 
them, fome pofitively on the intide, others n e  
gativcly, and then W e d  them hermetically;; 
foon after he applied the naked balls to his 
de&omcter, and could not obferve the lea& 
fig” of their being cl,e&rical; but holding them 
at the firc, at the diltancc of five or fix inches, 
they became ftrongly eleRrical in n fliort tiinq, 
and more fo when =they were coolihg. T,he@ 
bal,Is would, every time they were heatcd, give 
the eleAtric power to, or take it .from’othq 
bodies, according to the plus or minus Rate of 
.it withill the,m. Heating them frequently df-’ 
minifhed their *power, but keeping one of them 
under water a week did nor in the leait impair 
it. Thc balls retained their virtue above fix 
years. - 

The tourmalin and many other precious 
ftones are all0 known to acquire eletltricity by 
heat, The tourmalin has always at the fame 
time a pofitive and negative elearicity; one 
fide of it being in one itare, the other in the 
oppofite. There powers may be excited by 
friaion and by heat ; nay, even by plunging it 
in boiling water, 
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i[Eble mercurial thermomete?; and place the bulb 
between two balls of wood, one affixed to the 
condutlor, the other communicating with the 
ground, and the eleAric fluid, in pafing be- 
tween the two balls, will raife the mercury in 
the'thcrmometer confiderably. With a cylinder 
of about fcven inches and a half in diameter, 
the Ruid pafling from a balI of lignup v i m  to 
a ball of beech, and thence to the ground, de- 

er in the thermometer, from 
tedly to 10'50. The thermo- 

meter w a s  raifed from 6 8 O  to 850, by the fluid 
pafiing from a point of box to a, point of lig- 
num vitae; from 670 to I O O ~ ,  from a point of 

m 660 to rooo, from 
ti9 

1000, from ball to ball ; the bulb of the ther- 
mometer covered with ff anncl. 

CHAP. 
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C H A I?. *III. 

' OF THE ELIICTRICAI. MACHINE; WITH DIREC- 
T I O N S  FOR EXCITING IT. 

<S foon as the properties of elearicity were 

greater part of there 

e extended. I Fall, therefore, 
only defcribc that elcQric machine which is 
now in general d e ,  whofe conitruktion h ample, 
and well adapted to produce the eleAric fluid 
in great quantities, and tranfmit it in full and 
continued itreams to rhe prime conduCtor. 

That .the operator may fucceed in producing 
this effe&, I hall firit enumerate thofe parts of 
the machine which require rnofi attention; then 
defiiribe the machine itfelf, and afterwards give 

ions 'to enable him to excite it power- 

The following arc the parts of an eleOcrica1 
machine, which fall more immediately under 
the care of the elCCZrician. 

I ,  The 
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I .  The klenric, ,or the glafs cylinder, which 

2. The mcchanical contrivances by which 

3. The  cukion and it's appehdages, 
4: Thc condu&or or condudtors. 
Fig. 8, plate I, and(the figure in the frontif- 

piece, reprefeent two eleltrical machines made 
a n  the ~moR approted confiruaion. They arc 
,both mounted and ufed in the fame manner, 

nly in rhc mechanifm by which the 
c.ylinder is .put in motion. 

The cylinder of the machine, in the frontif- 
piece, is turncd round by means of the two 

iS to be excited, 

the elearic is put in motion. 

.cd, which a& on ea a 

;rhe cylinder of the machine, which :is *repre- 
fentqd-in fig. 8, isiput in morion by a fimplc 
winch; which is lefs complicatcd than the mal. 
ijplyjqg wheel, and,therefore not fo liable to be 
aut of order." Many pra&ical eli&ricians, 
however, prefer.a machine which is moved by a 

]tiplying wheel, as i t  fatigues the operator 
thanthat which is moved by a fimple winch; 

while at the fame tiwe a moderate increafe of 
velociry 

It is ufier to manage, and may, tin proportion to i t 3  
fizc, be more powerfully excited thin thofe with4 multi- 
,plying w keel. 
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velocity in the cylinder is thought by fome to 
augment sthe momentum of the elcQric fluid, 
and produce a grearer quantity of it in the fame 
tirnc ; and that, when the innchine is fixed to' 
a table, the polition of th& Iower multiplying 
wheel is more advantageous ro the operator, giv- 
ing him a greater power ovcr the cylinder, and 
fatiguing him lefs: i t  may alfo be turned with 
the right hand, which cannot be dnne CORVC- 

niendy with rhe other.* 
As the two machines, which ate reprefentcd 

in the plates, are nearly iiinilar, the fame letters 
of reference are ufed in dcikribing them. 

A B C reprefent the bottom board of the 
machine. 

D and E, the two perpendicular fuppom, 
which futtaiii or carry the glafs cylinr' - FG 
N: I. 

The axis of the cap K paffes through the Fup; 
port 13; on the extremity of this axis either SL 

iimple winch is fitted, or a pulley. 
The axis of the other cap runs in a fmall hole 

which is made in the top of the fupport E, 
OP is the glafs pillar to which the cukion is 

fixed, T a brafs fcrcw at the bottom of this 
pillar, which is to regulate the prcffire of the 

cuhion 

Et may bc p r q e r  to remark, that h f c  with a fimpll, 
which arc cheaper than thofo wi*a multiplying wheel. 
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cufhion agaitinlt the cylinder. This adjultiiig 
fcrcw is peculiarly advantageous. By it thc 
operator is enabled to leffen or incrcafe gra- 
dually the preffure of the cuihion, which it 
eiYeeEts in a much neater manner than. it is pof- 
iible to do when the infulating pillar is fixed on 
9 ff iding-board. 

ghi,  a piece of filk that comes from the 
under .edge of the cufiion, and lies on the 
cylinder, pafling between it and the cufhion, till 
it nearlrmeets the coIle&ing points of the COP- 

du&or. 
y Z, reprcfents the poiitive prime conduc- 

tor, or that which takcs the eleQric fluid im- 
mediately from the cylinder, L M the glafs 
pilla hich it is fupported and infulated, 
and V X  a wooden-foot or bafc for the glafs 
pillar. In general, elellrical machincs arc lold 
yith a fingle conducZor ; though there are many 
experiments where two are convenient, and from 
fome improvements lately made in the appara- 
$US, they are rendcred acceding proper for ex- 
perimental inquiries. 

DIRECTIONS FOR K ~ E P I N C :  THE MACHINE pq 
ORDER. 

Before the eld3rical machine is put 'in mo- 
gioa, examine thofe parts which qre liable <to 

.yeac 
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wcar either from the FriCtion of one furface 
againit another, or to be injured by the dirt, 
that may infinuate itfclf between the rubbing 
fur faces. 

If any grating or difagreeable noife is heard, 
the' place from whence it proceeds mull bc dif- 
covered, wiped clean, and rubbed over with i )  

fmall quantity of tallow : a littlefweet oil or 
tallow kould alfo be occaiionally applie'd to rhc 

cy 1 i nder. 
ews that belong to tho frame fhould 

be examincd, and if they are look, thcy Ehould 
be tighteneg. 

The different working parts of the machine 
having been looked into, and 'put in order, the 
glafs cylinder, and the pillars which fupport the 
cufliion and conduaor fliould be carefully wiped 
with a dry warm old filk handkerchief, to fme 
them from the xnoifiure which gla6 attraats 
$om the air, being particularly attentive to 
lcavc no moiflure on the ends of the cylinder, 
as any damp on there parts carries off the elec- 
tric fluid, and leffens the krce of the machine, 
In very damp weather it will be proper to dry 
the whole machine, by placing it before, but 
alfo at fomt diltance from the Are. 
, Take care that no dun, look threads, or fila- 
ments, ndherc to the cylinder, it's frame, the 

condutlors, 
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conduEiors, or their infuiating piIIars ; becaufe 
thefe will gradually diflipate the eledric ‘fluid, 
and prevent the machine from a&ing power- 

Rub the glafs cyIinder firR with a clean, 
coarfe, dry, wsirm cloth, or a piece of wafh 
leather, and then wirh a piece of dry, warm, 
foft filk; do the fame to ai! the glafs infulatiiig 
pillars of the machine and apparatus; thefe 
pillars muft- be rubbed more lightly than the 
cylinder, becaufe they are vqrniihed. 

A hot iron may in: fome cafes be placed on the 
foot of the conduAor, to evaporate the moiiturc 
which would otherwile injure the experiments. 

fully. 

In  order to find out an cffefiual mode of ex- 
citing powerfully an elcflrical machine, it is, 
neceirary to frame fome idea of the mechaiiifm 

hich the cylinder.extra&s the cleEtric fluid 
cuihion, and thore bodies which are 
with i t ;  I have, therefore, rubjoined 

thofe conjedurcs on which I have worked, and 
by which I have been able, to excite, in the mofi 
powerful manner, the machines which have 

pafired 
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pacired through my hands; retting out on this 
fuppofi:ion, that the friaion is between an 
eleeric and non-ele&i ic, and that the circum- 
Itai;ces arc the moll favournble when t l ~ k  &e 
the rrinR pcrfeR of their kind. 

It is probable, that the rcfiftance of the air 
is  leffcncd, or a kind of vacuum is produced, 
where the cufliion is in clok contaa with the 
cylinder ; that the clcAric matter, agree,able to 
the law abferved by all other clafiic fluids, is 
prcffed towards that parr whrrc it finds leaft’ re- 
f r l l p e  : the farm initanr, therefore, that the 
cylinder is feparatcd from the cukion, thc fire 
iffues forth i n  abundance, bccaufe the rcfiitanct. 
made to it by the aRion of the atinofphere is 
lcffencd at that part. A further cirhmitance is 
nlfo to be taken into this hypothefis, namely, 
the effctt which arifes from the dcfiruttion of 
the attraaioq or coheiian between the cylinder 
and cuiliion. The more perfedl the continuity 
i s  made, and the quicker the lolution of it, the 
greatcr-is thc quantity which will proceed from 
the cuihion. aut, ps the fluid in this fituation 
will enter with avidity Every coiiduAing ’ Cub- 
h n c e  th;rt is near i t ,  if any amalgam lies above 
that &part qf the cufliios which is in contafi with 
thc cylinger, it will a b h b  and carry back part 
of the eleork firc to the rcfervoir from whence 

F If 
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If thefc conjeQures be true, to excite an cIec. 

x ft, Find out thofc? parts of the culhion which 

zd, Apply the amalgam omly to thde parts. 
3d, Make the h e  of contat2 bcrwcen the cy- 

4th, Prevent rhe fin that io colledted fr.0111 

About the year 1772 ,  I 'applied a loofe flap 

trical mqchine eRe&ualfy, we muit, 

we preffect by the glafs cylinder., 

linder and cukion as perfe& as pofible. 

efccaping. 

of 1 o the front of the cuihion.; the a 
gam was fprcad over the whol'e of tHe flap 
cuihioii was then put i n  it's place, and rhe loofe 
flap of leather d~ublcddown, or rather turned. 
in more ,or lefs, till by fiicceRve1 
that difcovexd whic 
the grcafcfi cfh.9; for, by this means, the 
quantity of'arnalgarn alking againfi thc cylinda. 
was leiliened, and thc true line of contad in 
foine meai'ure afcereained, Hence I was na-. 
turally led to contra& the breadth of the 
cuihion, a circuiiifiance which has been iince 
~univcrfaly adopted by all dcttricians ; and thus 

trouble, P"o'bhicb we were formerly 
bmit, is dbne away. 

The amalgam is to be placed on that part c& 
&an agai,nfi 8 thc cu ihh~,  
e' rubbed wi& a pie& of 

leather: 

'the filk flap w 
&e cyliridcr is 
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leather which is covered with amalgam, which 
%vi11 rendcr the coma& between. the cylinder 
and' cuthion more perre&, becaufe it fills the 
(mailer pores of the glafs wirh amalgam, and 
depofits the fuperfluous particles on the cufliion. 
When the cylinder is rubbed with the amalgad 
matcd'leather, that part of the oil, or black Glk, 
which lies above the cuthion, is to be turned 
back, and if, by accidenr, any particles of amal- 
gam fiick to it., they m u i t  be wiped off care- 
fully.* If the machine has not been ufed for: 
fonie tirnc, it will be pmpcr to place it, for a 
few minutes, before a fire, and to take off chc 

the filk thereof, 
icky of the cylinder grows icfs 

powerful, it is enfily renewed by rubbing the 

, lly altering the preffirc of the adjulting 
fcrew. 

A very findl quantity of tilllou* PIaced over 
the amalgam, is obferved to give more force tb 
the c1etl;tric powers ofthe cylinder ; the &me end 
i s  anfwercd by rubbing the cylinder with a 
marfc cloth that has been greafcd a little, and 
afterwards wiping the cylinder with a clean 
Sloth. 

with the amalgamated leather, 

--..1111111 

F 2  EXPERX- 
* This obfcrvation is thought ufelefa by many praaical 

elc8ricians. 
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EXPERIMENT rx.-When the cylinder is put 
into good a$ion, a number of circular lincs 05 
tire will iirue fromthe cuihion; prefent a row of 
metallic points towards there, and they will dif- 
appear. This experiment kews, the condukling 
tubfiance colie&s the el&ric fluid before it cas1 

take thofc appearances, OP be diilipatcd into the 
air. 

Hence we learn, that to prevent a Ids  of the 
eleCZric fluid which irs excited, we mufi prevent 
the air.from aCting on the fluid, which is put in 
motion by the excitation; becaure the air not 
only reiiits the emifion of the fluid, but al.6 
diirpates what iscolleAcd an account of the con; 
duCtiag Cubitawes, which arc contb~ually floab 
ing in it. 

Thcfe ends arc efieAuslly anfwercd by lettipg 
a non-condu&ing Cubfiance, as a piece of b l d i  
or oiled filk, paoceed from the line of coma& so 
the collec9ing points of the prime condulkox, a n d  
placing thefc points within it’s acmofphero. Th_e 
fircams of fire, which proceed from the cufliioq 
Over the cylinder, h e w  whether the cuhion 
bears uniformly againit the cylinder ; for they ace 
moil copious and denfc at t h f c  parts wher 
prcflururt: is greateit, but are uniformly dude, whm 
the preEhrc is equable. 

When 
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When the zinc amalgam is ukd, the filk will 

Cometimes adhere To itrongly to the cylinder as 
to render it very difficult to turn : to obviate this, 
wipethe filk perfc&ly clean, and then rub it over 
with a very fmall quantity of aurum mufivum, or 
a little whiting. 

The operator ought nor to think his machine 
in good order till it pours forth the fire in great 

abundance, and ftrong &nfe fparks arc ubtained 
in quick fuccefion from the condubitor. When 
rhe conducqor is removed, the fire ihould fprinkle 
raund the cylinder, and throw out many bcauti- 
fd bruflies of light. 

Two kinds of amalgam arc much in rcqucit- 
a t  prcfent. One is made .of quickfiIver five 
parts, zinc one parr, which are melted together 
with a fmdl quantity of bees-wax : the other is 
the aurum mufivum of rhe fliops. To makc 
cithcr amalgam adhere clofcly to the filk, it is 
ncceffary to greafe it, wipe off the furpcdaous 
grcafc, and then +read the amalgam, 

The following experiment fcems to illufiratc 
and confirm the foregoing corije&tures on the 
mechanifm by which the fluid is cxtrathd from 
thc cufhion, and tho& bodies which are con- 
I d l e d  with it. 
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tf contigub'y. Break a fiick of fcallng wax in 
two pieces; thofe extremities that were con- 
tiguous will be found elk&rified' with contrary 
powers ; one will be pofitively, the other nega- 
tively, ele&rified. 

Gince the lait edition of this work, Mr. Ni- 
CholJon has made many experiments on the nature 
of excitation, and on the mofi eflicacious me- 
thods of. exciting a n  ele&ric machine powerful- 
ly; they were communicated to the Royal Soci- 
ety, and read befbre them, June 25 ,  1789, and 
havc f i l m  been publithed in the Philofophical 
TranfaCtions : I haw thcreforc thought it a duty, 

hem to this edition of the work, as con- 
ch important matter. 

EXPERIhlENTS A N D  OBSERVATIONS ON TIIE E X -  
CITATION OF ELECTRICITY, nr WILLIAM 
NICIIOLSON. 

Otp tbe Excitafion of Elc&icit'y, 

J, A, glafs cylinder was mounted, and a 
cufhion applied with a Glk flap, proceedr 
ing from the edge of the cuihion over it's fir- 
face, and thence 4alf round the cylinder. 
The  cylinder was then cxc'itcd by applying an 
amalgamd leather in thc ufual manner, The 

eletlricity 
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dethicity was received by a condutlor, and 
paffed off in fparkk to Laue’s de&romcter. By 
the freqimcy of ibep j j a r k s ,  or b y  ihe auinler of 

turnsrequiwd i o  cauj the fpoM/mcous explojon of JI 

jar, the fircngth of the excitation ‘was afcrrcained. 
, I 2. The cufliion was withdrawn about one 
inth from thc cylinder, and the excitation per.. 
formed by the iilk ,only. A fiream of fire was 
feen bctwcen thc cukion and the Glk; and much 
fewer fparks patlied bctwern the balls of the 
cle6iromet c r. 

3. A roll of dry iilk was interpdcd, to pre- 
vent tho fireatn froin pafing between the cufh.. 

ery &w fparks .then appeared 
at the de&rometer. 

4. A metallic rod, not idulated, was then in- 
terpofed, initcad of the roll of fik, fo as not to 
touch any part of the apparqtus. A denfe 
itseam of elccZricity appeared bctwcen the rod 
and the fik, and the conduAor gave very many 
[parks. 

5. Thelknobaf a jar bcing fubflituted in the 
place of the metallic rod, it became charged 
mga t  ivel y . 

6. The filk alone, *with a picce af tinLfoil ap- 
plied behind ir, sf€orded much elctkricity, 
,though lefs than whcn the cufliioii was applicd 
:with a light preirure. The hand, being applied 

Y 4  tcE 
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to  the 6lk as a cufhion, produced a degree of 
excitation feldom eq*ualled by any other cufiion, 

7. The edge of the hand anfwered as well ax 
the palm. 

8: When the excitation by a cufiion wao 
wiak, B Iinc of light nppdared at  the anterior 
part of the cuihion, and the CzIk was firongly 
difpofcd to receive ela5ricity from any uninfula,., 
ted oondutlor, Thefe appearances did not ob- 
tain 'when the exciratiort was by any means 
made very itrong. 

9, A rhick filk, or two or more folds of filk, 
excited worfe-than a fin@ very thin flap. T ~ Q  
fiik which the milleners call PcrGan was wfed. 

e n  the filk was kparared from the 
fparks pat?"ed between .them ; the filk 

was found to be in a weak negative, and the 
cylinder in a poiitbe W e .  
The faregoing experiments h e w ,  that the of* 

fice of thc filk is not merely to prevenr the re- 
turn of eledtricity from the cylinder to thc C U & ~  

ion, but that it is the chief agent: irr the cxcj- 
mition ; whila che c'ukion ferves only to fupply 
the elettricity, atid perhaps increak the preirure 
at the e6tering part. There likewifa fccms to 
be Iittk reafon to doubt but. that the difpofition 
of thc ele&ricity t9 efcape from the furface of 
the cjlisdcr is not prevented by the interpofi- 

tion 
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tion of the filk, but bx a cornpenfation after the 
manner of a charges the iilk being then as 
itrongly negative a s  the cylinder is poiitive : * 
and, lafily, thatdthe line of light between the 
filk and. cufhion in weak excitations does not 
con!% of returning clc&rkiry, but of el&ricity 
which paffes tQ the: cylinder, in confequence of 
it’s not having been fufficiently fupplied, during 
it’s conta@ with the tubbing fiirfacc. 

I I .  When the excitation was very firong 
R cylindcr nei~ly mounted, flaflics of light were 
ken to fly acrofs it’s intide, from the recciving 
furface to the furface in contaa with the cui. 

ihion, as indicated by the bruk figure. There 
made the cylinder ring as if itruck with a bundle 
of fmall twigs. They feem to have arifcn from 
part of the elecitriclty of thc cylinder taking the 
form 0f.a charge. This appearance was ob- 
ferved in a nine-inch and a twelve-inch cylin- 
der, and the property went off in n few weeks, 
Whence’it appears to have becn chiefly occa- 
&,led by the rarity of the internal air produced 
by handling, and probably reltored by gradual 
leaking of the cement. 

12. With a view to dctertninc what happens 
in the infidc of the cylinder, recourk was had 

to 

* The powers are elways Fcparatcd in  excitation, Sea 
Edles’r fy0cm. ( 3 0  A, 
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m a  plate machine. One cufhion wag appIied. 
with it’s filktln flap. The plate was nine inches 
in diameter, arid two-tenths of an inch thick. 
During rhc excitation, the furfkce oppofite the 
culhion firongly attracrted ele&tricity, which it: 
gave out when it arrivcdoppofite the extremity 

that a continual ftseain of elcc- 
ugh an infulated metallic bow 

terminating in balls, which were oppofcd, the 
the extremity of the; 

11 kewing a p 
ncgativ,efigns, The knobs of two jars being 
fubRituted in the place of there balk, the jar, 

tively. This difpofition of the back furface 
Seemed, by a few trials, to be weaker the 
fironger the aQion of the cufhion, as judged 
by the elcCtricity on the cuihibn fidc, 

Hence it follows, that the internaZ furface of 
cylinder is Jo f i r  from leing d$@d io’*givt? 

ele&?ricip during the frinion by which Ihe 
external J t r f c e  acquires it, that it even greedily 
nttra&s it. 

13. A plate of g k f i  wasapplied ro the re- 
,valving plate, and thruit under the cufliion in 
lvch a Inannet. as to fupply the place of the filk 

flap, 
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&p. It rendered rhc eleCtricity it-rongcr, and 
appears to be an improvenient of rhe plate pa-  
chitic ; to be admitted if there were not egential 
objedkions qgainfi the machine itfelf. 

14. Two cufhions wcre then applicd on t h e  
oppofite furficcs with their tilk flaps, fo as to 
cld‘‘ the plate’ between thcin. T h e  elettricity 
was received from both by applying the finger 
and thumb to the oppofite furfaces of rho plarc. 
When the finger was advanced a little towards 
it’s corrdpondent cufhion; fo that it’s difiance 
was lefs than between the thumb and i t ’ s  cu- 
fijon, the firrger’received firong ele&ricity, and 
the thumb none; and, contrariwife, if the 
thumb were advanced beyond the fin 
ccived all the ele&ricity, and none paffed to the 

his elelkricity was not Rrongcr than 
was produced by the good aCtion of one cuhion 
applied fingly. 

I 5 .  Thc cufliion in par. I 2, gave moit elec- 
tricity when thc back furfke was fupplied, pro-’ 
vided that furface was fuffered to retain it’s elec- 
tricity till the rubbed furface had given out it’s 
dt&ricity. 
‘ From the two lafi paragraphs it appears, that 
no advantage is gained by rubbing both fur- 
faces ; but that a well managed friQion on one 
furface will accumulate as much elearicity as 

the 
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the prefent methods of excitation feem capable 
of collc&ing; but that when the excitation is 
weak, on account of the-elearic matter not 
paGiig with fufficient facility to the rubbed fur- 
$ace, the frieion enables the oppofite furface to 
atfraci or receive it, and if it be fupplied; both 
furfaces will pafs off in the pofirive date; and 
eirlier furface will give out more ele&ricity than 
is really induced upon it, becaufe the eleari- 
city of thc oppofite furface forms a charge. It 
may De neceffary to obferve, that we are fpeak- 
jng of the facts or effeds produced by frieion 8 

btrt how the rubbing furfaces a& upon each 
a h r r  to produce them, whether by attraaion, 
QT otherwife, i s  not; here the CubjeA of inquiry. 

do not colIc& more eledricity than cylinders 
(in the bands of the cleArica1 operators of this 
mcrropolis) do with half the rubbed furface; 
which is a corroboration of thc inference here; 
made. 

16. When a cylinder is weakly cxcited, the 
slppkarances rrieiitioiicd (par, 8:) are more evi- 
dent, the more rapid the turning. In this care, 
the avidity of the furface of' the cylinder be- 
flcath the f i k  is partly fuppiied from the edge 
of the filk which throws 'back a broad cafcade 
of fixe, fome times to rIic diitance of above twelve 

inchcs, 

hereafter be ken, tlnt 
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inches. From thek caurcs it is that theri is a 
deteriniriate velocity of turning rcquircd to pro- 
duct the maximum of intenfity in the condulltor. 
The firongcr the excitation the quicker may 
he the velocity ; but it rarely exceeds five feet 
of the glds to pafs the cuihion in a fecond. 

$ 7 .  If a piece of filk be applied to a cylin- 
der, by.drawing down the ends, fo that it inay 
tow h half 'the circumference, and the cylinder 
be then turned and excited by applying the 

arnalgamed leather, it will become very grcedg 
of eleltricity during the time it paffes under the 
filk. And if the entering furface of heglais 
be fupplied with,eledxicity, it will; give ic OUL 

at the other extremity of contaR; that is to 
ky, if infulatcd condu&ors be applied at the 
touching aids of the iilk, the one wiii give, and 
the other receive, elettricity until the iritcniitics 
of their oppoiite fiates arc as high as the power 
of the apparatus can bring them ; and thcfc 
fiates will be inltantly reverl'cd by turning the 
cylinder in the oppoGte dircCtion. 

AS this difcovery proknifes to be of tte 
.grcatcit ufe in eleliftrical cxperiments, , becaufe 
ic afords the means of producing either thc 
plusor minus ftates in one and the famecon- 
dubor, and of infiantly repeating experiinents 
with either pawer, and without any clqnge of* 

pofition 
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polition or adju,ltment of the apparatus, it evi- 
dently deferved the moil minute examination, 

18. There was little hope (par. 6.) that 
cukions could be difpenfed with. They were 
therdote added; and it was then ken, that the 
eIe&rified condultors were fupplicd by the dif- 

twcen the &ion of rhe cukion which 
vantage of the fillr and that which 

had not; fo that the naked face of the cylinder 
was always in a firong c;le&ric itate. Methods 

far taking off the preffure of the re- 
ceiving cuihion ; but the extremity of the filk, 
by the conitruliion, not being' immediately 
under that cufiion, gave out large flaihes of 
eIc3ricity with the power that was ufed. Nei- 
ther did it appear pradicable to prefcnt a row. 
of points or other apparatus to intercept the 
eleCtricity which flew round the cylinder; be- 
caufe fiich an addition would have inaterially 
diminiihed thc intcnfity of the condultor, which 
in the ufual way 'was filch as to flafh into rhc 
air from rounded extremities of four inches dia- 
meter, and made an inch qnd half ball become 
lumhaus md blow like a point. But the greatefi 
inconvenience was, that the two flates with the 
backward and forward turn were feldom equal; 
becaufe the dif'ofition of tke amalgam on the 
fik produced by applying the leather to the 

cy1 i tide r 
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cyJinder in one diredion of turning, was the 
reverfe of what muft take place when the con. 
trary operation 'was performed. 

Notwithitanding all this, as the intqnfity wi'th 
the two cuihions was fuch as moR operators 
would have called firong, the method may be 
of ufe. 

ry. The more immediate advantage of this 
difcovery is, that it figgelled the idea of two 
:fixed cufhions with a moveable filk flap and 
rubber. Upon this principle, which is: fa 
fimple and obvious,' that it is wonderful, it 
fliould have been fo long overlooked, a machine 
bas conitruCtcti by Mr. N. with one conduCtor, 
in which the two oppofite and equal itates 
produccd by thc fimple procefs of loofening thc 
leather rubber, and letting it pafs round with 
dx cylinder (to which it 9 adheres) until it ar- 
rives at the oppofite fidc, where it is again 
fdtencd. A wifli to avoid prolixity prevented 
his dcfcribing the mechanifm by which it is 
Ice go, and fifiened in qn inftant, at the fama 
tinic# tliar rhc cufhion is made either to prcfs or 

Although the foregoing feries of  kxperi- 
melits naturally lead us to confider the iilk as 
the chief agent in excitation; ycr as this bufi- 
n&s was originally performed by a cufliion only, 

it' 

rawn, as occafion requires. 
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it becomcs an objctt of inquiry to determine' 
what happens in this cafe.' 

21.  'I'he great Beccaria * inferred, that in 
a fimple cuaiion, thc line of fire, which is feeui 
at the cxtreinity of coat& from which the fur- 
face 6f the ghfs recedes, confifis of returning 
elearicity ; and Dr. Nooth grounded his happy 
jmention of thc filk flap upon the fame fuppo- 
fition. The former arerts, that the lines of 
light both at the entering and dcpr t ing  parts 
of the fikace are abiblutcly fimilar ; and thence 
infers, that the cuihion'rer;i.ives on the: one fide, 
p s  it certainly does on the other. Mr. N. finds, 
however, that the fa& is direaly contrary to thi; 
a e r t i w  ; and that the oppofite inference ought 
$0 be .mttdc, a8 f;\r as this indication can be 
reckoned concluiivc : for the entering furface 
exhibits many luminous pcrpcndiculars to the 
cyihion, and thc dcparting Curfxe exhibits a 
neat unifprm line of light. This  ciicumhncc, 
together with the cotifideration that the line of' 
light behind thc iilk in par. 8 could not confift 
of returning cle&tricity, kcwed the necefity of 
faither cxainination. Mr. N. therefore applied the 
edge of the hand a6 a rubber, and by occafion- 
ally bringing')brward the palm, hc varied the 

quantity 





82 A N  ESSAY ON E L E C T R I C I T Y ,  

gtilatc it’s diftancc from thc gkds ; and it was 
found, that the fparks at thc eie&ronicter in- 
crcafcd in number as it was brought ncnrcr, 
Liiitil  light appcared bctwccn tlic metal atid the 
cylinder, at which tiriic they becanic fcwcr the 
ncaxer it was broq,$c, arid at lait ccafed when 
i t  was i n  contrt8. 

I iic fbllowing concluiions appcar co be dc- 
cluciblc from thcfc cxpcrinicnts. I .  l’hc line 
of light on :I cylihdcr departing from a iimplc 
culhion contills of returning clcti‘tricity ; 2. the  
projc&iiig 13art of thc cuihion coinpcnhtcs thc 
eleAricity upon thc  cylinder, and by diininifh- 
ing it’s intenfity, prcvents it’s itriking back in 
€uch largc qimnuitics as i t  would atherwifc do ; 
3 .  that if there wcrc 110 filch compcnfation, 
very little of the excited elcflricity would be 
carricd off; and, 4. that the compcnfation is 
dimiiiilhed, or thc intenfity incrcafed, in an 
higher ratio than that of the difiancc of the 
sornpcnfating i‘ubitancc ; bccaufe if it  wcrc 
nor, the clcAricity which has been carricd off 
from an iiidefinitely €mall diitance, would never 
fly back from a g ra t c r  d iAme  and form the 
edge of light. 

22. Mr. N. h o p  the confidcrablc, inreniity 
he fpeaks of will be an apology for defcribing 
the manncr in which it was produced, wifliing 

the 

* *  
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the theory of this very obicure procefs werc 
bcttcr known ; but no conjedturc is .mr t l i  
mcntioning. The  mcrhoci is as  follow^ : 

Clean ibe cylinder, mid wipe t ldp  J;c.r;. 
C;reufi the cyliirrler .!y tnriiiirg it qain / l  1z grcoj2iI 

leather ti// it is iinfor111~ ol/iwrd. The iahw if 
a cnndle was r t / ; . i .  

Twn the rjdindcr till the Jilk j4at JJds wiped o& 
fo tmch 0s //$e greafi as t o  render it jhi-traiq;, 
parent. 

Put f oae  nmalgm~ on cz piece of katbw,  nuii 
&-end it well, Jo that it m y  LE wifirmly bright. 
Apply tbis againJr fhc tuunirg c$inder. The Jkic-  
tioiz zoill iinrrrtediiite~~~ iiicrei@, and !he k a t h r  mJ, 
not be rtwiovcd I I N ~  il i! cedes t o  herome gredter. 

Rewove the I m ~ b ~ u ,  iriid thc a ftiori OJ tkp mn$u'tiu 

will Lc vcry Jrong. 
The rubber, as before obferved, coniiff s of 

the iilk flap pafled to a Icathcr, and the cufliion 
is prcffkl againit the iilk by a flcnder f'irnl 
fpring in the middlc of it's back. The cufliion 
is loofely retained in a groove, and refis againit 
the Cpring only, in fuch a manncr, that by a 
Tort of libration upon it as n fulcrum, it adapts 
itfclf to all the irregularities of the cylinder, 
and never fails to touch in it's whole length. 
There is no adjuitmeiit to vary the prcfiire, be- 
caufc the prcKure cannot be t ~ o  final1 when the: 

G2 cxc i tarisn 
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excitation is properly made. Indeed, the rtcI 
mal. witbdrawing of the cuihion to the diitance 
of one-tenth of it11 inch from the filk, as in 
par. 2 .  will not materially afftfl a good exci- 
tation. 

The  amalgam i u  that of Dr. I-Iiggins, coni- 
pofcd of zinc and rncrcury. If a little rncrcury 
be added to mcltcd zinc, it renders it cafily 
pulverablc, and more rncrcury may be added 
to thc POMCICT to make a very fof't amalgam. 
It is apt to cryfiallize by repofe, which i'cemu 
in fome meafurc to bc prevented by triturating 
it with a h a l l  proportion of greafc: and it is 
always of advantage to triturate it before ufing. 

A very firong excitation may be produced by 
applying the atnalgarned leather to a clean cy- 
linder with a clean filk. But 'it Coon goes off, 
and is not fo itrong as the foregoing, which 
laits feveral days. 

23. To give fomc diflinRive critcrions by 
which othcr cledlricians may dctcrniiiic whct1ic.r 
the intenfity they produce exceeds or falls ffiort 
of that which this method aEords, I hail men- 
tion a fkw h&s. c 

With a cylinder 7 inches diamcter, andmfiioit 
8 inches long, three bruflies at  a time conltantlp 
Aew out of a thrceAch ball in a fucccllion too 
quick to be counted, and a ball of I $  inch dia- 

meter 
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rnetcr was rendered lu)niiious, and produced a 
itrong wind like a point. A ninc-inch cylinder 
with an eight-inch cuthion occafioned frequent 
flsflics from the round end of s conducitor 
4 inches diainctcr: with a bail of 25 inches 
diarnetcr the flafhcs ceafed now and then, and 

8 j t  began to appear lutiiinous: a ball of IJZ inch 
diameter firit gave the ufunl flafhcs ; then, by 
quicker turning, it became luminous with a 
bright fpcck moving about 011 it's furfacc, while 
a conltant itream of air ruihed from it ;  and, 
lafiiy, when the intenti ty was grcatefi, bruflies, 
af a ditf'crcnt kind from the furmcr, appeared. 
Thefe werc lefs luniinoufi, bur bettcr defined in 
the branches ; many fiarted out at oncc with a 
hoarfc: found. They were reddifli at the item; 
honer dividcd, and were grecnifi a t  the point 
next  the ball, which was brafs. A ball of y% 

inch diameter was furroutided by a ffcady faint 
light, enveioping it's exterior hernifphcrc, and 
fomerimes a Aaih firuck out at top. 'tVhcn the 
excitation was ftrongcit, a few Aaflies firuck QUE 

iidcways. The  horizontal dianicter of the light 
was longdl, arid might nicnfure one inch, the 
item of thc ball being vertical. 

This laIt phanomcnoti is iiiiiilar to a natu- 
rxl cvcnt rclatcd by M. Lomimi l3aldii in,* who 

G 3 raifcd 

Memoirs o l  tlic Amcrican Acadcmy, vol. 1 p. ~5.7. 
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irnfelf to be fu 

itc rofe higher,’ continued 

d limbs, and a kind of 
liitlefs feeling ; all which, he obferves, might 
poflibly be the cffc& of furprize, though it was 

ourage him from perfifling in 
He thercforc pt at that time. 

drew’in his kite, and re 
harm was ‘over, and 5th 
where he found his parents and friends much 

er expreffing their afionikmcnt, informed 
him, that he .appeared to them (during the time 

him ho, 

gative, 
With 
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With 'a 12-inch cylinder, and rubberLof 78 
quent Aalhes, 
jiimerimes a 

1' do nqt memion 

inches, a five-inch bald 
wpwarctr of 1 4  inch& I 

h ball wou4d flafla. 
g fiark, becaufc I w 

a favourable apparatus for ' 
he pinch cylinde 

I,Q$ inches at beR. The 9-inchcylinder, not 
lated on a fuppoq 
afhes $0 the table 

And the 12-inch 

e jar of 3 5 0  fquare inches, or new 21' 

{quare feer, with an aflcoated varniihed rim, of 
more than four inches in height, was made to 

G 4  explode 
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explode fpontaneoufly over the rim. TIQ jar, 
when broken, proved to be 0.082 inches thick 
on an avcrage; and the nuinbcr of fquare fwt 
of the fuurfiice of the cylinder which was rubbed, 
to produce the charge of one foot, was, when 
Icait, 18.03, and when moR, wich good exci- 
tation, 19.34, The great machine at Harlent 
charges * a fiogle jar of one foot Square by thc 
fri&ion of 66.6 fquare feet, and ‘charges it’s 
battery of 225 fguare feet at the rate of 94.8 
Quare fcct rubbed for cach foot. The  intcnfiry 
pf cleCtricity on the furface of the glafs is there- 
fore confiderably lcfs than one-fourth of that 
here fpokcn of; but if  we take the mofi favour- 
able numbcr 66.6 at the commencement of 
yurning, and halve it on account of the una- 
voidable imperfetlion of a plate machine, (as 
fhewn in par. r4.) it will be faund, tli9t thc 
-f”anagement applied to  that machine yould 
cauk a cylinder to charge one fquare foot by 
the friltion of 334 fquare fiee. It mufi be ob- 
ferved, however, that M. Van ~ a r u n 3 ’ s  own 
machine, conlilting of two plates, 33 inches 
diameter, has only half the intenfity, though 
hc reckons it a yery good one. This inachjne 

is 
. #  

* To explsdc from thc caitrd Fyirc) which, frpm [oms 
trials, I find to rcquirc lcle forcc \ h a  froin coating to coal- 
ing dt equal diftances. 



A N  E S S A Y  ON E L E C T R I C I T Y .  89 

i b  about equal in abi‘olute power to my g-incll 
cyliilder, with it’s ihort rubber; but it is qcar 
thirty timcs as dear in price. In all thcfc de- 
du&ions thc computations arc omitted, for the 
&die of brevity, and bccnufc they arc cafily 
inadc. The drltrz are found in thc dcfcription 
of the Tcylcrian inxhiiie, and it’s continuation 
publiflied at I-Iarlcni in the years 1785 and 

Thc atlion of thc cylindcr, by a iin~ple 
cuihioii or thc hand, wliich cxcited the rlito- 
iiiibment of all Europc, in thc mcmory of our 
co-remporasics, was firfi improved by thc addi- 
tion of a leather flap; then by moiftcning the 
rubber ; afterwards by applying the amalgam ; 
and, laitly, by thc addition of a iilk flap. Now 
we find, by cxperirncnt, that wc at prcfertr ob.. 
tain upwards of forty times thc ititentity which 
thc bare hand produces ; and confcquently that, 
fince eighteen titncs, our prefcnt intcnfity will 
equal thc utmofi we can now condcnfc 011 

firong glafs eveq in the form of a Charge, we 
have a Jcfs itep to take before we vrivc at that 
muzing power, than our imincdiate prcdeccf- 
for8 htlve already ni+c\c. 

787- 



90 A N  ESSAY ON ELECTRICITY. 

C 1-4 A. I?., IV. 

OF THE FRANKUNIAN MYPOTNESIS. OBJEC- 
T I O N S ‘ ~ ~  THIS H Y P O ~ E S I S .  EELES’S SY S T ~ M  

PREFERABLE TO THE FRANK 

NE evidence of the externaI fenfes is 06- 
vioufly the primary principle from which 

odedge is derived ; but whereas 
T 
tiety of changes, produce e 

fyfiem as upon a vifionary theatre, in which he 
terior of thinge, as the 

wn, or upoti an 
of it’s colours ; 

without obferving immediately the diffcrerir 
es through which they have gaffed 

r forms they have affumed, the dife 
Hatlges they have und 

out defcending to the feed 
from which they fpring, and which, upon ex- 
amination, will be found totally different both 
in form and cdour. In like manner are the 

fen fes, 
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us obfervarions; rakcn with diligence and 
circumfp'tion, and to be undeceived by dif- 

by the ufe of experiments of differcnt kinds, 

cious exterior, to pars from one appearance to 
another, and, as far as human fearch can go, 
to judge of the realities of things. 

Nothing, perhaps, has contributed more to 
the' eitablifhment of truth, and the advance- 
ment of genuine fcience, than the tranfition 

phyfidal rca(oning to experimental 
. Mere oonjekkture, however plau- 
ndly embraced a t  firit., affording at  
little fatisfacftion to the mind, we are 

conitantly wifhing for the evidence of faas i 
and finding but few fpeculative points but what 

arc 
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arc ‘liable to bc controverted, we arc obliged to 
feek for dcmonitrativc proof, by adverting to 
pra&i cai inv etl i gat ion ,* 

This is eminenrly true with refpc& to elec- 
tricity ; a field of inquiry, whereiii fancy has, 
Jndced, fuficieiitly exhibited her luxuriance, 
No other fciencc has had more admirers, nor 
bcen fubjcfi, in To fliort a fpace of time, to To 
great ;L variety of liypothcfes : thefc have bccn 
changed, correltted, and improved, alrnoit as 
ofren RS the inflrumcpts and machines which 
fiaw been made ufc of upon the otcafion. In- 
deed, fi) lit& of the nature of elcaricity was ’ 

known before thc apparatus became confidcrrtbl y 
extended, that evcn thc exifteiice of the agcnt 
f e r n  to have ticen a matter of fpeculation; 
but, after the init ruinents had demonftrated that 
Cuch a Ruid aAually cxifled, the snodc of that 
exiftence was altogether undetermined, and be- 
came a fubjee of ~kuch diGjute. 

Some have fuuppofied the ele&ric matter to bc 
a kind of unduouc clfuvk,  a r i h g ,  by ~ncaiis 
of fricition, front iiibltanceu termul elethics p e r  
ye; others, thc athcr  pointed out by Sir Ifxac 
Newton, in the elI’c&s of which a certain fubriie 
medium was concerned. Some callccl it  elemen- 
tary fire, and imagined it to be a rnodification 

OS 

* ‘rathpm’s Sdlc and Chalt of ’i‘rutb. 
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of the fire they tcrmed an clement ; u hile others 
conceived it to be a fluid d i h &  from chemical 
fire, but of a nature greatly refembling it. 

After two oppofite and rci-liarkably diltiiift 
eRc&s had been obfctvcd in the attraCtive and 
repulfive powers ofclcc?rici ty, according 38 they 
were excited in diifcrcnt fubf%anccs, the: t h o -  

rics of elcCtricity bccame more compkx ; and a 
few gentlemen, with M. Du Fay at their head, 
afi'crtcd the exiltcnce of two diitin8 fluids, 
(which they callcd the vitreous and rcfinoue 
elecqricity,) in ordcr to account for the dift'ercnt 
phenomena which thcy obferved to arifi from 
the excitation of fuch fubftnnccs. T o  the6 
hypothcks may be added the iirgcnious Abbc 
Nollct's doariric of' cle&ricaI nff-lucnccs and cf- 
flucncics, which he fo itrciiuoufly maintained. 

When i t .  was diikovcrcd thiit  this cwofojd 
elcLzrLcity might be procurcd by one and tha 
fame iubftancc, and from the Lune mncliinc, 
the i'ubjcCt: appcnred cntircly in a new light, and 
the t e r m  w r e  prcfeiitly changed from vitreous 
and retinous to thofc of poiirive and n e e  
five clcLtricity, bccaufi they were then thought 
to bc more adequate and exprefive of'. the 

fict: ; acid the appearances which wrc  afterwards 
produccd by iiicans of this difcovery, kcmcd 
litficicnr to eitablifli a t  leait thc opinion that 

a1 1 
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all eleiStrica1 phaenomena are effeaed bpa fluid, 
ely elaitic, and attached to the particles 

n’rtlready told,. chat as long as 

itate it’s &ekls.are inviiible, *knd we are totally 
infenfible of it’s power; bot whenev ui- 
librium is diitdrbed, we are immedia bla 

of, 
of 

coqdubrs; and hence, when two fuch fub- 
fiances are rubbed together, part of the naroral 
qua T; 
the th 
ence of the elefiric 
difcovered. Had all bodies been poireffed of 

er of retaining and parting. with 
id, we fhould neither have had 
yciting it’s appearance, nor have 

afiire feniible of it’s e 
fiances freely admit 

paffagc 
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hile others Gem 

edde to it, we can eafilyudifiurb 
by making the fluid pafi from 
iother; and when it is thus ccik-. 
ly detained, by 'fupporting, the 
on- fuch other fiibitance 

f the fluid's paffage. 

parage xhrough their pbr 

That the principal faurce of the 
is a' pofition naw '@n 

ay be rend+red clear by infulaiing or 
the communicnrion tif rhe rubber 

front the earth, by means of glafs or baked 
wtiod. 

T 

EXPERIME~~T XI. inJutafhg r& 
ct@ion. .If the cufliion and the coiiduttor be 
both ipfulated, it is obferved, that lefs of thc 
ele&ric, fluid is obtained, the more perfett thc 
infulation is made, , 

S&oud/~. The fame experiment, but wit11 a 
machine furnifhed with two condubtors ; one 
cpnnc,Cted with thc cuihion, the other as u 
Turn the cylinder, and both will be cleltri- 

but any ele&rificd body which is at tra&d 
one will be repelled by the other: if they 

arc bro'ught fufficiently near to each ather, fparks 
will pars between them, and they will a& on 

_* Becket's Eff~y on El&ricity,% 
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rodgdf- thdn. on kny 0the.t bodies; 
onneCted tdgethea by a chain, thG 

&ion of one deitroys that of the other, and 
neither will exhibit any detlrica ogpearances* 

e fire proceeds froh the cu.ihion to' 
&e condutbr as befote 5 but being immedface~y 
conveyed away from thence to &he cuthion, they 
both remain in their ilatural fiatc. 

The condudtor canneLZed with the criihiob is, 
GLd* EO be ele&rificd neggtdvely; that placed op- 
Bofite thereto is faid to be eledtrified pJtiug/ys 
To render this CubjeCt hill plainerp i 

I ffiall introduce another experinlent, t 

fo, as it ia.one whicbfkw writers mention, 

BXP'rntMteRlr x1r.- a@4*rs. citl.&$&b+ awfi 
f$ehrne power. Eledtrify two csndu%lors equally, 
by placing them before she cylirider, (that i& 
ctearify both pofitively,) and the follbwing &y 

firvatfoiia na'ply be made : F. That what ist at4 
rraQed or repelled by the one, is alfi  atrra&d 
&& repelled> by the other; whereas, in the fore& 
pifig inhnce, what the one attrdted, the other 
rtqcil&. 2, That no fparks wiiI parS becwecrr 
two cond\lQors equally de&rificd with the %me 
pcpwcra though they wii2 pars continually b r  
tween twp eleBrificd with different pawem 3 6  

CqcrneCt ,the two condu&ors that are before the 
cylinder, 
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cylinder, and fparks may'be taken frbm thcm, 
which cannot be done from the other; when 
they are united. 

EXPERIMENT xirr.-Take a glsfs 
by drawing the hand with a piece of fla 
over the ftirfacc, the tube will foon be elec- 
trified. . The matter leavi 
the glafs, where ir femains 
naP'uval qu r as neither the glafv nor 
the air are condulkors, the rcdundancy of the 
elccrtric fluid cannot efcapc till *fornc non-ele&ric 

noife. 
the pcrfon that rubs the ttibc be infu- 
other perfon, fianding on the floor, on 

applying his knuckle from one end to the othei 
of the excited tube, will get a few fparks from 
it, but no more, as it 'cannot get a fretli fupply 
from thit earth. 

Loth in the ek&ric rvhicb i s  
ance by wbicb it is excitrd, 
& i@lated;'&ut their 

H 
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irk power$ are direnly reveft of each ofher, and 
may be dijlinguged by, oppGh eJe8s. 

Fir$ with a machine with an infulated rub: 
ber, but no condu&r conneAed with it. 

Put the machine in adion, conne&t the cu- 
ihion by a chain with the'ground, and on turn- 
ing the machine the condudor will be elec- 
trified, will actraft and rcpel light bodies, and 
cxhibit the dual elcCtric appearances; Takc 
the chain from thc rubber, and fufpwd it to the 
qmdu&or, and the cuihion will now attrakt 
and repel light fibitances, and exhi 
general appearances with the prim 
"If the cylinder be turned while the chain is 
fufpended from the prime conduCtor- to the 
groundj or any blunt body to the h o b  at the 
back of the cufhion, fo that Cparks may pafs 
between i t  and.his knuckle, he is then faid to 

from t e 
the knob of the 

cufhion, and a perfon p f e n t  his knuckle with- 
in the itriking difiance of the prime conduhor, 
he will receive what is called p&ive Sparks. 

The  fcnfes cannot dctcrminc the dirctkion in 
which the eleeric mattcr moves, bur the'gene- 
?a1 opinion is, that in a common elccCtrica1 ma- 

iue fparks. , 

Chid&, it paKes from thc cjlinder to the points 
of 
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of the conduRor : and a8 the cyliader, as you 
have Len, affords wry little eledkriciiy when 
the rubber is infulated, it  follows, that it re- 
ceives it's cleAricity from the rubber ; for un- 
lefs thc rubber be at liberty to receive an equal 
quantity from the earth, that is, unlels it be un- 
infulqrcd, it can part bur with a finall quantity 
to the cylinder. On this fuppofirion, it is nkcn 
far granted by many, that the rubber when in- 
fulated muit lofe a part of it's natural qllaAtity 
by friaion with the cylinder, arid confequcntly 
a conduttor communicating with it muit bc ne- 

,gatively eleltrified; and that the cylinder, at 
the Earn 
ter to one con s an equal quantity 
from the other which is conneEted with the 
rubber. 

ExPsRiha ENT xv.--Anoiber method of proyittg 
t h d  ibe eie&iric Juid conics from the Carib. Let 
one perfon itand on a glafs itool, (or be infu- 
Iated,) and rub a glars tube, and Ict another 
perfon on w glafs it001 take the fire from thc 
f i r ,  they will both of them (provided they do 
not fitand io near as to touch cach other) appear 
to be eletkrified to a perfon itanding on the 
floor i that is, he will perceive a fpark on ap- 
proaching either of them with his knuckle, 

H 2  2. But 

.; 
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the perrons oil w ix  touch one an- 
other during the cxcitation of the tube, ncitiier 
of thdm will appear to be elektrified. 

3. I f  they touch one another 'after exciting 
the tube, and draw the fire as aforefaid, there 
will be a fironger fpark between them, than was 
between either of them and the perfon on the 
Boor, I 

4. After fuch a firong Cpark neither of them 
difcovcrs any eleh'riciiy. 

Thefe appearancks may be thus accounted 
for: the ele&ric fire is a com'mon clement, of 

ch of *the three pcrfons has his equal 
fiare before any operation is begun with the 
tube. 

A, who itands upon wax and rubs the tube, 
colleAs the eleQrica1 fire fiom himfelf into the 
glafs, and his communication with t 
flock being cut of€',by the wax, his 
again immediately fiipplicd. 
B, who alfo h i i d s  upon wax, piling hid 

krmckle along the tube, rcccives the fire which ' 
was cOlle&ed from A, and beingjinfulated lid 
retains this additional quantity. 
To C both appear ele&trificd ; for he, having 

only the middle quantity of elearicat fire, re- 
cejvcs a fpark on approaching El, who has an 

over 

I 
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over quantity, but gives one to A, who has an 
under quantity. 

If A and r3 approach to touch each othcr, the 
+ark is itronger, bccaufe the difference between 
them is greater. After this touch there is no 
fpark betwecn either of them and C, bccaufe 
the elc&rical fluid in all io reduccd to the origi- 
nal equality. If they touch while 
the equality is never deltroycd, the 
circulating. 

On the foregoing experiments are founded 
the prefent theories of elearicity, only two of 

1 be noticed in this work, that of Dr. 
f Mr. Eeles as modified by 

Mr, Atwood. 

This hypothcfis depends on and mny-bc re 
duced to the following principles. 

I. That the atmorpherc and all terrefirial 
fubfiances are full of the clccZric fluid. 

2. That the operations of cictkricity depend 
on the uncompounded a&ion of a fimple fluid 
of a peculiar nature, extremely fubtle and 
elaiticr 

3. Ghfi and othcr clc&ric fubitances, though 
they contain'a grcat deal of clec'tric matter, are 
ncvcrthelefs impermeable to this fluid. 

11 3 4. That 
' S  
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4. Thar the eleAric matter violently repels 
itfclf, and attraas all other matter. 

5. By the excitation of an eledtric the equi- 
librium of the contained fluid is broken ; and 
one part becomes overloaded with elearicity, 
while the other contains too little. 

6. ConduQing fibfiances are permeable to 
the ele&ric matter through their whole fub- 
fiance. 

$. Pofitive eleEtricity is when a body has 
more than it’s natural fiate of the ele&ric Auid, 
and negative eleQricity when it has lefs than it’s 
natural it-rare. 
The firit pofi tion, i h l  all ImeJrialJibJances 

as well as the atnioJpheve arc full of the tJpnric 
$uidj is eakly proved. For rhere is no place of 
the earth or kea where the eledlric fluid may not 
be colletted, by making a connetlion betwc‘en 
the place and the rubber of an ele&ric ma- 
chine: the mofi conclufive proofs of this pofi- 
tion arc obtained by the ufe of Binnets elec- 
trometer and doublcr. The cafe is equally. 
clear, with refpea to thc atmofphere from 
which the eledric fluid may at: any time be 
collcQed. 

- The fccond poGtion does not fcem to bc well 
founded ; there are many reafons for fuppofing 
the cle&ric matter to bc a compound fubflancc 

capablc 
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capable of being f'eparatcd: a t  any ratc the 
polition is without proof, for we have no expe- 
riments from which it can bl: fairly deduced, 
that the .elc;&ric matter is a fingle fluid hi ge- 
ncris. 

The third pohtion for citablifliingihe Frank- 
linian theory is, (( that glafs and other eleC,tric 
fubitances, though they contain a great deal of 
the eleeric matter, are inlpermealfe by it." This 
afkrtion has evidently a very contraditlory ap- 
pearance. It is vcry difiicult, if not impofiblc, 
to coiiccive that any fubitance can be very full 
of a fluid, and yet imperincable by that Quid; 
efpecially when wing in an ad- 
ditional quantit nd taking out as 

inucli from the oppofite fide. 
The only arguments for the impermeability 

of glafs by the eleclric fluid, are drawn froin 
thc~phaenomena of the Leyden phial. It ap- 
pears indeed, in this cafe, that there is an cx- 
pulfion of fire from thc outfide, at the fame 
time that it is thrown upon the iniidc. In this 
experiment an unphilofophical obferver, con- 
cluding from appearances, would judge that 
the fluid pared through the glafs. -Dr. Frank-. 
lin concludes that it docs not pars through, be- 
caufe there is found a veryagrcat accumulation 
of elcltric matter on the infide of the gtafi, 

H4 which 
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which is dilcpvcrable by a violent flaf$ and ex- 
twecii the infide and outGd5 coatings. 
s is mere begging the qucltion, for 

t o#  concludc the glaG imper- 
allow the acrutirulafion on one 

fide, and the dcfzciency on the other. 
poiition cannot be proved, the evide 
in favour of rhc permeability rnufi preponderate. 

It is faid, indcccl, that if the glafs was pcr- 
meable by the cleeric fluid, a phial would no,t 
retain any charge; becaufe thc fluid wwld no 
i‘ooner be thrown on onc fide than it would fly 
off from the othcr. This conclufion depends 
entirely on the foregoing fuppofition, a f‘uuppo- 
iition which is incapable of proof; namely, tha’t 

accumulation on one fide of the elm- 
trk, and a deficiency on the other. 

I Proofs of  thc permeability of glafs will be 
fQ arious parts of this work. 

fidered is thig, (‘ that 
ly  repels itfelf, and 

attraCts aJl other tnattcr.”. The proofs of this 
poiition, like tlic foregoing, are built on a fup- 

ich if denied, thc proof falls to the 
t a fmooth piece of’metal be infu- 

latcd, and bring an excited glafs tube near onC 
end of it,. a fpark of pofitive eleQricity wi 
obtained ’from the othcr end ; aftcr whic 

the 
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the tube be fuddenly removed, the tube bc.. 
c~)mes neggtivcly eldtrified. Iicre then, it is 
faid, is a plain fpulfion of one part of the elec- 
tric fluid by another. That contained in the 
tube, repels the fluid in the nearclt end of the 
metal; of confequence, i t  is accumulated in 
the other end : and when the tubecis rcmoved, 
the metal is found to bc deprived of a part of 
it's natural. itate of eletkricity, or is clcd'trified 

ious to remark, before filch conclu-, 
his and iimilar expe- fion can be drawn 

Another argument is however drawn froin 
the appearance of the ele&ric fluid i$uing from 
a point, or from any body highly eledxified. 
In the open air this diverges exccffively,' and the 
particles fcem to be violently rcpulfive of each 
other; that they are not fo, is plain from the 
'appearance they affume in zwcuo, when, the re- 
Gfiance of > the atniofphere being taken 06 the 
cle&ric repiilfion would be mwe at liberty to 
cxercife itfelf. 

If the eleEtric matter was really 'claitic, or 
endowed with a power repulfive of itl'clf, it is 
impofiblc it fliould pars in an uninterrupted 

2 column 
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column through an exhaufted receiver, which 
however i t  does, and,exhibits no repulfive ‘ten- 
d ericy . 

The fifth poiition depends on the nature of 
excitation, a fubjeA which is yet very irnper- 
f&ly underflood ; too much fo, to deduce con- 
dutions. 

The fixth pofition fcems provedlaby a varicty 
of experimeh!s; the ele&tic fluid indeed often 
paffcsover rather than through the fubfiance, but 
neither can i t  be doubtcd that it dften enters 
the fubfiancc, as in the melting of wires. 

The lalt poiition on which Dr. Frank?in>o 
theory dc+nds, and which may be called the 
fuundatioh of the whote, is, th 
de&ricity is an accumulation, or to 
quantity of ele&ric matter contained in a body; 
and negative ele&ricitiy is  when there is too 
little.” Of this, however, there is not one folid 
proof; and all attempts that haw been hithertd 
rfiade to prove it, are only arguments in a cir- 
cle, or proving the thing bi  itfdf, and therc- 
fore no conclufion can be made froin them. 
Thus, for infiance, a body elehrified pofitively 
attraes ooe that is ele&rified negatively; be- 
caufe the firtl has too much, and the other too 
liule eleilricity. But how do we know that 
the one has too much, the other coo little elcc- 

I tricity ? 

i 



A N  ESSAY; 6 N  E L E C T R I C I T Y .  107 

t ricity ? Becaufe t h y  attralt each other 1 ! !- 
Again, when a phial is eleQrified pofiuiyely, 
there is a conitant firepm of fire from the out- 
fide coating, as there is from the conduCtor to 
the infide coating : therefore it is faid the out- 
fide has too little, and the infide too much 
cle&ricity. ’But how is this kitown to be the 
cafe? Becawfe glafs is impermeable tp ei&ri- 
city! And how is glafs known to be thus irn- 
permeable? I3ecmfe one fide has too mukh, the 
other too little elearicity ! 

We have before obferved, that the imper- 
meability of glafs to the elearic power is a fup- 
pofition merely hypothetical3 there is not a 
fingle determinate experiment to prove it ; and 
lbme of the warmeft advocates, RS Dr. Prieitley 
and Cavallo, own that fome glafs may ’be per- 
meable, So contradilkory is their evidence, that 

.you may gathcr from it that the b@ vilrQ7ed’ 
and the wofl virrijed, cold and warm glafi, are 
all more or lesJ permeabk 

You will, in another parr of this work, fee 
a proof of their inconQflency, in endeavouring 
to prove chat charged glafi has always one fur- 
face in a pofitive, the other in a negative itate. 

Dr. Gray afferts that Dr. Franklin’s reafon- 
ing, both on the chargc and difcharge of a jar, 
is erropeous : fee his remarks in the chapter on 

the 
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the Leyden phial. If Dr. Gray had confidered 
Eeles’s lfyftem, it .is probable his ideas on 

zhis fubjeLZ would have been much clearer than 
they at psefent appear ‘to be.* 

Mr. Brooke. has kewn, (what Mr. Eeks 
ihcwcd us long before,) contrary co,rhe ideas 
of the belt judges a’nd friends of Franklin’s 
Thdory, that during the time of charging a jar, 
both iniide and outfide have the fame kind of 
decftricitg, and that the negative elcQricity does 
not takeqlace till the turning the machine is 
@continued. 

OF MR. EELES’S HYPOTHESIS. 

e following hypothefis is exbaaed from 
Mr. Eeles’s PbihfopbicaZ8Jays ; and the analyfis 
of a courfe of IeEtures read at Trinity College, 

lly compare this  
that have been 

made on the eleQric fluid, I think he will with 
agree, that it is more Gmplc than’Dr. 

anklin’s, fpeaks inore itriCtly the language of 
experiment, and is much lefs cmbarraad with 
hypothetical fuppofirions. It pointed out to the 

author 8 

’* Lyon’s Rcmarks OR the Leading Proofs of thc Frank- 
linisn Syltem. 
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author many phenomena whieh have not d y  
been confidered as wonderful, but which havb 
alfo much embarraced @he partizans of Dr. 
Franklin's opinion. There are no known ph& 
,nomcna but what are more readily accounted for 
on this fyfiem, than any other at prefenr known. 
T h a t  it is free from difficulty, I do not airckti 
but I am certainly well founded in aftirming, 
that it has firong claims to pkihfopbical afdmtkw; 
and that nothing would have prevented it's 
having long fincc obtained a fair hearifsg, but 
for that rpirit of party and bigotry which is to 
be found as much among philofophers as among 
politicians and cnthuiiaits. 

HY POT I I  BSIS. 

I. The two eleeric powers exifi together in 
all bodies. 

2. As they counrcrati each ocher when uni- 
ted, they can be rendered evident to the fenfes 
anly by their feparation. 

3. The two powers are feparated in non- 
tleQrichi by the c.witatiott of eleklrics, or by the 
application of excited clefirks. 

4. The two powers cannot be altogether fc- 
parated in eIeCtrics. 

5. The two clc&ricities attraEt each othcr. 
ftpngly through the fubff aiices of eledktricx. 

6.  Eleeric 
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6 .  El,&tic fubfianees arc impervious to the 
twq-elcLtrici ties, 

7.’Either power, when appliid -to an unelec- 
trificd body, repels the power of the fame; fort, 
and iittra&s the contrary. 

I hal l  now give a few of Mr. Atwood’s ex- 
periments, and then proceed to .MY. Eeles’s 
own experiments and reafoning. It is to be 
obferved, that Mr. Eeles i s  a very immethodical 
writer, yet his matter is To good that no elcari- 
cian &odd aegiea to read his cffiys. 

EXPERIMENT xvr.-EleEtrified bodies a t m d  
bodies not elefirified, though a thin elcftric be 
placed between them. 

EXPERIMENT xvrr.-Bodies cleEtrificd with 
contrary powers attracl each other firon gly 
although an clcclric plate be inrerpofed bc- 
tween rhern. 

Thus flame will communicate heat through 
$iM?mccs, which are impervious to the flame 
itfclf. 

EXPERIMENTP xvIrr.-If one €urface of ‘an 
ele&ic plate be cle&trified with either power, 

the 
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the oppofite CurFace i s  ele&rified with the con- 
trary power, f i~ k not iifihfed. 

Either. power being applicd to one of the 
furfices, attraas the contrary power throqgh the 
fiibfiance of the cleCtric, and rcpelo the cledri- 
city of the fame fort with itfclf, 

The two powers beipg brought t~ the oppn- 
fite furface of the plate which is impervious .to 
then;, remain fufpendcd, firongly attrading 
each other till the in.terpofed plate i s  brokqn 
by their force, or a cornmunicarion is forrpcd 
between thc two furfaces by Conic condudling 
fubitance. 

the effe&s of each other, and leaves tlie plate 
difc harged. 

If either furf:3cc of a charged plate C Q ~ ~ W -  

nicate with the earth, the powervon thc qppai-itet 
furface will expand . itfelf into a condudtor 
which is contiguous to it, although thc con- 
&&or be infulntcd. 

The union of ehe two ele&rkitig 

EXPERIMENT xrx.-Let one furface of a 
qharged plate b e  infulatcd : although the other 
cominunicatcs with the earth, no difcharge of 
either furface will follow. 

EXPERT- 
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EXPERIMENT xx,-rendering the aEfion of t& 
two powers v$ble. Let the furfaces of an eleQric 
place be veyj’ightly charged and infuluiated, and 
lef a citcuit with fuccefive interruption 

two powers will  be vifible, illurnid 
ints .of the interrupted, circuit,. and 

each power will appear t o  cxrendfuvtberfrom the 
furface contiguous to it, the flronger the charge 
is communicated to the plate ; but if the illu- 
minations on each fide meet, there will imme- 
d of the whole charge. 

Mr. Atwood, for ibis experiment, vJas 12 feet. 

EXPERIMENT xxr.-The direEtion of tbe dwwo 
le in a vacuum. 
made part of the ele&ric circuit, 

with a charge not fufficicnt to caufe an explo- 
%on, ‘and the elearicity will appear to proceed 

on; from the parrs communi- 
ltreous and rafinous furfaces. 

__ ~ 

T h e  d i r d i o n  of the fluid is allowed to be a 
which will prove or difprove rhc 
the Franklinian fyitem. ‘In the two 

ents of Mr. Atwood, a double cur- 
rent is evidently vifible, and fully contradifiory 
to their fyitem. Thefc experimcnts receive ad- 

* ditional 
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ditional forcc from Dr. Grayssa reafonipg, who 
has ihewn the impofibility and abfiirditp of part 
of the Frankhim coI;clufion&; aiid are further 
confirmed by the following experiment of .Mr. 
Symmcr, and a Gmilar one of Mr. Volta. 

When a phial is elearified but a 1 
Symmer fays, that if you touch the coati 
a finger of one hand, aed at 'the fime t 
a finger of the other hand to the wire 

t ty  fmart blow upon the tip of each 
s ;  but the fenfation reaches no far- 

ther. If the phial bc ele&rified a degree higher, 

yond the elbows; h i l l y ,  when the phial is 
flrdngly charged, the firokc may be perceived 
at the wrifis and elbows; but the principal 
blow i s  felt qt the 9reafr, as if a blow from 
kach fide met the#!. This plain and fimplc 
experiment obvioufly figgeits the exifiencc of 
two diftinQ powera in contrary direaions, and 

ith thofe 'of Mr. Atwoods 
& contradi&ion to that affertion 

, that the fame quantity o f  
h is thrown upon one of'the 

peration of char 
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driven from thc other, and that, in the d i g  
charge, the fanic quantity returns from the one 
furface to the other. 

Mr. Volta, in the folt-owing argutncnt and 
experiment, fairly gives up the foregoing poG- 
tion, and eiidcavours to accommodate his ex- 
periment to an byporhefis that ic dircQly dif- 
proves. 

The  fiibfequent accoiint is extra&ed from a. 
very long paper of Mr. Volra, in tlie Journal d e  
PhyGque for 1779. 

Let us fuppofe that a, 6, c ,  d, e, 5 g, L, i, 
k, Z, f l p ,  n, 0, hold hands; let n grafp the out- 
fide of a charged Leyden phial , and o touch the 
knob; ar the inflanr o receives the fire dif- 
char@& from the infide by clic knob, tz will 
Eurnik from his natura1 fiock to the outfide, 
without waiting t i l l  the fire arrives to him from 
Q, by n, to ?it, Src. in the mean while the loci 
of a is cornpcnhted firom b, and L is furniilied 
with fkih matter fiom c, It is fidt 
trqc, that there is but otic itream, if we conii-. 
dcr only the direRion of the fluid, which 5s ex+ 
cited fimultaticoufly at the two extremitits, a114 
movcs at thc fime infiant of time j though, TO 
fpeak morc accurate€y, it is not one fircam, but 
two united in one. 
which the file pafis, did not prevent our pew 

cciving 

d To on. 

]if the extteme rapidity with, ~ 
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cdving the Cuccefii.vc r;6mmorions reqcived by 
the yetfclns who form the chain, we fliauld find 
rhsy &d not follow the order a, p ,  f ~ ,  i, b~t‘were 
felt fimultancoufiy, fitit at the cwo extremities o 
“2nd a, then at  a and b, it1 and c, bc.)  advawing 
towards the middle of the chain. Agrwhie to 

thia, if the barre is frndl, the longer the circuit 
is made, thofe who are fufurchelt from.the extax. 
mitis find ithe Shaclg weskcr. 
TQ reader rhis account more clear, fepnrate 

the circuit, and €orm on a dry floor two raws, 
u, I ,  c, d , ~ ,  f, g, h, interrupted in the iqiddle g 
iet t.wafp ,the battlc >by the outiide, and a excitq 

ching abe k m b d  &e bot.. 
tlc ; now, if the elektric fire wa’/s obliged t o  take 
the ihorrcfi couid‘c to come to the extorior and 
mgaaive furface, i t  oiight ,to defccend to @he feet 
d ~ ,  psfs over the boards to the feet of d, snd 
then chnough h i r ~  to the outfidc, without a&ivg 
on f, g, h, which would be out of it’s circuit. 
But, cantracyyta this, xlx fluid goes our of rhe 
dire& caudc, .tu follow that of ehe condudling 
perfons, .which aEord it a ppop receptacle, 
4aolld~oome~ to ,the outiide by another fource. 
Thk fipc &ich goes frati.1 the infrde from .e to f i k  
g, b, g i d  4ict1~ a fenfiblc fcnfatiqn in their 
,bnds gad&air k k ,  h & n g  by a fprrk, 
if the .hands a d  tha fcct ,wg itpatated 

1 2  from 
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from cach other, and finiihea by 'difipating it- 
felf insthe common refervoir. the fame man- 
ner d, who fi$l gives the to the outfide, 
receives it CucceiEvcLy from a, who all draw 

m the Roor. The itream therefore, 
oceeds from the knob of the bottle, 

pafing rhhugh nduaini fubitance, l o k ~  
irfelf in- the ge fource ; while, from the 
fame fource, a fuufficient quantity is taken to 

the deficiency of the exterior furface. 
g, h, dq not form a 

gularly placcd round E, the 
-fluid may be fcep to fpread irklf 011 different 
fides, and divide itfelf in differenr branches. to 
reach the floor, The fluid will in ,t 

from the floor to reach d, 
regularly placed round him ; To that 

each furface excites it's own fiream; 

s difperfed in the jivcr, at the in- 

OW fide of a cbarged.elef?cric may contain.rncbe 
af 
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of one power than is 'fufficient to balance the 
contrary power on the other Gdg, For, if q 
charged jar is infuhted, and rhc difchargc is 
made by a 'dif'charger with a glafs handle, after 

xplof;on, the difclmrger, hnd both fides of 
the jar, will poffefi a contrary pow 
obtained on the fide of the jar, w 
touched the' lalZ bcforc the difcha 

Let us now for a few moments 

The eleCtric matter confifis of two difiink? elaf- 
tic mcdiuim, or powers, which equally and 

cleCtric atmofphcre, this atmof'here not only 
repels that' power of eletltricity in the body 
which is of the fame kind with itfelf, but equally 
attracqs rhc p w e r  of a different kind which is 
in  the body; and the two powers are feparated 
in the 'body, as long as it remains immerged in 
the eleElric atrnofphere, 

It is abfurd to fuppofe that bodies negatively 
rified are deprived of their natural fhare of 

ty, for they arc no more deprived of it, 
en tiky are pofitively ilettrified and 

it is' a'manifefi contradittion, to fuppofe that 
I 3  bodies 

* Extraaed from ' 4  Philofophical Eflays," in feveral 
Letters to the Royal Society, by I-Xcrrry Eeles, Efq. 
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bodies will repel each other further, the mom 
they -are diveJed of the pwer  af repulfion, 
Rcfides, when a body is dc&rifx”cl negbtivcly, 
it is impofiblc for any one, by any &+@tr of that 

‘body on another body which is not eloarified, 
to know it is thus elcltrified ; unlefs by britiging 
n light fuubitance elecqrified with‘a known power, 
to try whctkr it will be attradkd or repelled. 

With refpea to the Lcydcn phial, w11e.n tho 
b w l e  is charged, it is equally clearifid on 

, but with the direrent powers of 
; and when a communication is made 

by a condu&or, the increafed power without 
flies in, and the incrcafed power within fliee 

.out; for thcfe powers firongly attixu2 and con- 
deiife each &her when in equilibrium, or ia 
their natural itate, and thercforc do not in that 
fiate cxhiubit any ferilible &lion. 

Glafs may he equally eledtrified on b d i  Gdcc 
refiaous or vitreous power :- the 

Leyden phial infdated, may hc charged with 
either of the powers on thc infide, and the o t h r  

e outfide, hy onlyhmerging i t  i n  
here of a body ele&rrirfied with ekhtr 
wer.gj and m y  be dikhatgd and 

without contaet or 
h i t  tiwt +am* 

Glafs 



* Mr. Eeks bopdown, which, I am informed, is 
much more fcnGblc than threads with a pith ball. 



munication from one fide of the glafs with non- 
de&ric;s, while you eleflrify the othcr’fide ; and 
then, be your excited eleQric either refinous or 
vitreous, ii will reph the power of the i imc  
kind from the glafs, and at t raa  the contrary 
power ‘from the non-elecStrics. * 

&PEKfMENT XXIIr.--SCt a LeydCn phial 
a clear dry eledric fiand; fo that a different 
power from that you attempt to charge it: with 
cannot be drawn up to the outfide, and both 
fides will be eleEtrified with thc fame power, 
whether vitreous or refillom. - 

EXP.BRIMENT xx~v.-Ta; ele&rfya pane tfgtafi 
equdb oniboih &des, leifhcr with the v&orzs ormi- 
ireous powers, and ihat &j the aimoSphere 0s a con- I 

dut3o1: elMviJtd by eiiber&af tb*. powers. Pais ten 
ftrong knitting-needles through-a flick,, fo that 
they map .lie pa;lbllel to, and within half an h c h  
of each other, (if they arc pointed, the purpofc 
will be better anfwered,) then fix a wax or glafs 
handk to your ifick, 

When the conduCtor is eleArified, brinB the 
pane of glafs near it; and draw the points of the 
wires, which are neardl the conduitor, a few 
times flowly over the glafs, beginning at the 
fide of !he gldfs next the’condoltor, and draw- 

ing 
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ihg them from the condu&~r, and you will find 
this pane bf Ir;lafs ele&rifikd equally on both 
fides, wirh the power contrary to that of the 
cotidu &or. 

EXPERIMENT XXV,TQ eleflvr;fy the gids witk 
ihe faame power as t k  conduElor. Ptace One end 
of the wirCs near the condudtor, and, draw your 
glafs under or over the othcr points rhat we h m  
the condudtor, and the glafs will be cleQrified 
equally on both fides with the fame power a s h  
condudlor. 

EXPERIMENT xxvi.--lo ole&$ a pane$ gh@ 

Take a clean, dry, warm pane of glafs ; place a 
h a l l  bundle of linen rags, fufpended by iilk, 
or alfheet or two of paper, folded like a letter, 
or any non-cleEkric, on the glafs ; bring an ex- 
cited tube under the pqner and in coiitak with,. 
or very near i t ;  and when it has remained 3 or 
4 feconds, tors off the rags, or papcrs, and in- 

ly withdraw the tube, and you will find the 
glafs elettrified on both fides wirh the 

ower, ~ and’ ‘the non-eledtric which 
pane with a contrary power. 

To explain there phanornena. The two cdh- 
“rary 
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trary powre of eleCtricity are equally adhefive. 
to the pane of glafs, as they are indeed to all 
matter: rhey attra& and condenfe each othpr 
into allnoit an infenfible fpace, and do not in 
that  ftate exert any feniible adion ;* but 'the 
atmofpbere of the non-eledbic drives part of the 
fame p w e r  out of the glafs into the non- 
~JCtEtric 3 and at the fame time attra8s the con- 
trary p ~ w m  of elc&icity intothe giwis, 

Now rhe non-eleflric being taken away, thc 
diflFerent powers in the glzfs are reodered uneF 
qual to each other; and the increaicd power, 
by it's elafiic f o k ,  (thc a.ttra&on of the other 
power being Icffcwd,) expands itfelf into ail 

cxmfive  atmof'here ; which &mofphere &s, 
jn 41 ref+, like the; atinofphere of any rekc- 
uir: exciwd by the famepower, 

Fbr all elc&ics arc excited in the fame mant 
am, by ah Ceparation of the-conhrary powers, 
which are equally inherent in them and all 04eg 
bdips,  tiU kparated by frittbn, &c, And thg 

F e a C h  

* This polition is illuRratcd by all the experiments 
wl&~ there is any Colution of continuity, as in breaking a 
Rick of fezling-wax ; as in the Ac&rophorult, condcder, 
doubler, &e. w*Kih,, on fhcadher hypoah+& amwry&- 
fcurcly explained, if cqdainad at all, Mr. Wilfon's ex- 
porkf~%nlo +& the tdw and pith ball4 are all9 ftythcr 
Ulukations of Mr, Ecles's opinions, 
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t d o n  why non-cle&rics cannot be elcQ.rifkd, 
unlei's they arc inl'ulated, is becaufe the d i f k -  
ent powers change place fo quickly; for the at- 
mofpherc of an excited non;elcdtric always at- 
tracts one power in thc non-cleCtric, and repels 
the contrary;* yet, as fion as it is removed, 
ihc powers initmtly unite by rhcir mutual at- 
tiabion. 

-_L 

EXPERIMENT xxv~r.--A Lydm pbial teitg 
Jfietided ty Jlk, IO cbnrgc, dfChtqeJ ami recbfirgcr 
it wiib fhe powers in &e confrary wder, on4 ly t&c 
aimjj2me an de8riJtd condu&cr. 

Pix form fliarp pointed wires .. to the coating 
ofa bortle, fo that they may projea an inch be- 
low the coatiiig. I'ix fome f l w p  pointed nee- 
dles (yrojcAing upwards) to the rod in the in- 
fide of the bottle, ibfpend the bottle by Blk, and 
bring it fo thar the rod from the infidc may 
point to the conduAor. While the whcel is 
turning, let it remain there fbr fome time, and 
you will find the infide charged with the fame 
power as the condu8or. 

NOW fufpend the bottle over the condu&or 
for the fame time, with the wires from the bot- 
tom,,poincing to the condutlor, and ,you 'will 
find the bottle to' be difcharged., Rut let it re- 

majn 

R See this clearly provcd by Wilfc~1'8 33sperirnonQ. 
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siiain as long again, and the bottle will be re- 
charged, but in a contrary order to what it was 
at firff. 

The conduAor being eleArified with the 
us power, attrslks the reiinous power from 

the infide of.thc bottle, and the non-eleCtric 
contained therein, and enters itfelf in the room 
thereof, till the infide is eleerified like the con- 

infide repels the 
ower on the outfide through the points 

of the wires, and a t t r a h  the refinous from the 
'air till through the points it arrives at theoutfidc 
of rhe bottle, where i t  meets a refitlance from 
the glafs, and is there held in firm contaa by 

ateraCtion of the contrary powcrs on the in- 
of 'the bottle, and thus the bottle remains 

charged when taken from the atrnorpfiere of the 
condhor. 

the experiment is reverred,by bringing 
at the bottom of the bottle pointed to- 
conduktor, the'vitreous at 
&or attraes the re 

and adds to t 
e; this power repels 
the infide, and attra&s the refinous 

power through the needle, till the bbttle b e  
comes charied in a contrary order; 

I Thc 
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The whole of’ele&ricity and exditation ,he- 
peiids on the feparating the vitreous and refinous 
powers by leffening the one and increafing the 
other. In ekcited ele&rics, there power$ are 
never eiitirely feparate, but the leffened powen 
acts inward to the eleoric, and’ the inqreafing 
power a& outward from the elearic, with.an 
extenfive atmofphere. 

Mr. Franklin afferts, that glafs cannot receive 
ele&ricity on one fide without parting with fo 
much of it’s natural &are on.the other fidc : but 
this is demonfirably falfe. For a pane of glare 
may be clehrified equally on ‘both fides ,with 
either power ; or the Leyden phial, when hfu- 
lated, may ‘be ele&rified‘at both fides with 
either pomr. 
M. Ndet, when he talked of afiluences and 

effluences, was in a great degree right; but hc 
knew not that it was an affluence of one power, 
and an efluence of another : all his experiments 
which prove a double current makes dire&ly 
againfi the Frankhian ijRcm, and in favor of 
the two powers. 

That there is an affluence, and effluence, may 
be proved b; many experiments, of ‘which one 
only will be mentioned here, namely, the corn* 
mon orie with the dancing images. 
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ExpeRrMawr trxvrrr.-When you dry the 
i t ad  of one of tfrofe images, the power thrown 
out froria tttc conduttor, cannot enter tht..iwiag.e’ 
with the fam,e fxilrty with which the conmiry 

‘ the cable entern at the f x r ,  which 
are not fo dry ; this will thcreEm &end to du: 
upper plate, and remain there. Reveri‘e the ex- 
periment ; dry the feet,and wet the head, mJ 
&e images will hx thrdclves’to the h e r  plate. 
If rk image’ asetains io  much snore ,of the at- 
th& pawar as will ballanceagablt it’s wdght,, 
&a &re is a f t h e  contrary power which pro-. 
cceds Em the cmdu&;tar, ,the image will ,he Ed. 
p n d d  between the two plates. 

This may ibre e%&ad shy making tbe head ,of 
the image broad and round, which does .nor 
gdmit chhe p6wer c~txthg aut fo readily as lthc, 
&et, being *.ftClxp, admit the power going in 8 
a minute nlteraoion wil l  rna’irerrix images dance, 
or mmah ,fixed to m e  of the plates. 

M At mulier lhat is ajlrastrd in tb& 
tqdrhztf ls ,  but the ~elodxic power whhb 
ipherent or adhefive to that mat;car, 

EX~RIMWT XXIX-TD Jhew ibtidbe&T& 
pwurs condefl ,cucb otber. %ke,rwo.pands 4af 
clean Cab g1afe:rhatwill liaexenly onach  0 t h  8 
plaae a iheet of paper foldcd like a letter on, 
Tow table, placc the two panes on the &paper, 

anJ 



and a like pappct an the uhper pane, then take R 
large excited glds tube, and roll your &be over: 
the upper paper i repeat the excitingand mllirrg 
5 or 6 times 5 at the hit rolling take up y w r  
panes, upper pper, ahd tube together, and 
then immedidy take off the tubeand upper* 
p p e r  ; then bring. the two paws joinqi rogcihcr 
to a piea of bog-ldown fufpeded by fik) and. 
you will find the pants thvs joined have veri 
l itsI~~flkd3 on the down. 

tkpamte &e paws, ‘and each pam witi be 
Rrmglp eldriifkd, the upper pane with the 
viitreovts plower om bath fides, the under 6 ~ -  

with the refirnus power on both fda: touch 
the dow n with t i t h a  pa&, and k wi\l be repelled 
by that, and attraaed by the other. 

&c;e yowr panes together tu at fitff* and then 
you will find that the pdwets CLXT&I$C tmh 
other, fo as to hive very little ctFe& t!k 
,down ! ht w you fepartite ?he pircs, p u  wiff 
fi&.thedifferent powers a& 8s befbre. 

panes, if they lie ?fi rurrra& withe& 
~&m, ztnd arc highly tteffrificd, will flick to- 
gether by their mutual attraaion, ~ n d  *fcpnrarer 
with p dap. 

If &e eXpiSment be made on .a pewter platc; 
11 find the pavers 

vitreous 
tb whole i b  the 
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vitreous power of the tube attraaing part of the 
refinous power from the firlt glaG, and adding 
part of it's own vitreous power to the glafs; by 
which' means the glafi becomes elecZrified with 

d the plate with the vitreous power. 
I 

A due conJderation ;if ihe foregoing experimcrils 
the t ra&%ms ofthe ele8ricpowers. 
g, the rubber always draws off as 
ower as it adds 
lways elettrifie 

contrary to thc increafed pow,er of the excited 
ele#ric. 

When an excited eIe&ric ele&rifies an infu- 
ric, it draws as mych of onc 

the powers become equal to bath 
hich, in non-ele&rics, is done airnoit 

flies 
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flies off itrongly elearified with the refinous 
power; and thus you may go on for a great 
number of times, to alter the balance within 
fide and without fide the bottle, by alternately 
touching the top and bottom. 

Now can any FranMinian fuppofe, that it is 
the return of their pofitive power to the emp- 
tied fide of the glafa, that elettrifies the down 
negatively ? 

The truth is, when you touch the top, you 
take a f p r k  of the vitreous power from the in- 
fide, and in exchange give as much of the re- 
finous thereto, which leirens the attradlion of 
the vitrcous power on the infide, and leaves the 
refinous power without iide in greater quantity 
than the vitreous on the infide, and confequently 
at  liberty to exchange powers with any non- 
clearic in conta& with it; and thus the ball 
becoines ele&rified with the refinous power. -- 
EXPERIMENT xxxr.-Take two fheets of pa- 

per,. folded like large letters, and place them 
r table, with a pane of clean'dry glafi on' 
per; then take a large glafs tube, well 

excited, and io11 it over one of the panes ; then 
take up the pime and tube togetlicr, and initantly 
withdraw flk tube, you will find that pane 

K rtrwgly 
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rified tit both fides with the rei% 
ipaa power, which Dr, E'ranlilin lays, is a thing. 
tMt cannot be done. 

Aepeat. the operation, and while your pane is 
eleQrificd with thc r chous ,  p w e r ,  lay it on the 
other pane for' four or five feconds; take up 
ybur panes together, and then kparate 
y ~ u  will firid the firit pane ,@ll +xftrifi 

pane cleLMied on both iidev with ch 
ppver, br plus. 

efinous, or minus p h w ,  arid the other 

- 
Now if any man, fays Mr. Eeles, can frame 

a.s-fhew &n hypotliciis, to expiah b y  the acCliun 
of one fiiigle powSr, how a body div@th of it's 

ure of l h f  power, can give another body 
itional iliare of that power; they will 

oveid'et all the rules of realoning wirh which I 
BW aqquainted, 

IC' is readily explaimx.li or;l rhe principle of 
two powers. The firIt pime .having a greater 
q w , t i t y  af the refinow power, repels the reG- 
nous power from the: ftcond pane, to 'the n o w  
de&k under it, and atrratls an cqual quantity 
oft the -~ i~couf i  power frfrotn the n a n - c ~ r ~ i c  inco 
obe paw ; 'by which nieans that pane has an in- 
created fljgre: of. the vitreous power, which. in- 
creafcd povvcr will, by it's own &it 

expand 
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expand into an atmofphefe, and therefme t&t 
ptm will be elektrified by that power, 

EXPERIMENT xxxi1,- for the fuvlhr i//~&-d- 

tioh of / be  reciprocal excbniige of /be ele8ric pow2rs. 
Fix a wire to the under part of a coated bottle, 
€0 that the point may fiand upright; and ofi 
that point place the needle with the reverfed 
points. Place this bottle on an eledtric' fland, 
with a comrnunication froin t'he conduaot. All 
the time the bottle is chargitfg, the needle will 
turn ; but when thc bottle is charged, the needle 
fiops. 
your finger, or any coiidu&or, and' the ncedle 
wi4l turn til4 the bottle is difcharged. Now 
while the bottle is charging, if you touch the 
fibedle with a piece of bog-down, fufpended 
by fitk, you will find 'it clcdirified by the vi* 
tseous power, which Aics. off in exchange for 
the retinous powcr dmwn in from the air to the 
wtiide ofthc bottle ; and whilc the.bottlc is dif- 
chwging, if you touch the down in the fame 
iimmcr to the needle, you will find it cle&ified 
with the refinous power, which flies off frwn 
she ouefidc af the b t l e  in exchange for the vi- 
t r a i t s  p v k r  drawn in throt@ the points from 
the air t while,the vitreous power fmin the in- 
e& of the b t t k  rhakes thu hic.edchwge f i r  

K 2  t t>c 

Then touch the top,of the bottle w 
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the reflnous’power through your finger, td make 
thefe different powers equal to each other, witha 
iniide and withoutfide the bottle, -- 

E X P E R f  MENT X X X I I I .  - place tWO Leyden 
bottles on an elenric itaad, with their coatings 
in c o n t d ;  and while you charge one from the 
conduttor, let a perfon on the floor touch the 
top of the other bottle with his finger: you will 
find the firit  bottle charged with the vitreoue 
power iniide, and the fecond with the refinous 
power iniide. Now the exchange here is evi- 
denti for, while the rcfinous power from the 
infrde of the firit bottle changes place with the 
vitreous thrown in from the condudor, the vi- 
treous, from the coating, changes place for fo 
much .of the refinous from the coating of the 
Cecond botcle; and the vitreous in that bottle 
changes place for fo mu 
drawn in througb the 

I could cafily, fays Mr, E. furnik experi- 
ments fufficient to fill a great deal of papers 
but I ihall only mention one or two .which I 
often made, and have ihcwn to many gentlemen 
vcrred ‘in this fcience, which perhaps may puzzle 
the, writers on this fubje&: but whoever can 
make them, muft and will underitand my doc- 
trine of sle&ricity ; and plainly difcovq, that 

dl 
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nll that has been faid about pofitive and nega- 
tiye ele&ricity, or a plus and minus of the fame 
power, has been to little purpofp, and only 
ferved to keep men in the dark about thio, 
&me.  

Mr. E. had a glafs globe, entirely fmooth, 
which, with the fame rubber, he could make 
throw out the refinous or vitreous power, and 
eleQrify other matters with each powcr as often 

fcdi and generally he could charge 
s in one revolution of the globe ; ,bur 

in two or three revolutions he never failed 
do ir, 

He had another gIafs globe entirely finooth, 
fupported by one glafs neck, from the equato- 
rial line of' which globe he could clerStrify with 
the refinous or vitreous'.power as he thought 
proper, without applying a hand or any rubber 
to the globe, or a ion from the things t9 
be eleQrified ; and is,r;nore, he could eke- 
trify two things with the,diffcrent powers at the 
fame time. 

He hopes hbeaderg will forgive him, for not 
explaining, thefe crxperimcncs, till he fees who 
can make them, and explain them by the doc- 
trine of pofitive and negative denricity, or a 
plus and minus of the fame *power. 

AS he has fwn 
proving and met 

K 3  Dufay, 
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Dufay,' and Mr. Symmerj he obferves, that 
Mr. Du'fay never thought of the co-exiitence of 
thefe different powers in all bodics; nor even 
'Mr. Mu'fehenbrocck, long after him ; therefore, 

'there was not any theory of Wr. Dufay's to be 
methodized. His papgrs will  appear to have 
been written to the Royal Society, before Mr. 
Symmer thought any thing of the matter; how- 
ever, as'far as he has gone, he was right; and 
he thinks that Mr.:Prieitley has made tQo much 

objelkion to what Mr. Symmer ha9 
ny man, from his own fenfations, 

Id bc convinced that the powers came in 
oppofition from both fides of the bottle, by '  
feeling a flight fhock in his w r i h ,  a flronger iq 
his elbowg, and fo an. Mr. Symmor did not 
f iy  that thde powers did not circulate through 
thc body, but that this fenfation would fiew 
their different dircttioii ; an explanption of 
t hc fe dlff'erent fen Fit ians ends on a know- 
.ledge ofmatomy, and the aCliDn of there powe 
ers on the difkrcii t  parts, which, it is pofible, 
&at both Mr. Pricftlcy and 'Mr. Syrngnw may 
be firangers to. nut this objcaion was only a 
pretext to mend Mr. Symmer's difcoverics. 
Mr. Eeles beIieves it 'will plainly appefir to ahy 
gentleman, who docs him the honour PO read 
his pd$ers-with attention, that th? only thcbry 

u: hick 
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which Mr. PrieMey could ' haqe mcthrrdizctdi 
mufi be what he took frorn'his pap& ; if an 

66% 
which was dlcariy proved by experiments, ~ 

years before. I-Je pereinently a h ,  which of MY: 
Prieitleyps own nunieroui experiments, or what 
experiincnts of any other man, hc has explained 
by his hypothefis? or how he has fupported this 
hypothcfis, or whence he took it ? For he has 
not produced a fingle expcriment in aid of it, 
to ffiew the cxiitence, or manner of AQing, of 
there different powers. Or, he w~ould afk whe- 
ther his hypothcfis has addcd any thing to the 
truth, or cxplanaeion of what he has writ- 
ten? Or, if he had h a p p e d  to have written 
chat hypothefis, whether he ihould have put this 
matter in a clearer light than what he has.donc E 
Or, what man would have depended on that liy- 
pothetis, without any other proof? So that he 
thinks' Mr. Prieitley may fairly own from 
whence he framed his hypothefis; for, after 
reading there papers, Mr. PricAley has f iut  
Mr. Eeles out of his hiitory of eleLkricityi 

papers were addreffed to the 
f which he is a member; and 

jt appcars from the firIt of them, that his ar- 
tempt td fhew the elearic. powers were the 
cnufe of thunder# was approved by thad SOT 

K 4  ciety i 

cah ,Vc? ffiid to  niethodi 
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qiety; and is the only attempt, of that kind,’ 
which kinds recorded in the Philofophical 
Tranfac%ons. ‘As for the refi of them, with 
Mr. PriefiJey and his hypothefis, he leaves to 
the judgment of unprejudiced readers. 

C H A P .  
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C H A P. V. 

ON THE METIIOD OF USING T~IE~ELECTRI~AL 
APPARATUS, AND A DESCRIPTION OF 'SOME 
ARTICLES THPREOF. 

R. Becket has well obfervcd, that an 
elethician fioold divefi himfelf of fear, 
not of caution. There is no poable dan- 

ger in any elearical experiments, except in thc 
charging of large jars and trctrreries ; nor need 

be under any fear from theft, while he is 
t to touch any part of the prime conb 

duEtor, or the wires leading to the infide of the 

t, ' however, unufual for perrons, who 
are but little acquainted with the nature of clec- 
tricity, to teitify evident marks of 'far, upon 
their approaching an ele&rical machine : fomc 
can fcarce be prevailed on to receive the flight- 
efi difcharge from the phigl, or even to take a 
fpark from the condultor, though they fee others 
perform both without thc leait inconvenience. 
This want of refolution might be excufablc in 
women and children, but one cannot help fmi- 
ling: at the timidity of a man wh9 can cxprefs 

an? 
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any apprehenfions at a momentary fmart, of a 
pain which is rather imaginary chan real, and 
can fcldom be of half a Cecond‘s duration. 

chine, yet I hope 
unneceiEary; the more ib, as i t  is evideR4l.y fig 

fcienpe, that every thing 
clear, ap eafy and inviting, 

Iw, and th? air fro&, 

bug wheii tF.a wepther is damp, it wil 
bring it $0 g+ warm r o w  : the CF? 
the infululating pillars, and the tops 

4 thoroughly dry. sf the jwe, &c 

on a piece of leather, ana 
that it may be uni(iymly 

16 againlt tb turning g,tjjny 
1 immediately increafq, and 

tha 
* Bccket’s Effay on ElcEtricity, p. 15, 
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the leather mufi not be removed until it ceai%j 
to bccome greater. 

If feveral jars 'are connetled together, amonr; 
\nihich there is one that is apt to difchwge itfelf 
Cootier than the other jars,*'the ref3 of the jars 
will bc,diCcl.targed, with it, although by them: 
felves they may be capable of holding a Gery 
great charge. 
TO difcharge a jar, a communication muf€ 

he-fbrmod between the ourfide and the iiilide of 
she jar, by er conduAing fuubitince. Thus, if 
you place one hand in conneEtion with the out- 
fide coating of the jar, and touch the bali with 

r, the jar will be difcharged, and you 
will receive the hook. To avoid this, three 
kinds . ~ f  dfch4rging rods have been contrived g 

one of rhefe, reprefbred fig. I , pl. 11. is a femi- 
circular brd,  wire, furnillied with two brafs 
balls, one at each end of 'the wire, The ~2cond 
ktimilnr in fliape, and is called the ~ U ~ ~ Q U S  d+ 
&rg&g rad; the brafs balls ate <onne&ed tomh 

gether by a piece of iron chain, which pa&s 
thwugh il &dfS tube ; the handle is of wood : 
in the difcharge, luminous brukss are perceived 
at e+&, junfilture. of thc chaini this cff& will 

The tbird ia 
a-ja$ed di&bargigg rod wirh (I glqJ hatrdle, fig. 2, 

pl, I1 : the legs of this are moveable, and may 
x bc 

bq praduced by a brafs chain. 
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be ret to any given diftance by means 
joint c, which renders it exceedingly convenieqt 
in a variety of cafes. The extremities of the 
legs are pointcd ; the' points enter info the balls 

hich are fcrewcd on the extremities, and 
hich they may be unfcrewed at pleafurc 3 

io that either the balls, or oints, may be 
ufed as occafion requires. three kinds of 
dikccfiarging rods arc ukd in the i'anic manner; 
that is, to difcharge a j a r  with them, you place 
one ball of the difcharging rod on the external 

g of the phial, then bring the other to 
thc knob of the wire which conirnunicatcs 

with the inlide of the jar, whcn an explofion 
will takc place, and the phial will be, dif- 
charged. It is fcarcely neckii'ary to fay, that 
the jointed and luminous difchargers are to be 
held by their refpehive handles ; and the plain 

is much facilitated by it's 
being made very dry and clean, infomuch that 

jar  will not take fo great a charge, when quite 
clean and dry, as it was otherwife capable of 
being made to take: To that in order to give 
the greatefk psfible charge to a Leydcn phial, 
it feems necefiary that Comething of a very flight 
oilincfs ihould be rubbed over it's furface, fome- 

thing 
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nearly of a non-conduaing TtibRancc, 
perhaps a flight coating 6f tallow, If the elec- 
trical apparatus be kept in a very warm, dry 
room, the advantagc of 'Coiling the naked part 
of the glal's will foon appear; but if the appa- 
ratus be kept in .a  cool room, where there ilr 
neither fire nor fun, the above-mentioned me- 
thod will bc of little ufe. 

For .the purpofe of charging batteries, or 
large jars, a large conduhor is very difadvan- 
tageous ; the batrery kould alfo be placed at 
fuch a diitance from the machine and prime 
conduQor, as to be' as far as paflibIe from their 
atmofpheres. If the machine' and prime con- 
dueor be very -large, the perfon who wotks the 
machine fhould be infulated. 

Mr. Brooke fays, that a certain quantity of 
condudling furfacc difpofed in length, and 
joined to a prime conducftor, added inore to 
the firength and pungency of a @ark, or firoke, 
than the fame quantity difpofed in thicknefs 
and joined to the fame conduklor." 

It is advifeable not to handle a jar, or bat- 
tery, even after it has been dikharged, as there 

niiderable refiduum: this may be 
by applying the difcharging-rod 

cn thrice, to the jar, 8rc. 
To 

Scs Brooke's Mii'cellantoue Exporhonu and Remarks 
lethicity, &c, 
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ck, be careful nevcr to 
m of thc jar at the fame time, 

QOT ever to enter a cirduit formed betqecn 
&e iniide and outfide of a jar, 

A chavged phial, fct upon cleAric fubfitances, 
(inblated,J may he taken hold of without dan- 
ger, either by the coati% or the wire. 

The outfide of a charged jar my be handled 
with impunity. If the knob alone be tcritched, 
only a pricking fafatation will be felt, thc d iL  
cham will be filenit and without explofion. 

Hany condudking 'fubltance be near the mat 
&kite while working$ it generally receixcs part 
crf rhc deCtric matter, and carries it off: ir is 
therefore proper to remove every thing ro a diG 
tame that is not irnfiediarely warited, The 
flarrie40f a candle w a r  the cylinder, or any part 
of tho condu&w, eRe&:ually taka off the dcc- 

a chain is fufpended from the rubber, 

pbjiizcely elc&ij%d; but wHen the 
chain is fufpetkdkd from the prime conduao'r, 
'all bodies in contat9 with thc rubber, or cufiioii 

dmdked 
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t.onp$kd with it, arc laid .ro be negativeb ekcm 
t&d. 

Of the Appardus $gwed in the Pkks. 

Fig. 13, plate 11. reprcfenrs the plufes and&a& 
for dmriug imp.  F is a lcircular pla 
or copper, to be fufpcnded horizo 

.the condidtor by a chain or wire ; G is a fimilar 
but larger plate, and is to be placed parallel to 
tbe fafnicr, arid is fupported by a brafs itand I, 
the upper part of which may be raifed dr low- 
ercd a t  pleafhre, 

Fig, 25, plate 11. reprefenrk two 
paralltl to cadi other, for the fame 
this way, howcver, it is difficult to make the 

i s  a JEI fl bells : do expcri- 
ment illufirates better the gciieral princ'iples of 
elettricity than this fmall appararus. V Y a wire 

ich the bells are attached ; *R S P bent wire, 
end them from the conduaor; the two 

outer bells arc coniieded to the wire V Y  by 
'chains ; but the middle bell, and fmall clappers 
between the bells, are fufpeiided by filk threads. 
From the pritav'e part of the middle bell, a 
brafs *chain X procceds, defigned to 'fdl upon 
the tdbli ; a piece of filk thread ihould be tied 
to the extrcinity of this chain. 

Fig. 
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repreferits a more el 
Thc pillar A is 

the top thereof is of brafs, 
Is are iffixed to this by wires 

ers are fufpended on iilk 
rofs, the middle bell corn- 

ounting the belIs. 

Fig. I 9, plate If. a,& ofmuJiccaZ bells. In  thefe, 

of the pillar e f ,  in which 
eljs of different tones are placed 
a d s  h i  k. 

To uie thefe bells, rem 

&ion, it will ciufe t 

II. a bmfs wire, with twacork 

11. a bundle of thread ried to- 

Fig. 
gether at each end. 
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Fig. I 2, plate 11. a wire ringi to the circum,. 
fercnce of which fome'fmall I pieces of thread 
are tied ; the projeaing piece from the ring fits 
into the itand, belonging to the plates\and itand 3 

z a wire with a few ihort pieces of thread fitting 
into rhc condudor. 

Fig. 22,23,24,25,26, 27, fmall cylinders of 
wood or brah tubes on infulating ilands, fur- 
niflied with i i th  balls,; four tubes and fiands are 
genckally enough. Thc experiments with this 
little apparatus arc interefiing and inff ruaive. 

Fig. 3, plate 11. rcprcfents the univerfal dif- 
; an initrument which is of very cxtcn.. 
in forming communications to dire& or 

convey the eleAric ihock through any part of a 
given fubfiance. Many examplcs of the utility 
of this initrument will occur in the courk of 
this Effay. 

A B, fig. 3, is the bare of the univerfa1 dif- 
Charger; on this arc fixed two perpcndicular 
glafs pillars C, D; 6n the top of cach of thefc 
is' cemented a brafs cap, to which is fixed a 

in!, or one which has both a vertical 
ntal motion ; 011 the'top of each joint 
tube which receives the wires 11 T, 
wires may bc f't at various diitances 

from each other, and turned in any dircAion; 
the extremities of the wirer arc' pointed,/ the 

L points 
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points are covered +occafionally by the brafu 
bidis, which are made to +fit on the wircs by 
fpring ibckcts: G.M is a hiall  wooden table, 
omthe furfaemf which a fljpof ivory is inlaid; 
this mble is bfurnifhcd with a cylindrical item; 
which fits into a cavity of the .pillar I ; i t  may 
be raikd occafiaqally to 
fixed at any one of them b 

:Fig. 4, plate 11. is a little wooden prcfs, fur- 
nniihed with a flem, which fits the cavity in the 

g. 3, into which it,h M be placed 
accafionally, when the tablc G M is ,rccmoued. 
Thc preL5 contiits of tvo ,boards,, which arc  
brought ctok to each other by mcqns’of the 
.icrcws aa .  

Fig. 5 ,  plate 11. is TMr. Kinne&y!s ,elac- 
mica1 air thermometer ; a-b is a glafs tube, on 
each end of which a brafs cap is cemented; ,c & 
is a!fmll.glafs tube, open at both .enrls, :yhick 
.paflees through the upper, and dekends nearly to 
the uridcr plate : a box fcalc, which is divided 

, into inches and tqnths of inches, is fitted 
-,upper part of this tube ; g is a brafs wire with 
a hall on it, which is fcrewcd to the under plate;. 
a fimilsrr wire f 11 is made to pars through,a.c& 
lar‘of leathers an the upper plate,, and may be 
placed at any coiivcnicnt ,d,ift*?ncc from @e lower 
s k e ,  

Fig. 
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Fig. I, pl4re 31. a femicircular difcharging 

Fig;. 2, plate 11. n jointed ditto. ,Theft 

Fig. 6,  pbte 11. , .  zz piadrani clc@rorneler, 
'Fig. 9, plate 11. Mr. Ibwvend's sIe&rozqtter. 

Thefc initrumcnts will be defcribed under the 
article ele&rometers. 

rod 

have been already defcribed. 

0 1 t h ~  .Apparatus figured iii Plate 111, JV, V. 

Fig, 34, plate 111. the elt8ricrrl ficr confiits 
of two fharp pointed wires, jointed at  rhe ,cen- 
terf the ends of the fame wircs are bent'con- 
wary ways : the center at K is a ~fmall con- 
.cavity, that the ,flyer may -be placed on the 
pointed &id of the wire L ; the w'ire L is to be 
placed in one of the holes on the top of the 

.condueor ; when cleqrificd, the flyer will turn 
with as much velocity as the flyer of a comrnan 

jack. 
big. 35, plate 111. rcyrckiits a fimiI?r flyer, 

aEfing in a different pofition, the axis being at 
right angles to the flycr, with two fmall puiljcs, 
one at t h c  ,end of each axis ; the wires MN, 
0 P, fhould be infulated, and the inclinatjqn io 
the horizon very fmall. 

Fig. 36, platc 111. n flyer aLrtisig as  p CrGc 
to raik a fmall wciihr. 

LZ Fig. 
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Fig. 37, plate IJI. a fet of flyers. 
Fig. 31, plate 111. the Spiral tube, compofid 

of two glafs tubes, one within the other, and 
clofed with two knobbed caps of brafs. The 
innermoft tube has a fpiral row of fmall pieces 
of tin-foil ituck upon it's outGde furfacc, and 
laying at a fmaH diitance fro he?: it is 
to be held by one end ; the other end is to bc 
prcfented fo as t? take fparks from the prim$ 
cohdu&or, which will be fecn in a pleafing 

ncr at all the interitices between the fpots 

nd picces of tin-foil arc fornctimcs 
pieces of glafs, one fide of the glafs 

dyerent fran4arent colours ; the 
gh thefc appears of the colour 

32, plate 111. a luminous word aaing 
he fame principles ; the word is formed 

by fmall feparations made in the tin-foil; a 
chain is to be fufpended from the hook h ; thc 
ball G is to bc prcfented to the conduEtor fo as 
t6 rks therefrom. 

, plate V., a $et OfSpiral tuhs  pIaced 
round a board ; in the center of the board is an 
infulated pillar, on the top of this is a brafs 
cap, carrying a fmall fteel point; a brafs wire 
furnifhed with'a ball at each end, and nicdy 

2 balauced, 

through which i t  is ken. 



ESSAY ON ELECTRICITY. 149 

bcllanted, is placed gn the poinr. The middle 
of this wire fhould seceivc thc [parks from the 
conducitor, or a bent wire and ball affixed t0 

the conduCtor. 
Fig. 38, pl. 111, the 'apgratus fold at tk 

glaf&ihops for making inAamrnable air# 
Fig. 39, plate III. the elenrical pgol for firing 

inflammable air. This pifiol is to be filled with 
inflammable air, as defcribed in thefc Eirays ; a 
cork is to be put into the end a c, to prevent the 
ekape of the air; fig. 4xJ a fmall cap to be 
taken off when the pifiol is in u k  ; under this 
cap is rhc brafs ball n, fig. q.0, which,is to re-. 

he fpark from the priinc conduttor, 
40, plate 111. reprcfents the part within 

the piitol, by which the @ark paffes through 
apd fires the inflammable air. 

Fig, 4.91 pbte 111. the articles within the Iillc 

of this figure conltitute what is callcd thc COM- 
m s N D A P P A R A T U s ~  it a's cerlahdyn mo/(l infer&g 
part llf tbt eleflyical ~~ppaiwiirs, as well f t o m  ih 
uariety, as iinporiance of ibe q w j t l e i i t s  perfomud 
wiih it. As it  is particularly dcfcribcd in thc 
c.owrfe of this Efiy, I ihall i'ny but Iittle of it 
here; 'it canfiits of two fmall Leyden phials 
Hj I, one of them ( H )  furoiflicd with a bars 
belt; an' exhaufted flaik E which is called the 

rhc: luminous conduCfor ; an in~ularing pillar A, 
qgden vacuum; an exhaufied tube tc 

L 3  Pn 
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onid foot R ; M a board; to $roccafionally om 
the top of the pillar K L; two wires to fcrew 
twdiKereqt parts of the apparatus. 

57, plate 111. 5g,60, 6r, 6 2 ,  plate IV. repre- 
iknt fonie of tfie various experiments which may 
be pedormed by the compouod appkatus. 

Fig. 45, plate 111. rcprcfents a jar  with ?fiove- 
&le coatings: the innermoil coating is to be 
takeflrout by the filk firings f, prid the jar then 
lifted out from $e extcriial coating. 

fig. 46; plate JII, rcpreknts what is cdfed~ 
the fpoffed bottle; the outfide being coated with 

cesl of tin-foil, which are placed at a 
fmall diitantc from each other. 

Fig; 47, plate 111. reprefents the double Jot& 
one be ,g placed on thc top of the other; with 
this mahy curious experiments may be per- 
formed.1’ 

Fig. 53, plate 111: rhc M{cd Cottle; defigned 
to’provc the direklion of the ele&rical fluid in 
the charging arid difcharging of the Leydm 

Fig. 5ll, plate 111. the Lgdktz bells.: an inter- 
efih-ii appafatuu, which affor‘ds rl?ucH ambfe- 
nht, while it illufiratcs cltarly’ the nmru: of 
tfie Lgden phial. 
‘Pi& 63; 64, plate IV. experim&its* witK thc 

unltwfd dikharger. 
Fig. 

Fig. 42, 43, 4 4 4 %  50, 51, 52, s+, 55, 56, 

lik;.l. 
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Fig?+ 65, platc IV. repreknts il daiicty con- 
lfiitiiigiof 9 jars. 

Fig. 66, I plate SV. an apparatus for rcnderlrig 
.eggs luminous. 

Fig, 67, 68, 69, 7r., 72, pbrc IV. .expo& 
.niL*im cendiitg ro iheiw the. influence of knob9 
.and points in producing an ele&icnd cxploG& 

Fig. 73, plare IV. an clctttrical cannon. 
Fig. 74., 7 5 ,  plate IV. an clettrophorus. 
Fig. 76, plate Iv, hb.. Cadlo 's  ni;)i@p/acfibd 

e l r&hmte  r . 
Fig. 78,  ylm LV. B oonciutior and el&iro-. 

meter connec'ted with an cle6tricdL kite. 
Fig. 77, $ate IV. a fmall ,pail and pipe, far 

ihcwing the fubdivifions af' fluids by elettri- 
.city. 

Pig. 44, 8 5 ,  86, 88, 93, 100, plateV. arc 
diffcrent articled of' a nkdico-elc&'ric 
xatus. 

Fig, 85, plate V. a LPI)'&EN pbicll, ~ t ; h  3s me; 
crCtrameter fixed to the tup of if, and 

awo direCtor(s, .one conncE6cd: with thc top, and 
the drhor with tlic bottsh of rhc .jar; Flle figuTC, 
reprefcnte the snaniicr of pairng a flzodk through 
rhe aqm. 

Fig. 86, .plate V. a I g d w  ~ F J i n f i  dIe&romw 
+tier, elt€ttrical* forceps, 

Fig. LOO, plate V, il dir&w rtnd !xn.dl*bttW 
L 4  in 
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the form of a dirc&or, for conve~e~x ly  giv. 
ing finall fliocks. 

Fig. 93, plate V. a pair of d i r eh r s  and 
wooden point. 

Fig. 84, plate V. twoglafs tubes, viih wires 
pafing through them, for conimunicatiag clec, 
tricity to the ear. 

Fig. 88, plate V. a tubc for throwing fluids 
on any part of the body. 

Fig. Sg,, plate V. is a perf'pettivc vicw of the 
powderchoufe; the fide and the roof next the 
eye being omitted, that the infidc may be more 
conveniently ken. he front of this model is 
fitted up like the t cr-houfe, and is ufed 'in 
rhe fame manner; thc fides of the howre, the 
back, and 'fore-front, arc joined to the bottom 
by hinges; thc roof is divided into fwo parrs, 
which are alfi faitcned by hinges to the fides; 
the building is kcpt tagcther by a ridge OP thg 
roof; when fkc roof is blown UP, ir. will fall 
down with ,the fidea, the back, and fore-front, 
To ufc this mpdrl, fill the fmall tube 
gun-powder, and ram the wire c a fmall way is 
the tube; then connee the hook e with ;he bot, 
toh of a" large jar or battery; when the jar is 
chargeyl, forp  8 coqmunjcarion from the hook 
d to the top of the jar; the difcharge wi 
,the powdcr, and t Xplofion of !he gun 

dcr 
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der will throw off the roof, ‘and the fides, &ha 
&re and back fronts will then all fall down. 

Fig. 96, plate V. reprefents B wooden pyn- 
mid, defigned to fhew the experiments which 
are made with the thunder-houfe, and is ufed in 
‘the fame manner. When the piece a is th rom 
out by the difcharge, the upper part of the-pp, 
rainid falls down. 

Fig. 91, plate V. rcprcfents the inRatmmabIc 
air lamp, invented by Mr. Volta. A is a glah 
globe to contain the inflmmable air ; B a &la& 
baron, or rcfcrvoir, t o  hold-water 3 D is a co& 
which is to form occafionally a communkatios, 
between the refervoir of water B, and that of 
air A ; the water paffes into the latter &rough 
the metal pipe gg, whkh is fixed to the upper 
part of the rcfervoir A ; at z is a fmall cock, b 
cut off, or open a communication with, the air 
in the ball, and the jet K. N is a h a l l  p i p  
to hold a piece of wax taper, L a brafs pillar. 
on thc top bf which is L brafs ball; G is a pillar 
of glafs, furnifhed at top with a fockct: a wir8 
b aides in this fockct, a ball is fcrewed on to the 
end of thC wire. F is a cock, by which the 
ball A is filled with inflammable air, and which 
afterwards ferves to contine the air and the water 
&hat falls from the baron B into the ball A. 

ufc this ‘initrpnxnt, afccr I having@!led 
the 
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fionally mid&( that affords confiderabler andsil[e- 
ment 5 asrdirher one pifiol, tw thd w h d w  
rhw, mq' bc fir%& at  the p k a k m  of the? d& 
rator. 

Fig. go,,. ptaa V. YtiprdMs tr finall &fi 
rube, fiopp& atfune ehd *itR #$Iwttc:df cork; 
4 ista *itd tuh3ch paffik tfirbugh'a piece of 
fitted into the other end of the tube+;& rha* 
patr of the &e -is WI$&~A talthW bMTs 
the end of rhe wire within the tube is bent. aa 
fight ailgles t;o the rciY-oof rhe-wiw; 

dfidl~i~&;. fl% 
r&.tking-egpefimcnts ob the Condttfking p@*cr 
of warer. 

Fig. 96, 97,. pla.t"d Vl Mr, B&jke*sa 
meter. 

Fig. 80,8r, plate V .  apparatus for atmofphe- 
tical ele&ricity, conrrivcd by Mr. Cavalla 

Fig. roo, plate I. cleQrical appearances from 
MF. Bennet's work. 

The many alterations that have been made in 
the plates of this wdrk iince the publication of 
the firit- edition, made in confequence of im- 
provements in the fcience itfelf', have rendered 
it 'almafl: impofible to keep the nunibers ; but 
from the carc takcn, by giving an account of 
the different articles in this chaptir, it is hoped 
that the reader will mcet with no difficultics on 
this hca& 

Fig. 

Fig. 94, plate V. at gkfk 
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4, 5, 6, 7, plate I. elearic a p  

FigL 8, plate I. an de&ri&aat machine with 

Fig~g, plate,I. an eleCtLical doubler. 
Fig. IO, plate J. Mr. Rennet’s eIe&rometer. 
Fig. J z Y  x2, 13, pIatc Id Mr, De Wffure’s 

qIearoxneter. 
Fig. 14, r 5,  16, 17, plate I. experiments on 

&a; 
Fig, I 8, plate I. Mt4 Bennec’s appRratuts for 

junOCpherjcs1 experiments. 
I Fig. 29,” 20, plate I. :experiments with Mr, 
Bennet’s cI&rometer. 

Fig, 22j plate J. . the fpidcr-boqtlc. 

pearma  IS defcribed by Mr. Nicholfon. 

?t iimplt winch. 

CHAP. 
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C H A P. VI. 

ENTERTAINING EXPERIMENTS BY THE ATTRAC- 
TION AND K ~ P U L S I O ~  OF EIQHT BODIES, WITH 
SOME RXMARKS ON ELECTRICAL ATTRACTIQ~, 

E W philofophical fcicnccs afford fo-much F ‘entertainment as eleAricity: in it the ufefiil 
and agreeable are intimately blended I and the 
philofopher, while he is invefiigating rhe zb- 
firufc parts, is entertained by thewwiety and 
beauty of the experiments, which confirm or 
difprove the hyyothetis lie wifics to efitrblifi. I 

EXPERIMENT xxxrv.--Ex$anded feafher. Fix 
the end A of the wire A R, fig. IO, pl. 11. ’tn tGe 
fmall hole which is at the end of the prime con- 
duoor ;  turn the cylinder, and the feathcrs,which 
are connetled with the wire by linen threads, 
will fcparatc from each other; the fibrous atid 
downy parts will bcconie turgid, and expand 
in a plcafing manncr, i n  a varicty ofdirecrtions. 

l’rcfcnt a nietallic point, the finger, or any 
nduCting Cubfiance to the  feathers, tlic 

downy parts thereof will immediately 
&e divergence of the feathers will c 

they 



they will approach each other, and cling round 
the non-eleQfSic bo#. 

The feathers feparate from each other, and 
tep&wards . '  qnele&ified h !, frqp the efIort 
pa& by,the qleltricity wh s ccpmunicated 
tqith.p $0 diffufe jtf'lf, iaa$ tbe 1~~~~ it 
meets with from the air. 

.&,mptual attraeion kexerted between a body 
,rIqtt,ia,e)e@riii,cfl, and ape.which is in it's y- 
tqral ,or uneIeiStrifieP fiafe ; ,Which &@, ,.if pot  

* ' I  ~ ~ g g q q i . ~ ~ v , y ,  will fly tliropgh the air .to the 
&erifie$ body, w h q e  'they rern$h till they 

tby,5he,C~~mrlnicacion, acquired, the 
it.;tte, .. when rhcy arc ,rcpelle$. 36f ,a ,cotidu&r 
which is not infulatcd be at hand, it will attraa 
the fmall bpdy thus elcclrified, and deprive , .  it 
qfit's elefiric fiate ; .fo that it yili be ? p i n  at- 
gca&ed by the elec~rificgd body, apd ,qkiied 8s 
,$&re-; 'and wjll contipue 'to pafs and rep,& 
&tween the tvo, till the eleflric ,itate is en- 
1 ,  tirely. deif ro y od. - 

*EXPERIMENT rxxv.-Cork la11 eleb'/uometer. Fix 
the endC of the wire C D,tfig. I I ,  pl. 11. into the 
,hole at the end of' the conduaor, put the ma- 
chine in altion, and the two fmall *balls,' e d, 
will recede from each other. Bring a.candu&- 
gittgd'iubitance qithin the fphere of their aCtion, 

and 
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ac, and h i l l  bthttndled by it, The ' junaim 
of the threads arifes from the effort the cle&ric 
fluid makes to diffufe itfetf through them, 

EXI'BRIMENT xxxvm-Radiating Ihreads. . To 
the edge of the brafs hoop b c d, fig. 12, 

PI.. 11. are faitened,, at equal diftances from 
each other, fix or feven pieces of thread, about 
four inches long; a wire ,proceeds from the 
hoop, which fits into a cavity in the pillar D.3 
ze  is a brafs wire, ta one end of which are 
faitened feveral fmall pieces of thread; fit the 
plain end of the wire into the hole' at the end 
of the condueur, place the hoop b c d at righr 
angles to the wire z e, and direQIy over the 
threads at the end z ; turn the cylinder,. and the: 
threads tied to the hoop will be attra&d by 
thofe which are fafiened to the wire z e, and will 
point towards each other as To many radii-of a 

he elcEtric fluid paffes from the threads 
re into thore of the hoop, and thus 

occalions the kerning attraLftion between them, 
, Place rhe hoop b c d on an infdating itand, 
and when it is faturated with the elebric rnattet; 
the threads which are tied to it will  be repelled 
by thofe of the wire ; touch the hoop, and they 
will be again attraaed. If the hand is brought 
near the: threads, they will quit their cq t ra l  
diredion, and move towards it, The ends pf 
+e threads appear luminous in the dark. 

EXPERI' 
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EX PERI MBNT xxxvx~ I.-Dancing images. Suf- 

pend the h a l l  metal plate F, fig. '3, ro the 
condudtor by the hook H; place the 4ttnnd'I: 
dircaly uqder it, and the large plate C on che 
top of the itand; the upper part of the itand I 
is moveable, fo that the diftnnce of the twd 
plates from each 0 t h  rnay be occafionally va- 
ried, Lay frnall paper images, or any orher 
light fubitances, on the under plate, then put 
the machine in aaion, and the light bodies wil l  
be attra&ed and repelled by each plate, and 
move from onc platc to the other with conii- 
dcrable velocity. 
I 

The light bodies placed on the under piaie 
become poffefi.d of an ele&ricity which is con- 
trary to that of the upper plate, and are there- 
fore attratked by it, and acquire the fame elec- 
rricity with j t  ; they are then rcpelled, and part 
with this eleltricity to thc fiand, and are again 
in a proper ftate to be qttradled by the upper 
plarc. That thefe bodies cannot be attrqc'ted by 
the dpper plate, till they have acquired R potver 
contrary to ir, or till the equilibrium of the fluid 
in them ;S difturbcd, will be evident from the 
follbwing experiment. 
EXPERIMENT xxxxx,-Removc the under plate 

and nand, hold in it's fiead, by one corner, a 
M pane 

L 
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pane of glafi, which has previoufiy been ma& 
an and dry;  now, as glafs does not 
the two elcttriciries, no contrariety ia 

the eIe8ric ffites of the conduttor and the light 
fubitances can be occafiioned, and therefore n e  
,attraCtion or replfion is obi'erved. 

the glafs plate, the lighr bodies will be attratted 
and repclled: the caufe of this will be ,ken 

he nattre of the Leyden phial is ex- 

If a finger is yrefented to thq und 

Mr. E:cles,* fpeakking of this alternate attrac- 
tion and reyulfion, lay$, they may be agreeabjy 
varied, by wetting iirft the head 

, andt when thcfe are dry, 

6' When ym dry thc head of one of .thore 
ages, the power thrown out from 

ontrary po.lr.cr fi'0111 

(6 die tablo C J I ~ C ~ S  at thl: fw, which arc not: fv 
ry ; this will t~icreforc afi crid to C I I ~  upper 

remain there. Rcqcrfe the expcri- 
y the fcct and wet the Iicad, and 

(( the images will fix.themfeIves to the lower 
!* platc. If thc image retains fo much Qiore of 

r6  thc 
* Phitofoophkal Eflays. Prcface, page 16. 
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the attra4ed powet as will ballance again& 

~f it's weight, than there is of the contrary 
(< pawer which proceeds from the tondufior, 
4 1  the image will bc fufpended between the rwo 
8 4  plates. 
(' This may be effcCted by making the head 
of. the image broad and round, which docs 

(C nor adinit the power coming out fo readily as 
(c the feet, being fliarp, admit the power gaing 
t t  in.; a.minufe alteration will make the images 
(( dance, or remain fixed to one of the plates. - 

EXPERIMENT x t , d l ? l a c e  a fqusrc piece of 
leaf brafs or iilver on tkc under plaEe, hold this 
parallel to rhe upper one, at about fivq or fix 
inches from it, turn the inachine, and the l&f 
will then rife up into a vertical Gtuatiiao, and 
remain between the two plgtes, without touch- 
ing either of them, Prei'cm a metal psior toe 

.wards'tlie leaf, and it will immediately fall 

EXPERIMENT XLX.-MQW'~ IeaJ Place a brat 
ball at K, fig. ~4~ at the end of the conduaor, 
and when the leaf of btafs is [ufpended between 
the plate and ball, move the plate round thc 
ball, and the leaf will alfo m w c  rwndr without 
touching either ball or plate. 

A glafs cylinder is occafionally placed be- 
, tween the two metal plates F Ct fig 13, to 

M2 prevent 

down, 
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fand, or other light fubitances, 

1.-Placc two wires dire&!y 
to, each other, fufpend one 

from the condudor, let the other communicate 
with the table; a light image placed between 

See fig. 1 5 .  
x L m .  - Elesric Cut a 
fs, with an.oblufe ,angle at one 

d a vcry acute one at the other 3 prefent 
the large end towards an elearified conduEt’or, 
and when the leaf brafs is within it’s atmo- 

from’ it’s continual wavering morion, will ap- 

ation in, the fppettators. 

r 6, to the elid hf the condudlor j place the plare 
9.‘ 13, on it’s itand I under it, and at a 

little diitance from it, put a very light hollow 
glak 
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glafs ballsupon' the<plate, but within the ring; 
cylidder, and the little ball will defcribe 
about the ring, and turn a t  the fame 

rime about it's own axis : the poles of it's rota- 
tion are nearly at right angles to'the plane of it's 
orbit. 

Fig. I 7 
reprefents a frnall fet of bells, the two exterior 
ones are connetted to the wire V Y, by a bmfs 
chain, the middle bcll and the clappers are fuS, 
yendeil on filk. 

Hang the bells on the condudor by the hook 
R. S, let the chain from the middle bell touch 
thc table, turn the cylinder, and the clappers 
will fly continuallylfrorn bell to bell, as long as 
the eledricity continues. 

The brds chain, which connebs the two 
exterior bells to the conduEtor, conveys thld 
ele&ric fluid to them, which attraas the clapp 
pera ; there, when they havexeceived the eledkric 
fluid, are repelled by thc exrrrrior ball, and at- 
tra&ted by the middle one, s n  which they depofit 
their clc&ricity ; they are then again attraQed 
and rcpelled by the outcr bells. .Hold up, by a 
iilk thread, the chain X, which proceeds fgom 
the middle bell, . and the ringing ,will ceafc, 
becaufe it cannot convey the eleklric fluid corn- 

M 3  Fig. 

EXPERIMENT x~v.-EEl~&ricd Lclls. 

nicated by the clappers to the ground, 
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reprefents a more-elegant form ~f 
maupting the belJs. .When this is ufed, the 
knob a ihould Communicarc with the condueor. 

Fig, 19 rcpref'nxs another, kind. In this the 
clappgr is fulpcndcd froin the fly b c d, the axis 
of the f ly  reit8 in a fmall hole on the top of tho 

lar e f, the upper part of the &xis movep 
and is fupported by, a hole in the brafq 

piece g, Bells of different tones are placed 
r b d  the bpqrd h I Remove the prime 

or, and place t 
c cylinder; when t 

w f c  the fly to turn round, the clapper will 
firilce each bell ip roration, and thus produce a 
pleaiing and harmonious found. 

'of thread, each about ten inches long, tic tlxm 
together at the top and the bottom, as in fig. 20, 

th nd them from the conducfior; the  
th elcdrified, endeavour to rcccdc 
from each other, and the knot at the bottpm 
rifing upwards as the repulfion of the thread in- 
creaks, will form them into a fplyroidal figure. - 

Hripg 
a downy kather, or lock of cotroli, near the end 
of an excitcdwbe, or rhc knob of a charged 
Leyden phial; the feather will at firft fly to- 
wards the tube, bpt when it is faturated with. 

the 

EXpERzMENT,XLVf.-- l ' i lkC lXp Of rWplVe pieces 

EXPERIMENT XLVII .  - Fbing f e a f k r .  
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,the eler3ric matter, it will recede from it, and 
may be driven about the room by the excired 
tube, til? ' i t  touches 'Some non-condullor, to 
which ii can imp;; it's ele&ricity, The  fame 
fide of the feather is always turned towards the 
tube; becaufe the eleAricity acquired by thc 
feather is forced, by the aCtion of the tube, to 
that fide which is farthclt fmn it, which is 
therefore repelled. 

It is eafy to perceive, fi-orn this and the fore- 
going experiments, that it is not fbe mere matter 
which' is atIrafled, but that the di$eerertk phmo- 
w n a  are occaJioned by the Jnte cf fhE etenric &id, 
in thofe hubfiances which are influenced by the 
m c  h inc. 

EXPERIMENT X L V I I I , - - D ~ Z E C ~ ~ ~ ~ .  hd/s .  Put a 
wire into one of the holes which are at the end 
of the conducctor, hold a glafs tumbler over the 
poinr, then cleQrify the condutlor, and tiirn 
the tumblcr round, that the whole intcerior fur- 
face may receive the fluid from the point ; place 
a few pith balls on the table, a i d  cover them 
with this ghrs tumbler ; thc balls will imme- 
diatcl) begin to ieap up and down as if they 
WCR animated, and will contiiiuc to move for 
a long rime. See fig. 2 I. 

This experiment may be agreeably varicd 
with two tumblers. Eleictrify thg iiilide of one 

M4 pofi t i d y ,  
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f the other negatively ; p 
blcr, and then bring 

a&, the balls will p 
the other, 'till the contrariety between them iq 
fleltroyed, 



C H A P. VII. 

AND REPtJLSION 

M E N T S  ON LIGIlT 

AT U R A L philafophers w N 
powers. The phmomena 

warded by the difcoveries, which are 
terciting and important. 

The powers of genius have been exertetlwith 
our to invefiigate the caufes of 
s ;  but they are itill involved in 

deep obfcurity, and we are Ail1 totally ignorant 
of-that mechanifm by which light3 bodies, when 

approach to or recede from each 

into a difcufiion of the difficulties * 
lex this fubje&> would Iead me ,too 
I . a  

f# 

font 
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far from the aefign of t$is Efay; I ihall, thered 
fore, proceed to ftitte tbfe  general properties, 
or modes of &ion, which are obferved in elec- 
tric. attra&ioi> and repulfion, and then defcribc 
the, experiments from which thofc properties 
have been dedgced, or by which &hey ay?: ill& 
traced. 

GENERAL PROPERTIES OF ELECTRICAL ATTRAC- 
T~UP AND REPULSION. 

I .  The elethic fluid, whcn in  adlion, difpofes 
or places light bodies in fuch manlier as will beff’ 
facilitate it’s tranfniifion through them, with 
the greateit velocity ; and this in proportion to 
the gravity of the body, it’s conduRing power, 
and the itate of the air. 

2. Bodi.es that are ele&rified pofitively repel 
CaC et. 

3. Bodies elearified negatively repel each 
other. 

4.. Bodies eIe&rified by contrary powers at- 
tra& each other itrongly. 

5.  Bodies 

( 4  font I cent millea lieues, ou B cent millicmcs parties d’un 
6’ ligrrc de difiancc l‘un do 1’ autre, fans aucurie communi- 
(( cation materielle entrellm, et ii l’occafion de I’une 1’ autre 

fc mouvroit ! ! De Luc, Lettres phyfiques, &c, 
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5 .  Bodks that are eleCErified, a t t raa  thofi 

hofe fubflanccs that arc brought withiq 
tcnce of ele&rified bodies, become pa& 

feffed of a contrary elcQricity; or e1eCtrifier.t 
f'ubltances, without parting with their own clew 
tricity, a& upon other bodies in their neigh4 
bourhood, producing in tlieT an xldkricitjt 
which is contrary to their own ; or bodies which 
;Irefmmcrged in an elec'tric atmofphcre, always' 
become poffScd of an elcdtricity contrary to 
that of the body in whofe ecrnoi$hcre they arc 
immerged. 

Thc experiments dcfcribed in this chapter are 
fiinple, eafily performed, and certain in rhck 
refults; and, though they may at firfi  fight 
appear to be trifling, yet, on attentive exatni- 
nation, they wiil be found of coniidcrable im- 
portance, as they afford a clue 'to inveitigatc 
and explain a varicty of elc6trio phaenomenrr, 
and exhibit, in a firong point of view, Come of 
the contrary eftetls of negative and pofitivc 
rcle&ricity. 

Thefe experiments may all bc made with a 
finall and portable apparatus ; confiiting gene- 
rally of two, brafs tubes, 'as A qnd B, fig. 22 ; 

each Of theie is fupported an a 

fibfiances which arg not deBrified. 

fmalt 
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fmall pith balls fufpended on lincn threqds 
I, K, fit upon each tube by rneang of a h a 1 1  
brafs ring; thkfe tubes, with a piece of fealing- 
wax or a glat tube, are fufficienc to illuitratc 
Che greater part of the experiments in rhis cliap- 
,ter, as well as fome of the principal phzenomena 
in 

tus -will be rcnderrd more com- 
plete, when it confifts of four brafs tubcs with 

jet?, entitled, '( 
has, with a fimilar apparatus, explained and 
illufiratcd'all it's general principles. 

EXPER~MENT xr,xx.-Touch R pair of infula- 

and are thcrcforc attraRed by excitcb wax, arid 
repelled by excited glafs. 

fubilances, which poff'efs the 
er, repel each other j we can. 

tether $hey are elcttrified pofi- 
tively or I negarively, by prefenqing an eycired 
flick of fealing-wax or glafs ro theq. If ,they are 

at traCted 
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attraaed by the glafs, they are negati 
repelled by it, they are pofitively elearified ; .on 
the contrary, if repelled by the excited wax, 
they are negative, if attraAe 

In afcertaining the natu 
powers, we mull amid br 
be tried near each other iiud 

over one of the bra& t 

citcd glafs, the balls will diverge with pofirivc 
; remove the exired glafs, khc balls 
tixur; to their natural fidte, aiidclole. 

If the excited glafs continu'es in it's place, tha 
balls will continue to be repelled ; for the ex- 
cited ele&ric will always continue to feparate the 
powers of ele&ricity, or in other words to force 

y from the furface of the tube; and wit1 
vent it's return, ro long as it continues 
me force, and a&s at the &me diflance. 
carer rhe excired alebric is brought, the 

/ 

greater is the effe&. 
The fphere of aAion o 

has 
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has been diitiiiguiihtd into two parts, OM 

tcrmed the fpbere of iqfgence, in which the balls 
will feparatc, but clofe when the elt&tric is re- 

he other Is called the &bere of corn4 
Wunicutiw, in this the force acqvired b i  the' 
balls remaim after th{ excited elearic is re.. 
moved. 

EXPEKXMENT Lr A-Eldrify the pith 
are fufpended from the brafs tube A 

of this tube in conta& with 
Bf tihe balls of which arc 
flock of elc&rikity given to 

the tuben will be equally dividcd between each 
#pairof balls, thofe of rhe tube 33 will open, and 

Eledirify the tubes A and 
B, fig,' 27, equally and, wich the fame power, 
p t  the ends of thc tubes togcther, .and the di- 
ii e of the balls will not be slarid. 

MEN III,. - Elearify the tubes 
equally, but with the differint powers, one 
with glafs, the other with wax, bring the ends 
of the tubes in coma&, and the balls will clofe, 

*Wea learn frum thcfe experiments, that the 
pofitive and negative gQwers countera& each 
.other ; whence, if both are applied at the fame 
time to any body, thc el&ricity it acquires wiI1 
be  only the difference of the twoI and confe-r 
quently that of the ftrongefi, 
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EXPERIMENT LIY, -Hold an excited ghfs 
of the brafs tubes, touching thi 
we time with.your finger, part of 

the natural quantiry of the eleCtric fluid refident 
in-it iyill be forced by the excited &fs tube 
into the finger; 'remove at the fame initant thor 
linger and glafs, and the balls will r e m  

RIMENT Lv.-Place the bra[$ tubes, .A 
a itrait line with their 'ends 
e excited glafs Q V C ~  the tube 

A, part of the eleCtric fluid naturally refident in 
this will be driven into B; feparate the tubes, 

of A will be negative, and thofe af B 
a pofitive itate ; bring them er 

The tube A was in the foregoing experiment: 
d with the negative power, B with the 

pofitive; but when they werc brought together 
the cyuilibrium was reRoced ; evincing that no 
addition of clec'tric matter was communicated 
to them ; but that the natural powers of e k -  
'tricity refiddnt in the tubes were Cepnratedt by 
the .attqofpherc of the excited ~elecSt&; and 
proviqg rlic co-exf lme of the two powers in 
every fibitznccr. For the eleflric fluid, accord- 
ing to Mr, Eelcs, confifts of tvo elaitic me- 
ffiyms, which equal1y"and itroiigly attm& each; 

'other, 

!gain, and thc bails will clofe. 
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arc attraEted by all other matter. 
when any body is immerged in an 

cle&riC atmofphere, this armofphere repels thc 
chis of thc fame kind id the body, 

attra&s that which b of a 'different 
kind iir the fatne body ; and. w 

that end which is furthclt from rhc condultor; 
c end will be elec%rific 

wax to the tube D, fig. 23, as at A ;  while it 
mains there, thc balls I open with negative 

it itill higher to C, and they- 
oGtive elckttricity. 

EXPERIMENT Lvrn-Excited'glafS held over 
thc middle of the tube A, fig, 24, forces forne 

part 

; r i f e  the wax, as at 





re the excited glafssis 

and about half an inch 

un&rgofeveral alterations, which are difcovered 

diflances from each other between B and D; in 

come pofieivc. 
If the excited glafs is held is contaa with the 

tity receied at B will, 

;little time will a1 
It 

* Ibid,,p,8, 
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It may be inferred from there experimcnb# 
that ,wbenevor.tihe elc&ic fluid in m y  
comesfuddenly more denfc in any one 
fluid in the neighbouring parts will, be mort 

ice verfa, Thefe alte 

backwards and forwards before the 

to the obfcrver.* 
ding experi'ments may be 
f wood or glafs, indead ,of 

When glafs ia ufed, it mufi be %kept dry 

Ct is nat improbable that thc attraRive and 
and not diIturbcd by friftion, 

repulfive motions of eleArified bodies are 
nate condenfation and dilatati 
fluid.on the fiurfacc of thefe bodies, 
naturally carried where they $ ~ ~ e e t  

that fenfation which is 

Ibid, pq $8, 
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lightly along the ikin. This circumfiance is 
rendered more clear hy an experiment made by 
Dr. PrieAley, in  order to difcovcr whether dtc-  
tricity was concerhcd in the freezirig of water. 

EXPERIMENT rAxri. - He placed two difhes 
withwater in the Open air in chc timc of'a Tdvefe 
froit-, one of diem he kept flrongly elc&rified, 
'an8 could obfervc no diffcreiicc in the time 
when it began t D  freeze, or in  the thicktiefs of 
thc ice when it had becn frozen foonle timc ; but 
he obferved, *'on cach iidc of the eleQrified wire, 
thc h m e  dancing vapour which io;fkeh nrw thr 
i'urfacc of thc car th  in a hot day, or ar any tiinc 

'near'a body ftrongly heated. 
An eleclric fubitance contained betwecn "pa- 

,railel *furfac'es, however difpofcd, is ' called an 

'Exrertr~ ENT CXIII . -  ElcArified ftibflanccs 
* will attrali thok which are not elearified, ~ 1 -  

tboiqh n thin clrt/ric plalc be interpored between 
ttrcni. 

'I?XPCRJMENT LXIV. - Bodies ttenr&d with 
contrary p w c r s ,  attrait each 8 bther itrmgly, 
'aElbdrrgb an elcfiric *pln!e bc iiiterpqcd &et&e)i 

. h i t  : and indeed 'all rhofc phmornefla, "hikh 
depend on thc * influcncc of thc ele&ric atmb- 
fphcrcs, may l)e produced, although an' ele&ic 

. is ihtcrpofcd betwecn thc body and cxcitcd 
el(;& r ic . 

Thc 

I clet7ric.pfate. 
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Tlic abovemcntivned ex.pcriments iliew clciirly, 
that ch%ics w-e p c r l ~ ~ b l e  by. the kparated 
ifates of this fluid: thcfc experiments have been 
introduced before in cuiochcr part of the work. 

elethic attraaion and, repu,lii~p, is wry, JiScult, 
but more Co to ihcw why bdics, which arc; 
clcarified with the faiqc power, rep$ each 
other, pqrticulqrly tlide which are ricgativc,ly 
clcdtriiied. Philofophers have inyented variop$ 
folutioiis of this difficulty ; tlic follo\ving is 
cfitcerncd the lpAt., 

(( * To uiidcritand why bodies, poffcil$d of 
thc fimr: clcdtticiry, repel cadi other, tlic rwder 
rnuit bc rciniiidcd of the following prinyiple, 
viss. that the cleQric fluid, proper to a body, 
can br: neitlicr augincntcd nor dirriiniihcd on th? 
iiirfap of that body, cxccpt thc Giid fiirhce is 
cgntiguous co a n  clcCtric, which, can acquire a 
coqtrary elc4xigiry at a little diftancc ; fcom 
whcncc it  fi.$lows, that no clccitricity can b~ 
difpliiyed 011 thc fitcii>g furficcs of two bodies, 
15 hich are ibfficicntly near each other, a114 both 
pulJi.ffcd of the fame clcfiricity, becaufc thp air 
that lies bctwccn thcp has I!U libcrty of ac- 
yuir'itig a contrary clc&tricity. This being prc- 

N 3  nlife?, 

T O  ;\CTCOUIlL for aIly O f  the ~ h ~ I l ~ I ~ ~ ~ l 1 ~  Of 

* C;lvdlo's cowplctc Trcntife of li:lcQricity, p. I 10. 
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I pifeed, the explanation of eleLtric repulfion be.. 
comes cafy. Suppofe, for inltancc, that two 
h a l l  bodies arc frecly fufpcndcd h y  infularcd 
threads, fo that,  when thcy arc not elec'trificd, 
rhey hang contiguous to each othcr: now Tup- 
pofe thefe bodies to be clettrified pofitivcly or 
negatively, and they rnuit repel each othcr ; for 
either the increaied or diminifhed quantity of 
the elektric rluid in thefe bodies, will endeavour 
to diffufe idelf equally over 'every part of the 
furhces of thefe bodies, and this endeavour will 
,caufe the bodies to recede from each other, To 
that a quantity of air may be intcrpokd between 
their furfaces iuficient to acquire a contrary 
cledlricity, ac a little diitance from the faid fur- 
faces; otherwife, if the bodies poffcf1kd of the 
fame cleEtricity do not repel each othcr, fo that 
a fuficicnt quantity of air may bc inrcrpofcd 
between their Iurfkcs, the increakd quantity 
of eledric fluid, when the bodics are clcEtrified 
poiitivcly, or the rerrinnlit of' it, whcn thcy arc 
electrified ~iogatively, cannot bc ditfufcd equally 
over the rurficrs o f  thefc bodies ; for no elec- 
tricity can appcar upoli the furfaccs of bodics in 
contadt, or that are very near cach othcr: but 
the cleCtric fluid, by altrac'ting thc particles of 
nintter, cndcavours t~ difhfe itfelf equally o v q  
thc , ,  h r f m s  of tbcfe boclics, and the bpdics are 
by this cndcavdur forced to repel e&h ot l~cr .~ '  

?I The 

t 

, 

i i ,  
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c c  ut The difficulty is not, however, folvcd by 
this theory, which only explains one licit by an? 
othcr, N hich rcquircs as much explanation as 
the firit : but overlooking this, it is itill infuf-. 
ficient ; for grmting that bodies riegatively 
clcklrificd, ought to rcpcl cach othcr, till the 
eledtricity is equally diffiifcd over thcir furfhces, 
yet w hcn this is accoinplikcd, the repuliion 
ought to ceafc. I;urthcr, thcrc is no rcafon for: 
fuppolisg the clettrification to take place ivvhilc 
the bodies are in contacit, or iiearly fo. One 
may bc elcktrified negatively in one coriier of a 
room, and anothcr in thc other. The clearifi- 
cation may alfo be continued for any leiigth of 
time twe plcafc. So that the clettric matter, 
m u t t  have d i l l i fd  itfelf equally over the fur- 
f ~ c s  of both. Yet, i fwe  attempt to bring thcfe 
bodics togcthcr, they will repel cach other, 
which ought not to bc the care on the preceding 
fuppoiition. ” 

rr  j- I’oliLivc elrQricity has bcen fuppofed by 
anothcr to coiiiiit ofa  vibratory motion in the 
air and clc2h-k h i d ,  in which thc force of the 
vibration is dirctlcd outwards fiom thc cleCtric 
body : that in ncgativc clccltricity there is alfo 
a vibratory rnotion, but the force is dirottcd 

N 4  in\vardr, 
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intvarda. WOW lct us fuppfe x body pofirivcly 
cle&rifid, fufpended by a frnall thrcad, at a 
diftance from any other, the vibratotly motion 
beilig kept up by an equal preirure on all fides, 
the body is neither moved to one fide nor an- 
other ; but when a negatively ele&rified body is 
brbught ncrlr, the force of the vibration being 
direacd outwards in the OIIC, and inwards in 
the ather, the p k u e  of the fluid in the intcr- 
mtdiate fpacc becwcen them is greatly loikncd, 
and confequently thc prcfrure on tltc other fie 
drives them both tsgsrhcr, and they are faid ‘to 
attrdt  each othcr, If a bodv cleclrificd poii- 
tively is brought near the fiIft . ,  the force of the  
vibrations is diieAly oppofed t o  each other, 
and therefme the bodies recede frbm each other. 
The cafe is the fame with two bodies negativcly 
eleCtrified ; for here the vibration being dircacd 
touwds both bodics, as towards two centers, 
niuit caufc thcm to reccde fiorn each other, bc-. 
caufc jf they tcrriaiiied in coi’ttaLCt, thc vibratory 
rnotintls would interfere with each other, 
‘( When a fnxdl body is brought within the 

$here of another’s de&ricity, the equable p r d -  
fure of that vibratory or clc&rical f‘herc is 
fomcwhat leffcnd upon the fide near which tbc 
body is brought, arid it ia thercfore impcllcd 
towards the firf‘t by thc &ion of ‘thc furrohd-. 
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ing fluid, in order to kcep up thc equilibrium. 
As foon as it arrives rhere, the vibrations of the 
fluid around thc firfi body being communicated 
to that wi th in  the porcs of thc fccond, it acquires 
a lphrre ofeletlriciry as well as tlic iirlt, and is 
confeclueiitly rcpclicd : the rcpultion continues 
till the vibration cedes, cithcr by the adion of 
thc air, ’or by the body coiiiing i M  contall with 
ariothcr larger than itfclf> in which cnfc it’s 
elcQrizity is hid to be difchnrged. If, aftcr this 
difchargc, thc fccond body is it ill within the 
fphcre of thc firrt, it will  be immcdiatciy at- 
tra&ed, and vcry roan after rcpellcd, arid ib on 
aIcernaKcly, till thc clcltricity of thc former tol 
!ally ceafes.” 

From fevcrnl cxpcririients of Bcccaria’s, it 
appears, that, if thc a i r  is thoroughly cxhauRed 
from a glds rcccivcr, the attraition arid repul.. 
iion of clectrificd light bodies within the re- 
ceiver g r o w  languid, and fooon ceafcs altoge, 
ther. This is coriftrmcd by an expcrinicnt of 
Mr. Cavallo’s. A pith hall cle&rometer was 

fufpndcd within a rcceivcr of an air-pump, by 
it’s brafs cap; this was thhi elcLirifed i tlic 
balls divergcd a lirtlc when the air was only 
rarified 100 rimcs; when ,it w i ~ s  rarifird 300 
times, the rcpulfion was fccarce dikernablc : 
when the rarifdtlion was greater, they did not 

diverge 

’ 



diverge at all ;  and that, whether a imall or 
large quantity of eleclricity was cornrriunicntcd 
to the cap.” 

k F L R I M E N T S  ON T I I E  ATTRACTION AND RE- 
PULSION OF E X C I T E D  S I L K  K I U B O N .  

EXPERIMENT r,xv.-Put a black and whiiq 
ribbon together, and draw the111 thl+ough the 
fingers ; by this operation thc white ribbrm will 
be cleEtrified pofitivcly, the black ncgativcly, 
and will co~ifequent ly’~rtra~~each orhcr. 

KXTERZMIXT LXVI.-L~Y cither of the rib- 
bons upon a qtiire of papa-, and draw over it # 

amber, fcaling-wax, or any other negative elcc- 
rric, thd ribbons will be excited pofitivcly. 

If pofitive elcerics are drawn over the rib- 
bons, they will be cxcircd ncgativcly. 

a black ribbon will  excite as udl togcthcr as ;1 
black and white ribbon. 

EXPERIMENT J S V I X J .  -Dry two white fi lk 
ribbons at  thc fire, cxtend them on any finooth 
planc, draw the edge of a fliarp ivory rille over 
them ; whilc they continuc on the planc rhcy do 
got fecm to have acquired any clccllricity, yet 

ur hc 11 

E X P E R I M E N T  J.XVII.-A piece of flanlltl alld 
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whcri taken up Cepnratcly, they are obfcrved EO 

Lc riegatively elettriiird, and repel each other. 
Whcn they arc itparated from cadi other, 

clcEtiic +arks arc perceived bet\\ een them, but 
whcn rhcy arc again put on thc plane, no light 
is pcrceived witliuut a Iccoiid firidlion. 
. ~ ~ X I ~ C I ~ I M B N ’ I ’  J.xIx.-l’lace tlic ribbons on a 
rough condudling lubi\ancc, rub thcm as before, 
and rhcy will, on thcir kparation, f l ~ w  con- 
t ra ry rleLiricities, w 11 i c h u’ i 11 al ro di fappcnr 
when they arc joined rogcthcr. 

If‘ the ribbons are riiadc to repel each other 
and tlicn joined togerhcr, and p1:iccd on the 
fixe-mentioned rough fllbftance, thcy will in a 
few minutcs bc mutually attraAcd ; thc upper- 
molt bcing poiitivcly, the undcrmolt negatively 
clctlriiicd. 

Whcn twp white rihbons receivc their fric- 
tion -011 a rough fiirface, tticy always acquire 
contrary clcdtricicics ; tilt upper’ one is ncga- 
t i vdy ,  the lowcr one pofirivcly, clcfirificd. 

k h t x I M  E N T  L X x . - ~ ~ h m  two ribbons are 
m d c  to rcpcl m c h  other, draw the point of a 
 ale Icngthunys d o ~ n  o m  of thcm, and thcy 
w i 11 ru ih togct hcr. 

EXPERIMENT I.xxr,-Bring uii elccStrified rib- 
bon near rz h a l l  infillatcd metallic plarc, it will 
j3c attratted but fccbly ; bring n finger ncnr the 

p lilt e, 
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plats, a- @ark wilI be obkrvcd bctwcen thcm, 
though booh rogethcr h e w  110 f i g s  of clcdri.. 
city ; 011 the kparation of the ribbon they again 
appear to bc cle&rified, and a, $ark is pcrceivcd 
between the plate and the finger. 

EXPERIM.ENT LXXIX.-LXY ’4. number of rib- 
bons of the fame colour upon a fmooth con- 
&&in&. fubitance, draw the ivory rule over 
them, take them up fingly, and each will giva 
a +ark at the place whcre it is fcparated from 
the other; the lalt- will do the fanie with the 
eondu&~r ; thoy are ali 11egaEivaly elc&rified. 
Take thcm from the plate togcthcr, thcy will 
all cohere in one mafs, which is ncgativcly elcc- 
tirifkd on both fides. 

BXPEKJMZNT ~,xxrrr . - .~c t  them be placed 
on a rough conduaing fubfiancc, and then be 
feptratcd tingly, beginning with the I O W C I ’ I I ~ O ~ ~ ,  
$arks appear a; bofarc, but all the ribbons will 
be clctftificd pofitivcly except the uppcr~~ioi t .  
If thcy receive the friCtion upon che rough con- 
&Ctop, and are all trtkcti up at onco, all thc 
interrriediater ribbons acquire the elettricity st‘ 
the hikheft or lowelt, according as the kpara- 
tion is begun with the highcit or tlic lo\$ efl. 

?’he following .very curious obfervalions and 
expcrimentv wcm madc by Nh. Symmcr. f-k 
l ~ a d  been accultorncd to wear two pair of filk 

floc hings, 
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fiockings,lh 'black and .a white; when dw$e q v t ~  

pulled off both wgether, no figiiu of~elcdk~icity 
appcarcd; !but, oil pulling foR dnc blhck srnm 
from the white, he heard.a fnnppingloracrncking 
'noife, and tin the dark perceived f p r k s  betweell 
thcm. To'produoe this and .the hlltwcing ap- 

t perfecttion, "it tvas only ne- 
'dcffary to draw 'hi6 hand fcveral4mm buak- 
w r d  and ferwaFkl over his Icg with the itock- 
ings ~pon . i t .  

\.lnhcn ' t hc-fiockiiigs*wcre fepartara'd :and held 
dt a diftance Wrbm teach other, both of thrni 
.ap~c9rcci!to;be,hiffh~y excited ; the white itock- 
ing poiitive1y;thc black negatively. Whiic'thcy 
-were kgstt'nt a diflarieclfrotn each-other, *borli~sf- 
:them appeared inflated to fuch 'a degree :tli$.: 
'they %xhibitttd'the Ciitli'c ihapo of the leg. When 
-'two black Lor twb  whitevitockings arc kI'd in 
6nci hand, they 'repel ohe anbther w i t h  confi- 
dcrable fbrt'e. '-When a'ul.hire and black Rock- 
ing are prcfcntcd to each other, they arc mu- 
tually attraficd, and ru'ih together, if permittcd, 
with, great violcncc. Rs> they approach,. the in- 
flation gradually fubfidcs, and their attraQioq 
of foreign objckts diminifhcs, but their attrac- 
tion of onc another iticrcafcs ; when they ac- 
tually mcct, thcy bccomc flat and joincd clofc 
rophcr, like fo many folds of Glk; when L- 

parated 
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ifi, their ele&ric virtue. does nix 
fccm 20 be in the leait impaired for having once 
met.. , The, fame ippearanceg , will be exhibited 
by them :for a confiderable time. 

ftockings were +fuffered *to mcct, 

itockings new dyed, and the white ones walhcd, 

then putting @ern one the other, ,with 
the rough fides togcth required, thqe 
pounds .three ounces to feparate them. Wkn' 
rhe; w,hite*itocking was put wit 
€0 that the outfide of the whi 

in the fumes of dew fylph 

pounds, one penny weighr 

yon has made man * 8 gipcri- 
men &e, tilte 

nd Obfcrvatione on ElcRricity, 



OF .THE EL~CTRIC SPARK. 

,EXPERIMENT LXXIV. 
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fplaller diitance, which; as it were, entices the 
difcharge gradmlly farwatnds. 

The  longeft and moft denfe fparks proceed 
'from that end of the conduttor which is fartheii: 
from the cylinder, thou6 long curvilinear 
fparks may alfo be taken near the infulating 
pillar which S u p r t s  the asnau6kor. 

The fpark, or quantity of elcclricity dif- 
fbrgect, is mafly -in' p r o p t i a n  rovtlie ~ 

thz*condubrs; fo that larger and longer 
are db onlfu*&or w'hich has a con- 
%i8tnible4furface, than from a 'finall one. This 
4ha3 .bcm fextendd 4b far, that rhc force of the 
*+ark from a cond~uAor, has 'been equal to a 
W c k  %am :a guod3ized $phial& 

'z~fhe%mnd is . o d f i h d  %y the mammary 
agitation into which the air is thrown by the 
-d&riic flara. 

'If the elefkric rpark is receiv 
caiions a'fedfati 

Tembling a 'fmart %low, which is more or lCTs 
painfdl, in proportion to the tendernefs ~f the 

art, or the Rrength and weaknefi of fhe fpark: 
"when the quantityof eleltricity is h a l l ,  .dnd' 

'irrcapablc of ftrIking at any confiderable dif- 
"tance, .the 'fpark appears itrait ; but yhen-it'is 
Wong, and capable of itriking at a,gr&ter air- 

' tance, 'it ,affumes a crooked Qr zig-&g aircc- 
tion ; 
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tion ; and th i~ ,  probably, becaufe the rncwfluid 
ele&ric instter ha8 to pars with great rapidity 
through the denfer and l e t  fluid atmof'hcre, 
.ivliich reciprocally a& upon each ocher, 

If the uninfulattd conduming fubitmce that 
is prefenred to the prime condu&tor, inmder to 
take fparks therefrom, be broad, t a n d ,  and 
poliihed at the end, the fparks will be fhort and 
denie, and will produce a colifiderable found. 
If lefs broad, the fpark will be long, crooked, 
and nor fo founding, If the breadth be fiill 
more diminiflied, the condutlor begins to come 
under the denomination of a pointed body ; tha 
rl&ric fluid paffes to it from thc p r i m  con- 
duCtor, through a great fpcc af air, with s 
hifing or ruftling noire, and in a cotitinual 
flream, A itill greater iharpncfs enable8 the 
clet2riciry to pa& over a itill greacer fpace, bus 
Jknth, and nothing is fcen but a hal l  light 
u p n  the point. If R fimilar point $I'~Ic froin 
the prime condudlor, and the unidtdntd con- 
dudor be round and polithctd, the famc ~ f f ~ h  
happen in like fituacions ; but if both bc pointr 
ed, the ;)c&ricity is more readily difchargad f 
and, in all thufe cafes, the nppcnranceof the 
cleAric matter at the p i n t  of the pimc'con- 
duCtor will be that which is peculiar to it's; 
cleffricity ; a f q e  diwrgmt cone, if poiirivcr 

0 a j i i d i  
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aJnall globular ligbt OY mnt9 if negative; and 
the light at  the point‘ prefented to ,the p r i m  
conduEtor will be chara8eriit.k of the contrary 
eledricity. 

‘Is will be ken, by P great vaiiery of exgcri- 
rnents,. that the eleQric fluid is difipated, unlefis 
it is reiiited by the preffur he atmofphcfe, 
which keeps the fire toget a body, and by 
concentrating, it increafes it’s fplendor. . T h e  
@ark which explodes in thc air is vivid, likc 
lightning ; but iE the fame is tried in an ex- 
hauitkd receiver,. infie d of a fpark and explo- 
lion, we have only a filent, faint, diluted itream. 

kccaria fays, that the qir refifis the elcaric 
lpark in proportion to it’s dcnfity, and tllc 
rhicknek of the firaturn itz oppofes to the fpapark, 
or the length of the paffige they open for them- 
felves through it’s hubfiance. He alfo hews, 

ariety of experiments, that the air is driven 
ry dire@ion ,by the eledtric fluid, with a. 

force, the a&bn of which does not immediately 
fubfide. It will appear from this,, as well aa 
mafipt o&er coiifiderrations, that the, exceeding, 
great velocity and itrength of the e l a r i c  fluid 
are not owing to a rcpullivc power among it’s 
particles, but to the mutual adtion of the air and 
EleQric fluid upon themklves and one anot;hrr I 
2nd that it’s momentum is produced by the in- 

cumbent 
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cumbent preKure of the atmofphere on the elec- 
tric fluid, and the preffure of one part of this 
matter upan another. This latter preffure muff 
be very great, if thc particles af the elearic fluid 
are in coma&, or act immedidtely onc'on the 
other througbut the wide iminenrtty bf fpace. 

The clearic fpark appeats of a different COC. 

Iour," according to it's dcniity: when it is rare,: 
it appears of a blucik colout ; when mox denfe, 
it is purple ; when highly condenfcd; it is ekar 
and white, like the light of the f&, 

The middle part of an elc&ric fpark ofien 
appears diluted, and of 'a red 6r  viol& colbur ; 
the' ends are more vivid and white, probably 
becaufc the fluid meets with the greacefi rcOG 
tance at it's cntraiice and exit. 

The fpark is fometitncs divided into nhany 
parts, as in fig. 30, pl. III, The rays of the 
pencil concentrate where they h i k e  the ball, 
and form upon it many denfe and mining 
fparks. 
EXPERIMENT ~xxv.--l"o feiider ah iwwj ball 

Irrminous. Placc an ivory ball on the condubri 
take a itrong fpark, (ot pars the charge of P 

tcydrn bottle through the center of it) the ball 
will appear perfeddy luminous, If the charge 
i s  not taken through the center, it will par8 
ovcr and corrode thc furface of the ball, 

O a  EXPERI- 
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EXPBIIIMENT ZIXXVIP-ZO obtain a mk$n cue 
louv~d&m%. Take I a fpark through a ball of: 
box-wood, and it will appear o€ a beautiful 
crimfon, or rather a finc’rcarlet colour; or the 
fliock may be pa&d through pieces .of wood of 
different thicknek and denfity, whiFh will  
af3brd a very ampk field for obfewarion and ex- 
periment. 

7 

The two foregoing experiments arc fo m a l a  
gous to the famous expcthent of Mr. Hawk[- 
bee, and Eome others which have been made 
fincc his timc, that I have fubjoinad them, and 
hope they will lead to a further invefligation of 
’this curious fubjedl. 

EXPERIMENT qxvIr.-Mr. Hawkibee lined. 
more thaii half the infide’of a gIafs globe with 
fealing-wax, he exhaufted the globe, and put it, 
in motion, when on applying his hand to excite 
it, he faw the &ape and figure of it aa difiinctly 
on the concave fupcrficies of the wax within, atj 

if only pure glafs had intervened between his 
cy<: and his hand. The lining! of wax, where i t  

ws rhinneft, would but ju i t  allow the light oE 
a can& to be feen through i t  in the dark. ID 
feme prts the wax was at lcaft an cighrh part of 
an inch thick; yet, even in thofe places, the. 
&ape and figure of hi8 hand wcre as d i i t i u i f l i -  
abfe as any where clfc, 

Beccaria 
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'Beccaria difcharged 811 ele&ric ffiook through 

Comc brafs dufi, fprinldcd betwceri two plates 
mf  kaling-wax; the whole was rendered pcr- 
fc&ly luminous and tranfparent. 

EKDERXM ENT Lxxv.iiL. -5% Jitgvr rctidcred 
Jwziiioiis. This extraorditiary experiment was 
made byhDr, Prieitkey, and is thus ddcrihgi by 
him. J laid a chain, which was in coiiraCt: with 
the outiide of a jar, lightly on my finger, and 
Sometimes kept it at a finall diitaizce lay mcam 
af a thin piece of giafs. If I made thc dif- 
charge at thc diltancc of about three inchcs, the 
AeQric fire was v i f i k  ai the fu'uefaca of the 
dingcr, giving it a fudden concuilion, whicl) 
feemed to make it vibrate to the very bone; and 
twhen it happened to  pars on that fide of the 
&tiger which was oppfite to the eycJ the whole 
Seemed, in the dark, pcrfektly tranfparent. 

J ~ X P I ~ R J M E N T  ~xxix.-To make o bottle ofwater 
hmirroirs. Connett one end of a chain with the 
autfide af a charged jar, let the other cnd lie on 
rhe table, place the end af' another piece of 
chain at about one quartcr of an inch diqance 
from the farmer, then fet a dccmter of water 
on thefe feparated ends, and, on making the 
difcharge through the chain, the water will 
.appear pcrfettly and beautifully luminous.. 
Do nor tlxfe experimciits indicate, that: there 

0 3  is 
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is a fubtle medium both in eleAric and non- 
el&ric bodies, that renders them tranfparent, 
whkn it is put in motipn? 

LXXX. - G w n  fparks. Thc 
a piece of filvcr-leather, ap- 

pear of a green cqlour. 
EXPERIMENT .Lxxxr. Witb the fpiyal tube. 

E, F, fig.  31, is a glafs tube, round which, ar 
fmatl, but equal diftances from each other, 
pieces of tin-foil are paited in a fpiral form, 

it is called the fpiral tube) from end to 
is tube is inclofed in a larger one, fitted 

with brafs caps at  each end, which are con0 
ne&ted with the tin-foil of the inner tube. Hold 
one end in the hand, and apply the other near 
enough to the prime condutlor t~ take fparks 
from it, ;1 beautiful and lucid fp,ot will then be 
feen at each feparation of the tin-foil; thcfe 
multiply, 1 .  as it were, the @arks takcn from the 
condutlor ; for if there was no  break in the tin- 
foil, the cleCtric fire . %  would pars off unperceivcd. 

EXPERIMENT LXXXII. -The luniinous word. 
This experiment , .  i s  exaAly gn the fame prin- 
ciples as the foregoing. Thc word is formed 
by the fmall [eparations rnade in the tin-foil, 
which is p i l e d  on a piece'of glafs, that is fixed 
in a frame of baked wood, as is reprefeiitcd io 
fig. 32. To make the experiment, hold the 

frame 

, .  

1 1. 
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frame in the hand, and prefent the ball G to 
the condutior, the fpark received on this will 
be communicated to the tin-foil, and follow it 
in ail it's windings, till it arrives at the hook 
h, and is convbyed from thence to the ground 
by a chain : the lucid appearance at each break 
exhibits a word in charatters.of fire. 

BXPEIUMENT ' LXXXIIL-TO take the deBric 
fpark with a nidal point. Screw a pointed bmfg 
wire into one end of a fpiral tube, and prcfent 
it to the condultor while the machine is in ac- 
tion, when a Jproug hark will pafs between the 
conduhor and the point. 

EXPER~MENT LXXXIV.-A J3rongBat-k obtaind 
i5y a point. Take a clean dry glafs tube, of about 
u quarter of an inch ,bore, infert a pointed wire 
in this tube, keep the pointed end at Come dif- 
tance ftom the end of the tube, let the other 
end be coniicfied wirh the ground, bring the 
$ormer tawards the prime conduttor, and itrong 
eig-zag fparkc3, attended with a peculiar noire, 
will pafs 'between the condulior and the point. 

EXPERIMENT, LXXXV. - Spiral illuininatiott. 
Take 8 round board, well varnifhed, and lay on 
it a chain in a fpiral fmm ; let the interior end 
of thc chain pat through the board, and con- 
necZ ir wit$ the coating of a iargc jar i fix the 
exterior end to a difcharging rod, and then dif- 

0 4  charge 
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charge thk jar; 1 beautiful fpark will be fecit 
3g every link af the ibain, Thg illuminations 
tq be prodused by a chain ore capablc o f  an in? 
finite variety af modificarions. 

BNT L ~ X X V  I ,  - Luvinous &$&argelr, 
f p t s  of tin-foil ab cqusl diitances f roq 

tach other, on a piece of bent glafs, and let the 
end4 szf the ghfs be furnificd with brat bqlls, 
qnd a glafs handle be fixed tD the middle of the 
bent glals. The jnitrumerlt will fcrve as a dif, 
charger, and at the fame timc exhibit, at each 
€epar9tion Qf thc tin-fail, the cle&ric light. The 
fame p d  is anfwered by cchrinefiing an iron chair) 
with the two balls. 

]EXPERIMENT LXXXYrr.-llltrn~ir~atio?z Ly n revel- 
viag fjyrk. Fig. 98 reprefents fevcraj fpirai 
~ubcs, placed round a board j a glai's pillar is 
fixed to the board, and sn this pillar is cc- 
wented a met31 cqp, carrying a fvall rt~cl 
point; a brdq wire, fuynfiec) with a bail at 
q c h  cnd, and nicqly balanced, is placed 011 this 
pain$: place tile piddle af this wire Under 
ball proceedix from the cwduear, fo that it 
m;ly recciue a continyd fprk from the &I), 

thc wire a rotative motion, and the 
ball? in KFvOlVin& will give a @ark to each ball 
Pf the fpiral tube, which will be cmmunicated 
from tbncp to the board; fxking,' from the 

brilliancy $ 6  

P$ 
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brilliancy of the light snd it’s rapid motion, a 
very pleaiing experiment. - 

All thcfc cxperinients on the interrupted $art 
may bc pleai’angly and beautifully varied, and the 
fpark made to appear of different colours, at the 
pleafure of rhe operator. 

Fig. 9 2  reprefents a fmall glafs tube, itoppcd 
at one cpd with a piece of cork ; k a vire pa& 
ing through a picce of cork, fitted into the other 
end of a tubc; thc upper part of the wire is 
furniflied with a brafs ball, the end of the wire 
within thc tube is bent at right angles to the 
reR of tlic wire. 

EXPERIMENT ~xxxv~rr.-To perfoovute n ghfs 
Bottle ty the eltDric Jpnrk. Take O u t  thc upper 
cork and wire ; pour fomc f‘allnd oil into this 
tube, and then fit in  the cork, and pufli down 
the wire, fo that the end of it may be near or 
,rather below the furface of the oil ; prefent the 
ball towards a prime conduttor, holding the 
finger or any other non-conduclor oppofite the 
bent end of the wire, and when a fppark paKen 
from the condu&or to the brais 13,111, another 
will pars froin thc end of thc wire, and perforate 
the glafs ; the oil will be curioufly agitated. 

This experiment appcars more beautiful when 
After the firit hole is 

made, 
it is made in the dark. 
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made, turn the end of the wire round towards 
another part of the glafs tube, and a fecond hole 
may be made in the hme manner, 

jnferted in tubes filled with oil. The $ark ap- 
pears J.arger i9 it’s pairage through oil, than 
phen it paffes through water. 

Mr, Vilette filled a diih of mctsl with oil, and 
clearified the $if%, he plunged 3 
e oil, and received a very itrong 

fpark as fmn as the point of it came yithin a 

h a l l  difiance of the difli. A fmall cork ball 
being made to fwim in this oil, upon the ap- 
proach r>f the thick end of thc ftalk of a lime, 
i t  piunged to the bottom, arid immediately rofc 
up again. 

The feparation between the pieces of tin-foil, 
riment 62, forms a refiitance 
e .  immediate reception ’of 

fluid, and thus, in fome meafure, prevents the 
ion of the point on the cond,u#or ; 
er of a point to prevent an explo- 

fion, depends on it’s having a perfcc?: uninter- 
rupted metallic communication with the earth : 
though this is not always fufficieht, as may be 
feen by experiment 63, where the fluid is con- 
centrated and colleclted by the non-condutSting 

fu bo ancc 
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hbftance which firrounds the point; a care 
fimilar, in many, refpeCts, to the condutlors 
which are e r e h i  for the prefervation of build- 
jIl&;S, 

?bo&boric &pcriwei?s. 

EX P E RI M EN T L xx x I x.-Pbfphorus i/lrtmiT. 
Take fome ofi the powder of Canton's 
rus, and by me s of a little fpirit of 
ck" i t  ail over the infide of a clcan glafi 

phial, then fiop the bottlc, and keep it from 
the light. To illuminate this pho$horus, draw 
Ceveral itrong fparks from the conduLflor, keep- 
ing thcphial abour two or three inches from the 
$arks fo that it may be cxpofed to their light; 
the phial will afterwards appear luminous, and 
remain fo for a coniiderable time. 
EXPERIMENT xc.-Cut out in paitcboard, or 

foft wood, the figure of a crcfccent or any of the 
planets ; cover this equally with the w h i k  of an 
cgg beat up till it is quitc fniooth, over which 
fife the phofphorus through a fine lawnfievc, 
then let it dry, and blow off all that is not fixed 
by the egg. To makc the cxpcriincnr, placc 
the objen in the communication betwccn two 
direhrs, and difchar'gc the jar, when the 
lvhole will become beautifully luminous ; care 
pufi however be taken to hold thc direQors at a 

lictlc 

prated. 
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Sittle difiance above the phofphorus, for if it 
paKes through it, the whole of the powder in 
$he track of the fluid will be torn off. ' 

Place a lmall key on the phofphorus, and dif- 
,charge a Leyden phial over thc phofphorus, and 
then throw the key 0% from ir, and when it is 
exhibited in the dark, the form of the key arid 
.dl it's wards wid1 be perfelttly Ceen. ' As the experiments on phofphorus are in 
shemfelves exceedingly .curious, and appear to 
m e  to be intimately conneaed with the nature 
of eledricity, I hope I fhdl not be thought to 
have deviarcd too far from the fubje& of this 
EfZay, by introducing forne experiments of Mr. 
Wilfoii on,this SubjecSt ; the more db, as thepro- 
ducing the prifmatic coiours is by no means dif- 
Ecult, as little more is required than a few 
oyiter €hells, and a good iire of any kind. For, 
if thofe ihells 'are tlirown carclefsly into the 
middle of the fire, and continued there for a 
proper time, (which may be for ten minutes, a 
quarter, half, or three quarters of an hour, ac- 
cording to the thicknefs and compattnefs of the 
kcus, and the degree of firc they are expafed 
to,) they will cxhibit lively prifmatic coloure, 
after they are removed from the fun into the 
dark fuddenly, and the eyes haw been previoufly 
prepared a little to receive them. Mr. Wilfon 

excited 
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excited alfo the light of thefe fhells with elcr5tri- 
city in the following manner. 
EXPERIMENT xcr.-He placed upon a mctaf 

ftand, which was roundcd at and about half 
an inch in diameter, a prepared ihell, that would 
exhibit the prifmatic colours very lively on thc 
upper furface of this ihell, and near the middle, 
whtrc thc colour-making parts predominavd, 
he brought the end of a mctal rod, and then 
conn&ed the two metals properly with thd 
coatings of a charged phial, in order to dif- 
charge the fluid. In this circuit there was left, 
defignedly, an interval of about three inches, 
uwccupied by metal, and next one iide of chc 
gtafs f the difcharge was made by compieting 
'the circuit with metal where the intervallwas 
left. 'fhc flicll, at that initant, was lighted up 
to an exceeding great advantage, fo that all the 
colours appearcd pcrfcttly diAinCt, and in their. 
rerpcnivc places, anfwering to their diffmnt 
dour-making parts. Thcfi colouss continued 
vifible frveral minutes, and when they ce&d*to 
appear, a whitc purpliffi light occupied thcir 
places, which lafled for a confiderable time. 
And notwithflanding this experiment was red 
peat4 with the fame and other hc l l s ,~  the co- 
lours continued in their refpedlivc places, and 
nearly ofthe fatlte degrec uf brilliancy ; except- 

ing, 
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hg, that in or near thofe parts where the ex& 
plofion took pIace a few kales were driven off. 

I EXPERIMENT XCII . -O~~ $ring fpirit ofwine by 
tbe eleflric Spark. Let any perfon Aand on the 
infiilating itool, and conneA himfelf by wire or 
chain with the prime condu&tor, he will tken 
exhibit the fame appeanances which are ob-, 
taincd from the condultor, and will attraA light 
bodies, give the fpark, &c. and thus afford a 
pIeaiing mode df diveriifying every experiment, 
It is abfolutely neccifary, to the complete fic- 
cefs of this experiment, that no parr of the 
cloaths touch the floor, table, &c, and that th,e 
glafs feet be carefully dried : a peer ofdty browit 
paper placed under the itool, will be f o u d  of 
coniiderable fervice, by rendering the infulation 
more complete. 

If the infulated perfon lays his hand on the 
cloaths of one that is not io, cfpecially if they 
ore woollen, they will both feel as it were many 
pins pricking them, as long as die cylinder is 
in motion. 
EXPERIMENT xcrrr.-To jire fpirits of wine 

with the eleoricfiark. Heat the ladle I, fig. 33, 
then pour a fmall quantity of fpirits of wine 
into it, and fix it by it’s handle to the cnd of thc 
prime candutkor ; or fire the fpirits, and blow 
them out a few minutes befork the experiment 

is 



A N  E S S A Y  ON ELECTRICITY.  207 

is made; take a fpark through the middle of 
the ladle qith a brafss ball, and thc fpirits will 
be fircd by it. 
.Or let a perfon, itanding on an infdating 

Aool, and conneded with the prime condoclor, 
hold the ladle with the fpirirs in his hand, and 
let a perfon on the floor takc a f p r k  through 
them, and they will be fired. The experinicnt, 
aiiftvers equally welt, if the perfon on thefloor 
holds the Jadlc, ?id the idtdarcd pcrfon t d q s  
f i e  fpark. 

EXPERI hlENT xcIv.-'rhc foregoing cxperi- 
merit map be agreeably diverfified in the fbl- 
lowing manner. Let one elearifid perfon, 
fitanding on an infulated fiool, hold the fpirits. 
Let mother perfon, itanding alfo on an infu- 
lated 'itool, hold in his hand an iran poker, one 
end ofwhjch is made red hot, he may then ap- 
,ply the hot end to the fpirits, and even immerge 
it in thcm without firing them. But if he put 
one foot on the floor, he may fct the fpirits on 
fire with either end. 
EXPERIMENT xcv. AThe  fpirits Cannot be 

kindled by an infulatcd perfon, becaufc, 1 as the 
eleCtric fluid cannot elcape through him to the 
earth, he is incapable of drawing La fpark fuffi- 
cjcndy firong to  inflame them, and hot iron will 
feldom or never fit fpirits on fire, 

O P  



OF INFLAMMABLE AIR, AND THE PiSTOL SOH 

FIRING INFLAMMABLE AIR B Y  T H E  ELBETRIC 
SPARK. 

A fpecies of air, which is inflammable, is frc.. 
quently generated in coal mines i the air alib 
emitted by itirring the mud of fome ftanding 
waters, has been found to bc inflammable. Pud 
trefcmt animal mtttter alfo emits this fluid, I t  
my be obtained by diitillation from wax, pitch, 
amber, c~als,  and other phlogiitic fubitances. 
The following is the moil convenicnt method 
of procuring it z put fome fmall nails or iron 
filings into the bottle r, fig. 38 ; cover there 
with water, then add to this a little oil of vi.. 
triol, about one quarter of the quantity there is 
of water; put the ground cnd of the bent tube 
into the mouth of the bottle, and pafs the other 
end through &e water of the bdon T into the 
neck of the bottle K, which is filled with water, 
and inverted in the bafon ; the bottle K mufi be 
fupported during the operation : in a little time 
thc%mixture will effervefce, and emit; a fluid 
which will pafs through the benr tube, go into 
the bottle K, and a t  lafi fill it totally, expelling 
the water; the bottle is then to be removed, 
and corked as expeditioufly as poable. 

Figp 



A N  k S S A V  "ON BLEC'fRICITY. 209 

Fig. 39 reprefents a brafs piltol for inflam- 
.h~able air; a b, is the chamber'of brafs, to thk 
hlouth a c of which a cork is fitted, a pqrforated 
piece of brafs g fcrews on to the bottom of this 
chamber, (this piece is rcprefented by itfelf 8 in 
fig. 40,) a glafs tube f is cemented'into the per- 
foration of this piece, and a brafs wire is alfo 
cemented into the @afs tube ; one end of this 
wire is furniihed with a ball, the othcr extremity 
is bent, fo as to  come within about a reniki 'of 
an inch of the brafs piece. Fig. 41 is 'a brats 
cap, which fcrews on thc piitol, to prcfeervc the 

any accident. ' The air with 
s to be chargcd fhould be kept 

ottle : take out the cork and apply 
in the fame initant the mopth of the piftd io 

ning of the bottle, and the common and 
able air will inix together, becaufe tlie 

formcr bcing heavier than the lattcr will natu- 
rally defccnd ; keep the piitol in this iituation 
about I 5 feconds, then rrmove it, and cork both 
the boftle and piftol with the utmoit expedi- 
tion. 

If the pifiol is Iicld too long over the bot+, 
and is ' intircly filled with inflainrnable air, it: 
will ~ot'cxp~ode. 
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DESCRIPTION OF n i N O T I i ~ R  APPARATUS FOR 

MAKING 'INFLAMMABLE AIR, AND' PLLLXDIG 

TNB &lk P5Sn>&, 

'This apparatus confills of the fkllowilrg anicles, 
L. A glafs funnel. 
2. A fmall glafstumbkr. 
3. A bladder tied to a fiop cock. 
4. A brafs pipe pafling through a cork; wrbich 

dork is made tapering, to fit the neck ofacorn- 
mon wine bottle : the upper part qf thegipe has 
a male fcrew,. to fit rhe h e w  on the lower end 
of the flog cock. 

5 .  An air piAo1 Furniihed with a valve at rhe 
md 3, fig. 39 ; the wira paning throu& a,glafE: 
tube, and to.which the fya,rk*is :to be kiven; is 
fitted into the fide of thc pifiol. At the end b 
of the gifiol is a male h e w  which fits the lower 
end of the Bop cocl+ 

6 .  A box with iron filings. 
7. Afmall. mcafurc which will held the pm- 

per quantity of iron filings. 
8. A brai's tube 2nd hollow flyer; the b w e r  

end of the brafs tubb fits rhc flop cock. 
Soak the bladdcr in vrater which is lukewarm,, 

in order to foften, it ; and then render it pliable,, 
by  blowing air into ic andfqueezing it  out again. 
After this fcrew the conical pipewith, chc cork 

into 
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Joyer ad of $$he ~ I o p  cock, p,d it i s  
rty+ Then take 8 cpqmon Bupt winc 

Fott$e, ap$ put into it a lit,& .Fq 4w?(er, $9 
warm it, . Pour as much o.ils9f v,*[ol into $the 
yumbler, ;IS yill about half fill it, and . .  mi? this 
in-aqgher tumbler with about three .thq . ’ Z  the L 

qgantity ,of qgld water. Throw the ,wax% iwqq 

filings ints it, then BOT gut the dilqqd $triol 
thrqugh #e g?prs f)lmslel vpy? ,the ,filings, 
As foon as the effervefcence begjns, .-. put ,t+ 
4m-k with it’s pipe into the neck of .the . -  ,bqttle; 
and the ii;clflJn?mt& -air yhich is ,gywa@ ,by 
the mixture, will enter into and gradua1ly~fwc;~l 
the hlndJcr. .When this is full, fliut tlii ,top 
cock, and rematre the blnddcr fr,& thc bottle: 

The bla&ler being thus filled, fqrew the Fpt- 
of ,the $&$ VRQn t h C  h p  p$ ; , C?Fpp$C@ 

QPt qf she :!v?ttle, H# pur .? 45reafure pf ‘jl’p4 

:the bladder, . ,  and introduce by this ,mews 
,,qs qych inflappabl? air, as you judge 
.qne third pf!it’s,cppity, .and put tlie c 
. .  mcdiaCely into the ” ,  rnyzzk ,Qf thc pifiol. ’;rQ 
,form a,Sj;;cle of .fiy with ii$lunpal$c air, .fiv 
. I  tk+bddw $ibefprc, uiifcrejv thc conic& <#+e 

i)cp Cpck, ,&$ fcrew ,tlje @r&fs iqy ip 
it’$ place, open -the ,cock, and 
bladder; the air will pars through the fly, an$ 
fet*it in motion; light the air at the end of the 

P2. pipe, 



pipe, and a beautiful circle of fire will be formcd 
by the motion of the benr tube, and the fired air 
which iirues from it'styoints. The p ih l  is fired 

ity of inflammabk air tii 
introduced into the pifiol, it will not explode; 
tommcdy this, blow ftrongly into the muzzle 
of the piftol, this will force out a quantity of the 
inflarhmiible air, and accafion a! quantity of 
cdmmon air to enter thk piitol, which will then 
readily explode. 

ihould bc taken into the open air 
and be well waihed, as foon as the bladder is 

EXPER~MENT WVI. -40 $re inJatma6le air. 
Bring tlic ball of the piftol, which is charged 
with inflammable air, near the prime conduc- 
tor, or the knob 6f a charged bottle, the'rpark 

aircs between rhe end of the wire f alia 
g, fig. 40,~ wil1 fire the inflammhble 

air, "ad drive the cork to a.confidcmbEe dif- 
air, like all other, requires the pre- 
f common air,'or el,fe of vitai air, to 

enqbie it to burn; but, if it is mixed with a 
certain 'quaiitity of comnion air, an explofiah 
will &ke place in' pi"Aing the ele&:ric fpark 
through it, 

Mr. 

The 

filled. 

, 
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Mr. Cavallo recommends a*piftol made in the 
following manner, to thofe who wiih to make 
aperiments' 01; tlic' explofion of inflammablc 
;4Txd dcphlogiiticatcd air, o r  with known qui& 
tities of common and inflammable air. . , Ix cpn- 
iifts of a brafi tube, about one inch in diame- 
ter and fix inches long, to one extremity of 
which a perforated piece of wood is kcurely 
fitted ; a brafs wire, about four inche%long, is 
covwed, except it's ends, firfk with fccaling-wax, 
thcn with Glk, a i d  afterwards with fealing-wax 
again. This wirk is to bc cemented in the per- 
foration of the woQden piece, fo as to proje& 
about two inches within the tube, the reit is on 
plic outfide; that part of the wire, whi& is 
within, is bctit fo as to be only about thc 
:tenth of an inch fioni theinfidc of thc brafs 
;8ube.* 

To ufe this pifiol ; fill it  with, and then in- 
,vert it into a bafon of water; make the required 
quantity of inflaminhble and coninion air in an- 
other vcfW by putting in know; and propor- 
.tionable nwfures of cadi ; introduce this mix- 
ture'into the pifiol, and then itop it with a 
cyk ,  takc tly pifiol out of the water, and psfs 
in t t . i~  ufual maimer thc f'park of a chargcd jqr 

p 3  through 

a* Cavalla on Air, p, 8r8, 



C‘H A P. 
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by a pairit. 

RESENT the pointed end of a wire towards P (I condu8.or which is poiitivcly clccctrificd, 
a lucid globular point or itar wifl appear on the 
poipt, and rbe ckQric fluid will be evidently 
aonveyed away and diflipated from the con- 
du&or. 
EXPERIMENT X C V I I I . - B ~ ~ ~ ~  f elcfiric ligibt, 

Prciinz a pointed wiFc towards a condudor that 
i s  ele&rificd negatively ; a lucid cone or brufh 
will be fecn diverging from the point, and the 
quantity oE fire wit1 be incrcafcd. 
EXPERIMENT xcix. -S~lab of eie&?ric I@. 

The lucid Bar is ken on the colle&ing points of 
a pofitive cwdu&or, while a diverging .cone 
will appear on a point placed 8% &he cnd of Sb 
cotl dur9.y. -- 

To dctermjne the dirc&ion of .thc ele&ric 
&id, has ever been an objc& of confidcrakic 
importance JO ,the eiearician ; as ir yould t m b k  

I liim 
p4  
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him to decide on the truth of rhofe theories, 
.which have 'been invented to dccount for it's 

tly afiR him in the P ~ Q -  

ry : to this end much firers 
dffferent appearance of the. 

light, which is perceived 011 thc pointcd ends 
pf cle@rifigd 'conduRing fubfianccs;. as theft 
have been fuppofed to eiucidilto fully this idte- 
refling queition. 

The eledlric, fluid appcars as a divergipg 
fiream darting forwards into the air, from a 
point elearificd pofitivcly. The luminous ap- 
pearance on a point negatively ele&rified; is that 
.of a fmall little globule-or Gar. 

Now, as the air is known to rciiit the motion 
of the ele&tric fluid, thc rays of it  would by this 
.rcfiftance be rnadc to diverge ; therefore, when 
this fluid is darting from a I;oint into the  air, it 
will affime thc form o f a  lucid cone or b r p d  
To this ir has been obj$Aed, that thck rays 

may pofibly be converging from fo many points 
'in the air towards the point, and not diverging 
from it ; . but, as there does not appear any rea- 
fon:why a vifible ray f iwld break out from one 
place in the atmofphere mote than another, the 
former account iecms more conformable to na- 
ture, and the known laws'of other fluids, The 
'air refifis the morion of thc eIe&ric fluid equally. 

There- 
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Therefore, whendrhis fluid is coming from the 
'air towards a pointed condudlor, it would per- 
colate flowly aiid invifibly through t'he air, but 
equally on all fides, till it comes To near as to be 
able IO break through rhe interrrlediate &ace; 
but as this will be equal or nearly fo' all around, 
the negative clcCtricity mufl'appear like a fteady 
luminous globule on tlic point.* Notwithitand- 
ing the apparent probability of the above rear 
fining, i t  may ftill be ohjehed, that no dcciiive 
concluiion can be drawn from tliefe appear- 
ances, as they may>bc varied by augmenting or 
diminiffling the volume of the pointed *body, and 
by g variety of qtlicr pircumfiances. 

Expmr MENT c.-A (acid cane appekrs on the 
colle&or of a negative ConduRor, and .a IirciJJar 
011 a poiniplaced at the oppofitc end of the con- 
ducStor, 

G X P B ~ I M E N T  cr.-Bring an excited gIafi tube 
near a point that is fixed at the end of a pofi- 
tively ele&rified conduCtor, and the luminous 
brufh will be turned out of it's direaion by the 
@&ion of the excited tube; if the tube is held 
dirc&Iy oppofite to the point, the brufli will 
vanifh. 
EXPERIMENT crI.-Fix the point to the end 

of the negativc condidtor, the lucid fiar will turn 
towards the excited tube. 

&PERT* 

* Encyclopaedia Britannica,' p. 9699, 



E~P~&IWNT cIrI,-Y.AfiiM of j’ame, Ptit 
, whkh has a ball at one eM, iflEq the hcrlit 

of a poative tor&Ctar, place a 
jiighted candle h t h i t  the middle of the flaine 
w he mCddk & tht? bau, -&d 
ebo6t an inch from it ; turn the machine, and 
pbci the Bme wike .at the end df th,e,negaBve 
kldri8u@or,’ rhe appearhe will be feverfed, 

the knob will goon be h,eated by the flame 
af the candle whith ie carried towardsk 

E~P&R~MIWP crv.-+~/&7ric~?’y. Fix a pinted 
wife 3tr the hole; on the upp& fide of the cb+ 
$&or, then plate the center of the brds crofs 
K, fig. 34, upon the point, .the ends of,rovhich 
tmfs are all berit one way; electrify the CQn- 
&Bur, and the crafs will. turn upon it’s center 
dith great rapidity. If the room be darkened, 
a circle of light will be formed by the elearic 
fluid on the points of the wires. The re-&ion 
of the air ofi the divergbg tone of clefirk hat -  
tet gives the retrtjgradc motion to the,pb+ts of 
the wire. 

The fly tums rouhd in the fame diretitian, 
whether it is eleCtrified negatively or pofitivefy ; 
though it will- not move in vacuo, unlefs the 
finger, or fome other conduCtor, is applied to 
the glafs receiver oypofite to one of the points, 
it will then begin to move, and continue to do 
To briikly, till thcglals is charged. 

EXPERJ- 
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h p k r i d W 4  cv,-Etelkrify the two iifu$litted 
%+kc'$ M N, o P, 35 and the refiflance of 
the Fir againff the eleAric Itream, frbm thd 
pWft bf the fly Lj (the axh cjf which rdllson 
&e wires) will fmch the By up !he d~c1ivIt.y of 
the inclined plane, M N, o P. 
EXPERIMENT cvr.-Fig. 36 reprefents 

fmall craze, which will move from the fame 
caufc as the foregoing, and raife a fmill @eight, 

X G X P L E R I W ~  cvrr.-several flyets may b~ 
&Y&% to turh at the fame rim, fee fig. 37, and 
many other pleafing cxperiments may be con& 
ffiv&l tBi? f'tne principle ; or, the flyersmay 
Be fiIaced one above another, diminifhifig gtad 
d d y  in'ifac, lrnd fofmihg, when ele&rified, 4 
Iuffiihous cone ; the circles of light will be mor& 
bfitMnt,,if the ends of the wires are covered 
with it thin koating of greafe, fealing-Walt, or 

EXPBRL~ENT cvrtI.ISpark f r m  t~ pbilrt ith 
mefed in oil. Immerge a in~tdlfc point in dl 

metal veffel nearly filled with oil of vitriol, and 
plackd on an eletStrified conduhr, J c n m  a y  

will pafs to the point, although it ie held 
very near the bottom of the, uelfct. If this fs 
filled *ith erential oil of turpentine, a h a l l  
right r&y be fekn from titne to time in the body 
lpfi the fluid. If commdh bil is  uf'ed, the point 

will 

fulphur. 
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quflo take prong Sparks, and the eleEtric fluid, in 
endeavouring to reach it, will occafion an ebul- 
lition in the oil. 

So that the e1eEtric +ark depends in a great 
gntneafur condudling power o 

diwm through which i t  pailk$. 

Elt8;ric Boats. 

.If fmll boats, or little fwans, &c, are made 
pf cork or light wood, they may be attradted, 
and made to fwim in any diredion, by apply- 
ing a finger towards thew; a fine needle fig& 
into the end of the b.oat$, in the manner ,of q 
bowfprit, will cgufe them to be rcpelled from 
the hand held oyer it, and they mqy be fleered 
by it, flcrn foremoft, to what point o# thc corn, 
p d ~  y . ~  plcafe. The boar$ inight have the ad- 
dition of fails to thcm, and might then be . I *  qadc 
to hove brifkly before an clettrical @IC, froa 
the point of a wire held in the band. 

The operator in the@ trick6 would certainly 
be looked upon as a magician, if the dcarical 
machine is kept out of fight. But it more itrik- 
ingiighc, would be a number of there boars, 
with each of them a twirling fly, about an inoh 
in length, fixt to the top of the mait,; rh$ hand 
held overthcm would fet them all in motion; 

in 
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in the dark, they would appear as fo many: rings 
of fire, moving in' various courfes, and follow- 
ing tHe hand in any dirgeion. 

When a few 'young perfons have nothing elk 
to do, they might very innocently amufe them- 
&'elves, by making a reprefentation of a kind of 
rea-engagement between thcfe boais, SuppoT- 
ing each of them large enough to hold a {mal$ 
coated phial without iinkisg, thck phials may 
bc: charged, fome of them pofitively on the in- 
iide, others negatively ; they may then be 
placed at the bow of the boat, with th_e%wire 
ball and uncoated part of the phial pmjeCting 
over'; ,a fmall brafs chain ihould be made to 
touch the outward coaoing'of chc phial, and the 
other end brought over the ficrn of the bat ,  
and hang fo as to touch the water. The boars 
being then put into a trough uf warer, and 
pretty highly charged, they will foon bc in mo- 
tion i thore that are eleCtrificd alike, will repel 
each other ; and thofe poffcffed of a contrary 
eleAricity, will be attraQcJ, till the balls of the 
two >phials approach pretty near together ; they 
will then difchargc their contents with a loud 
explofion, and the boats will afterwards fhhecr 
from each other," 

'When 

* Becket's EPay qn ElcAricity, p. 36. 



When thc clearic fluid pcrcolatcs P wooden 
point, thc llrcam or cone, which iKues fraq it, 
feeins dilutcd, and fotr~etliing Gmilar to the 
purple elearic light, ,which is obtairicd in 
vacuo. Thc aQion of the clek'tric fluid on .the 
air, by an clec%ifed point, produces a fwfiblc 
aura, or wind, of fuficicnt fwcc', as is  feen 
above, to p u t  light bodics in motion, or diflurb 
the flame of a candle, and occafion an undula- 
tion in the fluids : thc adxoii of the fluid is fo 
modified by points, as to produce an agreeable 
$enfation, refcmbling ;I gentle brqathing ; this 
fcni'r:tion may be rendered morc or lcfs Itiinu- 
hting, by thc refiflance the fluid xnects with in 
it's attioil on our bodics, an cffecZ which is 
produEtivc of great advaotages in me.dica1 clcc- 
isxicity. 

3-1~ obfcrvcs, that: the cfcape of negative clcc- 
.triGjty from thc ball is attcnded with theap- 
pearancoof h i t  f l ~ p  $arks, with a Iwarfc or 
chirping noife. Whcn the: ball was leib than 
two inches in diameter, it was ufually covcrcd 
with fliorr flames of this kind, w1iic:li welee vcry 
numerous. 

Whm 
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When two equal balls were pcfented to each 
other, and onc .of diem WAS rendered flro!@y 
pofitivc, while tlic other remained in connctlion 
with thc c a d i ,  the yofitive brufi or ramified 
fila& was fccn to pafs fiorn the clc&trificJ ball ; 
~vhcn the other ball was clettrified JxgatimIy# 
.and the ball, which before liad b e ~ u  poiicive, 
was connc&erl with the ground, thc eic$i.ricity 
(paKiag the himc way, wcosJin& to &'r;mklin) 
exhibited the n q p i v c  flamc, or derde Arait 
and more luminous fpark, from the ncgrctivc 
ball ; and when the onc ball \vas clec'irilicd #us, 
and the otIicr m i m s ,  n;kc i i p s  of both nlcc2ri- 
cities appeased. If thc intcrvd was no& mo 
grit, the long zig-zag {park of the plus LaM, 
Rruck to ths f h i i  fame of thc m h u s  birll, dually 
ac the diftmcc of about onc-third of the length 
af the latter from it's point, rcndcring bhc ocher 
two-thirds very bright. Somctinics, hawcvcr, 
the poiitive f p r k  it-ruck dic ball at ,a dihncc  
frain thc negative flamc. 'I'licfe cflc&s . a x  re- 
preknred in platc 1. fig. I ,  2 ,  3. 

Two condutlors of three-qunrtcrs of an inch 
diameccr, with Ipiierical cnds of thc hmc dh- 
mctcr, were laid parallel eo each other, at the 
diRancc of about two inches, in fuch a tniulner 
as that the ends pointcd in oppofice dive&ions, 
and were fix Qr eight iiiches afimdcr. Thefe, 

which 
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which may be diitinguifhed by the IcttersP'and 
M, were fuccefively eledtrified as the balls 
were in the lait paragraph. When one conduttbr, 

fide of the other coriduAor M. When the la% 
*mentioned conduCtor M was e\e&rificd n e w  
t i d y ,  fig. +> the former being in it's turn con- 
netted with the earth, the fparks ceafed to 
firike as before, and the extremity of the elec- 
trified condultor M exhibited negative figns, 
and firuck the fide of the other conducctor. 
And when one conduEtor was ele&rifiedpZui, 
and the other minus, fig. 6, both figns appeared 
at the fame' time, and continual ftreams of elec- 
Jricity+paffcd between the extremities of each 
condudtor to the fidc of thc other canduaor op- 
pofed to it. In each of there three cafes, thc 
kurrent of elcfiricityj on the hypotheiis of a 
fingle fluid, paffed the fame way. 

In  drawing thc long fpark froni a ball of four 
incher diameter, , i t  pas found of foine code- 
quence' that the: ftem fliould riot be too fh'ort, 
becaufe the vicinity of the Iargc prime conduc- 
tor altered the difpoiition of thc elcCtricity to 
cfcape; a ret of experiments WCTC therefore 
made, the ref'ultofwhich fiewed, that rhedifpo- 
Stionof balls to reccive or cmit elcdb-icity is 

great& 
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greateft when they Randl remote, frm orher 
Furfaces in the fame itate; and that between 
this great& difpofition in any ball; whacckr 
may be it's diameter, everp pofiiblelelrv d,@rec 
may be obtained by withdrawing-the~hnll: tcb 
wards rhe broader or le& c o n v e x ~ f u ~ ~ t ~  ouuofi 
whicihf it's itom pro@ks,, until at length t he  
ball, being wslolly deprered beneath that furd 
face, Ides the difpfitiokendfely. From thcfc- 
cxpw?ments.it fdl-iows, that a variet 
nnntceKary in elcaricity ; becaufe any' fmaif 
bdl, if near the prirnewmdh5tora will be equi.;. 
trAlent'sto a-larger ball whofc fiem is lbnger. 

From cornparink l'omcexperimenrs, made by* 
himfelfmany years ago, wittr the p r e f h t  Gt, ~ ' C J  

,confidered a points as a ball of an indefinitely 
fmd 1. d i am Bter conitf.uCted'an initmmcnr 
confillingof' a ball of fik inches diameter, 
through the axis of. a Rem, carrying n' 
fihe point, vase fcrewed? When this fikm id 
fikqedJ i n  the- prime cobdfxhr, if thie'btill be 
moved on it's axis ineither dirc&l&n8 it cauks 
tRefihe point either to protrude thvough a f i a l l '  
h"sc~in it!d externa:ld3rf&ce, or'to withdraw 'it; 
[elf\ bteaufe by thls means'twe balkJ runs. along 
t h e  htni The difbofition .'of. the point to 

thhs be made: i q  
er,' from 'the rn e iize 
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fize to the diameter of fix inches, Sce 6g. 7, 

The atlion of pointed bodies has bcen a fub- 
let, A. 

jc& of 

ficribe this effe& to the figure of ele&ric 
atrnofpheres,, and their difpofition to fly off, it 
may be anfwered, that they ought firfi to prove 
their exiftence, and then h e w  why the califc 
yhich accumulated them does not prevent their 
efcape; not to *mention the difliculty of ex- 
plaining !he natyre of negative aymo@heres. If 
phek  bp fuppofed to confill of elcArified air, it 
will not be eafy to k e w  why a currcnt of air 
pafing near a pivc condudtor does not defiroy 
it’s effefls. The opinion, fupported by the cq- 
lebrated Volta and othccs, that the ;pint is thp 
cQating tp an infinitely finall plate of air, does 

founded; for fuch ;z plate 
rough at ;I grtizter diitancp 

charged i whencc it W O L I J ~  

ould not a& but , .at high 
that the charge has little 

if a ball be prefcnted tp the &me 
time that a p i n t  pro- 

fidR of the ball, the 
e point, though it is, 

pbliFed ‘to go round the ball for rhar purpofc f 
bur 
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but it can hardly be doubted, that whatever 
this cafe is on the furface of 

the ball next thc conduaor, and not 'on the re- 
mote fide to which tlie elearicity direas itlo 
courfe. 

Achard's experiments with a number of 
pointed cones, hewed in a plate of metal, and 
likewife the poinred apparatus before-defcsbcd, 
fhew that the effeCt of points depends on the 
kmotencfs of their extremities from the other 
parts of the condutftor. This leads to the fob 

liduRor fhe tranJ/ion or f c a p  
ofeleBricity, will be made cbiflyfmm tbut part tf 
rhe f u i f k c  which is ibc mo/t reinofefrorn ihe natrrral 
fi'ate. 

Thus in the apparatus of the balI and Rim, 
che point having a communication with the rea 
of the whole conduCtor, conitantly poffcffes the 
fame intenfity ; but the inkuence of the furp 
rounding Curface of the ball diminiflies it's caps* 
city. This diminution is lefs the fartherthc 

rawh, and confequently the point 
rei's 'more eletlricity, and be hore 

give it  out when it is prominent 
d. The fame explanation 

Q J  The- 
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sui@ the twoele&r,icities.* 

paged over, which have prel'ented themklves.in, 
the coujfe of the experiments on the ;p elec- 
rriciries ; there is, hqwever, fcajcely any qpcri-  
ment made with the'pofitive power, which udl. 
lint afford a refult . *  worthy. of. noJiee, if,rcpeatqcj 
with the negative. 

When we 'confider that our maghines c p ,  
caufe a ball of ar). inch and half diatnctcr to a& 

nd that our apparatvs makes. a 
bail ; if at the h e  time we re- 
cjevation of o y  condykprs for! 

ue th: extehded, furfacc of tlie 
ground, and thc fthall ,fizc of thg bails Impofid :f 

ufed as termillations ; the di<fput!: 
mu&. agitated refpeGiyg them2 

will.pcrb.dps be found , t  tb relate tonua-very &inu{g, 
circumltance, arpong, the ma9y which 6oysrg 
the great operations of, nature. I! dbes no! 
feem probable, that agy, condu&or would ;pQ 

filently 

For, the fake of concifenefs, marly fa 

r 

* IntroduRign to Natural Philofophy, Yol. X I .  p. 3x9. 
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iilently if the main courfe of the ele&ricity of a 
negative cldbd wek tb pdfi tkrough it, and 
many would probably receive the ftroke from a 
potitive cloud. I t  does not, however, follow 
from this, that they might not conduCt it with 
Cafety. 
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C H A P. X. 

OF T H E  LEYDEN' PHIAL- 

HE experiments upon the Leyden phial T are Come of the moil intereitiiig in elec- 
tricity ; they excited the attention of the philo- 
gopher to this fybject more than any other ex- 
periment, and are fitill viewed with wonder and 
hrp+e. 

EXPERIMENT crx.-Cbq+g and dfcbarging h 
g m r d  the Leyden phial. Place the brafs bpll of 
a coated jar in contaa with the prime conduc- 
tor while the outfide communicates with the 
table, turn the cylinder, and the bottle will in 
a little time be charged, or modify the eleeric 
flujd in a pecdiar manner.\ To difcharge the 
jar, or reitore it to it's naturai itate, bring one 
end of a condueing fibfiance in contaa with 
the outfide coating, and let the other be brought 
near the knob of the jar which communicates 
with the infide coating, a firong exglofion will 
take glace, the elearic ligk will be vifble, and 
the report very loud 

EXPERIMENT cx.-The 'Plenricfiock. Charge 
the Leyden bottle, then touch the outfide coat- 

ing 
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irig with one hand, and the knob with the other, 
the bottle will be difcharged, and a fudden pe- 
culiar fehfation will be perceived, that is called 
the eleCtric ihock. 

The ihock, when it is taken in this manner, 
generaliy aEcil2s the wrifls, elbows, and breafi : 
when the kock is firong, it refembles an uni,. 
verfal blow. This peculiar fenfation is prob~l- 
bJy awing to the two-fold and infikntaneous ac- 
tion of the eleclric fluid, which enters and goes 
out of the body, and the various parts through 
which it paffes, at pne and the fame infiatit. It 
has been alfo obferv.cd, that nature has appointed 
a certain modification of the e]le&ric fluid in all 
terreitrial bodies, which we violate in our ex- 
periments ; when this !violation is fmall, the 
powers of nature operate ,in a gentle manner to 
re&ifi thic diforder we have introduced; but 
when the deviation id confiderable, the natural 
powers reitore the original conitirucion *it11 ex- 
treme violence. 

If fevcrd perem, join hands, and the firit: 
touches the auofide of B charged jar, and the lait 
the k~b,rhe bottle=will be difqharged, and they 
mill all feel the fliock at rhe fame i n h n t i  but 
rhe greater the number of perrons that join hands 
to take a'ihock, the weaker it is, 

The force o b h c  kock is in proportion to the 
4 4  quantiry 
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quantity of coated fuurfaces, the thinnefs of the 
glafs, and the power of the machine; or, the 
effect of thc Leyden phial is increafed, in pro- 
portion as we deitroy thc equilibrium on the 
iiurfaces. 

A given quantity of eleEtricity, impelled 
through our body with a given force, produces 
a weaker fenfixion, than twice rhat quantity 
impelled with half that force, and confeyucncly 
the firength of the hock depends rather inore 
an the quantirybof :fluid, which p a k s  through 
our .body, than on the forcc with which it is 
impclted. Yet, the force of an cxplolion kerns 
to depend more on the degrce to which the 
fluid is compreIlcd, than on the quantity ; hence 
a final1 phial fully charged will a& nearly as 
firong'as a large jar whioh is'half charged. 

Jf a charged jar is coated very high, it will. 
diicharge itfclf before it has received near the 
charge i t  would takc if the coating was lower. 
If it is coated vcry low, this part of tlic furfacc 
*ay be charged very high, but o coitiiderable 
part of theeglafs is not charged at all. 

When a jar is charged very high, it will often 
explode or diicharge itfelf over the glafi from 
one coated, fucface to the other ; or, if the glaff 
is thin, it will  make a hole through it, and 
rivtill the coating on both fiLjcs, the glafs in the 

hole 

' 



holc will be plvcrized, and very often a'viriety 
of fiEuxs will  proceed from ;it in +arious direc- 
tions. 
A ,Lcydcn jar very oftcn recovers it's ele&i, 

city, in a fninll degrcc, nfter a difcharge has 
becn made ; thi:j fccond cxploiio!~ is d l c d  the 
rciiduum of a charge. 

I h e  form or jise of the glafs is no W3)'S hla- 
tCriaI to the rcceiving of a charge. 

TO avoid rec;eiving the ele&ric iliock, lit  
c~refiil never to touch the top and bottom of rtic 
Jar at the i;me time, and never to enter a circtrit 
lobnncd betwcen thc infidemd outfide of "li jar ;  
[fir r l e  .eEe& of the 'Leyden phial depnds,en- 
tirely on thc rcciprocal aQion of the two  &r- 
faccs, and does not tnkc placc, wlicii either is 
touched fecparately. By attending to this ob- 
fewation, jars of any fize may be handled with 
hfcry. Indeed, the hurrian friimc makes fo litrk 
refiflance to the frcc pafligc of'this fubtlc ,$em, 
'that 110 other inconvcniencc will nttcnd a fiock 
from a conimon-fized chargcd jar, than ia'tr'n- 
ficnt dihgreeable fcnfation. 

chafgcd jar, no fliock 
will enfue ; but the finger, or part that touches 
the ball of the jar, will he alti.&d with a h a r p  
fenlation, as if it had been pricked with a needle. 
The difcharge is filcnt and without an Cxplofioh 

when 

.. 
- 

Touch the knob o 



234 A M  ESSAY ON ELECTRICITY,  

etween the twofides 

MagicpiEfure. The magic pi&ure is a coated 
pane of glafs, proper to anf'wer the purpofe of 
the Leyden experiment; over the coating on 
.ane fide is paited a pidare, on the' other fide a 
,pie& of.whire paper is pafied, fo as to cover the 
.whoIe gIaCs ; it is then put into a frame, with 
the pi&ure uppermoit, and a communication is 
formed frmn the tin-foil of the under fide ta the 
bottom rail of the frame of the pi&ure,,which 
rail i s  covered with tin-foil. 

Lay the pi&ure on the ta , with the print 
and a piece of money on i t ;  let a 
om the candu&or to the prin 

late of glaf" wi 
d of the piflure by 

other perfon take hold 
cavour to take off thc 

money; in d o e  this they will receive 
generally fail in the attempt. 

I t  

DR. 



A N  ESSAY ON ELECTRICITY.  2% 

DR. FRANKLIN'S TINORY OF T H E  L&& 
BOTTLE. 

6he fide, than can go o 

tric ; thrwgh the mediation of which, we arc 
ed to convey, the elearic i r e  to every 

int of the furfacc we propofe to 
ere it. cxcrrs it's aCtiviry in repc 
particles naturally belonging t 

bther'fide; all of which have an opportunity 
&aping by the lining in contatt with this fur- 

face, 
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face, which, for that purpafe, mufi communi- 
‘&& Mth “the earth : when the whole quantity 
belonging to this fuiface ‘has been difcharged, 

”4LS.at~ch ‘as itscan pofibly be, T h e  two kur- 
%dds irie-at this ’tLme in a 3 a t e  
i~fikr, oi. poGtiiie %de, ’ftronlly 
%ith‘it’$ B“dditiona1 ‘fire ; arid the outer, or’ne-. 

’defirous to attratt what it 
r of thim capa6le of haviog 

b aange iii ‘if’s’ifate effe%ted; wiihout fhe equil, 
kfid dotemporary particilpation of the other. 
Wotottirfthitariding -the vicinity of thcfe two fur- 
Tacks, iina th‘e firong difpofition of the ele&ic 
@t.rfd &bfit%iiiiid in one of them, to 
Ws Tipdrabuni?ance ’to the oiher, 
”)cl&lvit ‘ir, ‘yet tXcie+is an impenetrable barrier 
%ktwt?kh them ; for fo impermeabk is glafi to 

(thoueh’it perdits one kde of 
other,) that it’s two furface’s 

9tfinbTh i”n this fiate of chtrariecy, till a eom- 
MCnicatioh i’s formed betwtkn them, a6 extra, 
BY er co‘ndu&or, w’hen the equilibrium ib 
h’d‘deill’y Xiid vidlently reftored, and the eltraric 
Buid ‘r&otCrs it’s original ffatc of equality oh 
the two fi&s of the glafi. 

THE 
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dvantages by the other mctalIic coating 
is cbnne&ed with the earth; and this 

equilibrium is re- 
pofite fide with a 

When an eleAric is eycited, the two PO 
are faid to be feparated : they are alfo known to 
repel their own particles, and at t raa  the con- 
trary. When one fide of a jar is made pofitivc, 
may it not repel the yofitivc elearicity from the 
lot feparating it from the negative, which 
i s  attra&ted through the glafs ? 

T h e  sutfide of the jar cannot then, be fiid to 
be deprived of it’s cletlricity, but only has it’s 
fluid changed; and when the fluids are 
tcd, they are evcr eager to conjoin again. 

C O  M B 1 N ED A F PA R AT u S. 

prefented fig. 49, nil1 be 
nvenieut for making a ya- 

I 
voured to combine the parts of it in 

as to render tho apparatus ex- 
without being complicated. A, 
illar of glafi, which is fcrewed 

ER 

IcaI Effays; Wiifids Short View 

riety’of experiments on the Lyyden phial. 

of Eleff ricity 5 and Milncr’s Obfervations on Elckkricity, 
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50 the vooden foot B: all the different parts of 
the appararus may be fcrewcd afrernatefy on 
this pillar. C; is an exhauff e"d tube of glafs, fur- 
nifhed at each end wi th  brafs caps : at the end 
D is a valve, properly fecured under the brafg 
plate; a brafs wire, wa$h a ball, projeds from 
the upper cap; a pointed wire proceeds from 
the bottom plate; this tube is callcd the lumi- 
iious condu&or. The flak, reprerented at '& 
is called the Leyden vacuum. It is furniihed 
with a valve under the ball E ;  this ball un- 
fcrews, in order to come more readily at the 
Val ire, with a blunt end, projeds a litth 
bel icck of the'ffafk ; the bottom of the 
flafk is coated with tin-foil: a female fcrew is 
cemented to the bottom, in order to fcrew it 

to exhaufi the air occafionally, 
luminous condudlor, or the 

Lgyden vacuum. To do this, unfcrew the ball 
of the Leyden vacuum, or the plate of the lumL 
nOus conducftor, and then fcrew the fyringe i n  
the place of either of thefi pietcs, being careful 
that the bottom of the female h e w  G bears 
clofe agtiipfi the leather bhich covers the lhoul- 

work the fyringe, and in a 
ares will be fufficiently ex- 

two Leyden bc&, each 
I of 
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jar,  it can receive none on the othei?, If there 
are any points on the coating, or damp gn the 
itand, the fluid will be carried off by them, and 
the jqr will receive a final1 charge. The air, 
which furrounds the coating, wili alfo fornea 
times carry oifl a fnhall quantity ofele&ricity. 

EXPGRIMRNT cxII.-Place the fame infulrited 
phial io that it’s knoh may be about half an 
inch from the condu&or, and While the cylin- 
der is turning, hold a brafs‘ knobmar the.cgat;. 
4ng of the jar; ithis knob will receive,a fpark 
from the coating for every one that paKes’ be- 
tween the conduc‘tor and the knob, and the jar 
will in a little time be charged, by addingelecl- 
tricity to bne fide, and taking it away from thc 
other. 

EXPERIMENT cxm.-Screw the phial a, fig. 
42, on the infulatcd pillar d, and bring it’s knob 
in contacZ with the condudtor; hold another 
bottle c, of the famc’ Gze with a, fo that it’s 
knob may be in conta& with the oucfidc coating 
of the botrle a ; turn the cylinder, and when the 
bottle a is chargcd, place c on thc table, then 
unfcrcw a from it’s itand, atid place it alf i  
on the table, but a t ”  fome diftancc from the 
wher  ; fit a brafs ,ball to the bottom ftem of the 
quadrant ele&rotneter, and hald the eleArorncter 
by a iilk firing, fo that the brafs ball may couch’ 

K the 
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the knob af the bottle; obferve at what height 
the indexlof the elebrometer Rands, and then 
remove it to the other bottle, \which will raif 

e fame height 3 Jhqvilsg clear&, 
as thrown f l f q o r n  the ou&e as 

much t lEWic i jY  as if received on tbe'itfide. 
EXPERIMENT exIv.-Botfle cburged by the ac- 

$io@ Dfihe*two powers. Place the knob of an in.. 
fulatcd bottle in conta& with a pofioive conduc- 
tor, and connecl the outer coating with the 
$uiIifon, dr a nCgatiVr condujkor, turn the cy- 
lin'der, and the bottle will be charged with it'a 
own clecZricity; the fluid from the exterior 
coating being tfansferi-ed to the interior one ; 
the bottle is charged in this infiance without 
any communication with the earth. 
.. EXPERS~FNT cxv.-Charge the two bottles, 
fig, '43, pofitivcty ; corinclt their outiide coat- 
ings by A wire or chain, then bring tk'eir knobs 
togahtr, th,cre will be no @ark between them, 
arid the bottles *ill hot be difchargcd, becauih 
neither fide has any thifg to communicate rw 
&he other, 
EXPERIMENT cxVI.-,?&p~oJGn though Jlitmc. 

Charge *he iniulatcd bortle, fig. 43, negarrvely, 
I rhd the other poiitively 5 confie& the coating by 

x rbain, and bring the knobs towards cach other, 
an explofion will take place, and the bottles will 

' be 
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h o c k ;  which ihews, that the power or force of 
the charge is refidcnt in the glafs, and not in the 
coa rings. 

T V, fig. 
46, reprefents a bottle, whore exterior coating 
is formed of fmall pieces of tin-foil, placed a t  .a 
little diitance from) each other. Charge this 
bottle in the d u a l  manner, and itrong $parks of 
eledxicity will pafs from one fpot of tin-fo 
the other, in a variety of direaions ; the repa- 
ration of the tin-foil making ,the paffage of the 
fluid from thc outfide to the table vifiblc. Dif- 
charge this Ipottlr, by bringing a pointed wiac 
gradually near tlie knob, and the uncoated 'part 
of the glafs. between the fpots will be plcafingfy 
illuminated,. and the no& will refcmble that of 
fmall fircd crackers. If the jar is difchargcd 
fuddeniy, the whole outfide furface appears il- 
I11 ' d. To produce there appearance 

EXPE~TMBNT axx.-Spottcd b f tk .  

fi be very dry: 
EXPERIMENT cxxr.-String a parcel of fllat 

on a filk firing, leaving a finall fpace between 
each of them; fufpend this from the conduc- 
tor, fo'that it may reach the bottoni*of a coatid 
phial, which is placid on an infulated itand 
connu3 another firivg of'  ihot to.the bottom of 
the jar, andslet it communicate with 'the tablc, 
turn the qqhjne,  and a vivid fpark will be fceh 

between 
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'between each of the hot, both ivithin and with- 
out the bottle, as.if the ,fire paired through tlx 

EXPERIMENT cxxrr.--Wold a phial in tha 
]&id which has no coating on the outiidc, a$ 
prcfcnt it's knob towards an eleCtrified conduc- 
tor; the fire, whilc it .is charging, wi1Y"pafs 
from the ourfide t9 the hand, in a pleafing man- 
llcr ; on the difcharge, beauriful ramifications 
will proceed from that knob of thc difcbrger 
which is on the outfide all over the jar- 
EXPERIMENT cxxzrx.-Let a chain be fuf- 

pended from the conduCtor and pafs into an 
,uncoated bottle, io that it does not touch the 
bottom; pt; the machine in aaion, and tile 
chain will move round in order, as it were, to 
lay thc firc 011 the infide of the jar, and thus 
charge it by degrees, 

EXPERIMENT cxxrv.-Doub/e bol/te, Fig. 47 
rcprcfents two Leyden phials, placed one over 
the other. Various experiments may be made 
with this double botrle, which are vcry pleafing, 
and ehcidate clearly the received theory. 

Bring the putTrde coating of, the bottle A in 
contat$ with the pr im wnduckw, and .turn the 
machide till the bottle i c  chaygyd ;, th,cn place. 

hasging rod upoq the qoating 
r rouch the knob of the 

jar 

glafs: 
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jar A, which *ill cauro an oaplofion. 
place ono b a i l  of the dikhargtr oq the knvb clf 
A, and bring the'qther,ball to it's coating, and 
you have ,a few4.d dikharge. Again; apply 
one bail of the difchargcr on !ha cmting of B, 
atid Carry the ather to the coating of A, a i d  it 
will produce a third explofian. A faurth is 
obtained by- applying the difchitr&pr fmm thu 
coating of A tb it's knob, 

The outer coating of the upper jar cnrnmuni-' 
cating with the infide of the under one, eonveyg 
the fluid'frorn the con+&or to the large jar, 
whieh is therefore charged pofitivcly ; the upper 
jar does not charge, bccauk the infidtl cannot 
part with any of it's ele&ric fluid; but when 
a communication is formed from the outfide of 
A to the htjde aE B, part of k e  fire on rhe infide 
of A will be convcyed to the negative coatiilg pf 
I$, and the jar wiil be difcharged. The fccorid 
wpiobm le occpfioned by rhe difcharke of the 
J 'ar A ; but as the ourfide of this communicates, 
by condutiting tiibltances, with the yofitive in- 
fide of. the jar B, if the ball of the difcharging 
704 Epkminti a APalil time aftcr the difcharge on 
the knob of A, p r t  of the :fi#e sf Phe infide of 
A kjll efcap, and be replaced by an equ4 
quaneky on the ?&fide from the jar B, by which 
rncBns A ig Charged , . a, .. k e q d  time; the di% 

charge 
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charge of this -produces the third, a174 of 3 thc 
fourth explofion. 

A the upper bottle, B thg under hQttk. 
Knob of A applicd t0 rhe ~~41du4or, ai~d.thr? 

I fi dikhatg.  Balls of diliitzargw frpm cpating 

Pd ditto. From coating of 8. tp ,kr\ob of A. 
3d difcharge. From coatisg o f  B $9 coatillg 

4th ditto. From coating oEA to knob of A. 
Coating of A applied to the conduotar, and the 

IA difcharge. Balls of difcharger from coating 

2d ditto, From coating of A to knob of  A, 
3d ditto. From coating of B LP knob of A,. 
4th ditto. From coating of R CQ coating 

. ofA.  
5th ditto. From cqating ofA toknob o f  A. 

Coating afA applied to the ConduRor, and the 
ch;trge given, cpuch rhc knob of A with o\ie 
ball of the diCoharger, thc other ball corn- 

R 4  municat ing 

charge given. 

Of A t Q  knob Of 4. 

of A. 

charge given. 

of knob B to knob A. 
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municaring with ,the earth, then proceed as fol- 
lows. 
rit difchargg., Balls of difcliarger from coating 

i d  ditto. From coating Pf B tQ knob of A, 
3d ditto, From coating of A to knob of A. 
4th difcharge. From coating ofB to knob of A. 

Go on thus alternately, and'fifteen, fixtcen, or 
more difcharges may bc produced. 

of A i o  knob of A. 

THE CONTRARY STATE OF THE TWO OPPOSITI) 

SIDES 08 A C H A R G E D  LEYDEN BOTTLE, 
SHEWN B Y  THEIR R B P E C T I V E  ATTRACTIVE 

A N D  REPULSIVE P O W E & ?  

EXPE~IMTNT cxxv.-Scr&w the bbrtle H, 
, with the belt fideways, on the infulat- 

ing fi;ind, as io fig. 48, and charge it pofitively, 
r,!-pm rouch thc knob with a pair uf pith 
thefe will diverge with pofitive eleariciry 
another pair to'the coatin& and they uti11 fepa- 
rate with ncgativc cleCt1 icky. 

. E x P e R r n i m T  icxxvr.--Ele&rify twQ pair of 
the pith ball9 which are fixed to the brafs tubes, 
ps in fig, 24, plate 11. by the knob sfa pofi:. 
fively charged bottle, and place rhqn  at  a fma11 
difiance front each other, then pufh them togc- 
iher till the ends Qf thg tub$# are in coptatt, an4 

tbc 
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the balls will remain in the fame flate They wcri: 
in  before they were brought together, becaufe 
xhcir elckkricity is of the famekind. , The r g  
fult is the fame if both pair are eleQrjfied by 
the L ,  coating; butl'if one pair is cledrified br 
the ccuring and the other by the knob, when 
they arc brought in contatt, they immediately 
,clofe. 

EXPERIMENT t.xxvr~.-A cork ball, or atz 
nrtificrial fpidrr made af burnt cork with legs 
of linen thrcad, fufpended by filk, will play be- 
tween the knobs ot'two bottles, one of which is . 
charged. pofieively, the ocher ncgatively, and 
will in a little time difcharge them, 

EXPERIMBNT CXXVIII.-A ball fufpended on 
filkJ and placed between two brafs balls, one 
proceeding from the odtiide, the other from the 
infidq of ,as Leyden jar, when the bottle is 
charged, will fly from one knob to the other, 
and by'thus conveying the fire frdm the infide, 
to the outfide of tbe bottle, will foon diL 
charge it. 

EXPERIMENT cxxIx.--An infulated ' cork 
balk, after having received a fpark, will not 
play between, b,ut be equally repelled by twQ 
bottles which. are charged with the fame 
power. 

; E ~ ~ E B I F T E N T  cxxq.-At fig. 5 8  8 w' ' 
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fixed to ghha undep part of the iafulated catod 
phial, b e anQthcr wire fitted to, and at Fight 
angles with the former, a brafs fly is placed on 

f' this wire; charge the bottle, and 
all the time the bottlc is charging, the fly will  
turn ,round ; when thc bottle is charged the 
needle fl-ope. Touch the top of the bottle with 
a finger, or any other conduAing fubftance, 
and the fly will turn again 'till the bottle is dif- 
eharged. The fly will eleArify a pair of balls 
pofitively while the bottle io charging, and ne- 
gatively when difchargi ng. 

EXPERIMENT cxxxr.-Place a clean, dry, and 
excited panc of glafs, about one foot i'quare, on 
an infulacgd box with pith balls, it will cllufc 
&he balls to diverge with pofitiva cle&-iicity, and 
they will continue bo repel each other upwardq 
of four hours in dry air. Whcn thc balls CLIIIIE 

r, rcniove'the glafs, and thay will ppm 
e ele&riaity i replacc rh i  glafs, and 

they will clofe; remove it, and they will apen 
again ; and thus alternately as long as any g&+ 

i i ty r e k i n s  in the giaih. 
If the pane of glafs be p k c d  in a f r a y  ~f 

wood, ana a light pitb or corkball be hid on it'! 
furface, on prefenting towards it the Tesd of 0 
finger, or the point of a pin, the ball will XOCC& 

from them wirha very brifk potion, a d  
thus 
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thus be driven abour on the furfacc of the glafi; 
like a feather in the air by an excited cube. Tk 
hall being deprived eE it's eleCtiicity by the pin, 
it inltanily flies to that part of the glafs which 
aitraCts it mofi fQrcibly. 

To excite the pane of glafs; lay it upon a 
quire of large paper, well drieg, and the0 nib 
it wirfi a piece of clean dry flannel, 

We have already obferved, that the diffcregt 
appearances of light on ela%ified points wyras 
deemed a criterion of the directjipn of $e plet;, 
tric fluid ; that the luminous itar k e w q  3 p ~ j ~  
in  receiving the 9leCtric matfcr, ybilfi the lu.. 
minaps bruk, pr cone, indicates that it is p r h  
cqeding f rop  a point. 

We f l d l  now examine thc itate of the differrsnt 
fidgs ,of she Leyden bottle by there appeerpncw, 

EXPERSM~NT Sxqxrr.--Scrcw thejar J gii the 
idqlgting pillar, and the pointed wire ipto the 
FQlc g, place er Fintcd wire at thc cnd 
&&e condudlor, bring the knob of the jar near 

this 
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this &e, and then turn the cylinder, n pcncii 
ays will diverge from the pointed wire i i i  

the c9uduCtor to the knob of the jar, at the 
&ne time another pcnqil of rays will divcrge 
from the point at  the bottom into the a 

epeat this experiment with the negative con- 
or, and a luminous fitar will appear on the 

end ofeach wire. 
. EXPERIMENT cxxxr1r.-Screw a pointed wire 

into the knob of the jar, (fee. fig. 5 1 , )  charge 
the bottle pofitively, the fire wills be receivcd 
.from the conduLtor, by the pointed wire, and 
appear there as a luminous itar, while thc wire 
on the outiide of the jar will throw offa divergd 

Fig:: 52. reprefents .rhe foregoing appearances 
rt&rfed; by charging the j a r  ncgativcly at chc 
pofitivt ‘condvdor. 

This cxperiment may be further varied, by 
applying the -bottfe to a iieg-ntive conduhy.  

EXPERJMENT CXXXIV.  - After the jar is 
regoing, experiments, turn 
cylinder which before was 

near& to ir, theii put the hachine in attion, 
and thc’afflux and efflux wjll be more apparenr 
rhan before ; one point . throwing off; .and thc 

QthCC 
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other receiving rhc fluid with extrem'e avidiq, 
which will in a little time difcha 

before, then touch the 'wire whicihs is conne&<d 
with the negative fide, and the oppditkwirc 
will throw ofF a diverging cone; but 4fV:thc 
pofitive fide is touched, a lbtninods 
will be ken  on the other wire, 

EXPBKIMENT cxxxw.-Fig;. 33 is an eIeAric 
jar, B B the tin-foil coating, C *a Rand Chi& 
fupports the jar, D a ibckct of mctal w.Eiikh 
carries the gla6 rod E ; a' curved mcrall 
pointed at each end, is'fixed io the eiid.of die 
rod G, which rod is moveable at  plcafure  in^ a 
fpring rube N; that t u b e  being fixed Wy a fdckct 
upon the top of [lie glafs rod E> the charging 
wire communicates with tlic different diviiions 
of the infide coating of the jar by koriz 
wires. 

Place t h e  jar as ufual, and put the machine 
in acctioii, a iinaIl luminous (park will appear 
upon thc upper point of thc wire F, (a plain in- 
dication chat the point is then teceiving cleCtrf- 
city from tlte upper ring of rhc coating on the 
outfjde of thejhr,) a fine ftream or ixncil of rays 
will at the f imc  time fly 0% beautifully d'ivc@- 
ing from the lower point of ilie wire I: upon rhe 
botrorn ring of the coating on the jar: wlien 

theft 

EXPERIMENT CXXXY. - 

\ 
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the& appearances ceafe, which they will w f i n  
pi the jar is charged, let a pointed wire be pre- 
e n e d  towards the grime condudlor, this will 
ibon difcharge the jar filentlyb during which thc 
.lower pint will be illuminated &th Q fmall 
Spark, while the upper point of the wire will 
throw off a pencil of ray8, diver&$ towards the 
upper ring of the coaring, 

EXPERIMENT cxxxv1z.-Take a Leyden phial, 
the neck oh which ihouId,not be very broad, fet 
.the coating on the condu&or, and charge it ae- 
gatively; when charged, if not toQ dry, the 
upperzdge af the coating will throw off one or 
more bruihes of light into the air, which will 
vifibly incline cowards the charging wire of the 
bottle, and fmetimes a&uaily reach it. Pre- 
rent .the knob to the prime conduhr, 6and 
charge the jar pofitively, a fmall fpark of light 
will firit appear on the edge of the cork in the 
neok of the bottle, through which the wire paffes 
after a few turns of the cylinder ; this @ark be- 
c ~ m e s  a bruih, darting out from the cork, and 
gradually 'leqqening Gill it forms a n  arch, the 
end of it extending downwards till it reacher; 
and couches the end of xhe coating. If the bottle 
be dry, it will in both cafes be difcharged fpon- 
taneouily . See fig. 5 4 a i d  5 5. 

EXPBRIMIZNT cxxxvrIr.-An infulatcd pofi- 
I tively 
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tively charged bottle will give a $‘park from it’# 

knob to an excited itick of wax, while no tppsrk 
will pals between it and an excited glafs tube. 
EXPBRI MENT cxxx~x.-Afi ma 

$en pbial, by meatis of ihe 
fig. +g.-Screw this on the in 
with the pointed wire from thq bo 
56 reprefents the appcarance of the 
points whin the bottle is charged negatively, at 

a conduhor loaded with pofit 
57, the appearances it 

charging pofitivcly at the fame conduAor, 
Fig. 59 is the fame bottle chagingpoiitively 

at,a nefsgtive condudor. Fig. 60, it is charging 
negatively at the fame eondudtor. 
EXPERIMENT cxL.-Fig. 61 repreknts the 

luminous conduttor on thc infulating fiand, Set 
the colle&ing*point pear the cylinder, ana placc 
the knob of an uncharged phial in eontnc9 with 
thc balj, or hang a chain from it to the table, 
and, on working the machine, the ball will be 
awloped in a denfe eleAric atmofphcre. If 

int be brought in conta& with an infulatsd 
, and a communication isrnade from the 

ball to tire table, the atmofphere will be 0.n the 
point in the tube. I f  a bortle, poiitively charged, 
be prcfented, the ccppearances in the tube will be 
i1g dtlineared s i n  fig. 62. But if a bottle n q p  

tively 
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tively charged bc thus' appli 
will bt-as in fig. 61. 

'be performed with it;  the tube wil l  bc lumi- 
nous during the whole of the operation. 

OF T H E  DIRECTION OF T H E  ELECTRIC MATTER 
IN' T H E  D I S C H A R G E  OP T H E  LCYDEN P H I A L .  

EXPERIMENT cxLI.-Place a charged jar ofi 
a rmall glafs itand under the receiver of 8x1 air- 
pump; as the receiver is exhaufiing the elec- 
tric fire will iffue fkoh the wire of the phial, iiq 
a very luminous pencil af rays, and continue 
Aakkg to the coati& till 'the air is exhauitcd, 
when rhe jar will be found to be difccharged; 

If the phial is.ckarged negatively, the curr&t 
ilt appear to have a dieerent direaioii 

this experiment we may infer rhe cffcEts 
emofpheric preiTurd upon the chargc 04 

the Leyden phial, and learn that it is the na- 
tural boundary to every charge of etearicity we* 
can give f .  and, confcquently, that  a phiaLwould, 
contain double the chargc, in  air doubly con- 
denfed, as it does in the common atmofpherq 

fixe 

Jrom that which it had before. 
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i i i m  it would incrcafe the intenfiry o 
t ti c at m o  f p h  ere. 

EXPLP.IMENT C X L I I .  -Place a fmail lighted 
tqpcr bctween the two balls ~ f '  the univerfal dif- 
clxirger, then pafs n very ftnall charge of a Po- 
fitivc phial through thein, arid the flame of the. 
tapcr will be attrdtcd in the dire&?on*of rhc 
fluid tbwards tlie cbsting. 

IIxi;EitiMcNrr cxLrlr.-The fane finall charge 
from a iicgative botcle will  revcrfc the appear- 

I n  both thefc experinicnts it; is neceITary'to ufe 
tlie leait charge that can bc given, j u i t  fufficiebt 
to leap the interruption in the circuit. 

E X P L I ~ I  MENT CXLIV.-P~~CC a card on the taw 

ble of the univerfal dircharger, and bring one 
of the point; under the card, then connee this 
point with the coating of a jar pofitivelycharged, 
plncc the other point on thc top, of t,he card, and 
at about an inch and R half from the,former row 
complete the circuit, by bringing a difchnrging 
rod from the lait wire to the top of a botrlc,md 
the clc&ricity will pars through the upper wire, 
along the furfacc of the card, till it comes to'thc 
point which is underneath, where it w i l l  makc 

hole in the card, and pafs through the wire to 
the coatirig of the bottle. 

EXPEKIM~NT ,cxiv.--Four cork balls, 

See fig. 63. 

allcc' 

See fig. 64. 

S c, P, 
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C, D, being placed at equal diflances from aacb 
other, frob tha balk of the difcharging rod, an& 
&om the coating of a pofitivcly charged bottle ; 
on making the dikharge,, the ball A next thc. 
rod wasapepelled to B,.which was agAn,rzlpelled 
to C, C remained immovable, but D flew to 
&e coating of the bottle. 

EXPPRIMENT cxLvr.-Taka a cxd, and pain& 
both fides with cinnabar about the breadth of 
Jle finger, fix this card vertically by R little wax 
on the table of the univerfal' difcharser, let the 
pointed end of one of the wires much one fide 
of the card, and the end of the other wire tho 
oppofitc fide; the difiance of the psints from 
each other muft be proportioned to. the itrength 
G f  the charge ; difcharge a jar through the wires, 
and the black mark, lcfi by 'the CX&&IJI dn the  
cofoured band, kcst that the elcEttic fluick 
pafkd frbm the wire, communicating with the 
infidc d the barttle, m ahat wlich communi.. 
(tattcs with the outfide, againit which it makes ;P 

Hale, 

EXPERIMBNTS. WHICH SEEM TO MIUTATP 

AGAZNST THE RECIIIVEP TrIaoRv 'OF* ELEC- 
TRICITY. 

EXPERIMENT cxLvIx. - Let the furfaces cxf 
'an eleArio plate be' very flightly charged and 

idiulatcd, 
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itifulated, let ah .interrupted ciroutt be fotmed, 
the two powers will be viiible, illuminating the 
points of the interrupted circuits, and each 
power will appear to extend further from the 
furface contiguous to it, the Rronger thc charge 
rhat is communicated to the plate ; but .if the il- 
luminations on each fide meet, there will inwed 
diately follow an explofion of the whole charge. 
The length of the interrupted citcuic ufed for 
this expcrimht was twelve feet,* 

EXPERIMENT cxLvixI.--Jf a cylindrical plate 
of air, contained in the receiver of an air-pump, 
be charged, it is obferved, the more air that is 
exhauited from between the furfaces, the niorc 
eafily the powers will unite. 

EXPBRIMENT cxr.xx.-If an exhaufied receiver 
be made part of the elc&ric circuit, and the 
charge fhould fiat be fufficient to caufe an e x p b  
flbn, an ele&ric light will appear to proceed irl 
an oppofite dire&ion from the parts c o m m ~ b  
caring with the negative and pofitive fii&cea, ' 

EXPERIMENT eL.-Let a coated phial be k t  
o? an infulating itand, and la it's knob bd 
touched by the knob of another phiel nogativcly 
ele&riHetE; a fniall fpark will be ken brtwccb 
them, and both tides of the infulated phiat will 
be inilantly ncgativcly e1cArificd.t 

S., Faflan 
* AtWood's Analyfis oE a Courlc of LcRurcs, 13. 1 2  I ,  

*h Encycloyicdia Brirrnnica, Vof, 1V. 1). 0 6 j 8 .  



Faffhn a pith ball cIeRrometer by a little wax 

which is itrongly chqrged- with pofitive elcdri- 
cityi new the knob-of the former, and the ballv 
will diverge with poficive. elec2ricity. 

EXPERIMENT cEt:-Lct the fame phial, with 
the pith balls affixed to it’s outfide coatingj by 
flightly charged negatively, and then infulated, 
bring the knob of a phial, whichis firongly elec- 
trified negatively, to that of the infulated one, 
and the pith balls will diverge with negative 
aIe&ricity. 

and,t;hizn infu1a.e it, charge another Acmgly with 
negative eIe&ciciby,, bciiig the knob of the nega- 

EYPEKIMENP c~~~.-Charge a jar PO 

tck neal: Rhat af the p 
will play between the& 

knobs touch each other, clie th 
attradled,, will be repell 
ti& elari,city is fo 
poftive, and, for 

ted, both will appear negativ,cly eleR1:i- 
but if the finger is brought near th’e knah 

of that bottle on which [lie negative eiedricity 
w a  luperinduced, it wjll inftantly be difliyatcd, 

a fillall 
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' a .fniall $ark will itrike the finger, and the 
botrle will bcpofitively charged as behe. 

some of the pofitions which 'f ipprt the 
Frdtrklitiiarr typo&&, haw been dlrcady conGI 
dercd; we ate now at  ai proper fiqg for point- 
ing out thofi deficiencies which h v e  ob- 
ferved jn other parts of it. To Tup s hy- 
potkcfis, it is neceffary to maintain, 

. arid other elefivic /U@anc&s, rbolgb %bey c o t d n  a 
, g r t ~  deal of rle&fric mat/#, arc ncwt.t&3t$ iw 
pcrmalle to i /. 

This poficionappcars cantradi&.ry at thc, firis 
not eaCy to conceive, that any Tub- 

11 of a fliiid, and yet iinpcrnieablc 
by ir, Efpccidly when a confidetable quantity 
df this fluid is taken horn one fide, and added to 
the &her'; and what is more furprifing, the 
tliinncr thc g'lafs, and the lek quantity it is a- 

ontaining, the more we are able to put 
d ?he itronger will &e the charge** 

The following among other experiments has 
&en adduced w a  firong argument in favobr of 
the impermeability of glafs. Let,a Cciased phial 
6t fcc upon an infulated fitand, and the knob of 
aeothm contcd phial be brought near it;< for 

s3 cvery 
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every fprk difcharged from the prime 'coliduc., 
tor to the knob of the firit j a  +ark will pafa 
from the coating of the f i d k  to the knob of tha 

rver generally ima- 
s through thcglafa; Dr: 

Franklin coricludcs i t  docs w t ,  becaurc there is 
faun4 a greqt accump\g~iorl'nsf elelhicity on th9 
in f ib  qf thi jar, which manifelts itklf whcn 
the infide qnd outfidt: arc made to communicate 
with each other, But wc cannot from this and 
CmiIar experiments conclude that glai's is iui- 
permeable, exccpt ut fuppofc the gle@ric imr\t, 
ter to be accumulated on one iide of the gIaf8, 
qnd deficient on thc other; but this has ncvci 
yet been proved : it has indeed bccn iXd j  &at if 
glafs wqs permealrlc to this h i d ,  it could never 

hjq rqRs wlwlly on 
is an accuniulativii 

in h6dies yofitivcly elcarified, and a deficiency 
w ;Go," 
j t  e permability of 

glfifs, took a very b g c  pane of' g[a~s 4 little 
warmed, sand holding it upright by one edge, 
while .she oppofite edge refled upon wax, he 
rubbed the middle part of the fur f ig  wbh his 
finger, and found both fides TleAri 
waunted for this from the elcc'tric Auid patling 

th$ou@l 
* $bid. p. 2687. 
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thmugh *the gla6 from his finger. But Dr. 
Priieitley fays, this appearance sught ro cake place 
.on Dr. Franklin's principles ; for the fire givea 
to the glafs by the finger on me fide, repels an 
equal quantity fmm' the other, which itands as 
an atmofphere, Co that both &des appear pafi.. 
tively eleclrifiad. MP. WilGon tried alfo another 
experiment, which fcems more decifive than the 
firmer. Having by him a pane of gtafs, om 
&de of which was rough, and the other fmooth, 
he rubbed it om one fide; upon doihgthis, both 
fides were eledrified' tninus. Dr; Psieftley at- 
tzempts to rcconcile this .& Dr, Fit.a'nWin's hyp% 
xhefxs, as the ele&ric fluid, contained in the gIa& 
Cays he, was kept equal on borh fides by the 
COIIIMOR reputfion. If the quantity on one fide 
i s  diminiihed, the fluid OR the other fide being 
Jefs repdled r e t i w  inward, and leaves that fur- 
hcc miizus. But furcly thore words militate: 
ifrongly againik the fyirrm hc means to e h b l i h  
The quatatitg of fluid in one fide being dimin& 
cd, that on the other, he fays, retires imard. 
But into what hoes it retire? If into the fib- 
&ana of the gMs, thcn is the ghCs permeable 
by it, which is the very dahg Dr. P. ~'pclrueo 
againfi.* 

i 

s 4  DE, 
* Cbid, p. c 6 d  
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l ’hdc arertions are, I npprshend, dircaly 

contrary ro what really happens; initcad of 
ivhich, I helicve, we.may fafely affcrr, that glafs, 
and evcry other known Cubfiance, may have it’r 
,natural quantity of cleEtric fluid eithcr increafed 
or diminiflicd to a certain limitid degree; 
which degree bears no proportion to the quanc 
tity of inatter contained in  a body, but is 
(r6feris  p u d u s )  in proportion to the eitent. of 
it’s ‘furficc. 

This law, which is perhaps without excep- 
tion, may be confidered as one of the funda- 

p!ncntal laws of eldricity, and one upon which 
tnany of it’s principal phenomena dcpend. Ar 
preknt, 1 ffiall only confider it fo far, at it is the 
caul;: o[ what is commonly called the charge of 
a coated jar :  fuppok fuch a jar  infulated, and 
conpc&ed by it’q knob to the primc conduEtor 
of’an elc&rical machine; if then the machine 
he put in adtion, a certain quantity of clcaric 
fluid (agreeable to the above-mentioned law) is 
added to the ~iarural quantity belonging ro the 
inner furface of the jar. After which, if the 
fiigcr, or any other conduQing hubfiance, be 
prehced to the outer coating of the‘jar, a 
quantity of eletlric fluid, nearIy cqual to that 
rhrown, in, cotnes from it. But this departure 
af clecCtric Huid from the outfidc of the jar,. 

cannot 
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gmnot be (as Dit. Frariklin fippofcs it) the 
caufe which permits the addition of fluid to tiit 
inlide, but is merely the confequence of the 
&lion af that fuperfluous quantity which was 
thrawn in : and the operator may, if he pleaies, 
initend of faking the eleQric Auid from the out- 
&de of the jar, take out again (by touching the 
k d )  nearly thewhole of what he had thrown in, 
which he could not do if an equal quantity had 
already gone from the outiidc of the jar. When 
$he quantity already fpoken of has been takcn 
from the outiick of rhe jar, (the equilibrium 
being nearly reflored) another qua'ntity l i k e  
the fir& may again be added to the inner fur- 
hce ; after which a fimilar quantity may again 
be taken from the outiide: thus, by the fuc- 
ccficm of a fiufficicnt nvmber of the quantitics 
dlowd by the before-mentioned law, the' jar 
m a y  at length be completely charged. 

* There are otber ways of charging coated gfafs ; 
but if it be dhwed, E ~ M  the charge, in the fore- 
ping infiance, is produced in the manner I 
b v c  Cuppafed, ia will not, I think, be dif'cd, 
-&ai: all mkr chmgek are produced by a fimibr 
altcmaaion of frxisbl quantitics g this, however, 
wiU appear morc clear from the following 6bn 
h w i o n s  on .the mmwr in which the diL 
charge itqmducd. 

When 
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When the afionifliing velocity, with which 
the charge of a jar or battery moves through B 

confiderable fpacc, is confidered, it mayat firfi 
appear impofible, that the difchargc ihould be 
made by the alternate givingand receiving fwh 
fmaI1 quantities as thofe by.which ihe charge 
was produced : yet a more ample conhderatlon 
of the matter will, I think, hew that it cannot 
pofihly be brought about any other way. 

I prefume it wi\l be granted, that the charge 
of a jar (in difcharging) either ,leaves it all at 
once, Dr goes out by the fame fmallquantitics 
by which ir wenr in. To ibppofe any inter- 
mediate manner, would neither laffen the dif- 
ficulty, nor would it bc confonnne to any of the 
known laws of e1eC;tricity. 

If then the whole charge leave the jar all a t  
once, therc mufi be a point of time at which the 
jar will be without any elelCtric fluid, either on 
m e  fide or thc other ; nay more, fippofe a largc 
jar or battery to be difcharged by nicans of a few 
inchcs of thin wire, there will then be a point 
af time at which the whole quantity of tledkric 
fluid, which confiituted the charge, mufi be 
containcd in a piece of wire, weighing only a 
few grains. 

Now, if it  be confidered, that time (lika 
matter) is infinitely divifiblc, may we not rather 

rupporc, 
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hppofe, that the difcharge of a jar is nothing 
more than an inconceivable rapid fuccedon of 
fwh h a l l  quantities as may be fait off, without 
cauGng fudh a cktltrurftion of the equilibrium as * city fccm not,to admi&,* To 
this we may add from other expcriments, *that 
one fide of a charged, eleQric may contain more 
sfone power than is fuficient to ballancc the con- 
tfary bower on the other fide. For, if a charged 
iifr is infuulared, and the difcharge is made by a 
difcharger with a gIaf.4 handle, after the explo- 
fion, the difcharger, and both fides of the jar, 
will goffefs a contrary power to that obtained 
on the fide of the jar, qhich was touched the 
hfl bcfbre the difcharie. 

* Pr, Grey's papcr, PhilpC Tranf, part, I R, i 788, 
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C H A P. XI. 

OF THE ELECTRTCAL B A T T K R ~ ,  AND THE 

LATERAL EXPLOSION OR CIIARGED JARS. 

0 increafe the force o f t  T fion, fcveraI Leyden phi 
together in a box ; \his tolled 
cledttrical battery. Fig. 65 peprefcms oncofthc 
moil approved form. 
The bottom o f  the box is c o w e d  with tin- 

a come& the exterior coatings ; the ii 
atings of the jars arc connc 

wires B, c, d, c, f, g, which mce 
bat1 A : C is b hook at the bottomofthebor, 
by which any fubitancc may be connefted with 
the outiide coating of the jars ; a ball B pr0- 
cecds from the intidc, by which the circuit m y  
'be convcnicmly completed. The followins 
precautions are neccirary to be attended ta by 
rhofc who make ufe of an eIeEtrica1 battery. 

' 

Ta keep the top'and uncoated parr of the jam 
dry and free from dult, and after the explafion 
to connca a wire froin the hook to the ball, 
which fiould be left there till the battery is& 
be charged again, which wilt tcmlly Pbuiote tlro 

incon; 



inconveniences that have occafioeall y happencd 
from the refid.uum of ;t ,charge, 

If one jar in a battery is broke, it is impofii- 
bIc tochargethe reft till the broken jar  i o  rc- 
moved.* 

To prevent the jars of a large battery breaking 
at thc time of the exp\ofion, it has beep recom- 
mended nos to difcharge a battery throogb a 
good condutlor, except the circuit is at leait 
five fcet long; but what  is gained on one hand 
by this method, is lofi 011 the other, for, by 
lengthening thc circuit, thc force of the fhock is 
weakened proportionably. 

I have been inforincd, that it is very difficult 
to break by an cxplofion the jars which arc made 
of green gIafs, fdbricatcd at Newcaitlc, but have 
had no opportunity to make any cxperiments on 
;his glafs myfelf, 

The force of a battery may be confiderably 
incrcrtfed by concentrating the fimk from the 
apIoGon, which is cKc&ed by cauiing it to pafs 
through final1 circuits of non-conduaing fib- 
fiances. By this means the refilling mcdium, 
rhrough which thc fpark is to pafi, may be fu 

prepaped 

* A cracked jar may be made to receive a charge, by 
@king away the cxtcrnal and internal coatings which were 
over thc crack, fo as to lcavc a fpaoc of about ont: fourth 
of an inch bctwepn the crack and rcmsining tin-foil. 
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prepared 3s to augment it's power. If the fpark 
is made to pafs through hole h a plate ofglafs, 
one twelfth or one iixth part of an inch in dia- 
meter, it will be lefs difipated, more corn@ 
and powerful: If the part round the hole is 
wetted witli a little water, the fpark; by con- 
verting this into $apour, may be conveyed to s 
greater diftance, with an increafe of rapidity* 
attended with a louder noik than common. 

Mr. Morgan, by attending to thefe and fomc 
other Circumitances, has mel*tcd wires, &c. with 
i'mall bottlcs. 

PaCs,rbc charge of a itrong battery through two 
or three inches of fmall wire, it will fometimw 
appear red hot, firfi at the pd t ive  fide, a d  
ohe rednefs will proceed regularly towards the 
other end. 

chargc a battery through a quire of gaper, a 
perforation will be 'made through it ; each of 
the leaves is protrudcd by the aroke from the 
&ddle towards the outward leaves, its Zchc: 
fire darted both ways from the center. If the 
paper is very dry, the fire meets with more 
difficulty in it's parage, and the hole i s  fmall. 
If that part of thc yaycr, through which rh6: 
explofion iS made, is wet, the hole is,lar@x, 
the light more vivid, and the expjofion louder. 

Ex Pf - 

E X P E R I M E N T  CLIII.-TO make wire red hot. 

E X P E R I M E N T  CLIV.-TO PefOOrClCC piper.  DiL 
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ExPBRI MCNT CLV.-TO give the ningti~~icpazvet: 
The difchargc o f a  battery through a frnall iteel 
needleiwili, if the charge is futlkient, corn- 
niunicate mngoetifm to the needle. 

TO invert the m q f i e / i c  
poZes. The difcharge of n battcry through a 
fmall and flender magnetic needle, will gene- 
rally deltroy the polariry ofthc needle, and fomc- 
times invert the poles thereof. 'lo iiiccecd in  
this experimcnt, it is oftcn ncccffhry to paTs 
feveral itrong charges through the necdle, bc- 
fore it is rcmovcd from the circuit. 

It appears, from Beccaria's expcrimcnts, tha t  
' the magiictic polarity, which is communicatrd 
to the ncedle by eleCtricity, depends on the pa- 
fition of the .needle when rhc charge is fknt 
through it, and is nat replared by the di- 
re&ion of the clec'tric matter in  cntcring the 
need I e. 

EXPERIMENT cLvII.--/l/wood on eldfr ic  per- 
faration. Let-a quirc of pnpcr be ftdpcndcd by 
a line in the manner of a pcnduluiii from.any 
convenient altitudc, To that it's plane may be 
vertical. Let the largcfi charge from rl battery 
be caufed to pars through i r ,  while quiefccnt in 
an horizbntal dircAion pcrpcndicular to the 
plane, the rods of communication iiot touching 
the paper; tllc phacnoincrra ow, firft, thc. 

apcrtutc 
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aperture heretofore mentioned, the leaves 
being protruded both ways from thi middle 3 

lkcond, not thclfmallefi mor&* is communicated 
ta the paper fcom t he  fora of the difchargc. 

A quicc of the thickeit and itrongdt paper 
was made u 6  of for this experiment, the height 
from which it was, fu+ended fixtecn &et. 
an extrarsrdinary appearance on. rhe hyporhefis 
of ;a fingle CrleLCtric fluid, that a farce f u W m  
to penemitre a folid fubfiancc of great tiendcity 
and e&eiive force, fhould not comunicats: the 
fmalleft maion to t& paper, when a breath of 
ai cauik fomc fenfible v i b c a h  in, it, 
But this dikculty is not undwetabk:  foc a 
velocixy ma;y! be aPlgned; with which: a. body 
impinges again8 and, paflies through a peadu- 
lum of any given weight and refifting force, fo 
that a fmaller angular velocity fiat11 be com- 
municated to it, than any that hal l  be propared, 
and we .F;no\y. no limit to the velocity Qfthe elcc- 
tcic jmwplr ~r powers, But rlie orher phzno- 
wenon, i. e, the oppofite direAion in which the 
loaves arc pnotruded, tencis very muqh to 
flrqngthm t h  opiniw o f  twg oppofite cugrents. 
Perhaps either of thofe phmomeua, c onfid-grad 
iirnply, may admit of an eafy folution from the 
IiypotheGs ofa fingle power j when they am tqkm 

T both 
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both together, ' if &ems ntore digiccizlt t o  rcloitcitr 
tbis hypotht$ withimatter of fa&.* 
EXPERIMENT CLVIXI.-?'O melt a wired Di& 

C r pie= of wire!, 

will be broken to pieces, or melted, fo as to fa11 
QO the table 'in glowing balls. 

When a wire if. melted in this manner, the 
$arks fly frequently to a confiderable difiance, 
being fcattered by the explofion in all dircfions. 

If the force of the, battery i s  very great, the 
wire will be egirely difperfed by tbw: force of 
the explofioni Small particles of fmch fubitances 
as cannot be eafily drawn into wire, as platina, 
grain gold, ores, &c. may be placed in a groove 
af wax, and then put into the circuit ; i fa  difu 
charge of fufficient ltrength is paff'ed through 
them, they will.be melted. 

The force, by which wircs arc mcltcd by a 
'baaery, varies, with the length of the circuit, as 
the fluid meets with more refiflance, in pro pol^ 
tion as the parage through which it is to pars 
is longer. Dr. PMlley cadd melt nine inches 
of fmall iron wire at the difiance of fifteen feet, 
bur at twenty feet diffance he could only make 
fix inches of it red hot, To that mctat  refift with 
confiderable force thc paffage of the elc&ric fluid, 

arid 
* Atwo~d'ti Analyfis, 

t? 
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add therefore in eflimating the condu&ing pow; 
trs of different fubfiancesi their icngth muA be 
particularly attended to. 

EXPERIMENT cLIx6-Inclofe a very flender 
wire in a glafs tube, difcharge a battery through 
this wire, and it will be thrown into globules of 
different fizes, which may be collefted from 
the inner furface of the tube: thcy'are often 
found to be hollow, and little more than the 
Ecoria of the metal. 

ny experiments have been made, in 'order 
to try thedifferme conduCtingpowers of metals; 

ng the difcharge of a battery thrnugh 
t it. has not pet been determined, whed 

ther the greater facility with which fome metals 
ate exploded depends an the cafe with which 
the fluid paffes through them, or whether it 
proceeds from the degree of refiitance they make 
to it's paffage, or from a want of duBility iei 
the metal, which is therefore lefi capable of ex- 
panfion. 

E X P E R I ~ N T  CLX. ADifcharge a battery 
through a chain which is laid on paper, and 
black marks will be left on t h t  paper in thofe 
places where the rings of the chain touch each 
other ; the rinGs will be more or lefs meltcd BC. 

thofe" places. 
E X P B ~ I M E ~ T  cLxi;-To Jaim gfqh Take two 

Ta pieces 
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pieces of window glafs, of ahou~ 5 by z inchea ;; 
place a flip o f  brds, OJ gdd lcaE beewcen them, 
leaving the metallic leaf aut 'beyond the glafs at  
cachend 3, then place the EWO~ pieces of glafs in. 
the prefi of the univerfal dikhargsr, bring. the 
points,of the wires E T, E F, fig. 3, to touch 
the ends of the l e w ;  md p d s  a difchargc 
trhrough them, which will fb~cc part ofthe metaL 
into the glafi,.and fiaira with a colour which dif- 
fers from the metal that is made ufe of. The 
metallic leaf fhould be made narrowell in the 
middle, becaufe the force of the ele&k fie is 
in proportion to it's deniity, which is increafe.d 
when the fame quantity sf fire is cotapelkd to 
pai3 throwgh €ewer condu&hg particles. 

The explofion in melting tha fitripes c$ l e d  
gold, h c .  renders them non-condu&iag, and lefs 
capable after each difchlzrgc to tranfniit another, 

particlcs of the metal' ape dpi 
which is really melted ; thofe parts of t h e  

rnctal, which lie conriguous to the glafs, are tire- 
moft perfebly fufed. The pieces of glaE which 
ewer thc Qip of metal are gcnerdly broken to 
pieces by the dikharger. 

BWPERIMENT ctxrr.-Fo kreak h i c k  pieces vJ 
Place a thick piece sf glar4 os the ivory 

plate of the univcrfal difcharger, fig.'3,, pl. 11. 
and a thidk pkcc of ivory on the glds, on which 

a weight 



A?? ESSAY O N  ELECTRICITYe 977 

* a  weight from one to fevera gouhds ,is to bc 
placed ; bring the points of she wires E'F ET 
again4 t i ic  edge of ,the.glafsi and pafs, the diC- 
charge tliduugh the wires, by connedtting one of 
,the wires, as EF, with the hook C of the bat- 
my, fig. 45, pl. W .  and forming a comma- 
akation, when .the battery i s c h a r i ,  from &$ 

other wiR ETico the bail, and theglafs will be 
broken and @me part of it fhivenx3 to an im- 
palps;blr: powder. When the piece of glafs is 
h n g  epa0ug-h to refilt: the dlmck, thc glafv is 
often ,marked by the expIofion with the moil 
lively and bcautifiil colours. I have been in- 
formed by Mr. Margan, that if the &is is %e& 
anmrcd dqwn, the eff& is the fame as whch it 
is preKed by the weights ; and this mode is in 
various experiments inore convcnient. 

Place a piece of very dry white wood be- 
tween the baUs of $he wniveifal difchargey, the 
fibres otche wood tQ be in thc f i e  direAioh 
with the wires, pars the f i o c t  through them, 
and the woods wilt be torn to pieces; 'or nin the 
pdnts im rhc wwd, ai$ then pds the kock 
rihmugh them. 

EXPBRPMENT C L X I P ~ , -  'To w f e  w t i + s ,  If 
tht  difccharge is pikd under the piece of ivory 
with the weights upmi ir, without any glafs bed 
cwwn the piece of ivory and the tabk GH of 

3 - 3  the: 



278 AN ESSAY ON E L I X T R J ~ I T Y .  

the univerfal dircharger, .the weights will be 
lifted up by the lateral force of the’difcharge; 
the number of wejghts muit be proportioned to 
the force of the explofion. 

xrv.--Laferiat cxp&g. Fig. 
96, a reprefents an infulated rod, nearly tovch- 
ing a charged jar; b is ,another infilated rod, 
placed .in a ‘line with and near to the foririer ; 
make the dircharge by the rod e, from whiqh a 
chain hangs that does not touch the bottom of 
the jar, and the rod b will receive an ele&ric 
fpark, which quits it again almofi in the farm 
initant,’ bccaufe the fineit ‘threads hung upon it 
will not be elekrified by, the @ark. 

This cle&ricaL appearance, without ‘the cir- 
cuit of a difcharging jar, is called the luip-al 
exp Zojon. 

If pieces of cork, qr any light bodies, be 
placed near the explohon of a jar or battery, 
they will be moved out of rhcir place in all di, 
retiions from the centcr of the exploiion; and 
the greater the force of the explofion, fa much 
greater will the diitance be to which they are 
removed. It is not firprifing, therefore, that; 
heavy bodics fhould be removed to cantiderable 
diitances by a Brong flaih of lightning. Dr, 
Pricfllcy apprehends, that this fpecies of lateral 
force i s  prodwed by the explofion of the aiq 

from 
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'from rhe place throdgh which the eledtric dif- 
.charge paffes. 

This lateral fme is not only exerted in the 
neiihbourliood of an explofion, when it is mado 
betiveen Pjctxa of metal in the open air, but alfo 
when it is rranfmitted through pieces of wire 
that are not thick enough to conduc? it pcrfec5tly. 
The fmaller the wire is, and the greater the 
fufion, the glreater is the difperfian of light bodies 
mar 8%. 

EXPERIMENT s~rv.-Couft of laterid ex@&. 
If circuits, different in length and of different 
fubfiances, form a communication between' two 
charged'furfaca I f  of an eletiiric plate, it is ob-. 
fcrved, the difcharge +ill be made through the 
befi ConduCtors, whatever be the length of thc 
others. 

2:' If circuits of the fame Cubfiance be differ- 
erent ha length, the difcharge will be made 
through the kortefi of them. 

3. If the circuits be the fame in'evcry ref- 
pea, the difcharge will be madc through~many 
'of them at the fame time.* 

If one circuit cornfifis of undried wood, and i s  
+of con9derable length in cornparifon of another 
which conflits of nietd, the difcharge will bo 
wade wholly through the latrer, unlefs rhe charge 

T4 ihOPid  

* Atwood's AnalyGs, p. i 10, I P O ~  
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&mid be very great, in ,which cafe 6 m e  fmdl  
part will pafi through the wood. 

IC a fhort metallic rod and any part af the hu- 
man body form two cirguits between the fame 
cha~ged furfaccs, the difcharge will, in general, 
be made wholly through the metallic rod bur 
if the charge is very great, or if the rod is very 
flmdqr, or if it kould be very lmg, in either of 
there cafes the dircharge may be perceived to 
pais through that part of the body which forms 
one of the circuits. 

This will be the cafe when the charge is final!, 
but it may be fo incrcafed as to pafs through 
both the longer and kortcr circuits. 

J 'have been informed by a gentleman, that 
it: was his cufiom to make a variety of circuits 
for the difcharge of a large jar ar battery; and, 
that havihg a fufficient number of there, he 
could introduce himfclf into one of them, jind 
take his part of the fhock without inconvenience+ 
it even was not difagreeable; and he could by 
this means Icffen th!: fenfation almofi to no-, 
thing. 

EXPERIMENT cLxVr.-Mr. Henley made a 
double \circuit, the firfi by an iron bar, one inch 
and a half in diameter, and half an inch' thick; 
the fecond, by four feet and a half of h a l l  
chain. On difcharging a jar, containing five 

hundred 



hundred fquarc inches of coated furface, the 
c]e&ricity pafled in both circuits, fparks being 
yifiblc 611 the fmall chain in many places. On 
rnakitig the difcharge of three jars, containing 
together fixteen fquare feet of coated Surface, 
through three different chains at the fame 
time, bright fparks were vifible in them' all, 
The chains were of iron and brafi, of very dif- 
ferent lengths ; the fhorcgfi ten or twelve inches, 
the longeft inany feet in length. When thore 
jars were difkharged through the inon bar be.. 
fore-mentioned, together with /a fmall chain, 
three-quarters of a yard in 'length, the whole 
chain was illumincd, and covered throughout 
with beautiful rays, like briitles, or golden .hair. 
Having placed a large jar in cQntaQ with the 
prime condu&or, he affixed to the coating of 
it an iron chain, which was alfo connetled with 
a plate of metal, on which was made the d i t  
charge by the difcharging rod: this done hc 
hooked another chain, much longer, and of brafs, 
to the oppofite fide of the jar, and brought the 
end of it within eight inches and an half of the 
,metal plate. In contall with this end a fmall 
oak itick was laid, eight inches long, which was 
sqvercd * .  with faw-duit of fire-wood. On mak- 
ing the difchargc upon the platc, bath the 
+aim were luminous through their whole 

' *  

l&gthS# 



$82 AN ESSAY ON ELECTRICITY. 

krighs, as wao'alfo the raw-dun, which wag 

covered by a itrcak of lighr, making a very 
pleafing appearance. 

At rhe glafs-houfe the 

ofan inch diqmeter; if th 
wiy, feveral of them wil 

number of fdlid iticks of glafi, about one 

{ai. a confiderable fength ; the diameter of The 
cavity feIdom exceeds the 200th part of an inch. 
Sd&,and break off the tubuiar part, ,which 
may be filled with quickiilver by f'uc king, care 
?xing taken that no moiiture previoufly in% 

tes itfelf; thg subg will then be prepared fop 
the experiment, 

n.-D@lqjon of mercury, 
gh *;his final1 thread of 
i be inftantiy $ifploded@ 

1 break or $pligd tfir: tube in, a cucioug 

EXPERrMENT CLYYIXI- --Take a glafs tube, 
the bore of which is about one quarter of an 

ith water, and flop the ends with 
wires throqh the corkg intcj 
'their ends may nearly touch, , 

F k e  the ends of thefc part of a circuit from a 
on the difcharge, the waeet will bt 

difperkd 
* Nicholfon's IntroduQion to Philofophy, p. 414, 
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difpcrfed in every dircaion, and the tube blow& 
$0 pieces by the difcharge. 

The eleltric fluid, like common fire,' cony 
wrts the water into an highly elaftic vapour. 
Dr. Franklin, on repeating this experiment with 
ink, kould not find the Ieafi itaip upon the white 
paper, on which the tube had been placed. 
*Beecarin paired the ihock through a drop 'of 
water, which was fupportcd, in the center of a 
M i d  glafi ball, between the ends of two iron 
wires, and the ball was ihivercd in pieces by the 
explafion. On this principle he contrived what 
he calls an ele&rical mortar, which will threw a 
fmaH leaden gall to the diitancc of twenty feet. 
It is clear, from feveral of the foregoing e x p i -  
rnents, that the eleRric fluid endeavours to ex- 
plode, in'every dire&ion, the parts of the refiL 
ing Cubfiances through which it paffes. 

EXPERIMENT CLXIX. - Xledi'ric eavibquuke. 
Place a building, which is, formed of feveral 
loofe *pieces of wood, on a wct .board in the 
middle'oSa large baton of water, let the el&k 
flak 'from a battery .be made to pafs over thc 
boar&, or over the water, or over both; the 
water will be itrongly agitated, and the building 
thrown down, The report is louder than when 
the explQGon paffes only through the air. - 

The 
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‘P&da&ric fWd mdeavours to pars near the 
€urface of the water where it meets witti more 
d i f iance ,  than if is is forded m pafs tltraugh it. 
This pmly  wiles h m  the pbwer the eleAric 
f i ~ ~ d  has of raifing an expaniivevapout &om the 
.Surfice: of the water, which drives off the re- 
&hag :air* 

A difccharge paffcd over hi: fuaiEaet ofa piwe 
Qf ice wit1 ieavr on it h a i l  unequal cavities, ex- 
bibitipg the fame qqeamnce as if a hot chain 
b d  &en @aced Bn it. 

A dilcharge dent ghrough a green deaf tears 
&e furfact in vari0m diredtions, leaving an 
image in miniature of bme of the eff‘e&s of 
lightning, Adifcharge wiii pafs to  a certain 
diRance over <‘pipit of wine, without iiiflming 

but, i’f &he difiance is-imseaicd, it will fct 
it on fire. From hence it appears, that zhc 
fatiJity with which the t1CRric fire i s  rranfmir- 
t d m r  &e furfake of a(noif3 fubfhhces, depends 
~ 1 .  rhe eafe with which they are turned into 
VbipQUrS. 

ifcharge, in melting the. particles of 
kivesinro it’s paRagc the conduaing 

vapours whkh arife from them 1 and in pro- 
gsniom as the parts of any body are more rea- 
dily d r i m  into vapour ‘or duR, the fpark will 
fun to a greater difiance. 

E:]CPESI* 
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If a 
wire is ftretched by weights, and 4 &sck isfent 
through it that wilt sender It rcd b t ,  it is €kmd 
w, be confidcrablg lungthened after the, dif- 
charge. Nhen the wire is lode, it is hid f~ bc 
fllortened by the c;xpbfion. 
EXPERIMENT cmw.-ff a long narrQw trough 

of water is made Bart of the circuit ia the d i L  
charge of% hattcoy, an? a perfon's hwd be in-&- 
merged in the water at the timn of the e a p k  
iion, he will feel an odd vibration in the wgw, 
very difkrent fkom an ele4rical &wk. The 
quick h o k e  from the repercufion of the air aQd 
tbc vapmr,. is cornwaicata4 tg the hand by t l ~  
water, and the hand receives a fliock i i ~ h + ~  $0 

that received by a fhip at fea during an ewth- 
quake. 

E X P W ~  EMT C L X I L I L - B ~ F ~ ~ ~ U ~ ~ G  m'ns;F. Race 
a plain piece of metal between thc, 
univerfal difcharger, pafs fevcral explpttkns ~f a 
battery through the wiyq,  and tho diEcharges 
will  gradually 6nn QO thc metal diffema cir- 
cles, beautifully tinged with thc prifmatic CQY 

lours.. The circles appear fmner, and are c l ~ l i ' ~  
to Cat;h, other, the ncarer the p~illti is totthe hr- 
face of the metaj, The numbcr of xings, 01; 

circles, depend on the flwpnefs of the point; 
the experimans therefare fiiccecds bC,t!sr i f  a 

2 Eharp 

E x P E R J M B H T  CLXX. -@%I! hglheved. 
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fiarp needle is fafiened to one of thc point, of 
the difcharger. 

Several very curious expcriincnts were made! 
Wagon and others, 
which the eleCtric 

veyed, and the velocity with 'which it moves, 
In his firit experiment, the ihock was given and 
fpirits fired by the ele&rk matter, which had 
been conveyed through the river Thamcs. In 
the next experimentithe eIe&ric fluid was made 
to pafs through a circuit of two miles, croflirrg 
the New-river twice, going over feveral gravel- 
pits, and a large field. It was afterwards con- 
veyed> through a circuit of four miles, It paffed 
over thek fpaces initantaneoufly as to fcnfe, 
This fedible inftantaneity in the motion of the 
eleEtric fluid was *afcertained by an obferver, 
who, though in the room with the charged phial, 
was,at the fame tihe, in th of a circuit 
of two mil-, anit fdt hirnreIF at the fame 
initant he faw the phial difcharged. 

Notutithftanding this furprifing velocity, it is 
ccrtain, that both fides of a charged phial may 
be touched fa quickly, even by the befi conduc- 
tors, that all the ele&ric matter has not time t@ 
make the cirsuir, and the phial will remain but 
half difcharged i and there are ieveral iiiitances 
where the motion appears flow, and not eafilp 

reconcilable 
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reconcilable with this immeafuraMe velocity g 
and it is alrocertain, that this fluidis refifled in 
it's, paffage through, or over, every fubltance. 

The wonderful pare of the bregoing expcri- 
merits will vaniih, if we admit the reafoning af 
Dr. Gray and Mr. Volta on this fubje& 5 and the 
reader will find this rcafoning confidcleably 
Arengthcncd by cxpcrimeht~ of Mr.p,4zwod 
related m this Effay, though it muR be owned, 
thdc experiments fcem to IeaQ much further, 
andgive an idea of the direclionof the el&ric 
fluid in the difcharge of the Leyden phial, 
which differs altogether from the received theory. 

C H A P .  
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E are chiefly h&btr& te the Ab& Nol- 
let fhbr what is known on the fibjw af 

this chapter, which was inveftigated by him 
with incredible inckftzy am& patience. E have 
only Cubjoined the principal refuk orhis 
merits, and tnd€ refer rhe reader, for a more 
ample account, to the Abbt’s own writings, 
or Dr. Prieftley’s Hifiory of Elearicity. 

Eleericity augments the natural evaporatioll 
of fluids ; fince, excepting mercury and oil, all 
thcothers which were tried fuffered a diminution 
that could not be afcribed to any other caufe 
than clcaricity. 

It increafes the evaporation of thofe fluids 
moR, which naturally tend to evaporate readily. 
Volatile fpirits of fal-ammoniac loit more than 
fpirits of wine, this more than water, &c. 

EleAricity a& itrorigeit upon the fluids, when 
the veffels which contain them are non-eletkrics. 
The evaporation was greateft in the rnofi open 
verels, but did not increafe in proportioil to 

their 
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their apcrturcs. It .does nqt make any liquor 
evaporate through thespares either af met$ qr 
glafs. 

To extcnd .rhefe principles tfurther, the ALL6 
made a great varicty of cxperiineiits an .clcC- 
rrified capillary tubes, and,found, that the Rrcniii 
would be fub-dividcd, but it is npr ,fcntibly 
accelerated, if the tube is,not k f s  than one tenth 
of an iiich.diameFer i n  the jnfide. 

Under this diameter, if t’hc tube is wide 
enough to.let the .fluid run in a itreani, .eIetlrj- 
city will accelerate it’s motion in a fmall dcgrcc. 

If the tube is fo&r caljillary that the water 
only Sues from it in drops, thc elcctrificd j e t  
bwcorncs a continued firearn; it will wen Le 
divided into feveral finaller o w ,  mcl it’s tiio- 
tion is coialidcrably accclcrated ; the fxnaller rhc 
diameter of the tube, the grcatcr is the accelc- 
ration. When thc fiirface is wider than one 
tenth of an inch, clc&ricity fceiins rathgr to re- 
tard the motion of the fluid. 

From form very accurite cxpcrimcnts macle 
by Mr. de SauiTurt: with his ncw liygrorncter, 
it appears that the fircgoiqg theory, which 
afl‘crts that eleitricity always promotes evapora- 
tion, is only true under ccrtiin reitriCtions. I t  
iricrcafes the evaporation fi.0111 t h o k  bodies 
which arc hperfaturated, .but docs iwt occafion 

U any 
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any evaporation in thofe which do not contain 
a fuperabounding quantity of water. 

EXPERIMENT CLXXIII. Elenrical j e t  d’ea#. 
Fig. 77 reprefents a metal phial, to which a 
capillary tube is adapted, which will only permit 
water to pars through it in interrupted drops. 
Fill the pail with water, and fufpend it from 
the prime condulkor, then turn the cylinder, 
and the water will pars through the tube in a 
continued itrcam ; this will feparate into )other 
fireams, that will appear luminous in the dark. 
EXPERIMENT cLxxw.--Sufpend one pail from 

a poiitive conduaor, and another from a nega- 
tive one, io that the end of the tubes may be 
about threc or four inches from each other, arid 
the itream proceeding from one will be attracled 
by that which ifrues from the other, and form 
one itream, which will be luminous in the dark. 

If the pails are fufpended on two pofitive, or 
two negative conduitor&, the itreams will recede 
from each other. 

EXPEKI MENT ctxxv.-Ele~ricalJ3ream of wa- 

ter. Place a metal bafon on an infulating itand, 
and conncCt i t  with the prime condu&or ; the11 
pour a fmall fiream of water into the baron, 
which , ’  in the dark will have a beautiful appear- 

as the fiream will be divided into a great 
nuinbcr of lucid drops. 

EXPERI-. 
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Ex PE R I MEN T c L x x v r . - E l e ~ y ~ ~ ~ ~ o ~ g ~ .  Dip 
a fpnge  in water, and then fiufpend it from the 
conduklor ; the water, which before only drop- 
ped from it, will now fall fail, and appear in 
the dark like fiery rain. 
EX P E ~ I  M EN T c ~ x x v  1 L .-Cont rwy eft8s of ekc- 

tricity in forniing j e t  d’eaus. Hold a pail, which 
is furniked with feveral capillary tubes placed 
in various direaions, near an elcQrified con- 
dudtor, and. the water will fiream out of thofe 
jets near the condudor, while it will only drop 
at intervals from thofe which are oppofite to ir. 

Ex P E R I M E N T c ~ x x v r  I x ,-Conical drop ofwater. 
The knob of a charged jar will attrad a drop of 
water from a faucer, &c. This drop, the mo- 
ment the bottle is removed from the faucer, 
airumes a conical kape,,and if it is brought near 
any condudling hubfiance, it is driven forcibly 
away in finall itreams, which are luminous in 
the dark. 

It appears by this experiment, that the elcc- 
tric fire not only tends to feparate the particles 
of water, and to difipate them into vapour as 
common fire, but that it eFdts  this with un- 
common rapidity. 

EXPERIMENT CLXXIX.- Dfibargc a battee  
tbnugb a drop dfwater, previoufly placed on the 
knob of one of it’s bottlesr the whole will be 

Un initantly 
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inflantly exploded .into vqpour ; the Ipmks will 
.be much Ionger'thm Gornmon, and %morexom- 
.pa&. 

Beccaria .obfarveS, that by Eeiidiqg adifcharge 
to a greater or lefs diitance, through ane'orimore 
drops of quickfilver, the difcharge diffufes irfelf 
into drops, and drives them into vqpour ; part of 
zit r i h g  into the air in the form of:fmoke, the 
othcr part remains on the glafs. 
EXPERIMENT C L X X X . - ~ ~  drop o f w a f e r  hanging 

j>om jhe condenjng ball fl an  eletzriJed, contiu&ior, 
will firctch towards water placed in a cup under 
it, lengthening and ihortcning itfelf according 
50 the forcc of thc eleQricity. 
EXPERIMENT cLxxxr.--Z&-zdg Jmrk from a 

.drop of water. Place a dray of water'on the 
yrimc ConduCnCor, turn the machinc, arid long 
tzig-zag fparks may be taken from it ; the drop 
will. take a conical figurc; thebody that receive6: 
the fpark will be wctted, and the fpark will be 
contidtrably longwthan can be obtained from 
the conduEror without thc water.* 

EXPBRSIJIENT cLxxxiI. - Tbreads &im from 
wux. Stick a piece of fealing-wax on the con- 
duaor, in fuch a manner that it may be eafily 
!{el on fire by $a taper; while i r  is flaming turn 
the cylinder, the wax will become pointed and 

Ihoot 
* Nicholfon's IntroduEtion to Philolophy, 
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iEioot out an almoit invifible thread into the air, 
to the length ,of a yard and, Inoce. If the fila- 
ments that arc thrown out by the wax are re- 
ceive# on a illW OC pager, the paper will be 
covered by them in a very curious manner, and 
the particlcs of the wax wit1 be fo far fubciivrded 
as to refemblc fine ~ o t t c m  TO fa%m the piece 
of waxconveniently to the condutlor, flick it 
firn! on a imalh picce of papa, then awifi the 
end of the paper fo as to fit one 05 the holes 
which arc made in the priwe coiiduflor; when. 
it is thus placed, it may be readily fired by 
taper. 

EXPERIMENT CLxxxIri. - El~flriCaZ fimtubz. 
Infulatc 3 fountain made by condenfed air, and 
which emits only one fiream ; eleQrify the foun- 
tain, and the Llream will be faparated intd g 
great number i thcfe will diKufe themfelvcs 
equally over a large fpace of ground. By laying 
8 finger upon the conduL%r, and taking it off 
again, the operator may command either the 
fingle itream or the divided one, at pleafure; 

EXPERIMENT ctxxxIv,-&t@rify levo fnail 
iiv)2d/ed fotmluitls with the different eleoric 
powers; thc firearns of borh will be di@erfed 
into very minute particles, which wiI1 run to- 
gether ‘at the top, and come down in heavy 
tt~vps, like a b w e r  of rain, 

u3 C H A P .  
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C H A P. XUI. 

OF THE ELECTRIC LIGHT IN VACUO. 

E X P E R I M E N T  cLxxxv. 

A K E  a tall dry receiver, and infert in the T top, with cement, a wire with a rounded 
end, then exhaufi the receiver, and prefent the 
knob of the wire to the condu&or, and every 
fpark will pars through the vacuum in a broad 
itream of light, vifible the whole length of the 
xecciver, moving with regularity, unlefs it is 
folicited and bent ouc of it's way by fome non- 
ele&ric, then dividing itfelf into a variety of 
beautiful rivulets, which are continually dividing 
and 'uniting in a moit pleafing manner. I f  the 
veKel is grafped by the hand, at every fpark a 
pulfation is felt, like that of an artery, and the 
fire bends itfelf towards the hand. This pulfa- 
tion is even felt at fomc diitance from the re- 
ceiver, and in the dark a light is feen between 
the hands and the giafs. The firearns of light 
pars filently through the receiver, becaufe the 
air is ,removed, by whok vibration found is pro- 
duced. 

From fome experiments made feveral years 
fince by Mr. Wilibn, with an excellcnl: air- 

Pump 
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’pump of Mr. Smeaton, hc obferved, that very 
f*mall differences of air occbfioned very material 
differeiices in the luminous effc&s produced by 
the clearic fluid ; for when all the air was taken 
out of the receiver, which this pump at that 
time was capabfe of extrading, no elcCtric light 
was vifible in the dark. Upon letting in a little 
air by a flop-cock, a faint eleCtric light was vi- 
iible, and by letting in a little more’air increafed 
the light, which again decreafed on letting in 
more air; till at laft, on admitting great qwan- 
titics, .it entirely vaniflied. By this experiment, 
it appeared, that a certain limited quantity of 
air was neceffary to occafion the greatefi lumi- 
nous effecCt. 

EXPERIMENT CLXXXVI.-NO repulJ”iuc power in 
fhe pnriicles of elefiricity. Fig. 82 reprefcnts an 
exhauited receiver, itanding on the plate of an 
air-pump, a b an eletirified wire difcharging a‘ 
ftream I c of the eleeric fluid on the plate of 
the air-pump. If the firaturn of air on the out- 
fide of the receiver be leflened by the applica- 
tion of the finger to the receiver, and by this 
means an opportunity be given to the fluid an 
the outfide to e‘fcape, the fluid within will bc 
impelled to that part, as at de$  

It has been inferred from this ,experiment, 
u4 that 
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that n o  r&pulfivc p6Wer edfis'hiitweeh the pa?- 
ticl6s of the ele€tric fldd ;- becaulk; if it was id 
itfdf rtallg elatiic, or dii'dowkd with a. repulfive' 
pbwdi: of it's own, it' fici't pr6b'able it could 
'pi&, inaan uninterrupted firemi, a5 a t  b t ,  Mvh" 
the iefiitdnce was iakcn off; ir wotld t l b h  
fj+ead wider, a& difpiay it's elafiic p o W .  

is more confifitnt, fays, D'r. W'at'fb4 to' 
fe; that the rtpulfiori of rhek particles, 

w l k h  2s fc& in the open air, is occafioned by 
rfie'rcfiffance of the air, and not by any natural 
tin'dtncy of the cIe&ricity itfelf, 

By konfidering the eipki5ments made with 
the efettficsfluid' ih vucz(o, W C  attain a clear idea 
of the refiilcance the air continually makes r q  it's 
paffage, and fee rhqt the divergence of it's rays 
is not to be atrributed to an iinaginary repulfion, 
but to tbqreiiftance df the ambient air, for the 
divergence ceafts, and the rays unite, when this 
yefiftancc is removed, 

EXP~CIII M E N T  cLxxxvlr.-Btfore the air was 
cxhduitcd ffom the rcc&i0tr, if the wire a t  ihe 
top of it was ele&rificd, 3 divtrging brufli pro- 
ceeded froih it, About an inch long, but littlo 
of die flWi pamng off, aqd cven that little re- 
quiring a &ong iivpulfive fofce to puih it  for- 
ward .  On exlimiting the rcceivcr the followiiig 
h n g c s  took place: firfl, ,the rays of the brufll 

becave 
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Marin6 longer ; fixond!yJ the- rays diverged 
lefs,, were fewer in number, and the Gze of the 
remaining rays was increafcd : thirdly, they all 
united tit laR, and forwed a continued column 
of; light', from tht wire to the plate of the air- 
pUlTlp. - 

Fro* this experiment it is clcar, that the air 
is tho agesir by VObich~ with the aflifiance of 
othet el.e&fiks, we are abEe to communicate 
e~&rki.t.y to cle&rics, as well as non-cIe&rico ; 
for when this. is r e m & ,  the h i d  pervades the 
vacuum, and flies off to a confiderable diitance. 

EEP E R f M EN T OL x x 2 v I I I .-l"o dvingufi with 
great atcurmy the changtv in !he f0t.m afid length .f 
the ete&ric Jpark when it is pa&ng ihrough n re- 
ceiver, 'the air of which is more or /t$ rurijed. 
Fix a. ball to tlia rod, let another proceed from 
the plate of the air-pump : the balls are to be 
placed about one inch fiom each other. When 
the vacuum is good, a Gngle uniform ray, of a 
purple colour, paires from one ball to the other; 
but in proportion ks the air is admitted, the ray 
aequirea a quivering motion, which indicatis 
that a refifiance to it's motion then begin;, and 
this interruption is followed by a divition of the 
ray or itream; thk ray now acquites a more 
vivid light J and, laftly, it becomes thc common 

€park, 
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fpark, which is,emitted with grearer or I& faci- 
lity, in proportion to the power of the machinc, 
atid the reiiitance of the air. 

E ~ P ~ I  MENT c~xxX;x . -~urova  JorealiJ. Prc- 
€ent a thin exhauited flafk, fimilar to that re- 
prefented at E, fig. 49, but without any coat- 
ing on the outfide, to the condutlor, and the 
bottle will be luminous from end to end, and 
when taken from the conduaor, will continue 
Iuminous, moving in various curvilinear direc- 
tions for a confiderable time, flaihing at inter- 
vals in a manner which very much refernbles the 
Aurora Borealis. ' The light may be revived by 
pafing the f l a k  through the hand. The firokc 
of the fluid againit the glafs is very fenfibly 
heard and felt in this experiment. 

_c_- 

The flexuous motions .of the ele&ric fluid in 
an exhaufied receiver may, in fome degree, be 
produced at pleafure. By wetting the outfide 
of the receiver, the fire will follow the direClion 
of the wetted line, as the refiflance is now leC 
fined on one fide; and the fire can adhere and 
accumulate itfdf on the infidc of the receiver, 
becaufe, by means of the dampncfs, it can expel 
a portion from the outfide. 

This expcrimcnt may be exhibited very 
plcahngly, by making a Torricellian vacuum 

in 
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in a glafs tube about three feet long, and t h a  
fealed hermetically. Hold one’ end of chis tube 
in the hand, and apply the other to the conduc- 
tor, and immediately the whole tube will bc 
illuminated from end to end, and will continue 
fo for a confiderable time after it is removed 
from the condudlor, flaihing at intervals for 
many hours. 

EXPERIMENT cxc. - Lutniivaus j d s  fl f i ~ .  
Screw on a ball, of about an inch diameter, to 
the rod of the plate of the collar of leather Q f  an 
air-pump; place this on a tall receiver; con- 
n& the exterior parr of the rod with the con- 
du&orr place fome cylihdrical pieces of metal 
on the,plate of the pump, then exhaufi the re- 
ceiver in part, and eleltrify the rod a t  intervals, 
and luminous jets of fire like fulminating me- 
teors will fly from the ball to the cylinders of 
metal. 
EXPERIMENT c~cx.-Another beautiful ap- 

pearance may be produced in the dark, by in- 
€erting a fmall Leyden .phial into the neck of a 
tall redeiver, fo that the outward coating may 
be expofed to the yacuum. Exhaufi the re- 
ceiver, and then charge the phial, 2nd at every 
fpark which paffes from thc conduttor to the 
infide, a flafh of light is feen to dart from every 
part of the external tiurfacc of the jar, fa as to 

fill 



fiHtrIPe 'receiver. Upon makimg the Qi$kbargc, 
the ligk isl ieem to' I;Ctwn in a eloh bo+. 
. Ex PEiz mi ENZ! CXCX I .-fihtTnjJed b~womakn. A 

v t q  pwfeEt vacuum1 for the paKip of the elec- 
tric flbid may be mads by a dmbk bcuuometer, 
or long bent tube 08 glad& fiftled with mercury 
and inverted, each leg fianding in ay b&a of 
mercury ; the bent part of the tube above- the 
lnercury forms a complete vacuum. If a b d e  
is difchargcd through, this fpwc, the light a p  
pears uniform thcough the whole fp'pece, but is 
moft vivid when the difchatges are ftroag, Dr. 
Warfon infulatcd this apparatus, and then made 
one o+ the bafons of mercury communicate with 
the C O ~ ~ U & O F ,  and toucEsed the other with a 
wn-ele8rir; the e M x k  fluid pervaded the 
vacuum in a contimed flame, without any diver.. 
gam: wheh one of the bafm was collneAed 
with the infulated culhion, the fire appeared to 
pervade the vacuum in R different direaion. 
EXPERIMENT cxctII.,Fig. 83 reprefems 8 

glah tube, fuch as is generally ukd for barorned 
rers ; on the end I a ficel cap is cemented, from 
which a wire and ball c d  proceed into the tube. 
Fili this tube with quickfilver, and then, by 
fending up a large bubble of air, and repeatedly 
invcrtiilg the tube, free thc quickfilver and iron 
ball fium air, according to the ordinary mode of 

filling 
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-filling barameterd,; then plnce ,a fmnll $rop:of 
ether on the quickfilver, and putrthe finger-on 
the end of the glafs -tube, and inkrt: the teiid 
f in ci.bafon of qubMlvcr, taking care mot to 
remove the finger from .the endfof the tube, till 
the end is immerged half an ,inch uader ,the 
filver. When the finger is removed, the quick- 
,filver'lwill defcend, and the ether will expand 
iffelf, IeKen the.vacuum, and d e p d i  the mer- 
cury in the tube: now prefcnt the metallic top 
of the tube to a large charged conducitor, and 
a beautiful green [park will pafs from the ball 
to the quickfilver. By admitting a fmall quan- 
tity of air into the vacuum, an appcarancc 
fomcthing fimilar to a falling Etar is obtained. 

EXPERIMENT cscIv.-Cnvalio on ele8ric op- 
puuancts  in zracm-Place the brafs cap of a well 
cxhaufied receiver, at about half an inch from 
the prime conduttor, fo that whcn the machine 
is in attion, fparks may pars from the conduc- 
tor to(rhe brafs cap of the receiver. "Mr. Ca- 
vallo, in relating the circumitances attending an 
experiment of this kind made by him, obferves, 
that when the receiver was exluuitcd, the fpark 
paired from the cap to the plate of the 'pump 
through the receiver, illuminating it's whole 
cavity ; that the vacuum bccaine a better con- 
duC10r of elcEtricity in proportion as it was morc 

I per fee, 
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perfeEt, and that the eleAric light was more 
equally diffufed, but it was by no means faint 
when the receiver was exhauited to the tirrnofl. 
The light changed according as the receiver 
was more or lefs exhauited. The appearances 
were as follow. 

D E G R E E ,  OF RAREFACTION, A P P E A R A N C E S  O F  TH.S 

ELECTRIC LIGHT WYITN- 

I W  THB RECEIVER.  
AS SHEWN BY TIIL GAGE. 

JLight in large, long, 
Air rarified 40 times. but divided fireams. 

Fine diffufed light of 

Beautiful diffufed light c 'inclining to red or 
purple, and filling 

1 the whole receiver. 

a khite colour. 

8 0  
I 00 

400 

A diffufed light filled 
equally the receiver; I it had hardiy any 

i- reddiih hue.* 

When the gage fhewed [ 
the utmofi degree 
of exhauftion, 

, See alfo EXPERIMENT 112, 113, 121, 122, of 
this Effay, for further obfervations on the ap- 
pearance of the elearic light in vacuo. 

* Phil. Tranf, vol. Ixxiii, part ii, p. 451. 

EXPBRL- 
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Experiments en Eleflric L&bt, dy Mu. Wr L LI A M  
MORGAN. 

I .  There is no fluid or folid body, in it’s paf- 
fage through which the eledric fluid may not 
be made luminous ; in water, fpirit, oil, animal 
fluids of all kinds, the difcharge of a Leyden 
phial, of allnoit any fize, will appear very fplen-’ 
did, provided we take care to place them in the 
circuit, io that the fluid may not pafs through 
too great a quantity of them. The general me- 
thod is, to place the fluid, on which the expe- 
riment is to bc made, in a tube threc quarters of 
an inch in  diameter,and four inthes long; flop Lip 
thc orifices of the tube with two corks,’through 
which pufh two pointed wires, fo that the points 
may approach within one-eighth of an inch to 
each other; the fluid, in pafing through the 
interval which fcparates the wires, is always Iw- 
minous, if a force be ufed fufficiently firong; 
the glafs tube, if not very thick, always-breaks 
when this experiment fucqeeds. To make thc 
paffage of the fluid luminous in the acids, they 
muft be placed in capillary tubes, and two wires 
introduced, as in thc preceding experiment, 
whofc points ilia11 be very near each other. It 
is a well-known fa&, that the difcharge of IL 

finalf 
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fmall Leyden phial, in pafling over a itrip of 
gold, iilver, or Dutch metal k i f ,  will appear 
very luminous. By conveying the contents of a 
jar, meafuring two gallons, over a itrip of gold 
leaf, one-eighth of 'an 'inch ' in diameter, and .a 
yard long, it will frequently give the whole a 
dazzling brightnefs. W e  may give this experi- 
ment a curious giverfity, .by layjng {he, gold or 
iilver leaf on 'a ,piece of glafs, and then placing 
the glafs in water; for the-whple gold leaf will 
appear mofi brilliantly luminous in the water, 
by expoiing it, thus circumitanced, to the ex- 
plofion of a battery. 

2. The difliculty of making any quantit,y of 
the elettrical fluid luminous in any body, in- 
creafcs as the conduCting power of that body 
increafes. 

In order to make she contents of a jar lumi- 
nous in  boiling water, a much higher charge 
is necegary, than would be-fufficient to make it  
luminous in cold water, which is univerfally 
allowed to bc the worfi condufior. 

There are various reafons for believing the 
acids to be very good condudors ; if,  therefore, 
into a tube filled with water, and circumitanced 
as has been already defcribed, a few drops of 
cirher of the mineral acids are poured, it will 
be a l m ~ f i  impofible to make the fluid luminous 
in  it's paEtge through the tube. 

If 
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I f  a flring, whofe diameter is one-eighth of 
an inch, and w h o k  length is f ix or eight inches, 
is moiilencd with water,, the coritents of a jar 
will  pais through it lutriiiioufly ; but no fbch 
appearance can be produced by any charge of 
the fxme jar, provided thc hme ftring be rnoift- 
ened wich one of the niiiieral acids. 2’0 tlic 
preceding itiltlrnce we may add thc various in-. 
fiances of metals which will condiiCt the clccctri- 
cal fluid, without any appearance of light, in 
circumftanccs the fame with thore in which the 
fime force would have appeared luminous in 
pafing through other bodies, whofe condu8ing 
powcr is l e k  
3. That the cafe with which the eleCtrica1 fluid 

is retidored luminous in any particular body, is 
increafcd by increafilrg the rarity of the body. 
The appcar’ance of a fpark, or of thc difcharge 
of a Lqden  phial, in rarefied air, is well known. 
But we need not refi thc truth of the preceding 
obfervation on the feveral varieties of this fat1 ; 
firnilar phmoinena attend the rarefadlion of 
ether, of fpirits of wine, and of water. 
EXPERIMENT cxcv.-Spnrk in rarqffd wter, 

Spirits fl wine, ether, and ncids. Into the orifice of 
a tube, 48 inches long, and two-thirds of an 
inch in diameter, cement an iron ball, io as to 
bear the weight which prcfres upon it whcn tht: 

x tube 
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tube is klled with quickfilver, leaving only an 
interval at the open end, which contained a f'ew 
drops of water. Having inverted the tube, and 
pluiiged the open end of it into a baron of mer- 
cury, the mercury in thc tube flood nearly half 
an inch lower than it did in a barometer at the 
fame initant, owing to the vapour which was 
formed by the water. But through this rarefied 
water, thc eledtrical fpark paffid as luininoufly 
as it does through air equally rarefied. 

If, initead af water, a few drops of fpirits of 
wine dre placed on the forface of the mercury, 
phmomena, h i l a r  to tl-iofe of the preceding 
experiment, will be difcovered, with this diffc.. 
rcnceonly, that as the  vapour in this cafe is 
more denfc, the ele&rical fpark, in it's paffagc 
through it, is not quite fo luminous as it is in 
the Lapour of water. 

Good ether, fubitituted in  the room of thc 
fp'pirits of wine, will prefs tho mercury down io 
low as the height of 16 or 17 inches. The elec- 
trical fluid, in pafing through this vapour, (un- 
lefs the force be very great indeed,) is i'carcely 
luminous ; but if the preffure on the furface of 
the mercury in the baron, be gradually lcfferied 
by the aid of an air-pump, the vapour will be- 
come more and more rare, and the eleAric fpark, 
in ya2ngthrough it, snore and more lutnitious. 

It 
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It has not been dilcovered, that any vapour 

does cfcape from the mineral acids when ex- 
yofed in  vacuo4 T6 give them; therefore,, 
greater rarity or tenuity, different methods are 
found neccffary. With a fine camel-hair pen- 
cil, dipped in thk  vitriolic, the nitrous, or the 
marine acid, draw upon a piece of glafs a line, 
about one-eighih o f  an inch -broad. In Come 
initances, you mufi extend this line to the length 
of 27 inches, and you will find tha t  the con- 
tents of an cle&fric battery, confiiting of ten pint 
phials coated, will pafs over the whole length of' 
this line with the grcatcft brilliancy, If, by 
widening the line, or by hying on a drop of the 
acid, it's quantity be increafed in any particular 
part, the charge, i n  palling through thrit part, 
will not appear luminous. Water, fpirits of 
wine, circumfiaticed fimilarly to the acids in 
the preceding experiments, will be attended 
with fimilar, but not equal effe&s ; becaufc, in 
confcquence of the inferiority of their condua- 
ing pojver, it will be neceffary to make the line, 
through which the charge paffes, confiderably 
ihorter.' 

4. The brilliancy or fplendor bf the e!e&ric 
fluid, in  it's paflage through any body, is always 
increafed by Ieifcning the dimeniions of t b c  
body; that is, a fpark, or the difchrrqe of u 

XZ battery, 
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battery, which we might fuppofe equal to a 
fphere one quarter of an inch in diameter, will 
appear much more brilliant, if the fame quan- 
tity of fluid is compreffed into a fphere one- 
eighth of aii inch in diameter. This obfefva- 
tion is the obvious confcquence of man): known 
fa&s ; if the machine be large cnough to afford 

. a  fpark, whofe length is nine or ten inchcs, th i s  
fpark may be fecn fomctimes forming itfelf into 
a brufli, in 'which flare it occupies mqre room, 
but appears very fhintly luminous; at other 
times, the fame fppark may be ken  dividing it- 
felf into a variety of ramifications, which ffioot, 
into the furrounding air. hi this cafe, lilywife, 
the fluid is dif-fufed over a large'furface, and in 
proportion to the extent' of that furface, fo is 
the faintnefs of the.appearance. A rpark, which 

open air cannot exceed one qtarter of an 
inch in diameter, will appear to f i I l  the whole 
d an exhauited #receiver, four inches wide and 
eight inchcs long: but i n  the former cafe it is 
I.k[iiaqt, and in the latter it grows fainter and 
fainter, 3s the fizc of the receiver increafes. This 
obfervation is further proved 'by the following 
6xperirnents. 

EXPERIMENT cxcvr.--To an infulated bali, 
fwr inches in diameter, fix a iilvcr thrcad, about 
four yards long. This thread, at the end which 

is 
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is rcmotcfi from the ball, mu[t be fixed to an- 
othcr'iniiilnted fubftancc. Bring the ball within 
thc itriking diitancc bf a condu&or, and the 
fpark, in pafling froln the condudtor to the ball, 
will appear very brilliant i the ~vhole Ictigth of 
the Glver tliread will appcnr faintly luminous a t  
the fame iniiant. When the fpark is confined 
within the dimenfians of a fphere, one-eighth 
of an inch in diamcter, it will be bright; but 
when diffufed over the furface of air which re.. 
ccived' it from the thread, it's light will be fa 
faint as to be f'cn only in a dark room. If YOU 
lcffeti the furface of air which receives the fparlc, 
by fliorcening the thread, it will not fail to in- 
crea[c the brightiiefs of the appearance. 

EXPERIMENT CXCVII.-TO prove that the 
fdiiitnefs of the clcCtric light in vacuol depends 
011 the enlarged dimcnfions of the fpacc throubh 
which it is diRufcd ; wc havc nothing more to 
do than to introduce tuo poiiited wircs into the 
vact~um, To that thc flriid may pafs from the 
point of the one, to the point of the orber; 
when the diftance bctrveen rhein is not more 
than the one, tenth of dn h c h ,  in this cafe we 
ilia11 find brillirtne~ a s  great ns in the open 
air. 

EXPKKIMENT cxcvrrr.-Into a Torricellian 
vacuuin, 36 inches long, convey as inuch air as 

x3 w ili 
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wjll fill two inches only of the exhauited tube 
if it were inverted in water; this quantity 05 
pir wilt afford refirtance enough to condenfe the 
fluid as it paffes through the tube into a fpark, 
38 inches in length. 'The brilliancy of the fpar,k 
in condenfed air, in water, ahd,in all fubltancos 
+rough which i r  paffes with difkulty, depends 
on principles fimilar ro thofe which account for 
the preceding fa&$. 

5 .  That  in the appearances of elelttricity, as 
well as in  thok of burning bodies, there are 
cafcs,in which all the rays of light do nor 
cfcape ; and thal /he mob refi.'ngibZc riys are lhoj 
wbicb efctlpe or n10Jt ~ a j l y .  The clettrical 
h u h  is always of a purple 'or bluik hue, If 
you convey a fpark through a lorricellian va- 
cuum, made wiFhout boiling the mercury in the 
tube, the bruih will difplay thc  indigo rays. 
T h e  fpxrk, howcver, may be divided and weak- 
cried, even in the open air, fo as to yield the 
mofi refrangi3le rays only. 

ExpEiuMFNT cxc1x.--To an infulatcd me- 
tallic ball, four inches in diameter, fix a wire a 
foot and a half long : this wire ihoiild terminate 
in  four ramifications, each of which mull be 
fixed to a metallic ball half an inch in diame- 
tcr, and placed at  an equal difinnce from a me- 
Iallic plate, which muit be communicated by 

metallic 
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metallic TonducStors with the ground. A pow- 
erful +ark, after filling on the large ball at one 
cxtrcmity of the wire, ,will be dividedxin it’s 
pafidge from the four fniall balls to the metallic 
plate. When you examine the divihon of the 
fluid in a dark room, you w i l l  drfcover fomC 
little ramifications, w,hich w i l l  yield the  indigo 
rays only; indeed at the edges of all weak fpadig, 
the fame purple appearance r n n y  he difcovered. 
You may likcwife obferve, that thc nearer you 
approach the ccnrer of the [park, the greater is 
rhc brilliancy of it’s’coiour. 

6. Tbat tbe iny?itcnce of d@crent mpdia on elec- 
iricnl lis bt, is pnalogous t o  i h i v  infietice on JDlnr 

and will help us to account for fome very 
iingular appearances. 
EXPERIMENT cc.-Let a pointed wire, hav- 

ing a’ metallic ball fixcd to one end of it’s 
extrc~iities, be forced obliquely into ;t piccd of 
wood, fo as to make a fniall angle with the fur- 
face of the wood, ahd to make the point lie 
about onc,cightli of an inch below the furface. 
Let another pointed wire, *which communicates 
will1 the ground, be forced in the fimc man- 
ner into the fame wood, fo that it’s point like- 
wife may lie about one-eighth of an inch below 
thc furface, and about two inches diitant from 
‘the point of the firil wire. Let the wood be 

x4 inrulated, 
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ini‘ulatd, and a itrong @ark, which itrikes 011 

the metallic ball, will forcr it’s pnff ige through 
the interval of wood which lies bctviccn thc 
points, and appear ;IS red as blood, ‘To prove 
that this appearance dcpcn& on the wood’s ab, 
baption of d l  the rays but the red ; H hen tlicfc 
poinfs were dccpefi bclow the *furface, thc rcd 
pnly caoic to the eye through a prifni; when 
{hey were raifed a little nearer the Siirf’acc, the 
red arid oraiigc appeared ; when nearer fl1.111, the 
~ Y Q W ;  and fi, on, till, by making the fpark 
pars through thc wood very near it’s furface, 
~ l l  thc rays were at  length able to reach the eye. 
If the poitits be only one-eighth of an inch be- 
!OW the Ciirfacc of foft deal waodl the red, tho 
orange, and tbc yellow rays will appear as tha 
@ark ~ ~ E C S  through i t ;  but whcn thc points 
prc at an equal depth in a harder yicce of wood, 
(fix11 as box) tlic ycllow, and pprhaps thc nrangc, 

As a farther proof t h a t  thc 
phanqmerta, thus dcf~ribcd, arc owing ro the 
jnccrpofirian of the b o d ,  as a incdiilm which 
&hrorbs iiqr)e of thc rays, aiid Cui-ih others to 
dkapc ; i t  m n y  bc o b h  ved, that whcn the $ark 
itrikcs vqry brilliantly on oiic fide of the piccc 
pf dcal, oil the other fidc it wil l  aypcar very 
red. I n  like manncr, a rcd appearance rnay 
p: givcn to a fpaik which itrikcs e ,  brillilliitly ovcr 

the 
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the infde of ;L tube, merely by fpreading foine 
pitch vcrv thinly over the,ourfide of the fame 
rube. 

EXPKIUMENT cc1.-If into a Torricellian va- 
cuum, of any length, ;L few drops of erhcr arc 
conveyed, and both ends of the vacuum arc 
flopped up with metallic condudlors, fo that a 
jjpark may pafs through i t ;  the fpark in it’s 
pagage will affunie the following appearances. 
When the eye is placed clofe to the tube, the 
fpark will appear perfedtly whire; if the eye is 
removed to the difiancc of fix or fevcn yards, 
the colour of the fpark w i l l  be reddiih. Thefie 
,changes evidcntly depend on the quantity of 
medium through which the ligfit paffes, and 
the rcd light of a diitant candle, or beclouded 
fii n . 

EXPERIMENT CCII.-D~. Priefrley long ago 
olsfervcd the red appcarance of the fpark when 
pafling rhrough inflammablc air; but this ap- 
Fcarancc i,s very much diverfificd by the quan- 
tity of medium, through which you look a t  thc 
fpparli, When at a very coniidcrable diitance, 
$he rcd comes to the eye unmixed 4 but i f  the 
cyc is placed clofe to the tube, the fpark appears 
white and brilliant. 111 confirmation, however, 
of fomc of thcfc conclufions, you niuit obferve, 
!hac by iI&eafing the quFntity of fluid which is 

conveyed 
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conveyed 'through any portion of inflammable 
air, or by condenfind that air,' the fpark may 
be entirely deprived ok it's red appearance, and 
made perfcLZly brjllianr. All weak explofioiis 
and fparlts, when viewed at  a diitancc, bear a 
&jdifli hue. Such arc the explofxons which 
have pafid through water, fpirits of winc, or 
'any bad conduftor, when confined in a tubc 
whofe diamcrer is not more than an inch. Thc 
reafon of thcfe appearances feems to be, tha t  the 

hc fpark or explofiat: is, the lcfs is the 
light which efcapcs; and the more vifiblc tlic 
ere& of any medium, which has a power to 
jbfirb fome of that light. 

Chalk, oyit-cr fiells, together with thofe phof- 
phoric bodies, whofe podnefs has been very 
much impaircd by long I<eeping, when finely 
povvdg~cd, and placcd within the circuit of an 
cle ttery, will exhibit, by their fcat- 
tcr Ies, a fliower of light; but thcfe 
yarticlcs will appcar reddifli, or their phorpilo- 
Tic power will be fufiicient only to detain the 
j r ~ ~ ~ o w ;  orange, and red rays. When fpirirs of 
wine are' in a G n d a r  manner brought wirhin 
the circuit of a bariery, a Gmilar eifcCt may be 
difcovered ; it's particles diverge in CevcraI di- 
redlioiis, difplaying a moit beautiful $olden ap- 
pxrancc .  Tlle 'mqallic! Calces are, of all bodies, 

thofc 
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thore which are rendered phofphoric with the 
greareit difiiculey i but even there may be fcat- 
tered into a ihower of red luminous particles by 
the eleCtric firoke. 

The non-condutting power of a pcrfe& v4- 

cwm, is a fa& in eletltricity which has been 
much controverted among yhilofoyhers. Tbc 
experiments made by Mr. Walfh, F. R, S. in 
the double baromcter tube, clearly dernonfira- 
ted the Impermcabiliry of the eleRric ljghr 
through a vacuum ; nor was it, I think, preci- 
pitate to conclude from them the imperrneabi- 
lity of the elearic fluid itfclf. But this copclu- 
iion has not been univerfally admitted, and the 
followilig experiments were made with the view 
of determining it's truth or fallacy, 

A mercurial gagc B, fig. I ,  about 1 5  inches 
long, carefully and accurately boiled, till every 
particle of air was cxpelled from the infide, was 
coated with tin-foil, 5 inches down from it's 
fealed end'(A1, and being inverted ineo mer- 
cury through B perforation D, in the brafs cap 
& yhich covered thc mouth of tbc: ciflern H; 

the 
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%the whole was cemented together, and the air 
was cxhauited from the infide of  the ciitcrn 
rhrough a valvc C, in thc brafs cap Ejufi men- 
tioned ; which producing a perfed vacuum in 
the gage B, afrorded an hfiruinent peculiarly 
well adapted for experiments of t 
Things being thus adjufted, 8 fmal 
having been previoufly fixed on rhc infide of the 
cifierii, to form a communication between the 
brafs cap E, and the mercury G, into w’hich 
the gage was’ invertcd ; the watcd end A was 
applied to thcconduflor of an eleCtrica1 ma- 
chine ; and, notwithilanding cvery cKort, nei- 
ther the frnallcfi ray of light:, nor the flightefi 
chargc, could ever be procorcd jn this exhauiterl 
gage. it i s  well know, thag if a glab tube be 
cxhauftctl by an air-pump, and coarcd on the 
outiidc, boch light a d  charge may very rcadily 
be procurcd. If the mercury in tjic gage be 
jmpcrfcCtly boiled, the experiinent will not fuc- 
c q d  ; b u ~  the colour of the cleftric light, whicll, 
in air rarefied by an cxhauitcr, is always violet 
or  purple, appcars in  this cafc of a bcautiful 
gwm; and wlmc is vcry curious, the dcgrcc of 
the air’s raref:3&ion may be ncarly deccrmincd 
b y  th is  incans. l‘hcre have been inftanccq 
finown,, in  a c o d e  of cxperimcnts, where a 
Cmall particle of air having foupd it’s way into 

tha 
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the tube B, the elearic Iight became vifible, 
and as ufual of a green colour bwt the charge 
being often repeated, the gage has at ‘lengh 
cracked at it’s fealed end, and in confeyuencc 
the external air, by being admitted into the in- 
fide, has gradually produced a change in thc 
cIc&ric light, from green to blue, from blue to 

indigo, aiid fo on to violet and purple, till thc 
medium has at lnit become Ib denre, as no 
Ionger to be a conduttor of elckkricity. There 
can be little doubt, froin &e above experiments, 
of the non-condukling power of a perfed VB- 

cuum; and this fa& is fiill more firongly con- 
firmed by rhc phattnornena which appear upon 
the admifion of a very minute particle of air 
inro the irifide of the gage. In this care, the 
whole becomes immediately luminous, upon the 
flighteit application of eicbricity, and a charge 
takes place, which continues to grow more and 
more powerful, in proportion as frefli air is ad- 
mitred, till the dcnfity of the coiidutling me- 
dium arrives at it’s maximum, which it always 
does when the colour of the cle&ric light is in- 
digo or violet. Under thefe circumflances, the 
charge may be io far increafed, as frequently 
to break the glnfs. In Come tubes, which haw 
not been cornpleteiy boiled, they will not con- 
duit the eIcAric fluid, when the mer-cury is 

fallen * 
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fallen very low in them ; yet upon letting in  air 
intop the ciitern 14, fo that ,the mercury h a l l  
rile in the gage If, -the elektric fluid, which was 
before latent in thc iniide, h a l l  now become 
viiible, and as the mercury continues to rife, and 
of confequence the medium is rendered lefs rare, 
the light mall grow inore and more vifible, and 
thegage ilia11 at lafi be charged, notwithfianding 
it has,not been near an ele&rical machine for 
two or three days, This feems to prove, that 
there i s  a limit even in the rarefadion of air, 
which fets bounds to ,it’s condutling power; 
or, in other words, that the particles of air may 
be fo far feparated fxom each other, as no longer 
to be able to tranfmit the eleAric fluid; that 

re brought within a certain diitance of 
er, their conduaing power begins, and 

continually increafes, till their approxh alib 
arrives a t  it’s limit, when the particles ag$in 
become fo near, as to refifi the parage of the 
fluid entirely, without employing vialencr, which 
i s  the cafe in common and condenfed air, but 
niore particularly in the latter. 

It is furprifing to obferve, how rcadiIy an ex- 
haufited tube is charged with elcrStricity. By 
placing it a t  ten or twelve inches from the con- 
du&or, the light may be feen pervading it’s in- 
fide, and a6 firong a charge may fometimcs bc 

gr6cured, 
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procured, as if it  were in contatt’with the con- 
duCtor, Nor docs it tignify how narrow the 
bore of the glafs may be; for even a thermo- 
meter tube, having the minutefi perforation poC 
fible, will charge with the utmofi facility : and 
in this experiment, the phmomena i re  pecu- 
liarly beautiful. 

Let onc end of a thermometer tube be fealcd 
hermetically ; lec rhe other end be ceinented 
into a brafs cap wi th  a valve, or into a brnfs 
cock, fo that it may be fitted to the plate of an 
air-pump. When i t  is cxhaulted, let the fcakd 
end be applied to the conduAor of an clcth*ical 
machine, while the o t lw  end is either held in 
the hand, or connec2ed to the floor. Upon the 
flightell excitation, the eledlric fluid will accu-, 
mulate at the fealcd end, and bc difcharged 
through the infihc in the form of ,a fpark ; and 
this accumulation ’ and difcharge h a y  be incciL 
fantly repeated, till the tube is broken. Ry this 
means, a fpark 4e inches long may be pro- 
cured; and if a proper tube could be found, 
we might havc a fpark threc or four tiines that 
length : if, infiead of the fealed end, a bulb be 
blown at the extremity of the tube, the elc&ric 
lighr will fill the wholc of that bulb, and then 
pafs through the tube in the fbrm of a brjlliant 

+ark, 
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fpark, as in the foregoing experiment ; though 
in this cafe, the charge, after a few trials, will 
make a fmall perforation in t h e  bulb. If, 
again, a thermometer, filled with mercury, be 
invetted into a cifiern, and the air exhaunted in 
the manner'before defcribed for making the cx- 
periment with the gage, a Tarricellian vacuum 
will be produced ; and now the elelltric lighr 
in the bulb, as well as the {park in the tube, will 
be of a vivid green ; but the bulb will not bear 
a Erequent repetition of chiirges, before it is per- 
forated in like manner as when it has been ex- 
Faufted by an air-pump. It can hardly be ne- 
ceffary to obferve, that in thei'e cafes the eleklric 
fluid affumes the appearance of a +ark,* from 
the narrownels of the pafige through which it 
forces it's way. If a tube, inches long, be 
fixed into a gIobe, 8 or g inches in diameter, 
and the whole be exhaufted, the eIeEtric fluid, 
after patling id the form of a brilliant fpark 
throughout the length of the tube, will, when 
it gets into the intide of the globe, expand ir- 
fdf in $11 direlkions, entirely filliiig it with a 
violet and purple, lightr and exhibiting a hiking 

infiance 

* BY cemcnting thb Rring of a guittar into one end of a 
thermometer tube, a fpark may he obtained, as well,as if 
the tubc'had been feakd hermetically. 
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initace Q& the vafi elalticity of the pledirk 
Auid,. 

Mr, Drodk's mthod of making macurid 
8%" iu nearly as follows, Let a glafs tubc L, 
fig. 15, fealed hermetically at  cma end, bt bent 
Into a right angle within two or three inchee af 
&he other end : at the difiance of about an inch 
or lefs from the angle, let a bulb K, of about 
of an inch in diameter, bc blown in the curved 
end, and jet  the remaindcr OB this part of the: 
tube be drawn out as to I, fo a9 to be' fuffi- 
ciently long to take hold of, when the mercury 
is boiling The bulb K is dcfigncd as a recep- 
tacle for the mercury, to prevent it's boiling 
over, and the bent figure of the cube is adapted 
for it's inv.erfion into the ciltcrn ; for by break- 
ing oEthe tube at M, within + or + of an inch 
x>f the angle, the opcn end of the gage may Bt 
held perpendicular to the horizon, when it is 
dipped into the mercury in the ciRcm, without 
abliking us to bring our fin&', or any other 
'fibfiance, into contaCt with the rnercury in the 
gage, which ncver fails to render the inftru- 
menr imperfra. It is ncceGtry to obkrve, that 
if the tube be fourteen or fifteen inches long, it 
will be neccfliry to boil it for thrcc or four 
hours ; nor will it even thcn hcceed, unlefs the 

Y great& 
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greateft attkntion be paid that no bubbles of ai? 
lurk behind, which will frequently hdppan, if 
the tube is not made very dry before the mer- 
cury is put into it. If this caution, be not ob, 
k w d ,  the infirument can never bc made pert 
fCR, 

CtIAP.  
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importance of ek&tricity, as well ; t ~ ' .  

cy, beiomes m0ivr.c 
n as our acquaints 

with it increafes, We find' no fibfiance' in 
nature which is not a 8 4  on by *it, 

r or nolir-condu&or; and di 
fine phEnomena of thunde 

ning OWC their ,origin to, and are of the 
nature with it. Very little ptogrefs had been 
made in elc&tdcity, when the analogy between' 
the clekbic fpark and lightning wag difcovered i 
but the sublime idea of realizing there conjcc- 
wres,, and proving that the fire which flaihes 
in ' the i k ~ ,  is the fame agent which explodes 
and gjivcs a hock in our experiments, was givrn 
to 'Dr. Franklin ; .who alfo firit f'uuggeited the 
utility of pointed condocqors of nictal, to prc- 
ferve buildings from the dreadful effces of 
lightning; an idea which was receivcd with 
general applwfe? and approbation. Since this 
period, inany eleArioiaris havc been itrduted 

YZ change 
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change their opinion relative to the utility of 
there condudlors; and among thok who up- 
deritand the fubjc& well, it has been difputed, 
whether the preference h u l d  be givcn to a 
condu&or with a pointed end, OF tQ  ne whkb 

The experiments which have been made on 
this fubjelt are very numerous ; but the grmm 
p r t  appear to ml: very inconclubva, and prefmt 
~ n l y  a uery; partial view of the fubjca. Among 
!here we'nulry reckoir thoce in which differem& 
hbitancp have been intrqbctd, to repr&ns 
the adlion of cond&prs on cluudsj fince tho 
vacims iubfiames made ufe of in, thcfe experi- 
ments, were cohering maffcq i4 which they 
differ eilimtially from1 the clouds which Aoat in 
$he air. It appear4 a h ,  from many imfiaIfW, 
that lightniqg does not psfs in one undivkkd 
p~&, but that neighbwriq bdies caxry off 
their fiare, according ?O their quantity and 
r;ondu&ipg power. 

A pointed condur5tort which comrnitnicatw 
with the earth, has not any particular power @E 
aitradiiig eledl-ricity, and a&s only at+ my othrrm 
conduLqie fibfiance, which does not: refifl ~ h c  
paifage of the elc&ric fluid. 

It is true, that elcAricjty pa& with m e  
eafc froq w cleCl;$ied bpdy to a condu&w 

which 

' has an obtufe terrniaation. 
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ws& is pointed, &an torone which is fldc or 
gPdbular; Qekade, in this cafe, the elaiticity of 
&IC el&ic flu"r,ad'ldIt'spawFr tobreak tbrabgh 
rhe air, are werikened by the flat Cutface, chi& 
acquires a cornmy *el&rkity, and compenfatcs 
the dimiriiflid interrlity more thah a point cgn ; 
the point king d l y  rendered negative, while 
the e%rt of the .fluid to tfcape from the dec- 
rrificd body, is .greater tiian when it is oppofcd 
by a flat "liurfac-e. So that it i s  nor the particu- 
lar properry of a point, or flat, but the dffktn'r 
fiatc of the d&rified*body, Which cauTes it t6 
part d i th  it's tlc%triciry eafier, and from a grehtcr 
tliflancr, when a pointed condulking Tubfiance 
is prefmred to*, f ian  it does to  a'flat or globtj- 
hr condutlor. * 

The capacity of condtdors to hold c!e&fi- 
city, is in proportion to the furfaces ikhich are 
fret, or uninfluenced by a finiilar atmofphne 
a cixtumfiaace which will, mdrc or 'ic'fs, aftW 
t M e  co;ntlu&ors which m e  appliccl to bttiIA- 
ing ,  according to the  Axre dr the clouds an8 
thciti atnroIjhere, r h c  time shcir influence h a $  
&m cnmrtd, tlic narute of $he cmlliitthg 
fi.ratx af t k  earth, and it's rl&ric fituation. 

Befidts, tfic clc&ric powcrs mufl be f ipmt td  
behre any body can br: .clc&iAed ; arid d i e  point 

y3  m i R  
See Volta's PJycr, Phil. TUJII. vola 7:'. 
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be taken off, in order that the pointed 
end may be occafimal'ly expofed to receive the 

EXPERIMENT ccrrr.-Tbundeu-houjc. Place 
b in conk& with the con- 

explofion, 

charged by an explofion from the con'du&oc 
to the ball of the houfe. The. wires and chain 
being all in connedion, the %re will be con. 
v&d to the outfide of the jar, without affeQing 
the houfp: but if .the fquare piecc of wood i 3  

placed fo that the wiresare not conneCted, but 
tho 
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the communication cut 0% the eleCtric flyid,’ in 
pafing to the outGde of the bottle, wilI throw 
out the little- piece of wood to a confiderable 
difiance, by the lateral force Qf I the +explofion: 
See fig. 68. - 

Unfcrew the ball, and k t  the point which is 
underneath be prefented to the condoam, and 
then you -willrnot be dAe.to charge the jar; for 
the h a r p  point gradually draws the fire from 
the condu&or, and conveys it to the coati- on 
the outtide of the jar. 

The prime conduklor is fuppofed to reprerent 
a thunder .cloud difcharging, it’s contents on a 
weather-cock, or.any other mctal, at the top of 

building. From this experiment many have 
inf‘yred, that if there is a conneaion of metal 
to conduit the eleAric fluid down to the earth, 
the building will receive no dabage ; bur where 
the conn&on is impcrfc&, it will itrike from 
one part “to anprher, and thus endanger the 
whole building. 

Onorbe Injutace qf Points, ly Mr. HBNLEY. 

.EYPBRIMBNT pxv.-Mr, H, affixed to the 
top of a glaf9 ftand a wire, threeeighths of an 
inch in diameter, terminated at on; cnd,.by R 

y4 ball, 
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bail,' three-fourths of an inch in diameter, and 
at  dre other end by a very kav point ; (fee fig. 
e.) rwnd thd middle of chis wire hung a chain, 
twelve inchcs long ; he c o n d e d  &he chain with 
the coating of a charged bottle, and brought the 
knob of it very gently towards the ball on the 
infulatcd wire, in odor t o  &@me pracifely at 
what difiance it  would be dikbarged upm it, 
which confitantly happened at the dihnca of 
half an inch, wil& a loud and full expl~fi~n. 
Thesl c h a e  the bottle, he broUg.Zlt it in the 
game gradual manner towards the paint of tho 
hfulatcd wire, to try alfo at what diitance it: 
would be itruck 5 but this, ia many rriak, never 
happened at atl5 the point b c i q  appmehcd in 
this gradual manner, always drew O f f  rite chiige 
hperceptibly, 1eaving.fmce a fipark in the 
bottk. 

The fme gentleman conpredtd a he, cmntaita.. 
h g  509 ipuarc iaclwsaf qoi~ed SUldk~c, wilth 
the prime condultors fee fig. 68. If 
was fo charged as to raife the .clc&mrncoa to 
600, by bringing the ball on the wire of thc: 
tiunder b f e ,  to bdf an inch 4itar~ae iivm 
that coiine&ed with the prime condultor, the 
jar wvuid fie difchargcd, and the piece 'm the 
thunder house thrown out to a confidw41t dif- 
t a w .  Wing a pointed wire as a condu&or to 

the 
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&c thunder hOuli?, ir;lrtcxl <rf the knob, tlte 
chargebeing theIC;tne, the jar wae difkbargcd 
Glmdy, though fudddy, and the piece waa 
wt thrown OUP. 

H e  akerwads made a double circuit t6 the 
thunder hade ; *&e firfi by a knob, the kwnd 
by a harp pointed wipe, at an inch ahd a quam 
tec difiancs from tach other, but exacCUy the 
h e  height. The chitrgebcing' the fame, the 
knob was firlt bruught under the prime con- 
dzl&r, which was half an in& abbw it, and 
fbllowed by the poitit at an inch and a quarter 
diflante, ycc no exprofion fell upon the ball, 
as the point drew off the charge filcntly, and 
&he pi& in the thunder hwfe remained un- 
moved. 

Hc infuisted a large jay, and conne&ed, 'by 
ehaina, with the external coating, on one fide 
a kmb, on the other a iharp pointed wiie, both 
Being infulatd, and Itanding five inches from 
each other, and placed an infulated copper ball; 
eight iiwhes in diameter, fo as to h n d  cxa&ly 
at half an inch diftance both froin the kpob and, 
the point; the jar was then chargd, and thc 
f i i fhrge made 'by the dircharging rod on the 
copper ball, from whence it leaped to the knob; 
which was three quarters of an inch in diamc- 

ter, 



ter, the,jar was difcharged ,by a loud-and: fun 
ex , and the chain wag very luminous. 

rr H. fufpendkd by. a filli. firing, from one 
end of a wooden bar, which turned fqeely in arm 
horizontal dircaion upon the point of a needle, 
a large bullock’s bladder, ‘gilded with-leaf cop- 
per,; the bladder was ballanced by a,weight at 

other end of the 
rong fpark from 

to the bladder; he then pi-qfeqted towards it a 
brafs ball, two inches in  diameter, and obferved 
that the bladder would come..towards it I at the 
diitance of three inches and when it got within 
an inch, would throw off it’s, ele&ricity in a full 
fpark. He then gave i t  another fpark, and pre- 
fented a ‘pointed wire towards the bladdcr, 
yhich never approached to the point, ‘nor ever 
gave any fpark, the eledtricity being carried off. 

EXPEPIWENT ccv, ‘s do&. Take 

ird to the fecond, put the 
eioa, and the locks of cotton will 
filaments, and will extend .them- 

le. Preknt a iharp point 
under the loweit, aad it will fhrink up towards 
the fecond, ‘and’ this towards the firit, and a13 

together 
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tpwards the pri conduttor, ~ where 
7continue,as long as the. pin6 remains 

h-Ef t8  on a poi& of diwtrg.. 
number of fine threads, or 
the prime condutlor ; when' 

under, them. 

the. cylinder is turned, thefe vi1 
rays proceeding from a center : 

efcnt .a point towards 
and the threads an 

and lore their divcrg- 
ence, but thofe on the other fide will z@ill con-. 
tinue to,diverge; which ~ ~ c w s , '  that the power 
of points off thc eledtricity, does not 
extend round tbe.clt&rified body, when means 
are ufed to keep up the Cupply of cle&ricity. 

2 rehrefenta-an oval board, tliree feet 
twofect broad, coated on b&h Gdeo 

with tin-foil,' ?and fufpendcd by iilk lines from 
this turns on an axis, which is 

of a nice ballance, and coun- 
er arm by a weight; part of 

the table underneath the board is to becovcred 
with dnzfoil, and communicate to the floor by 

EXPER 1 M ~ N  T c c v ~  I .- Pendulous board. Con- 
nect: the pendulous board with the prime8 con- 

duAor 

'a chain. 



duQor by a finall wire, a few turns of the rngd 
chine will ele&trify the apparatUsI When thil4' 
experiment was made, the board was a t c r a w  
by the table at fifteen inches difiance, and dif-i 
charged itklf with aitrong fpark. The fame 
happened to a metal ball which was placed OTI: 

the table, the board approaching till it was 
about one inch from the ball, and .then diG 
charging itfelf by a fpark. If a point is fixed 
on the board infiead of a knob, the pendulows 
board, though it begins to approach, flops at 
about hut- ar five inches fiom thc table, and it 
will not approach nearer, or give a fpark: a 
fmall light is f e n  upon the point in the dark. 
A Leyden phial was then connecqed with the 
prime conduRor ; it now required more ~ U P I I B  

of the machine to charge -the apparatus; thc 
effekt was the fame as before, Therounter- 
poife was nuw held, that S ~ C  hard might wz 
defcend ti39 it bad received a full charge : when 
fit at liberty, it was not onIy n t t n a  by, ,bc 
alfo gave a loud cxplofion on the point, info* 
much,, that the Gbfbil  round j,t W8S flaiqcd by 
the overflowing Of the fire, 

points. 
two fimihr circuitsi WhiCJl f&-m ~ m ~ ~ k a -  
t i p s  betwen the &;nged l i f i ~ t e ~  of '$13. tte&ic 

plate, 

EKPBRXM ENT cevm. -A~w~#j  mperkdj 1~ 

If an interruption is made in m$i 
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plate, and if the fpace d air in one of the im. 
teprupdws is tormin;rred by points, and in: tlzc 
002.lel; by balls, the difchargc will bo made 
&uugh the ciacuit of which the poinbs make a 
part, although the length of the Entcrrrzptrd 
fpace oEair is tonfierably greater than that in 
&he other circuit; 

Before any dikharge takes place, the two 
powers am fdpended on the oppdite furfxces of 
& charged elci2tic. 

An elc&ir; plate may be difchmged two ways, 
aither fdently in fome Cenfiblc portion of t i w ,  
or by axplofion in an inlt ant : in either d.2 ex-. 
periments abundantly i h ~ w ,  tliqt, c&ierts paribus, 
th;e: difcharge will be d e  thaough a painted 
body in preference to 9 round termination, 

when a pointed body is  prefented to any 
charged fwkce, a cylindricd plate of aicw of 
euadcent diameter, is charged with the con- 
wary ekcirkities firongly attndtting each athm 
ghrough it;  and the quantity of a b  being Ti 
€hallr there will be little xtiitancc theic 
iclnion c the difchsrgc: wiH be made by explobn 
in preference to thc gtaduel Efifchargc, accord4 
i ~ g  asj the op@ite. furfaces (rhe poiowxi body 
and the fuutface oppofed to 'ir)tarc lerger, as. rhcy 
are nearer each oher, and as the charge is 
,p!catcl:; fQr io ydhbc obferved, thqr a point, 

or 
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or very fmall fpherical termination, which is in 
a phyfical Senfe 4a point,' will difcharke, any 
quantity 1 of elcQricity filenrly I and gradually 
without explofion, while it is at a Sufficient dif- 
tance from rhe oppoGte charged furface ;. by 
bringing. it ncarcr; the method of difcharge will 
be altered ; which will now be a fuccei3on"of 
fmall explolions very quickly following each 
other, The reafon ,of this fcems to be,' 
when the chargpd furfaces are very near, there 
is aot fufiicient time for the contrary powers to 
unite gradually,. nor fufficient room in which 
they may be diEufeed among the furrounding. air: 

This is confirmed by again removing the two 
oppofed furface8 to fuch a diitance, that the*dif- 
charge may be made gradually ; in this cafe, if 
the parts of the apparatus arc fo difpofed; by' any 
kind of contrivance, that the difcharge muit 
neceifarily be made fuddcuh, the method of 
difcharge will be again altered, becoming now a 
ficcefion of explofions, ir.fiead of a gradual cur- 
rent "betwren the oppofed fukfaceq: this fu#den- 
nefs of thc difcharge may be effe&ed,by a pro- 
per die of interruptions in. the circuit; it may 
alfo be caufed by morion; if either furface bq 
moved brilkly toward the other, the explofion. 
of the charge will be profnoted. 

Elcviited conduCtors applicd to buildings, a!. 
a Tccurity 



A N  ESSAY ON EL’ECTRXCITY. 335 
a fecurity from the &e& ofJightning, will con- 
tribute to difcharge the elelkricity from a cloud. 
that paffcs over them : and a greatgr quantity ofi 
the difchargc will pars through n,pointed con- 
duCtor, than through oii$lwhich is terminated< 
by a ball ; but whether the difcharge will bo‘ 
made by a gradual current, or by,exploGon, will 
depend ~ i i  the jdde t ings  oJ /he d$+arge, o n  
Ihe plioxiiiiiiy 5f /he cloud, il’s woiion, and tbc 
quantity of tbe eIMrici/y mirtained iv it.” If kf 
h a l l  cloud hangs fufpended under. a large 
cloud loaded with elefiric matter, qointed con., 
du&ors on a building underneath. will receive 
the difchargc by cxylofion, in preference to 
thofe terminated by bdtls, the CmalLcloud form.. 
ing an interruption, which allows only an initant 
of time for the dikharge.. If a fingle elccStric 
cloud *is driven with confidcrablc velocity near 
to a pointed condueor, the charge may be caufccd 
to e ~ p l d c  upon it by the,mation of the charged 
body. In other cafes, pointed condu&ors con- 
tribute to difcharge a thunder cloud gradually 
without exploiion. 

Mr. Wipn’s experiments, publiflied in. thc. 
Philofophical Tranfaftions I 77 8, haw contri- 
buted greatly to explain the eRe&s OF points in 
giiitharging the eleCtric matter. 
If a conical pointed body were inferred int0.a 

fimilar 
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fimilar hollow cone, formed into an ekCtrificd 
hlid, the furfaces of the two cmes being cqai- 

LM) greater dikharge of the elc&rits 
wmk% follow, than if the two conical furfaces 
had been plain, and Oppofed to each other at 
&e fame difiance. 

If two elearic plates be charged, and a corn- 
niunication fosrned between the pofitive fide of 
w, and the mgative fide of the other, no dif- 
chauge will folbw ; unlefs a comrnurkatioa be 
formed between the other t w o  furhccs ar the 
h e  time. 

The norural cJc&tricity in the atmofphere is 
hequently dbfcharged in this manner:* Two 
clouds being eleatrified with ogpoiite powerg, 
thc firfaces of the earth immediately under 
ghm are likewife cle&ri.fied with power& con- 
Frary to tho& in the clouds above them; aiid 
the moiltare of earth forminga cominunication 
between the two contiguous charged, furfaces, 
whenever the t w O  clouds meet, these will fold 
low a difchargc, both of the clods and furfaces 
on the carth oppolcd to them. Iif the earth 
fhhould be dry, and confequently afford P refif- 
tance to thc union of the two eieCtlticitim accu- 
mulard on or nndcr it's Curfacc, therc will fol- 
low an cxplofion i n  the earth as well as thc 
a#moiphere, which will produee concublions and 

otha 
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blher phaenomkna which have frequently been 
bbferved to happen in dry feafons, particularly 
in thofe climates which are the mofi‘ liable td 
fiorms of thunder and lightning. 

Dr. M 0 s o R A V  E’ s 01Jeratioh on poikted 
Condtt8ors. 

Dr. Franklid, in nbnk df the paffages wliere 
lie fpedka of the ’ehkacy of fliakp-pbinted con- 
iludt0t.s to picvent eIkatricai explofions, has CX- 

preffed any doutjt of their being uhiverrally 
preferable for this purpofe to thofe which have 

r fphirioal Yerminatibn. The  fame 
ri may b6 made ‘of the othcr gentle- 

nlen who are the advbcates for liis dot-trine. 1, 
maptherefore be affumcd, that both he and they 
hwan to affcrt an uiiivekfal propofition, ti That, 
6~ fi&p paints will, in all dafes, drdw off the 
it cleLZrica1 fldid iiledtly within ttit difiance a t  

it which rounded ends ivdl explode; or, at leait 
“-that the’fbrxidr fort will in no cafe receiQe 
‘‘ an cjtplofion at  a greater diitanctr than’ the 

httb.” Tholf$h‘ I di&ni from chis db&rine, 
I do not‘ mean tb areit the contrary univcrfal 
prbpoKtioili 6ttt only to dttly the univerfdlity 
bf that’ a h t k d  by L$-. pra&lin, which I ap- 
prehend to be foixaefinxs tiuc,. a id  fonitrjniis 
a l f i  fNe. 

2: 1311 t 
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', :But ;before .I attempt:to,llac!i~y~~rparticu€sa' 
cafes in which the flurp 0nd *t;hc tblunt Stermk 
.nations lace .refpedliw:ly moie~liable .tmelc&riall 
cxploiions, i t  may be .af uFeto*fhewfi(M!hat many 

. ientlemcn feem not tu be thoroughly aware of) 
that fliarp points shaving &e ~rnmoft .perf& am- 
muinication with she 'jeatoh, are not wholly ex- 
empt from, recciPring them, My firit. wthoriry 

' ihaH .be Dr.'Franklin liimfdf. '' Let a,perfon,*' 
Fays he, p. 60, '' itanding on the floor, prefent 
tg the point ofa#needk at rwelve or morc inches 
'' from it (the prime col;du&or), and while the 
6c needle is fo prefented, ,the cqndu&br carpot 
': bc charged, the point drawing off the fire .as 
? fail as it ,is thrown on by the eleQrica1 globe, 

,'; Let it be charged, and then prekot.thc point 
'6 at the fame diitance, and it will Juddenfy be 
M difcharged," The word Jiiddmb mcans, I 

' fuppofe, that 'it will rcceivean .cxplofioq 3 that 
being the mofi natural an$ obvious proof of tb 

&ddc?in& of the difchargc. The fame thing is 
more diredtly arcrtcd by Mr; 'Hcnlcy, in vol. 

'lxiv, of the Phil, Tranf. pi 138 ; where he in- 
' Yorms . us, that in ilifcharging three of his lqrge 
jars, to the coating of which he had conneAed 

' wke nicely. tapered to a poilit, the ,fire flew to 
rhe point, and thc jars were difcharged w,ith a 

full and loud exploiion. A third, aiid equally 
deci ti vc, 

* 

. 
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and which, in fome cafes, they realIy pdiXi+, bf 
pealing away the cledricity filejitly f this pro. 
Percy, I fay, operating from the .very beginning, 
prevents the eleCtric fluid from being. accumu- 
lated in the prime conduCtor, and 'of eourfe the 
quantity of it will always bc fmall. But. when 

.d doubh or interrupted cdndiuflor is ufed, the fi- 
eceivea no sele&ricltp till the 

prime conduQor is pretty highly charged 
if put at the greatefi itriking diitance, not till 
it is fully charged, and confequhtly the h a r p  
poinrGprcfented to the oppofite end can carry 
away none of it rill that eime; when the whole 
quantity is thrown off at once. * It fhould feem 
then, that the explofion in one cafe, and thk nod- 
explofim in the, other, depended whblly !upon 
the different quantities to bc thrown off :. whence 
it will follow, that though a fmall quantity of 
ele&riciry will pars off iilently up 
that thia power is very limited 
fornewhat greater quantity be applied fuddenly 
to a harp point, it will not pafs off filently, but 
create , in e~cpllofion in proportion to it's denfity. 
The exppiments in this Eiray demonfirare, 
that it broken communication will occafion ihc 
fiarp p i n t  to receive an exploiion. 

Let us .now confider more particularly the 
PraAical queftion, whether the fiarp-pointed or 

the 
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h e  biunted condu&ors bethe bcR prefervatives 
from lightning. And,, here I it is neceirary ,to 
obfcrvq that buildings may be. exyofed to a 
itrokcof lightning in Ievcral different ways, 'l'hc 
lightning which, 'to avoid prolixity, 2, ilia11 only 
fpeak of as pofitive cledtricity: the lightning, I 
fay, may accumulate direlily over the building ; I  

or.it rnny be brought towards the building by a 
h a l l  cloud fetching it in feveral fucccffive trips 
from a large,cl~ud a t  fome diftance ; or a large 
cle&rificd cloud may be carried rapidly towards 
i t  by the wind : a circumfiaricc this by no means 
rare, there being no lefi than four, infiances of, 
it, upon rs,cord in the, Phil. Tranf. vol, xlix. $. 
16, a d  p, 309- vol. Ixi. p. 72. and vol. Ixiv. 
p. 351. In thc firit of thefc fuppofed cafes a 
$harp-pointed conduEtor might pofibl y .drain 
the cloud of i t 's  lightning as fait aspit began to 
accumulate, I .  and thereby prevent aqy cxplaiion 
whatever, , In the fecopd, asathe clpud, by fup- 
poiition, not being driven in (rne direaion by 
the wipd, could not move wirh any rcmarkable 

ty, it io reahable to imagine, that in this 
cafe aifo there8 might hi: 00 cxp.loiion ; and thac 
the clcclricicy of the larger cloud migbc be gal 

&ally cxl~auitcd, Hut if,  according t Q  thc 
third fuppofition, 9 cloud of grcat extent,, and 
high!y, clefkrified, flmuld be drives with grcaf 
velocity in fuch a diretkion, fv as 10 p'afi&irec(iiy 

z 3 O Y U  
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ovw the$ ~arp.pointcd:oorlduEtbr, them can ba 
pwdbubtdbut that* fiuchi alpb.int, ftornlit’sfupot 
rior readinefi to admit eleCtricity, would. takak 
the exylpfion At a’ much greater. difiance than ad 
roundkdend, an&in* proportion to the difference 
of that Rrikingdihnco wouIdt do miithief in. 
fiead of good! 
But perhaps it wi\llbo~f&id; thau mery &ke 

af. lightning falling upon a iharp pointr is p r e  
doufly diminiflied by that fioitir, an+ thereforob 
mays more eafily be p-admitted throvgh. the 
Conduttbr, than wlicn it$ f$lls~qndiminifhhed upom 
a rounded: endi Upon tlhfuppofition I: niuiti 
obfcrve, that ith not only conqadi&s Mr. W i b  
forr%~cxperiinents at the PantHeon, but alfb Mr, 
Hmley’s  experiment^ already refcrredd to in. rhiqi 
paper, where ‘the firc.flc)v. tro’a+vcry taper point; 
pmd melrcd ‘tt.le en& wirh a. firong-and lqud e%- 
plofion. So alfo t h e  iharp-yoinrcd+con#tr&s 
aftfkted. in Americ~-t!b$lie*hobfm of Mrr W& 
wr. Raven, mid MI-. Mayne; do nBt fim COI 

lime: diminilhcd the form of: the explofion, if, 
we way judge from the violcnrc of it's eifk& 
as rejatpd at large in. Dr: Franklin’s works. It- 
ihould fmn, therefore, that the power of. di- 
rniniihing ii firoke, like that of preventing it, 
is only contingent, ppd depends, as w e  faid, be, 
forc, upon the degree ~f velocity with which 
the lightning moves. 
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'TEig fum of" the ~41alc igj that eondodlork, t e p  

rn jnat&by harp-pints, are tidmetimes~ddm~n- 
q p d s ,  ailid at aher times prcjudlcial;~ NOW! 
4s. the purpok for-wlpirh condoCtors am fixed; 
l p n  buildings:is, i t ~ t  tb protccl then1 ffrom an6 
particuhr- for; of cloudsoniy, but, if- pofibie; 
from all, it  cannot CurGp bt adviCcat3ke ta urn 
ithat kind of condutlors, which, if thcy dinWfl%~ 
danger on m e  hand, will increaf' i t  on thc 
othek. It is the duty oPa'piiot ttl ketj ou; of 
the way of' rocks; but it'is alfo incurnbcst upan 
him, in avoiding the rock, nor U, takc ib larbc 
a c~nipafs as to run his fliip upon 4 quickhid. 

When I fay that fiarp-pointed conduttom. 
may in Come cdcs dirninifli dawer, I fpeak of. 
them, plcrhaps, rathcr too fivourably : for theip 
power of ficaling away the elcaric Auid being 
confined to cafes where the accumulation is 
fmall, it follows, that they aqard no protec'tioq 
where the dangcr i s  grcat and imniincnt, and 
onlyobviac that which is idiitant and problema- 
tical: The cafes againit which we+ ~ i f l i  prin, 
cipa.11~. to provide, arc the explofions of  cxren- 
frvc and highly elcttrjiicd clouds ; and here wc 
have feeas,, that blunted ends, as atling. to, a 
much fmaller difiancc; arc entitled to the pre- 
fercncc. 
Ift b;c: admitted, that &uppaintcd cun- 

% 4  du&ors 
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duktors are attended with any, the flighteft dc- 
gree o f  danger, how much muft that danger be 
augmented by Carrying them high up into the 
air, by fixing them upon every angle of a build- 
iIgg, and making them prpje4 in every dircc- 
{ion? Ought thb to be advi$ed vl$le there is, 
fiillq dsubt of (he poi?ibiIity.of their doing vir- 
chief ? 

Quervations on tbc A@on Cpndunors, €3~. 41 
(be EDITORS of #be Encyclopddia Griiannica. 

“’Ever fince the difcovery of the identity of 
elearicity qnd lightning, it has been allowed 
by all parties, that conduktors of fome kind are 
in a manrier neceffary for the fakty of buildings 
in thofe ceuntries vhere thunder fiorrns are vepy 
frequent. T h i  principle on which they a& is 
this ; that the dle&rir ’fluid, yhen impelled by 
any power, always goes to that place where it 
meets with’tbe leaR refiftance. Now, as metals 
are found to give the leait refiflance to it’s paf- 
Cage, it will always choofe to run along a me- 
tallitie rod, in preference. to a paffage of any 
other kind. But if  is neceffary to obfervc here, 
$hatek&icity never ftrikes a body merely for 
zhe kke of the body idelf, but as by means of 
Fhat body it can arrive apzthe place of it’s defci- 
pation. When I .  a quantity of elcaricity ir; col- 

jc&ed 



AN E S S A Y  ON BLECTRICITY.  345 
Laed from the earth, by means of an el&ric 
machine, a body communicating with the earth 
will receive a itrong fppark from the prime con.. 
duoor;  it receives this (fpark, not becaufe it i s  
capable of containing all the eleclricity Q f s  tile* 
cylinder and conduritor, but becaure the natural 
iituation of the fluid being difturbed by the mod 
tion of the machine, a fiream of it is fent off 
from the earth. The natural powers, therefore, 
make a n  effort to fupply what is thus drained off 
from the carth ; and as the individual quantity 
which co.mp out i s  moil proper for fupplying 
tile deficiency, p not being employed for any 

ral purpofe, there is always an cffoit madq 
eturning it to the earth. 'NO fooner, then, 

i s  ;1 c,ondy&ing S~ . body, cammubicating with the 
earth, pfefgnted [o the prime EoqduiStor, than 
the effort of p h ~  eleEtriFity i s  direlted 
agai t body; no! perely bepure it is a' 
cpndu&or, but bccaufe it lcadq to tlie &cp 
tyliere the fluid is dircited by fhc natural ppw; 
e p  by which if is governed, aqd ,at  )yhigh ii 
would find ptlier rncans to arrive, though thr)f< 
body were not to be prcfenced.' That thisis 
the caf$, we may eafily [pet by prcfbiting the 
fame condu&r)g fubflance in an iiifulated ifate 
to the prime conduclor of the machine, 'vvhcn 
pe fliall fipd only a finall fprk will be pro- 

duced, 
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&tal! Iir l ike rnmnm~ wheii,librHtning~ffriliev 
#L mx; a d  Huufej or a*thundbrod; ir is nor tjei 
cmlR-rhrfe:&jefl+- arc+ high;, or in the, neigh- 
hurljood' d* tHe d i m d ,  Uut bceaufe they corn- 
ihunicnte witti ibmea place. belbw thc furface o f  
thpgmund, 'ag2tinE which.:ttteo impetiiv trf tlie 
Hghrning isdire&&, and-at tharplace-thcIlghr- 
ning woulkl certain.ly.arrivc,l tHough nwne af'*tl.fc 
abave-mentionrd*ob$ts had4been*imerpofed: 

6s. When thcatmofphero begins to be clctltri;. 
Bed; either mgatively. or pofitively, the eartli, 
W m m o F  the*ineyuaiity and'moifiurc of. it's 
firface; but efpeciallg by the vegetables whikh 
grow upon it, abforbs that cltltricity, and 
Fickly biecumts* ele&i-ified in tHe fame man- 
ner' with the athofpHcre-; this abforprian, How. 
&&, ceafesin-a.very ihorr rime, kcaufe 'it' * can- 
n8t: be continued without, fctring in-motjofi the 
wholeof the eleQric matter contained in the 
earth itCele Alternate zones of' pofitivc and' 
negative eleAricity will then begin to take place 
below the furfacc of. the earth, fop reafons given 
irrthecourfe of this Effay. Berwrm the at- 
d p l i c r e m d  one of theft Z ~ C S  rhc fffol& of 
lightningwill always be. Thus, fuppofing the 
ztrnofpliere is pofitively ele~riFtct-1, thc Curhce 
of the earth- will, by nicans oftrecs, &c. quickly 
t;ccomc pofitively elcCtrificd alfo, we will fup- 
.=. POfQ 
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pofc to'thc* depth of! tan feet?: the eIc&tt.icitp 
cannot penetrate further, on account, 00 the r w  
iiitanae of the eleCtric matter: in the bawds of 
ohejarth. At the depth of ren. feet# from tha 
fiir&-'J a zoile of negariwly cIc&ified eardx 
begins, and to this zone the clc&ricity,of the 
iiiofpl1cre is atcracCtod ; but to this itroannot,ga, 
without breaking dirough the pofitively elec- 
r6flctdr zone, which lies tppcrmofi, and! ihari. 
tering+to piecos every bad condu&or which lies 
i t 1  it's way. We are therefore Cure, that' in 
whatever. place the outer. zone of pofitivclydcc- 
trified'earth is thinnoif, there tha lightning .wilt 
firike, whether n condu&or happens to bo*prc; 
finv or nor. EftIiiere is a condtdbrj cithcv with 
P knob or harp pointed, the lightning will ink 
fallibly firike it : but it would< alfo have itruck 
a houfe firuatcdion that' fpot without any con- 
du&or; and if the houfr had not been there; 
it would havefiruck the furfaco OP the ground: 
itfiif. Again, if we fuppofe thc houfe witI1Jit's; 
FonduAbr to itandhon a yartiofi thc cwth where 
rtrc pofitivel~ cIe&rified zone is very thick, the 
FonduCtor will noithcrtileritly draw OK rhc dw~i.  
tricity, nor will the Iightning ftrik it ; thuugll, 
perhaps, it may ftrike a muchn lotvcr objetl, 
cvcn thefurface of the ground itfclf at no great: 
gjiiflance; the rcaibn for which iindoubt&' is- 

that' 

' 
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that t;here the,pofitively elettrified zone is thin- 
ner than where the condudor was. 

u To fuppofe that a pointed conduAor will 
exhauit a thunder cloud of it’s clc&ricity, muit: 
at firfi fight appear trifling, to infitl on it, ridi- 
culous. Innumerable objeas are all c ~ d p i r i n g  
to d:aw off the elecrtricity as well as the con- 
&&or, if it could bc drawn off; but of effeaing 
this, there is an impoflibility, becaufe they have 
the fame kind of eleAricity with thc clouds. 
tbemfelvcs. 

U Befides, Beccaria has obferved, that “during 
the pi;ogrefs and increafe of the fiorm, though 
the lightning frequently itruck to the earth, yet 
the f m e  cloud was the next moment ready to 
make a greater dikcharge, and his agparatus 
continued to be as muchaffelkd as der .  

$6 The condu&or has not evhn the power of 
rzlirafliag the lightning a few fcct .out Q€ the 
dire&ion It would choo iilf:, of this ye have 
;I moll decikve infiance bat hyppeked to the 
magazine at Purfleer, in EiTex. That houfe was 
furniked with a conduCtoT, raifed above the 
highelt part of thc building; nc;crt 
flafh of lightning firlpck 3t1 iron cramp in the 
corner of the wall of the building, confiderably 

, c  

lower than the tbp of the condudor, 
forty-fix fect in a floping luie diftanq 
point, 

and’ only 
from the 

The. 
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(1 The condutlor, with' all it's Power of draw- 

ing of the ele&ric matter, was neither able to 
t the flafh, nor to turn it forty42 feet 

O u t  of it's way, The matter of fa& is, lighr- 
ning WRS dttermined to enter the earth at the 
place where the Board-houfe ffands,. or near i t ;  
the condutior, fixed on the haufc, offered the 

ion, but forty-fix 
n the point of 'the 

and rhe place of the explofion, the redfidnce was 
lefs through the blunt cramp of iron, and I few 
bricks moifiened with the rain to the fide of rhe 
meralline condu&or, than through the forty-fix 
feet of air to it's point, for the former was the 
'w iy  in'which the lightning afiually pafki. 

(( The zig-zag kind of lightning is the mafi 
dangetous, bcxaufe it mufi overcome a very 
violent refiflanee of th tmofphcrq and. where- 
ever that reffiance is i he fmallcfi degree lcf- 
fened, rhere it wiil undoubtcdly itrikc, and even 
ar a confiderable difiance. l e  i s  otherwife with 

. xliat kind that 'appears in flaihes of' no'determi- 
nate form ; the elcaric matter of wliich is evi- 
deritly ,diiTipated in t h e  ajr by Come coiiduAing 
fubkances which are prefent'therc, and they a& 
.therefore rendered lcfs po\veifiil. 

defirivhive kind of l ightniy is 
that i t  Iikh affunies the form of bulls. Thck are 

produced 

,* 

4~ The 



350 AN ESSAY O N  *BLECTRICtT?f,  

prodiiced by an excccding,grcat power af elcc- 
.tricity, gradually accumulatcd till thc reilitance 
.of the atrnofphcrc is no langer able to confine i t”  
I n  general, .the lightning breaks out *fi-orn.thc 
slcktrificd cloud by means of the approaGh of 
Iamc condulking fubflaiice ; but thc tiire-balls 
&em to be ,formd not .becpuk t h e  is .any fub- 
&nce at hand to attraCt the c1eEtr;ic ,matter from 
&he cIouJ, bur bccaufc thc .eloLiricicy ,is accu- 
LmulateJ in .fuch a quaiitity.thcrt ,the cloud c;an 
,no longer contain it. Hence, fuch baI l s*f lvd’  
.flowly., and .have no ,particular dcitinatiun.; their 
.%ppmrancc indicates a ,prodigious commotion 
and ac.cumulation af dcEcrkity in the atmo- 
fphe~e, wjtlwut a ,prqportionabk difpoiition in 
j11r eacth TO r.ecciwc it. This djfpdition is how- 
ever alteud by a thawtiid circumitanrq, ,and 
the qlace which firfi bcconies moil capable of 
admitting eledhkity will fulk rrceivc .a fire-ball, 
I-Ience this kind sf lightniqg has been kllown 
2;o ~ ~ O V C  .flody backuards and 2forwt\r& jn the 
air fbr  a c:prifidernbk .h ie ,  and then Gddenky 
fall in one or .ixmrc houfes, accarding to their 
bcing rporc or lefs aft‘cled with an clearicity 
oppofiLe tu chat of the ball at the time. Ix will 
alfo run a l ~ r i g  4t1c .gmiind, break inro fevt.raf 

,~arts, and prorl;~c fwcral cApldins at the L ~ I C  
,r,ime. 

ca It 
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' tion hith the battery, to preient his fingef tB 
the fame bbdy, he may pcrbips receive a flight, 
fpark from itj but 'not a hock of any confe- 
-quencer 

6~ We may no* accauht for tk reemirigly ca- 
pricious nature of all kinds of lightning, bur 
cfpecialfy ofthac kind which appears in the form 

.of balls. Sometimes it will ftrike tr@esj high 
houfes, &c. without touching cottages; men, 
or aninials,, who are in thc neighbourhood ; in 
other inifances, 16w houfcs and cattle hade been 
itruck, while high trees and itekples in the neigh; 
bourhood have efcapCdP The redfon of this 
i~, ' that .  in thunder-fiorms there is a zone of 
earth confiderably under the fuurface, which the 
lightning dehres to firike, (if we may d e  the 
expre6on) becaufe it has an eIeEtricity oppofite 
20 the lightning itfelf. Thofe objeh, thereforej 
which form the mofi perfelt conduEtors between 
the ttlecctfjfied clouds' and that zone of earth, 
will be itruck by lightning, whethet they are 
high or low. Letaus fuppofe a poiitivelpelec- 
trified 'cloud is formed over a.certain part of 

the 

* Ofthie two rcrnatkablc infiances haw been adduced, 
in a paper read by.Mr. Achard at the Berlin Acadcm)' of 
Sciences, And Beccaria: cautions perrons fi'omidepcdding 
on ai higher, or, in all cafes, a betta condu&or than their 
own body, 
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the earth’s firface; the eh.%ic matter flaw8 
out from it firR 4nto the atmdphera aU around, 
and while it is doing fo, the atrnofpherc i 4  e i ~ ,  
trificd negatively. In proportioo, hoyever, a8 
the current pervades greater and greater poh 
tions of the atmofpherid fpacc, the refiflawa 
to it’s motion increafgs, till at lafi t h p  air be, 
comes pofitively elektrified aa\ wll a$ the c w  
and they both wtk mane bndy. T ~ Q  f&fb  ~f 
the earth’then>begins to be eSeCtrified, i n 4  
filenrly receives the ele&ric matter by means of 
the trees, grafs, &c. whichgrow upon it’s fur.. 
face, till at laR it becomes alfo poritively clcc- 
crified, and begins to fend of’a currepr Qf&- 

tricky from the furface downwardo, 
c t  The caufcs which fir8 producd th C~W- 

&ricit\y itill cmtiiiuing to a&, the power of the 
cleCtric current bFctomcar inclclnccivably grcstr, 
The danger of the thunder‘-fiorm now begins ; 
hr, as she force’ o f  the lighwing is dirc&cd tQ 

fome place below the furface of r h r  aarth, it will 
cerfainly dart towards that pJacc, and jhattGr 
every thing toapieces which refiits it’s pairage. 

cc The benefit of condulling rods will now 
alfo be evidenr. ’ For we,are fure, thc eletttric 
mamr will, in all cafes, prefer that way whrrg 
i t  meets with the lealZ rdifiancs, and this is over 
g)1E: Surface of metals. I n  fuch a cafc, thgreforc, 

4n if 
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if there happcn to be a houfe furniffied with a 
conduttor direQly below the cloud, and at the 
fame time a zone of negatively elcCtrificd earth 
not very far below the foundation of the houie, 
the condutkor will almofi cerrainly be itruck, 
but the building w.ill be fafe. Ifthe houfe wants 
a* conduoor, the lightning will neverthclefv 
fir&@ in the fame place, in order to get at the 
ele&.rified zone above-mentioned ; but the build- 
ing will be now damaged, becaufe the materials 
of it cannot readily conducfE the ele&ric fluid.)’” 

See Encyclop~dia Britannica, Art, Lightning, Vol. 
vi. p. 4224. 

That the ele&rk mattcr, which forms’and animates the 
thunder-clouds,’ Xues from places far below the fui face of 
uhe earth, and buries itielf there, is probable from the deep 
holes that have bccn made in many places by lightning, by 

inundations that have accompanied thundcr- 
y rain, but b y  water burfting from 

ich it mufi have been dif- 
on, &~.-----Sce Dr. lodged by fome intern 

Pricfiiey’s HiRory of ElcBricity, p 328, 

C .H A P. 
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C H A Pi XV, 

To C I ~ A R G E  A PLATE OF AIR. 

ir is an cleoricd it will receive a char@ 
all other ele&ric, fubitancer;r his 

property may be afcribed many of the phaeno- 
mena which are obkrved in the couri"c of the 
cotnnion clctirical experiments ; for the air 
which furrounds an elrfirified rion-elediric is 
d w a y s  in fomc degree charged with ' thi  fluid, 
hnd thus a& upon the atniofpherc of the clec- 
tr-Xed condullor, not only by it's ppkure, but 
dfo by it's acquikd ele&ric powets ; a i d  that 
i t  pervades the air to a coiitiderable difinnce, is 
evident from the difkcrcnr methods by whi& 
rhe air of a rootn k a y  be cle&rffcd. 

Cover two lnrgc boards with tin-foil ; fifpend 
one by fik firings from the ceiling, and then 
connc& it with the conduaor j plbcc the other 
baard parallel to the former, on a n  infillnting 
ff and that rnny be cafily raifed 0; lowercd, to re- 
gulate the diltance of the platcs fiom each other. 
Or place thc boardti in a vertical fltiiation, ort 
illfulating itnnds of the Gtnie height. In  mofi 
cafes this forin will bc found the moil con- 

A a 2  venient. 
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venient. There boards may be confidered as 
the coatings tp the plate of air which is between 
them. 

EXPERIMENT CCIX. - Coiinetl the upper 
board with the pofitive condu&or, and the other 
with the ground; turn thc cylinder, and the 
upper one will be cleerificd pofitively, and the 
under ozie negatively ; the fpacc of air betwecn 
the KWO plates a&s as a plate of glafs, it  feparates 
and keeps afunder the two clefirk powers. 
Touch the negative plate with one hand, and 
the upper one with the ocher, and a fhock will 
be received iimilar to that from the Leyden 
phial. 

The ele&ric fiock will always be felt when- 
ever a quantity of the fluid paffes through any 
body in an inftantaneous manner, and the force 
of thc hock will be proportional to the quan- 
tity of cl&ricity accumulated, and the eafe with 
which it can efcape; for the whole energy of the 
cIeAricity depends on it's tenfion, or the force 
with which. it endeavours to fly off from the 
eleEkrificd body. 

The two plates, when in contrary fiates, 
firongly attraCt each other, and will conic to- 
gether, if thcy arc not kept afiinder by force. 
A fpark will Cometimes pafs between the plates, 

,and defitroy the eIc&ricity of' cach. If an emi- 
11CIlC[f 
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nence is placed on the under plate, the fpark, 
in the fpontaneous difcliarge, will b i k e  it. 
The expcriments with thcfe boards will be more 
pieafing, if one furfacc of the upper boardis co- 
vered with gilt leather. The two plates, when 
charged, are fuppokd to reprelent the h t c  af 
the earth and the clouds in a thunder-fiorm; 
the clouds being in onc fiate, and the earth in 
an oppofite one, while the plate of air ads as the 
cle&ric, and the fpontaneous difchargcs exhibig 
the phznornena of lightnifig. 

An obfervation has been made on this expe- 
riment, which feems to affcLbone of the prin- 
cipal ripports of the received theory. I have 
Cubjoined it, in order to invite thofe who arc 
converfant with elettricity to a clofer inveltiga- 
tion of the fubjea. 

In this experiment it ferns irnpofible to de- 
ny, that air is pcnctratcd by the eledric fluid. 
The diftance between the plates is fo fmall, that 
it muit appear abfurd to fay, that this fpace 
is penetrated only by a repillfive power, when 
in other cafes we fee the Auid pervading much 
greater fpaces of air. But if one ele&ric fub.. 
fiance is pcnetrablr by the elcCtric tluid, we muft 
be led itrongly to fufpc& at lealt that all thF 
rcit are To too. If glafs was.a!togcther itnpenc- 
trable t~ the fluid, it is natuial to think rhat’ir 

A a  3 woulci 
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would run over it's furface very eahly.. But in; 
fiead qf this, io great is it's propenfity to'enter, 
that a kock  fent ,through between two glafs 
plates, if they are preffed pretty clofe together, 
always'breaks rhem to pieces, and cven rcduccs 
part of tham to a powder like rand. This'lait 
ef€eQ cannot be attrihutcd to any other than the 
ele&ric fluid entering the pores of thc glafs, and 
rnccting with rcfiitance, the impetus of it's pro- 
greflivc motion violcntly forces thc vitrcous par- 
ticles afunder in all diretlions. 

EXPERIMENT ccx. --Turn that iidc of the 
uppcr board, on which thc gilt leather is paited, 
fowards the lower one ; place one or two final1 
metal hemifpheres on the lower board ; connc& 
the upper board with the pofirive condudtor, and 
the lower one with that which is negative, put 
the machine in allion, and the uppcr board will 
difcharge the whole Qf it's contents on one-of 
the he'mil'pfiercs in a itrong-flab, attcndcd with 
a fmart exploiion ; vivid corufcations of eleCtric 
light will be k e n  darting in various direaions 
on the furface of the gilt leather. This cxpcri- 
.men[, fays Mr. Becket, is more than a refem- 
blance of lightning, it is nature inveited with 
btx own attire. 

Connet9 a coated phial with the pofitivc COD, 
&&r, fo' that it may be dikhargcd with the 

boardsJ 
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boards, and the flaflm of light will extend far, 
thcr, and the explofion will bo louder, 

ExmtIMtNrr ccxr.-Place the wire, fig. IO, 

with the feathers tied to it in the middle of .onc 
of thefe largc boards, their diveigencc &ill ncht 
be near fo much in this fituation, as when they 
are at the edge of the board. 'Ifa piece of dawn 
or a fcather is placed near the cdge of theboard, 
it will fly o f f  to the ncarefi non-ele&iifiad body; 
but, if it is $laced in the middle, it will be 
confiderable time before . i t  will iiiove, and it 
will fcarcely fliew any figns of attrabion. 

pieces of paper, mar thc ceritcr of thc lokcr 
board j when the machine is put in attion, thefe 
will be alteriiately attrac'tcd and rcpcllcd with 
great rapidity, and agitatcd in an amazing illan- 
ner. ' A plealing variation is madc in this ex- 
periincnt by taking oA the chain from the lowcr 
board, and now and thcn touching it with  the 
hand ; touch both boards at the fame time, and 
the motion ceafc6, But the moil furprizing ap- 
pearancc in this cxpc,rirnent*is, that lbinetimes, 
w,hen thc clc&riciry is flrong, a quantity ofpa- 
per or bran will accumulate in one placc, and 
form a kind of column bccwecn the boards, it 
will fuddenly acquire a fwifr horizontal motion, 
moving lkc a yhirling pillar to the cdge of thc 

All i t  bonrds, 

EXPERIMENT ccxxI.-Place bran, nail 
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boards, and from thence fly off, and be fcattcred 
about the mom to a confiderable difiahce. 
EXPERIMENT ccxm.--Take two phials, the 

;an& tharged pofitively, the other negatively, 
place them on the ihiiulatd board, but as far 
from each other as the board will permit ; infert 
,a range of candles in a pieceof wood, about two 
bclws dlfiance from each othcr, fo that the 
%me of each may be txaRly parallel; when 
Wdk candles are quickly introduced between 
Iphc knobs of the phials, the @ark will be feen 
ra dart thtough all of them, and will have the 
appearance o f a  line of fire, variegated in a thou- 
find different curves. 

C H A P .  
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C H A P. XVI. 

OF T H E  ELECTROPHORUS, AND MR. BBNNET'L 
E X  PER I M h: N T S T H ERE W I T  13 * 

IG. 73 reprefents an ele&rophorus. This F infirument was invented by Mr. Volta, of 
Coma in Italy." It conflits of two plates of 
a circular form, the under plate is of brafs CQ- 

vcred over with a firaturn of an eldtrical fub- 
Itancc, generally of Come negative eleCtric, as 
WIIX, filphur, &c. the upper plate is of brafi,' 
with a glafs handle h e w e d  on the center of it'r 
u pper fu rface. 

Refinous ele8rks generally fuccced better for 
an ele&rophorus, than thofe made only oF glafs, 
not only as they are lefs affe&cd by the huriii- 
dity of the air, but as they fecm to have the 
power of retaining longer the eleRricity which 
is communicated to thein. 

To ufe this apparatus, firit excite the under 
plate, by rubbing it's coated fide with a piece 
of clean dry flannel, or hare-kin; when this 

plate 

* Mr. Wilck, in Auguit, 176e, contrived a refinods 
apparatus, to which he gave the namc of a perpetual dcc-  
trophorus. Set Scripta Acadcmiz succ. 1762. 
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plate is wcll excited, it is to be laid on the table 
with the eledxic uppermoft. Sccondly, place 
the metal plate bpon thc elccctric, as in fig. 74 
and 75. 'Thirdly, touch thc metal plate wit11 
qh,e finger, or any, other conduilor. Fourthly, 
feparate the mctsll plate from the elettric by t h r  
glafs haridle. This plate, w<hcn raifcd to Conic 
&fiance- from the under one, will be found 
firongly elc&ified with the powcr which i s  conr 
tyary to that of the rlec?ric plate, ai?d will give 
a fpark. tg any condvltor rliat is brought ncar 
it,, By repeating this operation, i .  e. by fettiag 
the metal plgte on the elelirk, and then touch- 
ing it with the finger, a great number of fparks 
may be fqccefively obtained without a frcfli ex- 
citation of the cleeric. 

EXPERIMENT ccx~v,-Uy examining the elec- 
rrppharus with fmall pith balls, we find, 

I .  Thpt as toon as the upper plate, is placcd 
Qn an elec2rvphorus of wax, it~acquircs a weak 
pQfitive clc&iCity; and the contrary, if placcd 
on an elelkrophorus of glafs. 

9. That when the ypper ylqte is toucked by 
tho finger, i t  lafcs all it's eleatricity. 

3. When the upp.er plate is toqcl~ed by the 
finger, and r&wved from the  elcc(trophorus, it 
acquircs a flrong ncgativc eldricity,  if the C ~ C C -  

trophorua is of glafs ; and a p d t i v e  ekt'cricity, 
if it is of wax. 
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The  elctirophorus may be canfidered as 

formed of feverat horizontal itratn-; fo that when 
the upper one is excited, eithcr by friaion OE 
cotnnuliication, i t ,  is infulatcd by the inferior 
firata. Now all infulatcd e,leftrics prcfcrvc their 
cledtricity a confiderablc' time, and it  is from 
that caufe that the elctlricity of the cltttropliQ: 
rus continues To long. 

Infuiatcd and excited glafs induces the nega- 
tive elctiricity on bodies brought M ithin the 
fphere of it's acction, while negative clehics,  in 
Gtnilar circurnfiances, produce the pofitive clec- 
tricity. Therefore the fuifacc of the elccRro,- 
phorus ought to communicate immediately a 
pofitivc eledtricity, if it  is' of wax ; the negative, 
if it i s  made of glafs ; which is pcrfeftly con- 
formable to experiments. Bur when the upper 
plate is touched by tlic finger, tlia ripper furfaco 
,of the eleltrophorus cea ls  to bc infulatcd, and 
gives the negative cleQricity to the upper plate, 
i f  it is of glafs, and the contrary, if of wax, 
agrccable to thc different expcrimcnts which 
are defcribed in this Way.  

Ele&ric bodies do not put the fluid in that 
degree of motion, which is neceffary to produce 
the {park, or exhibit the phznoinena of attrac- 
tion atid repulfion, while they arc in conta& with 
.gonduQing tbfianses, yl+h is thc reafon why 

the 

i 
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the upper plate exhibits no figns of elearicity 
while it remains in contat2 with the under one, 
though they bccomc feniible the initant it is re- 
moved from it. 

a( I n  the cafe of a glafs elearophdrus (as it is 
a cafe which admits of a fomewhat eafier illuf- 
tration,) the excited plate atis upon the elearic 
mattct‘ naturally contained in the upper brafs 
plate,’fo as to repel a part of it’s natural quan- 
tity from it in form of a fpark, at that part 
where the finger is apylicd to it. If the brafs 
plate in this itate is lifted up by it’s handle, it 
will receive a fpark from the finger. On being 
feplaccd, and the fame operation taking place, 
the fame refult will be obtained; which may 
be continued for a great length of time, with- 
out diminiihing the virtue of the excited elec- 
‘tric, which in fa& does not part with any of it’s 
own cle&ricity, but only rcpels a part of what 
is in the upper plate, which is repeatedly re- 
itored to it from the earth by the perfon who 
makes the experiment.” 
EXPERIMENT c c x v . P l a c e  a piece of metal 

on an excited eleffrophorus, it may be of any 
fhape ; a pair of triangular compaffcs are .very 
convenient for this purpofc‘. EleRrify the piece 
of metal with the power which is contrary to that 
of the eleCtrophorus,and then remove it  by mcans 

of 
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of fome eledric, and aftcrwards fift upon the 
eletirophorus roome finely powdcred refin, which 
will form on it’s furface curious radiared figures. 
When the plate is negative, and the piece of 
metal pofitive, the powder forms itfelf princi- 
pally about thore parts where the metal was 
placed ; but if the plate is poGtive, and the. fpark 
i!i negative, the part where the metal touched 
will be free from powder, and the other parrs 
more covercd. 

EXPERIMENT ccxv~.-To recover tbcjirce ofan 
elpRropborais Jy irsclf. Place the metallic cover 
on the refinous cake, touch it a8 ufual; theq 
take it up, and difcharge it on the knob of 9 
Leyden phial ; repeat this operation feveral 
times, and then place the bottle on the .cake, 
and move it over it’s furface, holding the bottl~ 
by the knob ; this will augment the force of the 
eledrophorus, and by reiterating the operation 
i t  will become very powerful. 

EXPEIUMENT ccxvII.-lnfuIate a metal quart 
mug, and Sifpend a pair of fmall pith balls by 
filk, fo that: the whole of the eleQrometer may 
be within the mug, eleCtrify the mug8 and rhe 
eledtrometer will not be in the lcafi afttfied. 
The fimilar atmofphercs countera& each other; 
and as no contrary power can rake place in th.e 
&&rometer, it will remain unele&riiicd. Touch 

JkC 
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the mug with foinc conduAing fubltancc, and if; 
will immediately attra& the balls. 

EXDER~MENT C C X V I I L -  Sufpcrid a,fmall cylind 
dcj- of gilt paper by tin-foil, and then touch the 
clcdrificd and infulated mug with it, a fpark 
will yafs bceween them, and the elehricity 
will be diffufccd in each in proportion to thqir 
capacity. ’Now plunge the infwlated cylinder 
to the bottom of thc mug, and it will reltore to 
it the elc&ricity it had reccived, but docs not 
give the leait fign of cle&ricity when taken out. 
I EXPERIMENT ccxIx.-*Conne& ;1 pair of 
pith balls with an infulated tnetal veirel, in 
which a metal chain is placed, raife the chain 
by means of a filk thread, and the divergence of 
the bglls will dirniniih inr proportion ag”thr: chain 
is raifed and difplayed ; fiewing, that the ekc- 
rri9ity is rarified, and it’s dentity is diminiflied, 
in,yroportion as it fprends itfelf from the fur- 
face of the veffel on the cxtended chain ; which 

pfirmcd by the balls diverging again when 
the chain is let down into the veiTel. This exd 
periment affords an eafy foliution for many of 
the phonomena of atmofpheric eleQricity, as 
why the vapour of eleArificd water gives fuch 
fmall figns of eletkricity, and why the elefiriciry 
of ,a cloud is increafcd by being compre$cd or 
conden fed. 

E X P E R l -  
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EXPERIMENT ccxx.-Excitc a flip of white 
flannel, or a Glk ribbon, and take as iirany fparks 
froin it as it will give; then double or roll it 
up, and the‘ contraaed flannel will bc ftrongly 
ele&ricaI, give fparks, and throw out brufhes of 
light. 

W w  E&+riv~tnts wilh M. LICHTENBURG’S la+p 
&&roplJorqs, t3j the Rea. Mr. BBNNGT; and 
exir/r‘?fd from his Work, ettticied, ‘( New Expc- 
rillrcwis OII Eknriciiy.’’ 

The following experiments arc intended as 
ements on M, Lichtcnburg’s beautiful 1 

configuration; ‘fir: ma*de on a r 
trophorus, by drawing ovcr it th 
charged phial, and then rendered 

t J  
ered roGn over the plate; w 
differently, according to the cirYt 

Curnitanccs in which the experiment is made, 
the diffufion of ele&tricity in a very 
manner; fec fig. IOI  and 102, pl. 

Mr.‘Bennet’s firfi eletlrophorus was a 81 
plate fifteen inches fquare, covered on one fide 
with a thin retinous black coating, with tin-foil 

other fide; for, if  the fide oppo- 
iite to the refinous one be not a condub- ,  thc 
ele&rical fluid will not be eaGly diffufcd over 
it. Glafs IWS .Ukd that the elcdricity might 

riot 
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not be fo’ liable to pafs through the fmall holes 
and bliitered places, which cannut well be 
srvoided,if the refinom fiuhfcance l e  thinly 
fprcad upon wood or metal. 

As powdered rofin projeded from a brufh iu 
negatively eledlrificd, there appeared no doubt 
but that chalk and other powders, which, by the 
fame means, are ncgativdy elearified, would 
anfwer as well or better; ruch powders werc 
thcreforcd tried, and found to fuccced remarlc- 
ably well, 

EXPERIMENT ccxxr.-The plate was fuf- 
pended by a loop againff il wall, that the groffer 
part of the powder might fall tu the ground, 
a d  no more adhere to the plate than was at- 
rratlcd by the clearicity diffufed thhrron. A 
fmail phial was charged very weakly by one re- 
volution of the ele&rical machine, and after it’s 
knob had becp dr’awn over the refinous plate, 
9 cloud of chalk was ‘projeEted by rubbing the 
lump upm a bruk  near the eleft’rificd furface of 
the plate ; thie produced a plaio white line wixhr 
mt any ramifications. 
EXPERIMENT ccxxIr.--VVhcn the phial was 

charged by thrce revolutions of the machine, 
ramifications appeard upon the plate a t  a con- 
liderable . 1  diftancc from each other, 

EXPERIMENT ccxxxrr,--Five or fix revolu- 
tignlr 
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tions caufed the eleCtricpl fluid to fpread upon 
the plate in ramifications vcry near each otherit 
Clofe to each branch a fmall fpxe was left un- 
covered with powder, forming a kind sf hade' 
to the figure. Beyond this hade the powder 
lay fmoot?, foftening off externally, 
EXPERIMENT ccxx.rv.-With a very. itrbng. 

charge the rdmifications werc clofe and broad, 
refembling white fedthcrs with a very broad- 
fliadc, 

EXP~RIMENT rcxxv.-A circular brafa plntc 
with an infulating handlc was placed upon the 
tefinous plate, and d fpark fronl' the charged 
bottle was communicated to the brafs plate 
which was then tslcen off by it's infularing han- 
dle, and chalk projcAcd, which produced a 
very regular circle of ramifications about four 
inches long; proceeding from the circumference 
of the fpacc covered by the brafs plate, and 
within the circle were a number of irrcgu'lar. 
figures fomewhat like itars. A'fhock made to 
pais through the fame plate'generally produced 
tnorc diitintt ramifications, and Cometimes 
without any itars within the circle ; and if the 
brafs plate was drawn along towards the edge of 
the ele&rophorus whilfi touched with the knob 
of thc phial; a very beautiful figure, fee fig4 
10 r a plate v a  was produced. 

B b  EXPS R f MEN 7* 
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EXPERIMENT CCXXVI.-A phial Itrongly and 
negatively charged ’ was drawn over the plate, 
and afterwards a pointed wire, held in thc haird 
only, was drawn over the fame figure; then 
chalk was projeAed, which produced a beauti- 
ful ramified figure in the middk. of the nega- 
five’ one. 

EXPERFVENT ocxxvrg.-A conical tin funnel 
wag placed wiih it’s bare on the middle of thc 
.refinous plate, and a negative firong charge 
givcn by conneaing the difcharging-rod with 
the under fide of the plate; then a pofitive 
charge wa$ given in  the^ fidsnc snanner, the fun- 
~lel was thrown off and chalk projc&cd, which 
prduccdrery beautiful ramifications both with- 
in and on the outfidc of the circle, 

E X P W M E N T  ccxxvm.--A knob of wood, 
&out an inch in diameter, was placed upon the 
wire o f a  phial which was charged highly pofi- 
tive, and thc knob drawn over the plate fo as to 
touch t h i  furface; this produced ;I beautiful 
figure, the middle of which was fmoothly co- 
vered with chalk, and the fides fincly rsrnified 
with ihadrs. 

EXPERINUT ccxxxx, -A fmaH candle .was 
infu!ated, anb it’s flamcplaccd about ail inch 
diftaat frpm the middle of the refinoua plate; 
then thc knob of a pofikly charged phial was 

fib Adcnl y 
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Cuddcnly btought to the flame, and both the 
flame and phial infiantly taken away again, In 
this experimFnt, when the chalk w a s  ptojeaed, 
a circular fpace, about four inches in diameter, 
was clean and free from powder ; the ret?. of the 
plate was covcred, except a great number af 
h a l l  circular or elliptical fpots, which hews 
that the ele&rical fluid paffcd to the plate in de- 
tached balls, like fome atmofpheric meteors ; or  
the plate abforbed from the air a contrary itate 
pf elettricity, which produced this appearance. 
EXPEKIMENT ccxxx.-If a pofitive figure be 

firit drawn, and then a negative one acrofs it, or 
vile m@, whcn thc powder is projeQcd, it is eafy 
to diitinguiih which was firit drawn, the Cecond 
appearing to cover the firlt ; and when the pofi- 
tive figure is made lait, the ramifications ar the 
place of junCtion cxtend farthcr than the refi, 
and are left without powdrrl but if both thc. 
itrokes arc pofitive or negative, the firit will ap- 
pcir to cover the fccond. 
EXPERIMENT ccxxxr.-If powders of differ- 

ent colours are mixed, and projcaej ovcr the 
figures,' fome of the colours will prevail on the 
iniddlc and fomc on the outtide, and cfpeciplly 
if two figures whok elecZricity is contrary ilre 
made on thc fame plate ; and inoit of all when 
both the elec?rical h t e s  of the figurcs and pow- 

B L  2 ders 
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ders are contrary: for example, if minium$ 
whore eleclricity is firongly yofitive, and ful- 
phur, very itrongly negative, be powdered to- 
gether, and then this rnixed powder put into 
the bcjhvs, and. bbwn upon the contrarily 
cle&rified, figures, thc powders fqparate, and the 
6dpliur falls upon the poiitive figure and the 
minium on the ncgative : this produrp a ver5 
plcaiing. ci-fect.. 
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IC I3 A P. X W .  

QP MR, VOLTA'S CONDENSING PLATES, OR OF 

T H E  ADVANTAGDS wmci i  M A X  BE DERIVED 
FROM AN IMI'ERFECT LNSULATLON, A N D  O F  

RENDERING VERY Sl iNSIBLE VERY SMALL DE- 
G K E E S  OF NAT~JIUL A N D  ARTIFICIAL ELEC- 
;~,RZCITY** 

Condullor, propcr.ly canltrullied far imk- A ing obfervatiolrs on atinofplierical elcaci- 
,city, fcldom affc&s the nioR fe!Gble elcfirop~eter 
wheo the flty is free from ele&rical clouds ; but 
by means of the apparatus now to be dcfcribcd, 
it will appear, ,that thcfe coududlors arc always 
elc&rica{, a ~ ~ d  confequcrdy the air which fur- 
rounds thcm mult be at all  times eletlrificd. 
This metbod not otlly dcctermines t h e  exificnce, 
but alfo the quality of the ele6ricity, whcthcg 
poGtive or negative, and that, even when the 
condueor will not atwall the fineit thread ; but 
if a very fmall attra&jori is vifiblc, in the con- 

then thc apparatw will,,give long fparkr, 
ele&rophorus ufed for this purpofe may 

be termed a p~icco-ele&pr?ietcr, 

B 3  When- 

* Phil. Tram& 
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Whenever the atmofpherical condullor gives 
fuficient iigns of elet'rricity, $then the condenfing 
apparatus becomes ufelefs. For when the elec- 
tricity is itrong, it often happens that parcof rhk 
eldaricity of the metal plate is impreired upon 
the other, in which cafk the apparatus ads  as an 
ele&rophorus, and becomes unfit for our pur- 
pore. 

The apparatus adapted for this purpofe conl 
jiits of the upper plate of an clellrophorus, and 
a iemihe&ric,' ar in impeifeh condueling 
plane, which will only hinder in  a certain de- 
gree the paffage of the fluid. Many condudors 
of this kind may be formed; fuch as a clean 
dry marblc flab, a piate of wood, covered with 
'a coat of varniih, &c. the furface of thofe bodies 
not contradting ele&riciry, or if any fhould ad- 
here to them, it foon vanifhes, on account of 
their feemi-condufling nature; for which reafon 
they cannot anrwer the end of an eletlrophorus, 
but are fit to be ufed as condenfers of elcari- 
city. 

Care fhould be taken however in  choofing 
this plane, that it be not of too free a condu&- 
ing nature, nor likcly to become fo bi ufe, it 
,being abfoiutely . neccKary that the elcaricity 
ihould find a confidctabk retifiance in pervad- 
ing it's furface, In  preparing fuch a plane, by 

drying# 
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drying, lor .otherwife, it ie much better 'to mme 
.too near than too far  om a non-condueor, A 
marble flab, or board, properly dsicd, a n f m  
well, and is p&rable to any other ,plaaeg 
lotherwife. the plate of the &&rophorus is p m  
ferabIe to ala bodies unprepared, 

The p orfi forr of marble, if coaml with copd, 
amber, or lac-varnifli, and then kept in an oven 
for a flwrt time, will adwer very well, evcn 
withaut previoufly warming for the cxpcriment, 

This, in fa&, it  may be faid, is returning to 
the ele&rophorus: a8 marble, w.ood, &E, var3 
nifhed, if they are hot,, may bc excited by a vu)t 
flight friEtion, and fonletimes by only laying the 
metal plate on them 5 to prevent which, they 
fiiould be ufed without warming. 

The advantages plater of this kind have over 
the common ' eledtropbrus are, I .  That the 
varnifh is always thinner than the common re& 
nous firaturn of an clettrophorus ; and 2. Thac 
the varnik acquires a Cmosther and plaher fur- 
face : hcncc the metal plate can with motc add 
wantagelbe adapted td it. 

A n y  fort of plane, covered with dry and clean 
oil-cloth, or oiled-filk, or fattin, and any ather 
lilk fluff that is not very thick, may be ufd with 
equal advantage, if it is tlightly warmed. Silk 
fluff6 OtlrWCC better far thicr purpofc than tkroib 

B b 4  mad& 
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made of cotton or wool, and both bettcr than 
linen. Paper, leather, wood, ivory, bone, and 
cvery other fort of imperfea condu&ors, may be 
made to anfwer to a certain degree, if they are 
previoufly dried, and kept hot during the expe- 
riment. 

This  apparatus is rendered more fimple by 
applying the iilk, &c, t o ,  thc upper plate of 
metal, which is fixed to the glafs handle, infiead 
of the marble or other plate, which now becomer 
ufelcfs; for in it’s fiead, a plane of any kind 
may be ufqd, as a common w~ooden or marble 
table, even not very dry; a piecc of metal, 4 
book, or,any other conduQor with a flat furfacc. 
. Nothing more is requifite in  there experi- 
ments, than that the ele&ricity, which tends to 
pafs from one furfke to the ocher, fliould mcct 
with fome refiflance or oppofition in one of the 
fur faces. 

It io immaterial whether the non-condulling 
or femi-condufting itraturn be laid upon one OF 
rhe other of thofe planes i all that is nececlry 
is, that they ihould coincide together, which 
render8 it proper to ufe two planes that have 
been ground togcther, and one of them v a n  
niked. A iingle metal plate, covered with filk, 
with three iilk firings faitened to it by way of 
handle, may be conveniently ufed for ordinary! 
oxpeximes ts. 

TQ 
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To ufe thc apparatus, the upper metal plav 

muit qbe plactd upon the uncledtrified plate ahd 
in peifcCt contaa with it. 
The plates baing thus placed, let a wire, cornr 

rnunicatiiig with the conduaor, be brought to 
touch the metal plate of the elcarophorus, and 
thnt on1 y . 

T h c  apparatus bcing left in that fituation a 
certain time, will acquire a fuficient quantity 
af eleoricity, but very floyly. 

Remove the cominunicating wire from thc 
metal plate, and, by neans of it's infulatcd han- 
dle, I'eparate it from the under one ; it will now 
9ttraQ a thread, ele&rify an clec!rornetcr, and, 
if it is fircng, will give fpparks, &c. chough the 
atinofphericai condycCtor flicwcd no, or only 
finall, iigns of it, 

I t  is qot eafy to determine the exa& time 
neceiE7ry for this apparatus to remain in contalk 
with the candultor, as it will depend on many 
circumitances ; for, if there are no figns of elec- 
rricity in the condurftor, it  will require eight or 
sen minutes, but if it atpafits fine thread, as 
many fcconds will be found fuflicient, 

It is difficult alfo to determine the precife 
degree to which the electricity may be con- 
denfed, or hotv much the eledlrical phaenoniena 
~ a y  bg increafcd by this apparatus, as it de, 

pends 
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pcnds on various circurnqances. The augmin- 
tation is, however, *greater.in proportion as the 
body which fupplies the metal plate has a 
greateriapatliry, and is larger in proportion as 
thc”e1ettricity is weaker. Thus, though the 
‘atmalpherfcal conduttor has l k c c l y  ,power fufli- 
cient to attra& a fine thread, it is neverthelefs 
eapa giving’ h c h  a quantity of eledtricity 
to the metal plate of the clcbrophorus, as not 
only to aauate an cledkrometer, but even dart 
ftrofig fparks. But if the ele&ricity of the at- 
mfphcrka l  condu&or is firong enough to af’lord 
fparks, or to raik the index of the elctlrometer 
.to 5 63 6 degrees, then the receiving plate of 
the ele&rophorus, according to this method, 
will M e  it’s index to the highefi degree and 
give a itronger fpark; yet it may be plainly 
’perceived, that the condcnfation is propor- 
ziun&ly let‘s in this E n the other cafe: for 

anot be accumulated 
beyond the greaten degree ; that ic to fay, when 
fr ia iricreafed fo much as to bc difipatcd every 
:way: therefore, as the ele&rie power, which 
fupplies the cbndenfer, is neat& to :the higheft: 
’dpgrce, the cmdtafation is proportionably lefs ; 
t m t ~ i n  this cafe he condenfer is ufele6; it‘s 
principal use being to c!ollc& and render fenilblc 
that rmdl quanrity of eltaricity, which would 

other wife 
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otherwife remilin imperceptible and unob- 
icrvcd. 

Hitherto we have adapted our condenfir to 
the deteQi ng we& atmofpherical cIe&ricity, as 
brought down by the condutlor; but this, 
though the principal, is not the only u h  u) 

plied. It will likewife difh 
cover artificial eldricity, when it is fo weak as 
nor 10 be difcoverable by any othci means. 

11, byden phial charged, and then difcharged 
by touching it's coated iidcs with the difchargi 
i ng  rod or the hand, appcars to be quite de- 
, I  prived of it's elahricity; yct if you touch tk 
.knob of it with the metal plate of the conden- 
fer, (fituated upon an impcrfedt conduding 
plane,) and immediately take up the plate, it 
will be found to give vcry conljlicuous figns of 
elcaricik. But if jufi fiufficient charge is left 
in the phial to attra& a fine thread, and the 
ineta1 plate is then brought to touch the knob 
for a moment, it will, when lifted up, give a 
itrong fpark, and if touched again, a fccond 
farce fmaller than the former ; and thus fpark 
after fpark may be obtained for ti long time. 

This 'method of producing fparks, by meatrs 
of a phial which is not charged fo high as to 
give @arks of itfelf, is very convenient for va- 
riaus plcafing expeeiments 5 as to fixe or light 

t l l C  
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&he inflainwable air-piftol; or lamp ; efpecially 
when a perfon is *provided with one of thofe 
phials contrived by Mr. Cavallo, u hich, when 
,charged, may be carried in the pocket a long 
Rime. There phials, as they retain a fenfiblc 
charge for fiveral days, will ,retain an infcnfiblt 
one for weeks and rnonchs; or, filch r~ one as 
canncit kafily be difcovered without the conden- 
fer, in which cafe it becomes more than fen, 
'dible, and fufficknt far the experiments of thc 
inflarnrnablc air-piitol, &e. 

Secondly. If you have an, eldr ical  machine 
To far out of order that it's conduklor will not 
give a [park, nor attralt a thread, then let this 
conduCtor touch rhe metal plate of the conden- 
icr, and continue in that iituation a few mi, 
nutes, (the machine k i n g  ftill in morion,) lifi 
up the metal plate, aurd you will obtain from jt 

a ftrong fpark. 
Thi ical machine i&s welt, 

but the condullor is fo badly infulated that jt 
will not give a {park, beither from it's being con- 
pe&ed with the walls of the room, or by having 
a chain from it to the table, let the condudlor in 
this nate touch the metal plate of the cor;denfer, 
while the machine is in a&ion, the plate will 
afterwards givc.fufficicnt Arong figns yf ele&rir 
city ; yhich provcs the great power thjs appa, 

rqtUS 
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ratus has of drawing and condellfing the dcc+ 
tricity, 

Fourthly, Where the clc&rometers are riot 
f"ifficien;ly fenfible ro difcover the quantities of 
excited electricity, thofe quantities may be rea- 
dily explored by. the candcnfer. For this pur- 
pofe, rub t i d e  bodies. with the metal plate of 
the  cmdcnfcr, which for this purpofe mult be 
naked, and if the-plate be thkn prcfented to an 

ter, it will be found cbnfiderably dec- 
though thc body rubbed may have ac-L 

quired little or no elearicity., The quality, 
whether pofitive or negative, mag eafilp bit 
afccerrained, fince the clccflriciry of * the metal' 
plate muit- be the contrafy of that'body on which 
i t  was rubbed. Mr. CavaIlo made ufe of th'is 
method to difcover the elcftridity of many 
godies. But itill a better nsethod may be ufecf; 
in cafe tlw bodies to be examined cannot cafily 
be adapted to the metal plate, viz. Thc metal 
plate being laid on the imperfctk conduCting 
plane, the body ro be tried is rubbed agaihit; 
qr repeatedly firoaked upon it, which done, thc 
plate is taken up.and'examined by an clec'troS. 
meter. If the body tried is Ieathcr, a firing, 
cloth, VcIvct, or other iinpcrficl condutkor of 
the like: fort, the plate will certainly be' found 
cle&rified, and incomparably more 

nieans 
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weans ?ban if it were ftroaked by the fame 
bodies, whilit itanding infulated in the air. In 
h r t ,  by either of thofc rnethods YOU will ob- 
tain cleclricity from bodies which could hardly 
be GxpeBed to give any, even wlicn they arc not 
very dry, Tndecd, coals and metals excepted, 
eyery othcr body will afford fomc ele&ricity, 
EleQricity may often be obtltined 
$he, plate with the qol<ed hand. 

Tbe metal p l m  has a much @€%Fer power 

plane, ,as mentioned in the for experi- 
gnentSD tbao w.hen quite ipfslatcd. 

Sr i s  eafy to cornparhcnd, that where the ca- 
pacity ctf halding elcfiricity is great&, there 
the, intenfiry af cldrici  ty is prclportionably 

for it will t require a greater quantity to 
pifc ir to a giv egree of intcnlity ; fo that the 

t&ty ; by which wc 
hich the eleericity 

of an elcArificd body tends to efcape from all' 
parts of it ; to which tendency or endeavour, the 
cleklrical phmomena of attraEtiorr and rcpul- 
Cion, and cfpccially the degree of e1e;lvatian of; 
gtn elSCtropwrer, correfpond. 

That tha inlenjty of eledricity muft be in- 
1scerf01)r proportimed to the cnpacity of the body 
elclctrified, will bc clearly exemplified by the 
fdlowing experiment. 

ExPmi- 

&Q retain elqltricity when it lies bmiv 
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EX~?ERIMENT ccxxm.-Take two metal rQda 

of equal diabetcr, the one a foot, the other five 
feet long; let the firfi be elettrified till the ip- 

of the cle&rometcr rifes to 60°, then let it; 
touch the pther rod i and is that cafc it i s  evi-, 
dent, that the intcniity of tlie ele&rici{y bging 
ditrufcd between the twg rods, wit1.be di 
nifbcd a$ the capacity is increafed i ;To that 

cr, w hicb before was dcq 
fi l l  to 100, vi?. to Qnc 

he former inteniity. For’’the ;Ti& 
nrity af sleR-ricity waa 

communicated to a rpd 60 feet !an& il*s * 
$cy - 8  wauld be diminiihed to one dcgrse ; 
thc Cootpry, if 
du&tcrr was cont 
capacity, it’s intentity yould 4e ingq$d. t~ 60, 

Cqndveors of difi2rcnt bulk h;wg gp q l y  
different capacitics for holding elc&rici\y, by4 
alfQ the capacity of thc tdmc copduttpr is in- 

diminiihcd in propprtioll as ir’s fur, 
and coiitvatlcd ; as is flicwn j~ 

Dr, Franklin’s cxperimcnt of the can arid chaiq, 
Ikc. from which it hps becn concliided, chat thq 
capashy of cmduttors is in propartic>p to their 
furface, -and not to their quantity of matter. 

This COncluGon is true, but doeg no{ CQW- 

prebend the whole theory, (ince even the 
iion 
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ributes to increafe the capacity. fif 
ihort, it appears from all the experiment$ 
hitherto made, that the capacity of' condu&ors 
is not in proportion to the fiirfaccs in general, 
but to the fuufacesl which are free, or uninflu- 
enced by fimilar or hatnologous armofpheres ; 
and e capaciey o f  a condbttor, 
ncit 'k form or furface, is in-* 
creafed, when, initcad of remaining quite infu- 
Iated, it 'is prcfented to another not in 

thh increafe is more confyi 
furfaces of the conduBors are la 
poach nearer to eAch other. 
T h e  above-mentioned circumfiances, by which 

the liatutal capacity of conducqors is greatly aug- 
d, has been overlooked, and therefore no 

has hitherto been deduced from it. 
The following experiment will ihew this in- 

1.-Take the metal plate 
oflan ele&rophorus, hold it by it's handle in thc 
air; and elcclrify it fo, that the index of an clec- 
trometcr annexed to it may be clevated,to 600, 

myleft manner. 

uwer the plate by degr 
plain conduAing furfac 

gradually fall from 600, to 5 
and yet the quantity of ele 
remains the fame, cxcept it is brought fo near 

tl1c 
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the table as to occafion a tranfmifion of the 
cleAricity from the former to the latter; a t  leafi, 
it will remain as near the faint., as the dampnefs 
of the air, &c. will permit. The decrcafe of 
jntenfity is owing to the incrcrrfcd capacity of 
the'plate, which is now not infulated, orjilitaty, 
but C G ~ ~ ~ U I C ,  or communicating with another 
conduaor: for let the plate be gradually re- 
moved from the tablc, the elcdtrometer will rife 

's former fiation, namely, to 600 ; ex- 
e lofi that the air, Src. may have oc- 

cafioncd duriug thc cxpcrimeiit. 
T h e  rcafln of this phanomcnon is eafily drri- 

ved from the aklion of clecZric atmofpheres. The 
atniofphere of thc nictal platc, which for the 
prefeii t I fhall f'uppofe eledkrificd pofitivcly, aCts 
upon thc table, or other coidu&or, to which it 
is y r e h t c d  ; fo that the clc&ric fluid in the table 
reririiig to the rcmoter parts of ir, becomes more 
rare in thofc parrs which are exporcd to the tnctal 
plate, and this rareh6Eion iucrcai'es the ncarer the 
elcltrified mctal is brought to the table; if the 
metal platc is elet5krified negativcly, the contrary 
cft'crSts take place. In  fliort, thc parts which are 
i11~11crri.d in the fphcrc of atlion of' the elcdri- 
ficd phtc, b y  coiirrachg a contrary elcc'tricity, 
give the eledlricity of the metal plate an oppor- 
tunity to expand itrelf, and \vi11 thus diminiffi 

c c it's 
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.it;s intenfity, as is hewn by the deprefion 
the eleCtrorneter. 

T h e  two following experiments will throw 
niore lighr upon the reciprocal adlion of the 
eleCtric atmofpheres. 
EXPERIMENT CCXXXIV.  -Ele&rify two fiat 

CpnduQors, either both pofitively or negatively, 
then bring them gradually towards each other, 
and it will appear, by two annexed elcfironie- 
'ters, that the ncarer they approach each other, 
the more thcir denfities will increare, as a)l 
elafiic bodies re-a& in proportion as they are 
a&ed on ; which heus, that cithcr of the two 
conjugate powers has il much fefi capacity to re- 
ceive more R wid now, than when fingly infula- 
ted, and out of the influence of the other. 

This experimeiit explains, why the teniion of 
the elcaric atmofphcre on an eleltrified con- 
duCtor is greater whcn it is contrsktcd into a 
fmalier bulk; and alfo, why a long extended 
condudor nil1 fiew lcfs intcnfity than a more 
cornpa& one, fuppofing their quantity of fur- 
face and elcCtiicity to be the fame; bccaufe the 
homologous atmorphcres of their parts interfere 
lefs with cach other in the former than in the 
Iattcr cafe, and of courfe, as thcir atlion is I d s ,  
the re-adlion is alfo lefs. 

I X X  P CR I - 
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E X P E R I M E N T  CCXXXV.--Ele&rif)”One of there 

Bat condutlors pofitively, the other negatively, 
and the effe&ts will then be j u f i  the rcverfc of 
the preceding, viz. the intenfity of their cle&rib 
cities will  be diminiihed, becaufc their capaci.+ 
tics, or their power and facility of expanding, 
are incrcafed the nearer the conduhors come to 
each other. 

Apply the explanation of this lafi experiment 
entioned bcforc, viz. the bringing the 

metal plate towards a conduding 
plane, which is not infulated ; for, as this planc 
acquires a contrary eleCtricity, i t  follows, that 
the intenfity of eleltricity in thd metal @ale 
muit bc diminified, and the anncxed clcCtro.. 
meter is dcprefkd according as the capacity of 
the plate is incrcafed, or i ts  the dentity of it’s 
atmol!herc is diminiflied ; and confequenrly the 
plate i;i that Gtuation is capable of receiving a 
grcater quantity of ele&ricity. 

”his will be rendered itill clcarcr by thc fol- 
low i rig c x per i men t . 
Ex I J E  I{ I M I ~ N  T ccxxx vr.-In fil I:ttc the conduc- 

ting plane whilfi  the othcr elu!triiicd plate is 
\ I ~ ) O I I  it, and nficrwards k l ~ ~ ~ ~ t i ~ i g  them, both 
thc metal plate and cotidticiting plane, which 
m a y  be called t1ic inferior p h c ,  u ill bc found 

c c  a eletlrified, 
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plc&rified, but poffeeired of contrary eleCtricities, 
as may be afcertained by clcfkrometers. 

If the inferior plane is inl'uhted firft ,  and 
then the eledrified plate is brought over it, the 
latter will caufe an endeavour in the former to 
acquire a contrary eleltricity, which the infula- 
tion prevents from taking place ; hence the in- 
teniity of the eleAricity of the plate is not dimi- 
nifhed, at leait: the cledrometer will ihcw a very 
little, and almofi imperceptible depreiTion, which 
Cmall depreaon is owing to the imperfefkion of 
the infulation of the inferior plane, and to the 
fmalll rarefallion and condenfation of the eleCtric 
fluid, which may rake place in differenr parts 
of the faid inferior plane. But if, in this iitua- 
tion, rhc inferior plane be touched io as to cut 
offthe infulation for a momenr, rhen it will ac- 
quire the contrary ele&ricity, and the intenfity 
in the metal plate will be dirninifhed. 

I f  the inferior plate, infiead of being. infu- 
lated, were itfelf a non-conduding fibfiance, 
then the fame phmomena would happen, viz. 
the intenfity of the elcCtrified metal plate laid 
upon it would not be diminiflied. This, how- 
ever, is not always the cafe, for if the faid in- 
ferior non-condutiing plane is very thin, and is 
laid upon a condu8or, then the intenfity of the 
eleitrified mcral plate will bc dirniniked, and 

2 it's 
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i t ’s  capacity will be increafed by being laid upon. 
the thin inftilaring firaturn: as in that cafe, the 
condut‘ring fiibfiance, which fiands under the 
non-condutliiig firaturn, acquiring an elefiricity 
contrary to that: of the metal plate, will dirninifli 
it’s intenfity, &c. and then the infulating itra- 
win will only ditninifh the mutual aEtion of the 
two atmof‘heres more or Ids ,  according as it 
keeps them ar greater or iinaller diitances from 
each other. 

The incenfity or ele&ric atlion of the metal 
plate, which diminiflies gradually as i t  is brought 
nearer and nearer to a condudling plane not in- 
hlatqd, becomes almofi nothing when the $ate 
is nearly in comadl with the planc, rhe conipen- 
ijtion or natural ballance bcing nearly perfeA. 
Hence, if the inferior planc only Oppoks a f nd  
retifiance to the pairage of the elefiricity, (whr- 
chex fuch refiflance is occafioncd by a thin elec- 
tric itraturn, or by the plane’s imperfcQ con- 
du&ing nature, as is the cat2 with dry wood, 
marble, &c.) that rcGitancc, joined to the inter- 
val, however finall, that is between the two 
plates, cannot be overcome by the weak inrenfity 
of the eletkricity of the metal plate, which on that. 
account will not dart any fpark to the inferior 
plane, (except it’s clettricity wcre very powerfd, 
ny it’s edges not well rounded,) and will rather 

cc 3 rcrain 
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retain it's elcAricity ; fo that being removed from 
the inferior plane, it's elc&rorneter will nearly re-1 
cover it's former heighr. Utfides, the elecctrified 
platemay even come to touch the imperfcCtlycon- 
duaingplane, and may remain in that fituation for 
fobme time ; i n  which cafe, the intenfity being 
reduced almofl to nothing, the eleCtricity will 
accordingly pais but flowly to the inferior plane. 
Rat the cafe is different, if, in performing this 
experiment, the eleRrified metal plate touchesf 
the infcrior plane edgewife, for then it's inteniity 
bcing greater than when it is laid flat, as appears 
by the ele&rometer, the eleOricity cafily over- 
comes the fmall refiitances, and paffes to the 
inferior plane, even acrofs a thin firaturn, bccaufe 
the elearicity of one plane is ballanced by that of 
the otlicd only in proportion to the quantity of 
fu'rfdcc which they oppofe to each other withiii 
a given diflance; fo tha t  when the metal plate 
touches the other plane in flat and ample contao, 
jt's cleAricity is not diliipated. This apparent 
paradox fs clearly explained by the theory of 
ele&ric atmofpheres. 

IC is itill more like a paradox, that neither 
touching the metal plate with a finger or piece 
of metal will dcprive it of all it's elc&ricity, 
while ftanding upon the proper plane : fo that 
if generally leaves it fo far clcerificd, that when 

feparared 
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kparated fiom thc plane, it will give a fpark. 
Indeed this phanomeiioii could not be explained 
on the fuppolition, ihat the linger or metal were 
pcrl>A condudton. But, firice we do not knowv 
of m y  pcrfett conduc'tor, the metal or finger op- 
pore a fiiircient refiflance to retard the imme- 
diate difipation of the eledlricity of the plate, 
which is i n  that cafe aQuatcd b y  a w r y  finall 
&rce of intcnfity, or power of cxpaniion ; ~o 
that, fuppofe, for infiance, the piece of iiietal 
O r  fingcr touching thc plate took oEfo tncich of 
it's elccitricity as to rcducc the inteiifity of tho 
rcmaiiidcr to the 50th part of a degree, this re- 
iiiaining elet-tricity would be then nothing; but 
when the plate, by being feyaratcd fiom the in- 
ferior plane, has it's capaciry fo far diminiflied 
as to render the interificy of it's rlefiricity 100 
tiincs greater, then the intcnlity of that remain- 
ing elearicity would become of t M u  dcgrccu OF 
more, viz. f'ufficicnt to allbrd a fpark. 

Having confidered in what iiiaiiiicr the nt%on 
of csIcBric at olorpiicrcs' niodiiics the clcitricit y 
of the iiietdl plate in ,  it's various fituations, w e  
flull now coiifidcr the etYeCtd uhich tdkc p k C  
when thc clcQricity is comii~unicatcd 3 to the 
rrietal plate, whilft f tardi~lg upon a metal plane. 
As the w~hole bufinefs has bccii proved in the 
prcccdin;: pges,  it  is eaijt to dedpcc the appliq 

c c  4 cs tions 
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cations from it: ncverthelefs, it will be ufcful 
to exemplify it by an experiment. 

EX PERI  M ENT ccxxxvrr.-Suppofe a Leyden 
phial, or a conduLior, fo weakly eleCtrified that 
it’s intenfity is one half a degree, or even Ids ; 
if the metal plate ofthe condenkr, when itand- 
ing upon it’s proper plane, was to be touched 
with that phial or conduaor, i t  is evident, that 
either of them would impart to it a quantity of 
it’s eleGricity, proportional to the plate’s ca- 
pacity, viz, fo much as ihould make the inten- 
city of the eledricity of the plate equal to that of 
the eledricity in the condu&or or phial, viz. 
half a dcgree ; but the plate’s capacity, now it 
lies upon a proper plane, is above IOO times 
greater than if it flood infulatcd in the air, or 
which is the Oinc thing, it aqiiires IQO times 
niorc cletlricity from the phial or conduitor. It 
naturally follows, that when the metal plate is re- 
moved from the propcr~plane, it’s capacity being 
Icffcned fo as to remain equal to the 100th part 
of what it was bcfore, the intenfity of it’s elec- 
tricity muR become 50“, fince the intcnfity of 
the elccZricity in the phial or condudtor was half 
a degree, 

If a fmall quantity of elclkricity, applied to 
the metal plate of the condenfer, enables it to 
give a firongfpark, it may be aikcd, What would 

ii greater 
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a greqter quantity do ? Why, nothing more, Be- 
cad'', when the eletiricity communicated to the 
mttsl plate is'fo firong as ro overcame the fmhll 
refiitance of the inferior plane, it will be diffi 
patcd. 

It is caTy to underitand, that ifthe metal plate 
of the condenfcr can receive a good fharc of 
eleAricity from a Leyden phial or ampleconduc- 
tor, however weakly eletlrified, it cannot; re- 
ceive any confiderable quantity of it from a con- 
duRor of fmall capacity; for this conduttor 
cannot give what it has not, except it were con- 
tinually receiving a ifream, however lixxd1, as is 
the cafe with an atmofphcrical condutlor, or with 
the conduCtor of a machine which a&s vcry 
poorly, but continues in aftion. In  thofe cafes 
it has been obferved, that  a confiderable time is 
requircd before the metal plate has acquired a 
luficient quantity ofelecctricity. 

As an ample ConduRor, weakly elcltrified, 
imparts a confiderable quantity of ele&ricity tQ 
tlie mctal plate of the condcnrer, fo when this 
plate is afterwards feparated from it's plane, the 
eIcAricity in it appears niuck condenfed and 
vigorous; whcn the fame platc contains a 
final1 quantity of eleEiricity, fuch as cannot 
give a fpark or &e& an clcCtrometer, that elec- 
tricity may be rendcred vcry confpicuous by 

corn r 11 ut 
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it to another 'imallJplate or, con- 

Cati%llo brit thought afthis improve- 
y i.eafoning an Mr. Volta's experiments. 

Hc made a finall metal pldte not exceeding the 
his feconH condenfer is of 
s, where the eleAricity is 
at all, or not clearly ob- 
fer only, as has been fully 
c d u a l  metal plateof a 

all a quantity of elec- 
wards taken froin the 

fiented to an extremely 
fenfible ele&oineter, made by Mr. Cavalla, it 
did'not affea it. In  this cafe, if the faid plate, 
thus weakly e1cd-rified, was made to touch the 

dl plate properly fituatcd, and wap af. 
terwards brought near an cle&romctei', the elec- 

thcn generally itrongcr thaP was fuf- 
ly  to alcertain it's quality, 

Now, if by the help of both condenfers, the 
intenfity of the clcliricicy has been augumcnted 
1000 tines, which is by no means an exagge- 
ration, how wcnk muIt thcn be the ele&ricity of 
the body cxamined ! how fmall rhe quantity oE 
cleLCtriciry ,that is produced by rubbing a picco 
of metal with one's hand! fince when it is con- 
derifcd by both condenfers, and thcn communi-. 

c a t 4  
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ca\ed to an ele&rometer, it will hardly affeQ 
that infinrmmt, :and ,yet is . fuqcieng to afford 
conviliion*, that the nietal can be elearified by 
the friaion gf a perfon's hand. 

Before ch6 difcovery of the condenfer 
Cavalio's very fenfible elearometer, we 
from being able to difcoite 
tions; whereas, at prefent, we can obferve a 
quantity of -eie&ricity, incomparably f&llC'i 
than the finalleit obfervablc at thofe timet, 

C €3 A P. 
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C H A 'P. XVIlr. 

0 8  THE METHODS OF MANIFESTING T H E  PRE- 
BENCE, AND ASCERTAINING T f I E  QYALITY OF 

NATURAL OR ARTIPJCIAL ELECTRICZTY. 

R. Canton was the firlt perfon who con- 
firuaed an ele8romekr, or initrument 

capable of ficwing what was then coniidered 
as a fmall quantity of elearicity. This infiru- 
ment corififted of two fmal! balls of pith of 
elder, or of cork, faltened to the two extremi- 
ties of linen thread ; the middle of which was 
faltened to an oblong wooden box, in which 
the thread and balls were kept when not aaualiy 
in ufe. 

Mr. Cavallo found, in the courfe of his ex- 
periments, that thefc were not fuflicicntly fen- 
iible; and that a fmall quantity of power being 
diffufcd through the box, thrcad, and balls, had 
not fufficient power to feparate the balls. 

T o  obviate chis, Mr. Cavallo made the elec- 
trometers very fhort, fufpended each ball by a 
feparate piece of iilvcr wire, the upper part of 
which was formed into a loop, moving in a ring 
of wire; this he inclofed in a bottle ; from 

w hencc 
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whence it  acquired the name of the battle ekc- 
rrometer. 

The principal pu t  of this initrument is a glafs 
tube C $D M N, cemented at- the bottom into 
the brafs piece A B, by which part the initrun 
inenr is to be held when ufcd for the atmofphcre; 
and it alfo ferves to fcrew the infiriiment into it's 
brafs cafe A BO, fig. 76. The upper part of the 
tube C D M N  is ihaped tapering to a fmall 
extremity, which is entirely covcrcd with fealing- 
wax; into this taperink part a f irdl  tube is 
cemented ; the lower extremiry, being alfo co- 
vcred with fcaling-wax, proje&s a finall way 
within the tube CDMN; inrothis fmatIer tuben 
piece of wire is cemented, which, with it's under 
extremity, touches the fiat piece of ivory H, fait- 
end  to the tube by means of a cork ; the upper 
extremity of the wire projeQs about a quarter of 
an inch above the tube, and h e w s  into the brafs 
cap EF, which cap is open a t  thc bottom, and 
ferves to defend the waxed parr of the inltru- 
ment from therain, &c. 

I M and K N are two narrow flips of tin-foila 
ituck to the infide of the glafs D MN, and 
communicating with thc bra& bottom A B. 

They 
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They fiirie to convey '*that eleCtrioity, which, 
when the balls touch the glafs, is communicated 
to it, and, being accumulated, might difiurb the 
.free motion of the balls, 

the fide of the bottle CDMN, after which they 
will foon collapfe and appear unele&rified. ltf 
now the wax is removed, they will again di- 

remain uneleerifie 
is cle&romet 

the elearicity of the fogs, air, .clouds, &c. the 
is to do nothing niorc th 
t 's  d hol 

to prefenr it to the air a little above his head, 
fo that he may ConVenienEly fee the balls P, 
which will immediately diverge if there is any 
cletlricity i' i. e. whether pofitive or negative 
may be afcertained, by bringing an excited piece 
of fealing-wax or other elcttric towards the 
brafs cap EF. 
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Oj'kfr, DE SAUSSURB'S Bottle Elet7rowter. 

The ele&trometer ufed by'Mr. De Sauffur 
nearly the Line as that of Mr. Caval1 

foilo~vihg 

This  clcEtrometcr may be ufed initcad of the condcn- 
fer of M. Volta, by only placing it on a piece of oiled filk, 
fornewhat ldrgcr than the baib of the i h h  
this care, i t  is the bafe, and not the top of  
which mu& be brought into conta&t with thc fubltanca 
whore elcttricity is to be e%ploNd. 

By this inltrumcnt, it is eafy to arcertain the degree of 
condufiing power in any rubflancc. For example, if it is 
placed on an impcrfei3 Ror, aa dry  wood or marble, 
and if the infirumcnt is ificd flrongly, arid afterwards, 
,the top is touched; the elearicity will appear to be de- 
Rroycd ; but o n  lifting up the inltruirient by the top, the 
bdls will again opeq, becaufc the imperfee conduaor  
formed v i th  the bafc a kind of elearophorus, by which 
th; eleAric fluid was condenfed, and loR it's teniion, t i l l  
the pcrfc& conduffor was feparatcd from the impcrfcR 
one;  whereas, if the conduaor had becn mote perf&, it 
would have bcen deprived of it's elelti icily immediately 
on the application of the hand. 

I t  is eary to dilrovcr a l h , ,  Ly this inllrument, the clec- 
tri'city of any fubltancr, a5 o f  cloathc, hair of different ani- 
mals, &c. For this purpore, i t  muIt  be held by the bafc, 
and the hLRance rubbed briBly (only once) by the ball of 
.the eleRrometer i the kind of eleEtricitp may be afcertained 
in the d u a l  manner. It is propcr, howcvcr, io obfervc 
hew, that as the top of the elcCtrometcr akts iii this cafe as 
an irdulrted rubber, thc elcttriLity it acquiies i s  always 
c,or\truy to that o l  the rubbed body. 
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are the mok material circumffances 
they differ ; firfi, the fine "wires, by 

e ,  balls arc fufpended, fhould nor be 
gh to reach the rin-hi1 which is paited 
de of the glafs, becaufc 'the eledtri- 

n flrong, will caufe t h a n  to touch this 
tin-foil twice confecutively, and thus daprive 

oment of their elc 
nt thio defe8, and yet give 
degree of motion, i t  neceffiry to ufe 

larger glares than rhofe tha re generally ap- 
plied >.to Mr, Cavallo's cleQrometer ; two or 

ee inches diameter will be found to anfwer 

$ ' ?  

e purpofe very well. But a 
carry off' rhe elearicity which 
nicatcd to the infide of the glafs, and thus be 
cqnfounded with thac which -belongtt to rhofe 
futflances that are under examination four 

cs of tin-foil fhould be paflte 
e glalacs ; the balls fliould no 

1-20th of an inch diamercr, fufpcnded by iilver 
wire, moving freely in holes nicely rounded. 

he bottom of the ele4rometer fhould be of 
etal; for this renders it more eafy to deprive 

them of any acquired cleariciry, hy touching 
the bottom and top at the fame time.* See fig. 
I I ,  12,13. pl. I. 

In  

* Voyage dans l a  AIpes par H, B. De Sauffure, Tom. 
fecond. 
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In order to colleclt: a great quantitj of elefirb 
city from the air, the eleCtronictcr is furniihed 
with a pointed wire, 15 inches, or two'feet 
long, which unfcrews in three or four piece 
to render the infirurnent more portable; 
figi J I ,  pl, I, Whcn i t  rains or fnows, rhe 
finall-parapluic, fig. 13, pl. I. is to be h e w e d  
on the top of the inftrument, as by this it's in- 
filatipn is prefiirvcd, norwithitanding the rain. 

his infiruinent indicates not only the clec- 
y of fogs, but that a lh  OF kwne weather, 

and enables us to diicover the kind of ele&ri- 
reigns in the atmofphcre; and to a 
ree, to form an eltimate of it's quan- 

tity, and that under two dift'crent points of vicw, 
the degree of intenfity, and the diftance from 

it firit begins to be fcnfiblc. 
exhibits Iigns of elettricity, 
ric fluid is more or lefi con- 

denfed in the air, than in the earth. Though 
the air refifis the paffagc of the ele&ric fluid, it 

i s  not ;Ibrolutcly impermeable to i t ;  it fuRers 
it to pnfs gradually, and generally with more 
eafejn proportion as it's mali or thickncfi is 
lefs. It 5s therefore iiitcreiting to difcover at 

D d  what 

* A condu&or raifcd for Ihe purpofe of making atmo- 
fpllerical experiments is meant liere. 
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what hcight it is neceflary to be clcvated, in or- 
der rocfind a fctiGble differelace between the 
elearicity of the cavth, and that of the air. A 
very fenfible diil'erence may be generdly difco- 
vered by this jtdtruinenc, at the difiancc of four 
or five feet from the ground ; foometimes it may 
be ken if the initmment is placed even on the 
groulid, while at  others, it mufi be raifed feven 
or more fcet before the balls will open 3 Some- 
times, though feldom, this height is not fun;- 
cient. This difiance is generally greateft wheri 
the elearicity is itmngelt, though n e d h i l y  
modified by a variety of circumitances; fome OF 
which are known, as the degree of drynefs or 
humidity of the air, and others are unknown. 

The degree of iutenfity, at a given height, 
may be difcovered thus ; raife thededkrameter, 
and judge by the divili 
the edge thercof, the 
To find the rehtidn be 
vergence, and the force of thc elearkit), ,M, 
De Sauffure took rhc following mcrhod, as he 

not: with certainty double or triple a given 
iry of eleltriciry i yet, as a given force 

may bc reduced one half, a fourth, or eighth, 
8Lc. by dividing between two  equal and fimi- 
tar bodies, the elc&ricity conraincd in one ; he 
took two of his unarmcd eleCtrometers, which 

were 

/ 
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wme as G m i h  ns tpofibie, mid eh%ified c a e  
of Ehcm, To that the balls repnra-ted precifflp 6 
lines ; be b h a i  touc.hed die top thereof by itbe 
top of zhr which wws m t  c2c&ifiedt; in an 
initant the elcCtricity was q u d l y  divided Ose- 
tween thcm, as M X ~  evident by thc divergence 
of the balls, which was 4 lines in each ; COIL 
fequentty, a diminution of iha!f.thr denfity,liad 
only lel'rened thc divergence ~ n c  third. One of 
thefe ele&roinccera was then deprived of it's 
ele&ricity, and was nftrnvards brought in con- 
tact with the othcr, as brforc; the remaining 
clearicity divided itfclf again between them, 
and the balls fcll from 4 t o  2 8  lines, nearly in 
the fame proportion as before; in tlic third opc- 
ration they fell to 19 ; in the fourth to one, 

td to Itop, as there was not 
m the Awid to pafs from one 
other, and diitribute itfelf 

uniformly bc twan them. The Pime cxperi- 
ment T e a t e d  fevcral times, gave wry nearly 
the fime refults. Negative elettricity decrcafcd 
alfo in the famc proportion as the pofitive. The 
fdlowing table may therefore be confidered as 
$ving a geiieral, though not exalt idea 
q e r p )  of the incrcafi in farce, which corre- 
fponds to diffirent d q m x  of divergence in the 
balls ; it is ~ n l y  calculated ra every fourth of' a 

D d  2 l ine;  
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line; the force 'of elearicity is aIways expreircd 
by whole numbers, as it would be ridiculaus to 
put a greater degree of exaclnefs in the nurn- 
bers, than is to be found in the experiments 
which form the bafis of she calculation. 

Diftance of the balls 
in fourths of a line. 

E 7 

2 - - 3 
4 
5 
6 - 
7 
8 

. 9  

- 
- 
-.-- - - 

ro - 
X I  
x 2  7 

- 
- 13 

M. De Sauffure, in a rong note, anticipates the ob- 
$&ions that may be made to the foregoing method of ea-  
mating the force of ele€tri.city ; but as at the moR they only 
k e w  that thi6 fciencc is at prefent in a ftate of cenfidprablc 
imperfe&ticsn, it will be mnecelfary to take notkc efrhm 
Lcre. 9 
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Corrcfponding forces 
ofele&icity. 

Difiance of the balls 
in Eburths of a line. 

' 5  
16 

17 
18 

39 
20 

22 

22  

23 
24 - 1  64 

Thofe who arc defrous to carry this rneafure 
of theaelc8ric force further, may do it by having 
fimilar ele&rometers conftrudted, but made upon 
a larger fcale,and with heavier balls,whjch would 
only fcparate onc line, with the degree of elettri- 

hc fmallcr ones diverge 6 lines; 
qucntly mcafure a force 1024 

times greatcr than that which forms the unity 
of the preceding table, and thus by degrees we 
may be enabled to difcover the ratio of the 
firongefl diichargc of a great battery, or per-, 
haps CVCR of thundrr itf'lf, to that of g. piece of 
amber, which-only artmAs a bit of itlaw, 

D d  3 Another 
The conlidcration of the repulfive force i n  not fuffici- 

ant to difcovcr the abfolute force of an axplohon, 
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Ano t heq a1 retab ion of the. bot t I e 3 1  e 8 ~ w e ~ c r  
has .ken lat,ely hvented by the Rev. Mr. Ben, 
net, which in  point offcnfibiiity is far kperior 
t.o any Iiilherro coauivcd. 

D$crip/iotI 

difcharge. For Mr. Volta has fiewn, that t,he force of 1) 
difcharge depends principally on thc quantity ofthc c!k&ric 
fluid which paffcs horn .one body bgnother. Now the re- 
pulfive force o f  rhr clcflroinrlcr only indicates the ratio 6f 
this quantity, incqual ~ n d  fimil,ii bodies, and which arc elfa 
firnilally fituated. I f  c q o d  quantitics of the elcar ic  fluid 
were imparted to two uncqiial and fcparate condumors, the 
6eCtric fluid being l e k  condcnfcd on  the largefi, would 
a& with tho le& force on  the cleqromcter ; though i t  ip 
pxolablc, the force df tlie difcliaigc i n  the two conduBor$ 
would bo equal, ’I he iepul tvc loice fcrves, however, ta 

?&ber.f what MI. Voita calls the elcarical rabacdy of a body? 
the quantity of the eleRric fluid it a& or  ia 
capable of containing.’ To c&B thip nts of 
comparilim, we fliould ufc light metallic bails, of diffcrcnt 
fizes, fufppcnded by fjk thrudd, O n e  oftbck,ball‘s, uncle&& 
fied, being brought jnto confslk? with the fubfidnce whofe 
cjei5ti ;city is t o  be explored, will diminiffi thc tenfion, or 
rtpuliive forcc of Ibis fuldtance; and tlir quantity diminjfi- 
ed by the contat1 of the ball, will give the ratio of  rhq 
papacity of. this fubfldnca with that of the hall. Let US 
f y p f e  a 1,cydcn phia l  uninf ihtcd,  but ro concealed, that 
ohly the 1;nob i s  vlhbls, and we are rhrrcfore ignorant of 
ii’Efih, and  tlic fl rcr~pth o f  the hock  i t  will give. Jdct the 
top of  M.  Tic Sai~ffilrc’s eldtromctor be in  conta& with 
j1,c knob of thc bottle, and the balls of the alcarornetcr 
{cpardc 6 lints ; frpm this fdi tary fd&? we hall gain no 

iMonna. 
, 0 .  



,Q$r+/ion of the Rev. Mr.  BENNET'S Gold h a f  
Els&ZvontclerA" fig. IO, plt 1. 

The foot may bt made af metd or wood, and! 
&aut: three imches high, chat clicrc may bc CUII- 

vcmknt, room to lim1dl~ the inftrumcnt, with- 
ctwt ocxuching thc glali. 

The cylindrical glafs, in  which the goid leaf 
is; fulpcnded, may be about five inches high; 

c cap is made of- mccal; and Rat on the top, 
that the variws fubItmces whok electricity is 
to be examiiicd may be conveiriently placed 
wpon it. 

The diameter of* the cap is about an inch 
mwe than that of the $a&, and iL.8 rim is about- 

nging parallel to the glafs to 
dry:  within this is another 

D d  4 c i rculat 
inbrmafion relative to the force of the Ihock ; hcraufr, if 
11ie jeo is v t l y  Iaxge, this degree of'tenfibn will 
pdiiiful Ienfdtion; when, if it is very I I T I ~ ~ ,  with ihc fame 
iradicatcd tenfion, rhe tcnfitiun may bl! .alrpolt imp ,rceptiBle. 
h t  if I bting a ball, of d footdiametcr, in  contat3 w i t h  the 
kllob of the bottle; and aficr having thus t d k c r i  a p r t  n[ the 

am, the clc&romcter is again put in contnn wiih 
the knob thereof, the rcmainingquantity of repuitivc: iorcc 
will (hew thc relation between it's contents rrid h i l t  of ihu 
globc of m"ctrl,,and by this mcn~~stlic intc riity of it'schdrgc. 

* Sce his very valuable work, entiticd, '( N e w  Ex,,cri- 
vents on i.Icttricit) ,'* 

I 

:u inches dianic ter. 
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circular rim, about half as broad as the o 
made to go over or within the glafs, a 
therefore lined or covered with leather, or ather 
fofi fobfiance, to make it fit clofe; and thug 
the cap may be eafily taken off to repair any 
accident: happening to the gold leaf. . Within 
this rim, and i n  the center of the cap, a tube 
i s  fixcd, wherein the peg is placed. To thc 
peg: which is made round at one end, and flat 
at  the other, twd flips of gold leaf are faitened 
with pafie, gum-water, or varniih, 

If gold leaf be ufcd, it may be fhorter than 
filver leaf. The gold is the molt fenfible, but 
the filver is cafier to cut, and lcfs liable to be 
torn by any accident. 

Two pieces of poliihed tin-foil are faitened 
with viwnilh on oppofire tide 
Surface, where the gold leaf 

and are coniiecZed with the foot of the 
hefe flips nat only carry off the 

fupcrfluous clec’tricity, but ferve other impor- 
tant purpofes. 

The  uppcr end of the glafs is covered and 
lined with fealing-wax, PS low .at lcait as the 
w t r r  rim, to render it’a ipfulatiotl more pcrfe&. 

The following experimepts fiew the great 
[ealiblity of this little itifirument, 

x .  Powdered chalk was put into a bellows, 
anst blowli ~ p o n  the cap i it was qle&rifled PO-. 

fitively 
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fitiveIy by the fircam of chalk, when the aozzlc 
of the bellows was only 6 inches difiant from 
the cap ; but the fame fiream elcdlrificd it ne; 
gatively at the difiancct of three feet 
experimetit, the quality of the eleCEricity  is 
changed h i n  poiitive co negative, by di@crf- 
ing or widening the firearn, and making it pa& 
through a longer tr@ of air; it is alfo changcd 
by pafing thc ftream through a bunch of fine 
wires, filks, or feathers placed upon the nozzle 
of die bellows it is  negative when blown from 
a pair of bellows, the iron1 pipe being taken off 
tp enlarge she ftream. This lait cxperirr)cnt 
fecms to anfwer beit in damp weather. The 
poiitivc elcericity gknerdly remains; but in rhc 
negative the leaf gold collapfcs as foon as the 
sloud ofchalk is paffed. 

piece 6f chalk drawn over a brufh, or 
powdered chalk put into a bruG and projtQad 
on the cover, clearified it negatively. The 
eletktricity was not: permanent. 

3. Powdered chalk blown (with the mouth, 
Q ~ ' Q  ,pair of  bellows,) fig. 19, pl. 1. from a 
y l m  placed upon the cover, gave a permanent 
pditive cletlricity. If a bruih is placed upon 
rhc cover, arid a piece of chalk i s  drawn over 
it, when the hand is withdrawn, the leaf gold 
gradually expands with pofitivc cle&rkity, a8 

$he cloud Pf chalk difperfcs. 
4. PQtV-. 
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rhnt the leaveswill be repelled by'a Rick of 
cxcihed wax at 1.0 ar 12 inches diltance. A 
cloud of chalk made in one r m m  will ele&ri@ 
%his initrwnent, brought from another room, 
and aa a confidcrallc difiance. 

A thunder cloud pafiag over the inflrument, 
the LtaEgold M firike the fides at every 

No fcnfible elearicity has 
beer1 difcovercd by it on the explo6on of gun- 
powder, or the projcfiion of firsake, or flame: 
over it. 

Excircd fealiug-wax will often make the leaf 
gold h i k e  the fides of the glafi more than 12  

tirncs; when the fcoli~1g-~va)t recedcs, i; wil l  
itrikc it again, nearly the fame number of titnee,. 
but if the approach 'is quicker than the recet  
fion, the number of tiines will fometisnus be 
gsea t er, 

If a final1 lantern, with a candle in it, ba 
piaced upon thc cap of the eIcLtrarneter, and 
expofed to thc air in an open place, or not toa 
near high blnildiiigs or trees, it feldom faJls ta 
rendcr th,c atmofphcric cleLCtricity very frnfible, 

If the elcltronictcr be charged with a h a l b  
b .  quantity of' clrc'tricity, and tho ihrpcitc poinqed 
nccdle, or cdgc of a razor, be brought within, 
the leait. vifible diitrtncc towards the cap, i t  wilf 
not draw ofk' the ele&ricity, but flame d r a w  ir 

The 

\ 

of' lightning. 

q confidcmble diflancc. 
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Thc lait experiment fliews that Farp 
Or edge$, need not be avoided in the confiruc- 

of this inflrurnent, or of the doublet to be 
en of hereafter, or atmofpheric apparatus ; 

and that j a m c  is  kIIer iban n poi& wire for the 
parpoj,, of colle &ling alrnoJpkeric ,eleflricity. 

itened upon the end of a 
and charged with elcEtri- 

city, which was communicated from the pin to 
a metallic infulated condudior, I 5 inches in dia- 
meter, and 7 feet long i whofe furface was there- 
fore prodlgioufly larger than that of the pin, 
yet it's elearicky caufed a very fenAbIe diver- 
gency of the gold leaf: thus not only fiewing 
the fitlJbiZj0 of the cledxometer, but thc ann- 

iiity and expnnJhilip of this wonder- 

Befides the method of difcovcring final1 quan- 
of eleCtricity by means of very d 

etere, two methods have been CQ 

to the philofophical world, by which 
fuch quantities of ele&ricity may be rendcred 
manifefti as could not be perceived by other 
means. ' l'he firit of thefc methods is a 
tion of Mr. Volta, called the condenfir 
iritio; the fecond is an invention of the Rev. 
wr. Bcnnct, called the doubler of elcflricily. 

lMr. Yolta's condcnkr, which has bcen already 
dei'cribed 
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dcfcribed in his own words, coni% of a large 
fmooth rnctal plate, furniihed with an itifulating 
handle, and a ferni-condutting, or imperfett in- 
fulating plane. 

To examine a weak eleericity with this ap- 
paratus, as that of thc air in calm and hot wca- 
thcr, which is gcnerally too wgak to be ren- 
dered fenfible by an cledlrometer, place the 
metal plate upon the femi-conduaing $plane, 
letting a wire, or fome other conduaing rub- 
fiance, be conne6led with the metal plate, illid 

extended in the open air, to abforb it’s el 
city then, after a certain time, the metal 
mufi be feparatcd from the fame conduc‘ting 
plane, and being prefcntcd to an eledtrometer, 
will cleArify ir more than if it  had not been 
placed on fuch a plane ; and this, becaufc the 

eta1 plke, while fitanding contiguous to the 
i-conducfting plane, will abforb and retain 

much greater quantity of ele&ricity than it 
could either abforb or retain when frparatc, 

The ofice of this apparatus is not t o  nianfcJ ‘a 
f ~ a l l  q u a d 9  of ele&vic’io, but ro conden.$ on e#- 

panded qiianti(,v into a /inall Space. But Mr. 
Beimet’s doublcr is defigned to multiply, by 

ing a fiiiall, and, otherwife 
amity of cle&riciry, till I .  it. 

become fufficient to affea an cleEtrome 
‘ give ijnall fparks, 

NICHOL-.  
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NIc HOLSON ’S Dod/cr. 

Plate I. fig. 9,  reprerents the apparatus, fup4 
ported on a glafs pillar 6% inches long. It con- 
flits of the following parts : two fixed plates of 
brafis, A and C, are feparatdy infulated, a i d  
difpoi‘sd in the fame plane, i i ~  that ;I revolving 
plate 33 may pafi very near them, without 
touching. Each of thefe plates is rwo inches 
in diameter ; and they have adjufiing pieces be- 
.hind, which {ewe to place them accurarely ih the 
required poiition; D is B rbrafs ball, likewik of 

‘TWO inches diarnetxr, fixed on the extremity of 
an axis h a t  carries the plate 3. Beiides the 
niore effentiai purpofe this ’ball is intended u) 
anfwer, it is fo loadcd within, on one fide, that 
it fcrves as a coun-terpoife to rhe  revolving plate, 
and enables the axis t o  reniain at rcfi in any 
poilition. The other parts may be diRini%k 
fein in fig. 2. Tke haded parts reprefent mek 
tal, and the white reprefent v a r n i h d  glafs. 
Q N is a brafs axis, p a n g  through the piece 
pul, which lafi iirltains-thc plazcr; A and C. At 
one extremity i g  the ball D already menti 
and thc other is prolonged by the adhit 
a glafs flick, which ful-tains the handle L, 
the  piece G H, feparately infdated. E, F, are 
pins rifing dur of the fixed plates A and C, at 

unequal 
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unequal diaancea fiwn the nxk. Thc CRY‘& 

piece G H,’ and the piece K,’ ,lie in orre p!am, 
and have thcir ends armed with Cmalil p i e c a d  
harpfichord-wire, that they may perfcay much 
rhie pins E F in cerrah pbints sf the revtr1utkm! 
There is likewife a pin I, in Ithepim M, which. 
inrercepts a h a l l  wire pmccding ‘frmi thew& 
volving $ate B. 

The touching wires a’Fe fo adjuItcd, 3py.bend- 
ing, that when the revolving plate B is i m m -  
diately oppoiire tiit fixed plate A, the crori-picce 
G 43 conmtts the two .fi 
time that the wire and pin at I form a corn 
nkation b w m  the nvolving plare and thc 
ball, b n  the orlier’hand, when the 
plate is irnmediatcly oppofitc thc fixcd plate C, 
the balls bccorne conne&cd with This lnft plate, 
by chc touching of tlic picce K api i i f i  1;; thc 
two platen, A m d  3, having rhcn 110 conne&on 
%ith any part of the apparatus. In every d m  
pofirion, the tlirce plares and the ball will be 
perfeNy unconnecsted with each other. 

the plates A and B are oppofiteto mch 
e two fixed plates A and C may be con- 
s one mds ; and the revolving plate f), 

together with the ball D, will conititurc another 
mars. AI1 the experiments yet mad 
plpv~, thnt thefe two maffcs will 

the 
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the fame elcdric fiate ; but that, with 
each other, their electricities will be 
nus. There Itates would be fimpli 

out any communication, if the maffes werc re- 
v o t e  from each othe u t  as that is not the 

dant elearicity vi11 
n the oppofed pIates 
eriments, I find that 

tbe cffeQ of the cornpenfation on plates oppofed 
to each other, at the diltance of one fortieth 

inch, is’  fuch that they require, to 
a given intenfity,, at leait one 

times the quantity of cleQriciry that wo 
pmduced ‘it in either, fingly and ayarr. The 
redundant elearicities in thtt maffes under con- 

I1 therefore be uncqually dijlribu- 
te A will have abow ninety-nine 

parts, and the plate C one; and, for tbc fame 
n, the. revolving plate B will have ninecy.. 

arts of the oppofitc cle&ricity, and 
I1 D one. The “rotation, by dcfiroying 

the contads, preferves this uncqual diitribu- 
tion, and carries B from A to C, at the fame 

a t  the tail K’ connekts the ta l l  with. the 
. Jn this fituation, the ele&ricity in B 

acts upon that in C, and produces the contrary 
Bate, by virtue of the communicatioii between 
C and the ball ; which laft muit thcrefore ac- 

quire 

I 
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ofite A. Here, if" we attend 
cffcA of the wlfole revdution, we fish fin 
the eleclric fiatcs of the refp9ivc 
been greatXy incrcaftd : for the nine 

turning will foon bring the in 

tween thc plates, 
If one of the parts tic conneCted with an eles4 

fromcter, more cfpecially that of Bcnnet, thefe 
effeAs wiII be very clearly i'cen. The'fpark is 

cd by a number of turns between 
twenty i iMd the cle&rorneter is fin- 
upon by nil1 €ewer. When 

occafionally conneeed wi 
en the adjuflmeiit of the plates is 

are fitne vayiatidns in the effe&s, 
b& rcdwod to the general; prin- 

Ec ciples, 
l lp~ Qid%iculs 
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urious to excite t 
oit experienced 

hilofophy. An atrentio 
iiders it neceffary to forbc 

enlarging upon them. If the ball be connetted 

trometer, while thc pofition of the 
is fuch that the crofs-piece G H  touches the 
two pins; a very few turns will reridcr it per- 
ceptible. But here, as well as in the cornmon 
doubler, the effctt is rendered uncertain 
condition, that the communicated dektricity 
mufi be firong enough to deflroy and predomi- 
nate over any other elearicity the plat 

diificulty kould hereafter b'c removed, the in- 
itrument will have great advantagcs as a mulci- 
plier af 
very fpe 
unequivocal nature of it's rcfults. 

I fcarcely need obfcrvej that S 

Of Mr. BROOKE'S ElEElrometcr for c b g e d  Jar.< 
and fiallevics. 

This article might have been introduced yith 
greater 

Brooke8 MiicejIane0u.s 'kxperiments i n d  d b k v l r  

P" 

tions on EleEtricity. 
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gkater propriety in the beginning. 9f this Work, 
but as the plate was then altering, to render the 
drawing conformable, to that givep by *Mr,  
Brooke himfi'lf, I chore rather to pof i~gne  it 
till the plate was finiflied. 

An accwate adineafuremcnt of ,the quantities 
of elelhicity is among the defiderata in this 
branch of yhilofophy, and as the cletlrometers 

-have hcretofore been invented have in 
fpe& been found deficient, Mr. Rrooka 

dttavoured to fuyply this deficiency by a 
new initrument. 

Fig. 96, pi, V. exhibits the ele&romater in 
rniiiiat@e,, as it appears when it is ready to be 
ufed. 

Fig. 96, 33, pl. V. is an arm, the ball of 
is to be laid to make a communication 

1. V. is the lower part of the elec- 

arms FH, fk, fig. 97, pl. V. are, whcri 
to be placed as much as pofible Out  of 
ofphere of a jar, batteryl &CJ 

. ,  

irometer, feparare from thc upper part. 

F dial, plate, fig. 96, is divided i 
equal parts; the index of this j h t c  is c 
once round when the arm B C has 
through 90 dcgrecs, or a quarter of' c circlc. 
That motion is given to the index b)r the repul- 

Ec a five 

4 .  1 
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the sh&rge a&ing.betw 

B C being repelled, h e w s  whth 

BC points out rhe number of degrees 'to which 

table formed from rhefc experiments, by which 
means the e~e&6mcter, fig. 96, may be ufed 
without that of fig. 97. 

a e  call i t )  with cle&ricity, will bear a greater 
force, than that whof' rcpulfive power, between 

Mr. Brooke thinks that no glafs, cha S 

Gxty grains weight; and he thinks it hazard- 
ous to go more than forty-five grains. 

Hence, by knowing the quanrity of coated. 
and the diameter of the balls, we may 
ed to fay, fo rnuch coatcd furface, with 

a repulfion between balls of lo niany grains, wif;l;l 
mclt a wire of fuch a h e ,  or kill fuch an ani- 
mal, &c. 

ME. 
F',hil. Tqpf. vol. as, p. 384. 
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Mr. Brooke alfo thinks, that he is <not ac- 
quainted with all, the advantages of this cleQro- 
meter ; bur thar it is clear, it fpeaks a language 
which may be univerfally qnd 
otlicr will do; for though o 
will fiew whether\a charge j~ greager or lefs, by 
br;l index beiog repelled ater or fmallcr 

antes, or by the char ding at differ- 
ant difiances, yet the power of thg chkrge is  by 
no mcans dcerrained: but this eleEtrcqneter 
ihews the farce uf the rcpulfive power in grains3 
and the accuracy of the inftrumtnt is caGIy 
proYad, by placing the weights on the internal 
ball, and feeing that they coincide with the dir 
yifions on the arm F H, when the flide is re- 
mwpd to them. 

E c  3 C'H A P. 
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OF ATMOSPWBRICAL ELECTRICITY. 

T is now univetfally acknowledged by every 
he ele&ric fluid is diii'enk 
iole atmofphere: it is alfo 

own, that the motion of r his fluid is reitrained 
when it a&s in  denfe air, but it moves with the 
,greawfiJiberty in a vacuum or rarified air, as in 
dn cxhaufied receiver. Therefore at- at great 
height, whcrethe air is equally, if not' more ra- 
&ed than in our repeivers, it's motion mu0 be 
exceeding frw, and hence capable of the great& 

to another with extreme cafe and rapidity, and 
in great: quantities; arid if, as maiiy philofo- 

ye, the ele&ric fluid is that ethFr or 
ter which fill? t hp  intervals between 

the planets, how great muft be the force of an  
agent which fills thek i r n n ~ e n k  fpaccs ! Be this 
as i t  will, we know that the upper itrata of air 
are filled with this fluid, and that it moves rherc 
freely.' 

Again, we know that water, whether in rubc 
ff ance or in vapour, is a conducttor of elec?cricity ; 
that in proportion as air is londcd with it, it 

refifis 

it Fan be,rnoved cc 



A N  ESSAY ON E L E ~ T R I C I T Y .  423 

refifil'id3 thc motion ind difYufion of the elec- 
tric fluid: conrequcntly, if vapour rifes to a 

nduAor and cabal 
of communication bctwqn this immenfe refer- 

'voir, this ocean of fice ele&ric h i d ,  and the 
ciitirc mal;: of our globe. If then this fluid is 
more reitrained at one 'part of our globe, than it 
is in c6rrcfpondIiig parts of the higher regions, 
thc vapours will be the medium to reftore the 

But this equilibritim will not la& 
'foiig, for it is natural to fupcofc this iminenfe 
fluid fubjett to-a flux and reflux, currcnts, Src. 
which will alter it's local dcnfity. Thus alfo 
this fluid, which is cuntained in dur globe, can- 
not hc long tiniforinly fpread thraugh it's mafs, 
as there are ten thouiard agents, whlch will 
either accumulate or rarify i t  :- confequcntly vn: 
'Pou*r will .fcarce ever r ik  without fcrviiig as a 
ve1lic-e 10 niaintain the equilibrium bctwem our 

uid in tlic highcr regions' of the 

,s theory is To natural a confcquence of the 
and certain priirciples of elrc- 

it fccins~almofi fiiperfluous to COD- 

kenoinrna which it explains. IC 
that accounts for the fallowing 
a llevcr rife to a great hcighr 

?vithouc prodwin$ the moit terrible matears. 

height, it beconics a 

uilibriurn. 

1: c 4. Al l  





A N  ESSAY ON ELECTRtCId'Y. 

and their relation to the other phenomena of 
the weather. LHis apparatuswas admirably w d  
adapted for chis purpofc# and fuperior to any 
thin2 ,that we are at prefent acquainted with, 
for intimating eafily and at all times thq elec- 
tricity of the air, It not bcing tit firit fiifjjdlcd, 
that elecitricity was fo intimatdy blended with 
every operation of nature, as it is now known' 
to-be, the Iabowcrs in this part are of courfk 
very few; the principal are P. Beccaria, Mr- 
Rayiayne, and Mr. CavqUo. 

I have extraeed and hathodized the r$fults 
bfervations made by P. Beccaria, i n t m  
ccafioldiy thok made by others, that, 

the reader might be in' poEefion of the moa 
material fatis, and excited to inveitigate and 

h attention this delicate and imparu 
$ant fubjed i fotD indeed, little certainty can be 
expe&ed from m y  fyitem of meteorology, where 
the aaion of the principal agent is notprtitu- 
larly confidered and attended to. 

The apparatus ufcd by P. kccaria, far in- 
ing the cleQricisy of the atqpfphrrc, 
iron wire, which he terms an gqploring 
e hrindrcd and thirty-two feC6 dong. It 

ne end to'u pole raifed over the 
rhcrend vas faRened to the top 

Thy: cxtremitieq of the wire 
acre 



426 A N  E S S A Y  ON ELECTRIC IT^, 

fufated, and I .  covered with a fmall urn- 
Another wire was brought from 

*this, (rlirougb a thick gtafs tube, coated with 
ing-wax) into thc room ; b y  which .means, 
tinual informatian of the it ate of the eic&ri-. 

a of tin. 

ciry in the  exploring wire was obtainc 
cQcd with this wire a fmall flip o 
ch fide of which was a fmaIl pith ball, one 

line diameter; the balls were fufpended by filk 
threads, fixteen fines long, 

Air-balloons will prob’ably enable us to dif- 
cover with certainty the clearicity of the diffe- 
tent fl.rat2 ofthe atmofphere. Mr. de Sauffure 
$its already made the experiment wjth a balloon 
made of taffety, containing two hundred cubic 
k m o f  air, and which was raifid by the heit 
f’ the flame of fpirit of wine; with this, in 
cloudy but calm weatlier, he obtained a ftrong 

tc&ricity, in ferene weather, genirally 
makes ench o f the  halls diverge about fix lines; 
wl~en i t  is very itrong, they will diverge fifreey 
or twenry degrees from thc nietal plate ; when 
:weak, the divergence is very finall. 

In fcrene ueeather, the wire, after being 
touchcd, will take a minute or longer before i t  

again 
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i th the [tare of the air, as to moifiurc 

r, in order to form a proper judg- 
ifferenr. degrees of elcRricity at 

differcn t 
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n keep in folutioh wi 

I affect the quantity of qoiflurc which 

lation o f  the wire and of the atmofphere. In 
ry itate of the air, it will fo~~ceirnes be above 

te before the balls will manjfefi Any elec- 
the wire has been touched; though 

er itate, a fecond will 
ofcillations of the bGl 
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frequent opportunities for repeating the obfa- 
vations, It fomctimes happens, that 
tr 

:long while ; and alfo, r being interrupted, it 
begins ,afre+. Thefc idents reem to be ow- 

ity being brought over by the 

ved 
that the thick low clouds which were over his 

to break, and the rare even CSOU&~ 
bove the former, became dilatedj that 

y the clearing up of t 
in it’s ltate of inteniity 

the  rain ceded, and the balls diverged wit 

clcCtriciry, he always wrote down cc 
cy ‘to clear weather. 

Prior Ceca fays, that a firone; poGtivc, clecr 
tcicity: 

* ‘In making obfcrvations on the el’e&icity of she atma- 
r wcurhcr, it  ie cfbntiat to laopeat &am ‘tcry 

o obfcntc.thc vdoqity wit1 
r i o  has been arwihilat& wl 
mated by the number of feco 

)#ore thc balls bkgan to tqanifefi their eleliltricity, 
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* aft& fain is an indication that th 

day, but that it will foon 
oudy, and even rain. 

high cloud is‘ formed, 
ai’y clouds under it, afld it 

cloud which drops -rain 
e$ewhere,’ either no elct‘tricity takes place, or it 
is 

ouds which are gatherin 
like locks of wocl, and hccp movi 
to, and then feparating from each other; or, if 
the. general cloud which is forming lies very 

retched downwards like defcend- 
pofirive .ele&ricity commonly 

h is more or leh firong in pro- 
the quickncfs with which this c l o d  

retels the greater or ‘leis quan-’ 
of the rain or how which is to 

follow. 
w h e n  a thin, even, and exrenfive cloud i’s 

f&dng, which darkens the iky, and turns ir 
a grey colour, a firong and repeated pofi- 

tive eleqricity takes place ; but in proportion 
as the gathering of the Claud flackens, this 
clettricity leRcns, ot even fails. On the con- 

trary, 
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from each other, the p 
monly continues. 

Low and thick fogs (efpecially when as 
rife the air above them is frec fkom moiit 
carry up to the exploring wire an efeCtricity 
which will give fmall iparks repeatedly, and 
produce a divergence of the balls from 200 to? 
250, or cvcn 300. If the fog grows fluggih, and 
continues round the exiloring wire, the elcdlri-' 
city foon $Tils ; but if it continuus to ri 
another cloud fuccceds, it elcttrifies ag 

h lefs than before. Sky-roc kets rent 
h thick, low, and cgntinued fogs, 

often aAord figns of' elec2ricity.' P. 
the circuriiitanc 
t with an inllance o 

tlektricity ; eiccpt perhaps once, w 
y-rocket, to which a firing 

through a low thick fog; thou811 1; 
wards every reahti to think, that h 
ken nfup  l i t t /cj?ai fw a true om.  

ne obferved, that the air in Ire1 
elel5trified in a fog, a$ even I 

at both day and nigh 
iiiter ; feldom in luurii 



ESSAY ON ELEC 

one cloud, fuccefive 

Mr, Henley has hewn,  that fogs arc more 
hfied in, or immediately after st 

t other times i and that the elehri- 
is ofcen the Rrongett ibon after th 

appearance. 
Whenevcr there appears a thick fog, and at 

the fame time the air is fiarp and frofly, that 
ledrified pofirivcly. 
is noi an immedjate caufe, yet 

he is inclined to think, it was always a remote 

clearified, we had rain, or other falling we&- 
zhtr, 

n clear weather, a l o i ~  cloud, hhich moves 
and ie confiderably diitant from ally other, 

the wire, the pofitive ck&iciry gel, 
I very weak, but does not bec 

when the cloud is gone, it ret 
tQ 
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fes. l p  all the, above 

One. 

The clouds,which leff'ep the elecZri 
ririgwirc are zhofe% which move ; I thou& 
that are low feem alfo to have the farno: 

P;Crhe diurirbl Aittlg'jbtrid Xi't8ric;lji 

f, the bails, aqd io proportioned to the 

.d&ricity, will be perceived before? o 

F f  ckericity 
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cltcftriciry before the fun rofe only eighteen 
mornings ; and from the whole of his numerous 
obfervations it appears, that rha: appearance of 
elcAricity in winter before C u n h k  is mort 
frequent than in the fummer, efpecially if the 
darnpnefs the hoar-frolt is prevented from 
a ReEling the apparatus - 

In the morning, as the fim rifts higher, the 
elelkrici~y, whether it began b e f m  fun-rife or 
only after,' gradually increafcs. This gradual, 
increafe of the morning eleCtriciry begins fooner, 
if the hygrometer continues I after 'fun-& to 

indicate a greater degree of incrcafing drynefs. 
The intenfity and the rife of the elcAricity (after 
it has been annihilated by touching thew$oring 
wire) laits in ferene daye, in which no hpetu- 
ous wind takes place, and the hygrometer is ita- 
Oionary at the liighcfl degree it has attained that 
day, till thc fun draws near the place of i t 3  fete 
ring. When the fun is near &ring, and in proa 
portion as tkc hygrometer abforbs the moifiure, 
the iiitenfity of the daily ckCtricity leffens. 

Though the hy,gromctes may indicate equal 
degrees of drynefs at  twelve dclock, in di@erentr 
days.; yet the eleAricity will; appear foonar aft= 
being deAmyed on Come days than on others; 
and this is in a grcat meafurc propottimed to 
the incieafe of lxat. The ekaricity moreover 

co L I b  
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cbmmences on fuch day3 late8 in the mornihgj 
rind fat& fooner in rhc evening; 

The  ffi&iibn"of winds againff the furfdce o f  
the earth is nbt the caufe oE atmofpheric eleci 
tridty. Impetuous winds leven t h t  intenfirp 
bf ,  tht dee5tricity in clear weather' If they ark 
damp, they ieflbrn $6 intenfiry in proportion t@ 
the diminution thcy caufe in th,e exaanefs of the 
infulntion both of the wire dnd atmofphere; 

Of Ibe &I&'rici& prodFced 4 tbe Xweiaa'ag Dm; 

In cold fearfons, if [.he flcy is' cIegr, little winds 
and a great degree of incrcafing drynefs, an 
eleltricity of confiderable inteiifity arifes after 
fun-fct, as foon as the dew bcgins. The f i e -  
guency of fuch elcQricity is morcover greater 
than that of the doily elellxicity, and it vaqifhes 
flow1yi 

In  teplpefate or warti.1 feafons, if the 0n;lc 
circymftanccs as ,above take place, an etcttricity: 
entirely Gmikr to the former arifes as foon the 
fun has fet ; only it's intcniity is not fo canflant" i 
it begins with &cater rapidity, and ends foQqer. 

IF, undcr the above ,circurnff ancep ' refpecd 
tively, the general dryncfs of thc air Iiapppns to 
be lefs, the elcdtricity that rifes in the cveniq , 
when'tbc dew begins, is )efs in proportion to t f e 
diminutions of the e;r;aL?nefx of the infulation of 

1: f 2 both 
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11 ,thc exploring wire aiid t 
rcfpondently to the grearer q 

quantity Qf' dew, at$ to follow in it's vapiow 
apoktions'f2milar to thokwhich take 
een the ekdlricity of caJm mild rain, 
rainy and Rormy weather, and varies 

alfo according to the Ceafons, 
As rain, mowers, the aurora borealis, and 

rhe 'zodiacal' light, have a tendency to appear 
for fevcral fuuccefive days with the fame charac- 
teriitic accidents, io the eklr ic i ty  of dew feems 
to have as it were an inclination to appear for 
feveral evenings i'uccefively with the fame cha- 

p~RrMBNT'cCXX1(VIII.L-Let the air in a 
well-clofed room be eleRrificd ; that is to fay, 

oiiture and other v 
t a bdttk, 

the air in thc room, an 
glafs, be raifed prctty high in this room. Care 
inufi be taken to preferve the infulation of the 
gIafs, with warm cloths. The ele&ric figns that 
will arife in two threads fufpcndcd to filch 
bottle,* will exaCtly rcprefent the cleQricity of 
dew ; and they will exhibit the different man- 
ner after which ghis eleRricity takes pice, ac- 

cording 



cording as the eleltrified vipours in  the room 
are more 01' lefs rare ; as the-difference bctwcen 
the hcdt of the air in t k c  room, and that of thc 
.water in the bottle, 'is Icfs or grenrcr, and tha: 
infuiation of the bott!e is more or iefi cxae. 
'In a thunder-florin Mr. Ronnync obfcrved, 

ihat  the flahis would caufe fudden changesl 
Sometimes die eleklricity would be extcndd, 
fometimes diminiflied ; at ather tiines increafed, 
and fomeeimes even changed to The contrary 
again, though none was perceived befire5 i c  
would come on fuddenly with a flalh of light- 
ning. A large thunder-cloud, cvhcn it darkens 
the hemifpliere, docs not produce fo much 'elcc? 
tricity as a branch of it, or even as a corn 
fhower; and a itorm does not go in a regular 
current of the wind, but obliqueiy and zig-zagc 
viz. ' it rains in that region from whcntc' the 
ftorm is to prgcced. 

The@ were principally made wi th  qn elcc, 
trical kire, yhjcb will colleo clcAricity from 
the air at any time. The power ~f tliis ioitru- 
p e n t  refides in the firing. The  beit method or 
piaking thqe firing is by twiiting IWO threads of 
mmrpon rwinc with one pf rhat copper thread, 

F f a  which" 
9 .  

, .  
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ipg: a Cchoolbp 
the pprporc a+ 

any other. Wben a lcitp ifw&ed ipl thic 
panper was raifpd,. Mr. Cavallp cays he alwayq 
obfervcd the Rrinp to giye figns . *  of elc&ricity, 
pxcept oncc5 the wm?,hey w p  yarp, and the 
wind To weak, that the kite wag &fed with 
&@cuity, and could hardly be kipt up for a fFw 
minutis : aftencards, when the wind ipcreafed, 
h,: obtained as urial a jtrppg pofitiyc: cle@ricity. 

If this kite was raifed ip a time when there 
iva~  arrygrofiability of daoger from thF peat  
quantity of elptlricity, Mr. Caval10 cqnneaeq 
pno end of a chain with the firing, and le; the 
Qther end'fall on thg ground, and placed him- 
fplf alfo pn an ipfulating fi0.01. Eycegt the kirc 
i s  r$*' in 3 thundey-fiorp, thgrp no greac 
flanger that the operator will receive p hock. 
Although hF raifed his kjte hundreds of times 
yithoy qny precpution whatever, he feldon) 
pxeivcd eve$ * *  a fey fright fnocks'in the arms. 
But it is pot adyifeable to raife it while itormy 
Flouds are o v p  head. Tbis is alfo leis neceffary, 
as , .  the dearicity of the atmofphere h a y  theq 
be eddy. obCerved by other mcaps. 

Whes the kite wis  raifecl, he often introduced 
the firing through a window into a room. of the 
bouf', and fkflcned it by , ;'ittong . '  filk lace to a 

9 I (  

W " Y  
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heavy chair in the room. Fig. 78, A B rcpre- 
gents part of the firing of the kite which comes 
within the ram, C rhe filk lace, ? E  a finaji 
prime condu&or, which, by means of a h a l l  
wire, is conmltted wirh ihe itring of the kite ; h 
a quadrant elearometer, fixed upon an ifnfulating 
h n d ,  and placed near the prime conduRor ; G 
a glak tubc about 18 inches long, gn a ball and 
wire of brafs, which are fixed to the @aCs (tube. 
This fmdl itiitrument is ukful to detcmihe the 
quality of the eieCtricity, when it is not fdi! to 
come new the firing. This is cffeaed hy touch- 
ing the itriug with Ihc wire, which takes a Suffi- 
cient quantity from it to afcerraiu thereby the 
quality of the eleftricity, either by the attraaion 
and rcpulfion of light bal!s, or the appcarances 
af the eleCtric light: or ic may be ai'iertained 
b y  a Leyden phial, which will retain a charge 
for a confiderable time ; and then the kite need 
not be kept up any longer than is neceifary to 
charge the phial, by which the quality will be 
ihewn even at Come days diitance. 

If a charged phial is carefully kept from any 
of'th~fc tileans by which it is known to be dif- 
charged, i t  will retain it's charge for a long time. 
On this pringiyle the above-mencioncd phial is 
conitru&cd; thg bottle is coated in the ufual 
manner i the uncoated part of the glafs is co- 
vcpd with wax, or clfe well varniihed; a glafs 

F f 4 tube, 
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tube, which is open at both ends, is cemented 1. 

into the neck 'o f '  thie phial, having a piece 
tin-foil , ,  copneged with ii's lowq? extrern 
which touches the infide non-eleAric coating. 
A glafs handle is fixed PO the ball on the wire 

nl;o the forpgoing @ais 
roper length to touch , 

bottom of the tube. Charge this 
bottle- in the pfual manner, and thep take out thc 
wire horn the glafs tube by means of the glafi 
handle. This may be done wirhout difcharging 
the phial; and, as thq fire cannot now cfiiape 
pafily, the charge of a phial may be preferveq 
for many wceks. 

Fig. 80 rcprefcnrs a very fimple infiromen; 
(contrived by Mr. Cavalla) for making experi- 
ments bn the clctltricity of the atmofphcre, and 
which, on feveral a$couiits, appears to bc the 
beit for the purpof'c, A B is n common jointed 
fiihing-rod,' without the lafi or finallefi joint : 
from the'extremity of 'this rod proceeds a h a l l '  
ghfs tube C, covcrcd with fealing-wax, a cork 
x> is fixcd at the cnd of it, from which an'clec- 
trometer with pith balls i s  fuf'pendfd. H G I 
is a piece of tivine faflcncd to the other txtre- 
m i r y  of the rod, and fupported at G by a' fmall 
firing FG. At the end of thc twine T a pin is 
jiaficncd, which, wlien putlied into the cork D, 
renders thc elcltroinctcr ~ininfulatcd. When 

thc 
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phel eleltricity ostl& a tmofphc re is obfer ved with 
this inftrument, thruit the pin T into the cmk 
%>, and hold the &d by the lowcr end'A ; place 
i t  out of a' window at the upper part of rhc 
houfe, raifing the end of the  md with the elcc- 
rrometer, fo as to make an angle of 'FQ'Or .6q 
degrees with the horizop. Keep the initrumcat 
in this Gtuation for a few fcconds, then puil the 
twine at H; and the pin will bc difengage 
the cork D; which operation caufcs the firing 
go drop in tlic dotted Gtuation K L,. and.lsaves 
the elcAroriicter infulated, and ele&iiicd with 
an ele&ricity contrary to that of the atmoQhete. 
This being done, you may draw the cletStronictcr 
into the room, .and examine thc,q#aliry:.of -rha 
elearicity, without obhCtion either from wind 

rg borealis fecrns not ' to  affcfl tho 
efearicity of the kite, 

The clctlrical fpnrk takcn from the itring 
of the kite, or from sny infulatcd condudlor 
conncaed with it, cibecinlly when it does not 
rain; is feldom longer than a quarter of an inch, 
but it is exceedingly pungent. When the index 
of the eleqromercr is nor higher thon 20~'~ the 
perfon who takes the fpark will feel the effe&s 
bf it in his legs; it appears more like the dif- 
pharge of  ah cle&ric jar, than the fpark taken 

G.Orl1 
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fgtjrn the prime coradu&m of an cle&ical ma- 
&thine, 

The kltAricity of the kite i s  in genera1 
ftrongcr or  weaker, according as the firing is 
longer OF iborter i b,ut it docs not keep any exaCt 
proporrion to it. For infiance ; the cletlricity 
brought how0 by a firing of an hundred yards 
pnny raife the index of the ck8rometcr to zoo, 
when with double that length of ffring the index 
,of the eMIromcter will iiot go higher than 25". 

WheQ .the leather is damp, and the elcc- 
Sficiry is pretty ftrong, the index of the electro- 
peter, after taking a fpark from the firing, or 
prefenting the knob of a coated phial to if, rifc's 
furpritingly quick to i&'s ufupl placc, but in dry 
@r warm weathey, is Fife? rxcecdingly flow, 

It appears, from the obfcrvatioqs which have 
been made on the elrttricity of thc atmofphpre, 
that nature makes great ufc of phis @id in pro- 
moting vczgctation, 

I .  In the +ringt when plants begin t~ grow, 
thea temporary de&rical clouds begin to ap- 
per, and pour forth elefiric rain, The elec-, 
tricity of the clouds and of the rain coqtipucs to 
jncreafe, till rhat part of the autumn in which 
the la& fruits are gathered. 

2. It is this fluid which fuppfies conitnoij 
fire with that moiffurc, by the help af which it 

afiuateq 
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p h a t e s  qqd animates v,egetati,on : it  the aggeq~ 
that colleh the vapours, forms the clouds, an& 
is then eqpioycd to difordtr and diilipatc tlien) 
in raiq, 

3. Fr,om thc fame principle may be explainca 
@ proverb, that No waitring gives the C Q W I Q J ~ ~  

hiiliig n look CM rain. The clouds of rain, by 
extepding their eledlric attnofpkre to the plants, 
difpofc the pores of the latter to recei 
greater facility the. warcr which is impregnated 
with _chis penetrating and dijatingfluid. B+efidcs, 
i t  is natural to fuppofe, that the pofitivc eleari- 
city, which condiiualty prevails iQ ferene weather, 
will contribute to promote vegetation, Giicc thiv 
Fqs beqn found to  be rhc d e &  pf eveh artificial 
,ele&icity. 
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have not perceived the abfolute nccefity bf 
joining an initrument, by which obfervations 
may be made on the eleAricity of the atmofphere, 
go thofe which indicate ir’s weight, heat, and 
humidity. 

Without confidering in this place thq different 
e influeiici of deBricity 
ficitiit to remark, that we cannot: 

attain to  an adequate knowledge of any phano.. 
fiomd by cho concurrelice of various 
bout being acquainted with them 
ny on& is negleaed, is will be abfo- 

lutely impofible thoroughly to explain the 
phenomena. Jf elcaricity is not tha fole caufe 
of ikveral meteorological appearances, it is 
undo,ubtedly concerned m or lefs, in their 
formation; $0 that by nc rig to obicrve it, 
as wcll as the barometer, &c. we lofe the fruits 
of other, cvcn very exalt, meteprological ob-, 
fervations, 

Thc influence .of ele&rkity on vegeratioln is 
proved by a kt of obfervations made by dil-fercnt 
philofophers; but it evidently appears, that  the 
botanical meteorological obfervations alone will 

fo ufcful as might be expehd ,  till we 
d e  made by an infirument which will 

indicate the tle&ic hate of the atmofphere, to 
thok rnrlSlcyrith other initrumenis. It is owing 

t4 



A N  ESSAY 9 ON. 'E .%E'CP~:ICIFY.  445 
to this caufe, perhaps, thai it is' irpprrfiible~*to 
draw'any conclufion from the liotanical'meteoto- 
logical obfervations 3 of Mefies, ,Giu+titier and 
Duhamel, which were continued from I 75 I .to 

Mr. Achard has had an opportunity of making 
a few obrervatioris, -but thcy' were fiificient to 
convince him of the intimptc connetlion 
fiibfifis between the formation of the moil phrt df 
meteors, arid atmofpherical elctricity. 

To difcover if the atmofphcre was elelkricaf, 
he made ufe of a pair of light pith balls, which 
were attached to a reiinous rod. This eleCtro- 
meter, from it's fimplicity, is" alm 
to* any other for merely *difc&erin 
city exifis in the'atrnofphere. 

Duringthe month of July, 1778, M 
abferved da'ily the elearicity of thk at 
in the morning, at noon, and in th  

769- 

f h a l l  pith balls, which 
f of the houfc, above 40 feet higR, 

and fufticicntly diitant from buildings, treed, 
&c.' During the whole time tkre w 
days'which gave no Ggns of elc'ttricity 
including the foregoing IO, in which he c d ~ l h  
obfervc*no eleAricity in the morning, though $it 
became Ccry fenfiblc at noon, and Was v c g  
milch increnkd towards the, retting of tht*f&. 

Every 
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Ewry ’0th day he found thg air elc#ricaldurirjpj 
the whole ddy; but dways firongelt a little be; 
fire fun-lit, R ihwt time tAer which it; begani 
again to diminih. 

If in fcrene wcathet the fky became fuddedy 
cIoud y; the elcdrometer indicwed kontinual 
changes ia the ele&icity of the atmofplierc 9 

f’metimes increafing, then difappearing,  the^ 
re-appearing ; in which d e  it h d  generally 
changed from pofitiuq to negative, gr vide vefliz, 
Zn windy weather he fownd it dificutt taobferve 
with the ele&romcter, on &ccounr of tho con- 
tinual motion o f  the balls. It feemad to vary 
confiderably when the air was hewy, but! mt 
windy. When the weather was,ve~.y csllrnr and 
the fky without clouds, thc elaroma@ did not 
alter in the leait, exqcpt towardo fun-fct, when 

increafed, in a fmall degree, 
l p i o  remarkable, that ia rhofe dgys in which 

hei obfervcd nv ele ity ita the air, xhete was 
no dew at night; OII the other Right%, it 
fell i n  greagrr or lefs quantities. He d ~ p ~  nor 
,think &ori obfcrvatisns are fuficienr tp deter- 
miw, that rhr dew is occafioiied by elc&iciry 9 

but i r  may, ha chinks, be fairly inferTed, that 
ohe elwation and fall of the dew is obff ruc?;edm 
promoted *by the ek&sicity\of the air, It i s  
%Cy $0 p i n t  out in what manner eledktricity m q  

produce 

P 
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produce the efle&. Let us fuppofe the air to 
be either pofitively or negatively elcdrified, but 
the furface of the globe where w e  are not to be 
fo; the aqueous and volatile parts of the vegcth- 
blrs exhaled by the r a p  of the fun, and fufpended 
in the air, will become eledric by communica- 
tion; The air &mlihg by the abfencc of the 
folar heat, will not, af'rer the fcctring o f the  fun, 
retain the aqueous p&&s with the fame force; 
and there bGing artralted by the lion-eletlric 
bodies which arc on the tiirfdccl of the earth, 
their1uperficieswil-l be coveredwith dew. Again, 
kt us fuppofe that the furface 'of' the earth I is 
deEtrical, but that the air is riot'ele&rical, and 
the effc& will be fimilar zo'rhe precPding ca6. 
If' the air and the earth arc both eleEtrified, big 
with contrary powers, the nttraEtion will be 
Grongcrand thcdew more abyndanr ; but no dew 
will fall if they arc both po&ffcd af rhc fame 
power, and in thc f m e  degree. It is known, 
that the dew dars not fall with the fame facility 
upon all bodies, anal that ek&ric bodies Brc 
thole on which it fnlls with the greateft abun- 
dance. This fa& admits of an eafy sxplanatiw, 
if we fqqwfe elaCtricity to be tbc cawfc of chc 
dew; for the rledric bodics do nor readily rq- 
ceiw elcckicity from thc xn4ium which fu+ 
rwtoda tbm; &ere io, therefore, always a 

grcate,  
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8, vhirib 3q pkic,ed ip 
.elsAricik:y:pfi tOe pjc and 

dies ought 'to be; ;wvercd m~lre 

,osse;*is acqwiptd yith the influ 
.&o grmvdh dftwgetsblca. 

dew, an 

1.Xranf. for 1773,. @re, obC~tva+ 
eclkity ,of fogs, which pmwrhat 

:they are generally elcdlrical. Mr: Achrd 1 has 
made 'fearal obfervatiotir, the refults of which 
Tdqrrefpord entirely with tbfe,  for lie conffantly 
found: that. the .air was rnotc or kfq!heelc&rified 
.by a-fog.;  twice he obfervcd, that 'in the fpace 

few rminues the fog ccafed altagether, and 
form of a fine rain ; and though it was 
ck, difappeared in about CeJen mintirert. 

Jr is -.alfo very probable that rain is occafioned 
;by clc&rieiey ; and of this wc h a l l  be convince& 

we confider the attradions a d  repulfions that 
.the rerreitrial or atmorpheric eledriciry mutt 
'bccafion, as well between thc furface of the gbbe 

and 



A f l  E S S A Y  ON E L E C T R I C I T Y .  449 

arid the v a p o r s  conraiiied In the air, as between 
t h e  particles of trapour which always'nuceffarily 
tend to difperk or unite the aqueous particles 
which fwiin in the atmofphcre, and to bring 
them nearer, or carry thcm fkdier from the 
earth. 

Mr. De SAUSSURE'S Objh'va6ions OFP '6be A6mo- 
fphes iu l  l3ttYricity. 

The intcniiry of thc atmofphcric eletiricity is 
varied by a great many circurnfiances, fome of 
which may be accounted for, others cannot. 
When the wcathcr is not fcrcne, it is irnpofible 
to ailign any  rule for their variation, as no rc- 

rrefpondencc can the pcrceivcd with 
the difl'krent hours of the day, nor with the va- 

itications of thc air. The rcafon is 
hen contrary and variable winds rcie;n 

at diffcrcrit heights, whcn clouds arc rolling over 
clouds, thefe'winds and clouds, which' we can- 
not perceive by any exterior fign, influcncc how- 
ever the firata of air  in which we make our expe- 
riments, produce thefe changes of which we only 
fee the rcfult, without bcing able to afign eithes 
the caufe, or it's rclation. Thus, in fiormy wca- 
ther, we fee the elcericity itrong, theh null, and  
in a momcnt after arifc to it's former force ; one 
infiant pofitive, the next negative, without being 

G g  able 
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able to afign any rcafon for thefe changes. Mr, 
De Sauffure fays, that he has feen thefe changes 
fucceed with fuch rapidity, that he had not time 
to note them down. 

When rain falls without il fiorm, thefe changes 
;ITC not fo fiidden ; they are however very irre- 
gular, particularly with rcfpeQ to the intedfity 
of force ; the quality thereof is more conitant. 
Rain, or h o w ,  almoit uniformly gives pofitive 
clecZrici ty. 

In cloudy weather, without rain or itorma, the 
cIeQricity follows generally the fame laws as in 
ferene weather. 

Strong winds generally diminia it’s inten.. 
fity, they mix together the different ftrata of 
the atmofphere, and make them pafs, fuccef- 
fively towards the ground, and thus difiribute 
the eleQricity uniformly between the earth and 
the air; Mr. De Sauffure has obferved a itrong 
elearicity with a itrong north wind (h  hqc.) 

The ftate of the air, in which the elektricitp 
is itrongefi, is foggy weather; this i s  always ac- 
companied with ele&ricity, except when the 
fDg is going to refolve into rain. 

The moil intereiting obfcrvarions, and thofc 
which throw the grcatefi lighr upon the various 
modifications of elc&ricity in our atmafpherc, 
arc thofe that are made in  ferenc weather. .In 

winter, 
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hinmr, !during which inloit of Mr. Dt hI; 
&re's abfetvdons wtrc rnzldc) and in feimc 
weather, the nledhidtgr wwnie gctuerally weak& in 
the evenings when the dew had fdlGn, untfl;tk 
momem of the fun's rcifing; it's intm4itv*dter+ 
wards aqpenced by degrees; htwtirncs i.omer, 
and fotnetimes later ; but gmrtnaiiy 'bdme noota3 
ir at,taimd a ccrpin maxJm~~m, Erom wheracc L 
again declined, till the &dl of the dew, w h n  tt 
w d d  be Corneltimes th-ongtr Than it had been 
dtiriq alie wliole ,dag 8 after which, it  wmld 
again graduadly rlinlahoilh daring Ithe ~ b k  
night ; but is T ~ C V ~ T  quite defimycd, .ifshe wea- 
ther is prfcRly fellenc. 

R x t ~ d p t k e k i t l  ele&riciky fwihs, %herefbred 
like &E k a ,  m be fiibjekl to a flux and reflux# 
which c d o s  it to inacrfe and dirniniih rwicc 
in  2 4  hours. The moments d i t ' s  gt"eardi f m a  
are fame hours aftcr the riiing and fctting of 
the fun ; thofe when it is weakett, preccde the 
riGng and fctting thcrcof. This will be further 
explained in the following pages, 

Mr. De Sauffure has given an infiance of thiv 
periodic flux in elctftricity, on die 22d of Fe-, 
bruary, 1 7 8 5 ,  (one of the coldcit days ever re- 
membered at Geneva ;) the hygrometer and 
thermometer wcrc fufpended in the open air, 
on a t e m q  expoled to the fouth-weft; the 

Gg 2 ele&tro- 
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elclirometer, from it’s fituation, indicated am 
elec3ricity equal to what i t  would have fflewn 
if it had been placed con an open plain. The 
height of the barometer is reduced to what it 
would have been if the mercury had been con- 
Aantly at ‘  the temperature of i o  ’degrees of 
&aurnur’s thermometer. The place of obfer- 
;ation was elevated 60 feet above the level of 
the lake. The obfervations of the day yrece- 
ding and following this great cold, are infertcd 
in the following table;. becaute it is pleaiing tu 
have the obfervations which precede and follow 
any iingular phmomena. There was a weak 
S. W. wind during the whole three days; and 
it israther remarkable, that moil of the great 
,colds; which have been obferved at Geneva, 
were precedcd by, or at leait accompanied with, 
a little S. W. brcrw. 

T A B L E  
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T A B L E .  

26 6 
26 6 1 
26 6 t 
2 6  6 o 
2 6  6 2 
26 6 3 
26 6 3 
e6 6 i 
nfi  6 o 
26 5 '5 
26 6 o 
26 6 8 
* 6 5  7 
2 6 5  4 
2 6 5  e 
26 4 '5 
2 4  4 '8 
26 4 3 
26 4 o 
26 3' 14 

2 6  3 '3 
26  3 '3 
26 3 '4 
26 3 1 4  
26  3 13 

26 5 0 
%6 5 5 

9 6 7  a 
26 7 9 
26 7 14 
269 1 

26 6 8 
PO 6 14 

- 8 3  
- 4 3  

- 2 3  
- 5  
- 6 8  

-10 6 
- 9 9  
- 1 2  3 
-19 5 
-14 3 
-14 5 
-15 0 

-14 7 
-I4 2 
-10 7 
- 8 2  
- 4 8  
- 4 9  
+ o b  
- 0 9  
- 4 3  
- 4 4  
- 6  1 

- 5 9  
- 4 '  

- 0 2  

-10 0 

- 1 0  
- 0 0  
+ 0 5  
- 0 0  
- 0 7  -- I 5; 

- 3 7 
- 3 c  

39 3 ;; 't 
77 2 
85 
89 
95 
97 5 
95 

Idem 
Id.  
Id. 
Id. 
Id. 
Id. 
Id. 
Id .  
Id. 
82 

8' 3 
8 9 
9' 2 
94 
Id. 
I d .  
81 3 
7 4  
76 
7 5  3 
74 
79 7 
87 3 
9 g  

9 2 , 2  
fiXlR. 

2 '0 
1 6  
1 1  
1 1  
1 0  
1 8  

1 8  

' 5  

0 9  

0 8  

2 0 

1 %  

1 2  

1 2  

1 2  
1 1  

1 6  

I 8  
' 7  
' 4  

2 2  

I t  

1 2  
2 %  

' 7  
3 7  

0 8  
Id, 

0 8  

' 7  
0 5  

1 0  

1 2  

1 0  

2 2  

M for Morning, E for Evening;. 

G g  3 

'ale fun, cloudy 
Blight run 
I'he fame 
Setting l'un 
Cloudy in the S. W, 
Perfe&.ly clear 
Idem 
Idem 
Litt le cl. at horiz. S. 
Id nioie to S. W. 
Idern 
ldcrn 
Clo. incr. & approa. 
Clear 
Light fog 
Idem 
Idem 
rhickcr fpg 
Idem 
Idem 
Weak fag, pale fun 
Cloudy palc run 

More So 
Idem 
Clou. fog in S. W. 
Clou. with more fog 
Idem 
Idem 
~louciy pale G n  
Cloudy 
Idem 
Very clear 

Moic So 

Lcfs cloudy 

Clolldy 

From 
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From the firfi’I8 obfervations of  .this tablr, 
when the iky was quite firgne, we fce that the 
FleEtricicy was pretty firong at g in the morn, 
ing, tha! from thencc it gradualiy diminifliec) 
till towar,ds 6 in the evening, which was it’s firlt. 
piinimum ; after which it increafed again rill 8, 
it’s fecond maximum, from whence it agaiii 
g‘ladually declined till 6 the next morning; 
which was the time of it’s fecond piinitnun1 ; 
afier which, it again incrcqfcd till ten in the 
morping, which was the firit maximum of the 
foI!owipg day ; as this was clou,dy, the cle&rip 
periods were pot fo rcgular. 

The GlcCtricity of k!ene weather is much 
weaker in  fupmer thap in winter, which ren- 
gers it more difficult Po obfervs Ehde gradations 
i n  fummcr than in winter ;  befides a variety of 
accidental caufcs, which at the fame time render 
{hem more uncertain. In general, in fummer, 
if the ground kbas been dry for iome days, and 
the air i s  dry alto, the cletlricity increafes, 
froin the riting of the fur, till 3 or 4 in the 
afternoon, when i t  is Ctrongefl ; it  thcn dimi, 
nifin’es till the dew begins to fall, which again 
reanitnates i t ;  though aftcr this it’ declines, ‘and 
i s  aluiofl SxtingLiiflicd &iring rhc night. 

But fhc fcrene days that iuiccced rainy wea- 
&her in fimrncr, gci;erqlly cxhibit the fame diur- 

nal 

, \  

, a  
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nal periods or itates of cletlricity, as are to be 
obferved in winter. 

The air i g  invariably pofitiuc in fcrcne wea- 
ther, both in winter and fummer, day and night, 
in the fun or in the dew. It would feem, there- 
fore, that the elc&ricity of the air is effentially 
pofitive, and that whenever it appears to be ne- 
gative, in certain rains or in Itorms, it probably 
arifes fiom fome clouds, which have been ex.. 
pored to the preffure of the eleeric fluid con- 
tained in the upper part of the atmofphcre, or to 
more elevated clouds, that have difcharged a 
part of their fluid upon the earth, or upon other 
clouds. 

In order to find out the caufe of thefc phz- 
iiomcna, Mr. De Sauirure infiituted a f a  of ex- 
pcriiiients on evaporation, avoiding the ufe of 
Mr. De Volta’s condenfer. 
To produce a Ltrong evaporation, he threw a 

Pmdi of red hot iron into a fmall quantity of 
water, which was contained in a coffee-pot, 
with a large. inouth, and fufpended by Glk 
firings; by this he obtained a itrong pofitive 
cletlricity, though, according to Mr. Volra’s 
t’yitem, it ought to have been negative ; the ex- 
pcriinent Uas rcpcntcd fevcral times, varying 
fomc of the circumflanccs, but the rcfult \+as 
always the fame. 

As it was not eafy to think fa able a philofo- 
G g  4 phcr 
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p%er as'Mr. Volta was deceive 
fary to try the experiment in 
analogous to that of Mr. Volta 
fing-difh was therefore infulated' by filk cords, 
and the coffce-pot, with a h a l l  quantity 6f 
water placed on it ; one eleRromttcr was con- 

ed with the coffee-pot, and anot 
hating-diffi ; the firc was raikd 

of bellows ; when the xvatcr had boiled firongly 
for a few minutes, both eleArometcrs exhibited 

ty, which, on examination, was 
rive; proving the truth of Mr. 

Volta's cxpcrirrient, ?'he cvapration produced 
by the efrervelccnce of imi in thc  vitriolic arid, 
and by that of chalk in the  fame acid,' gaw alfo 
negativc elearicity. 

It was now neee!%ry to inquire, why the va- 
pour, cxciwd by the heated iron, p d u c e d  
pofitive cleklriciry ; while that  from b 
water, i n  any othcr way, produced n ne 
ele&riciry . 

Mr. De S~ufliirc liifpdlcd, that  the intcnfity 
of heaf to which the water is expofed, by the 
coma& of a body i n  a flacc of incsridefcence, 
was the caufe of the  elctiricity produccd by it's 
cvaporarian, and that  a combiiiatioii was then  
forincd, by which a ncw quantity of the cledric 
fluid was produccd. This conjetture niay at 

fi rit 

I 



fir& -fight feem improbable ; 
of elettricity produced by this experiment, will 
aftohifh thofe that repeat it 
is ehc Inore furprizing, be& 
Cording to the f)fem of Mr. Volra, thar va 
a6j"oi.bl while the 
the clediric fluid; thcre 
enough dcvclopd i n  this 
forinaticjn of the great qua 
doced 1)) the  heated iron, and afterwardsLa %ifm 

ficitnt -quantity to eleQrify itrongly the dppa- 
rstuu, and all chck vnpours. 

that prodigious quantity of eleCtrici 
unfolded in the eruptian of volca 
ptabnblc, t h a t  the water in there, 
circumltances, acquires a much g 

'This experiment fiews clearly th 

n to it in our experiments. 
eCt-urc, that it was in fomc 

rneafiirc the combuftion of the water, Qr the 
iron, that produced the pofitive eleEtricity, it 
was proper to try whether, by a regular mode- 
ration of the heat of the iron, pofitive elettricity 
would always be obtaitied. This was eirayed 
in the following manner : A large iron cruciMc, 
5 inches high, 4 in diameter, and 6 lines thick, 
was heated red hot, then infulated ; after which, 
(mall quantities of water were thrown intoit, 

each 
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each projedion of the warer coding more and 
tilore the crucible i thus dcfcending by degtees, 
rill there was only fufficient heat to boil the 
water ; carefully obferving, and then deitraying 
the elcaricity produced at each projedlion. The 
eldtricity was always pofitive or null; at the 

prsjcdkions it was very firong ; it gradually 
$ipiniked to the twelfth, when it was f a r c e  
fenfible, though always with a tendency to bc 
pgfitivc. 

Qn repeating this experiincnt, and varying it 
in  different ways, a remarkable circumflancc 
was obferved ; whcn a h a l l  quantity of water 
wi\s thrown into the crucible, the inonlent i t  
was taken from thc ficc, while it was of a pale 
red, approaching v hat is called the white hear, 
no eledtricity was obrained, 

This fa3 feemed to have fome conneltion 
with another mentioned by MuKchembrock, that 
water evaporates rnore. flowly on mctal, or any 
other incandefcent body, than on the fame body, 
hcatcd only a fniall degree above boiliiig watcr, 
T o  examine this relation, and to find whether 
there was any betwccn the periods of evapora- 
tion and the yroduEtion of elclclriciry, Mr. L)c 
SauKurc niadc a grcat number of experiments, 
which are moit accumtcly defcribcd in his ex- 
C e l h t  work ; hiit as the detail u.oulJ he much 

too 
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aao long to be introdyced in this Work, I muit: 
content myfelf with prefesting the reader with 
tlle heads thereaf, and a defcription of the a p  
garatus, 

The apparatus confificd of ai pot of clay, welt 
,baJtrd or annealed, 1 5  lincs thick, and 4 inches 
diameter ; this was ini'ulated by a dry glafi gob. 
Ict ; upon this pat was placcd thc crucible, or 
.any other Cleated fiibitance, on which the water 
was to be thrown, in order to pc rcduced in t4  
vapours ; the crucible was contiguous to a wire 
.conne&d with an ele&rorneter ; 3 meafiure, 
containing 54 grains weight of difiilled water, 
was thrown upon the heated crucible; the rime 
employed in the evaporation thereof was ob- 
Served by a Lcond watch ; the eIeQricity pro- 
,duced by this evaporation. was noted. When 
$his meafuse of water was rcduced into vapaur, 
the ,elcCtsicity of the apparatus is dcitroyed, and 
,a f i e k  meafure of watcr is thrown into the cru- 
.cible, proceeding in thc fame manner till the 
crucjble is almofi cold, 

The firfi experinlent was with an iron cru- 
cible, from which it was found, that Muf- 
cheinbrock was not right, iQ hying that the 
paporation was flowcit when the iron was hot- 
pit; for at thc initant it was taken from the 
fire, it required 19 feconds to evaporate the 

water, 
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k more time till the thir 
iOh, whdniit rook 35 feconds, Jhoug 

&.hat period ‘i‘c‘wnljloyed lek time, or i 
words, the evaporation accelerated‘ in propor- 

to the eteAticiey,$ it; 

to thc end of the expe- 
as not vifiblc rill thc 

xperirinent with the fame crum 
a v o w  was made d e  of 

;1s pofiiilc, the clec- 

The third egpcririicnt was with a copper 
le~%kity was plirive, 

otigc.fi time c.mj,loycd in evapornrion 
grcateil hcat. it was 

like mercury on 
vkazfs, to be T’ometinm imnove~hlr ,  a ~ l d  thcn 17 

to  ruin on itfclf I m + m x d l y ,  \, ith great rapi-, . fornetinie; throwing fiom hnxc  of it’s 
s a little jcr, a & o ~ n p i c J  vv ith a n  hifling 

fourth cxperimcnt IYBS vtirh tlrc fama 
crucible; tlw “clrdtrjcity w a s  at f i r l t  tiegative, 
then conitlziidy pu!i!-i ve. 

’J+ I1 c 



as:fvith ,a cruciblcof e pdrdilveikj 
tiqe was er~ployed here . ih 

fame quantity of wazir; .e& 
the idItant of the greatelt heat i t  tbok 5 rnirrurcs, 
6 feconds ; the elearirity was weak, three times 
no elelkricity was perceived, five times negatht 
elearicity was difcovered. 

I n  a’ Qxth experimen th the fame crucible, 
a poGti9.e cle&rieity was obraine 
projeftiori, after whith none 
perceived. 

ith the fame, gave at firit a 
kkricity, the fecond and third 

here the evaporation was flower at t 
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Aslmrnable fluids, in evaporating, followed the 
fame laws as water, being diflipated at firfi moa 
rapidly in the greatefi hear, afterwards taking a 
longer and longer $me before they were evapo- 
Tared, to a certain period, then employing lefs 
time, or evppopting quicker, till the crucibk 
was nearly cold. 
Now as china 2nd filver always produced nc- 

gative eleltricity, while iron and copper havc 
generally givp pofitive electricity, wc may con- 
clude, that elchricity is pofitive with tliofe 
bodies that are capable of decompofing water, 
or of being decompcfcd Chcmfelves by their 
contacZ with the water; and negative with thofe 
which are not at all decompokd or altered. 

From hime Mr. De SauKure conjc&ures, that 
the eletftric fluid may be looked upon, as formed 
by the union of fire with fome unknown p i n c  
ciple, perhaps a fluid analogous to inflammabb 
air, but exceedin& morc fubtil. This analogy 
feems to him f‘iiilfficiently proved by the itiflam- 
mation of the eleRric fluid, and by the dirninu- 
Zion of the air in which this inflammation is 
made. Though many doubts have been at- 
tempted to be thrown on this inflammation, 
there fcecens to ba one reflion which forceP us to 
admit it, which is the lofs of a quantity of this 
&id at every fpark; we may diminiih at plea- 

fU’ut.$ 
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fure any quantity of this fluid, (en le f a f i t  el.. 
inccler) by taking a number of Sparks from'it.. 
From whence dfo it may be inferred, that il. 
confiderable quantity is deitroycd every day by 
thunder. 

According to this fyftcm, when tht: opwa- 
,tion, which converts water into vapoor; p;O- 
dices at the fame time a decompofition, it then 
generates the ele&rjc fluid. A pan of this hid 
combines itfelf immcdiatcly with there vapoufs, 

.and fervcs even to form them, The veKcl, in 
which this operation is performed, will acquire 
a pafjtive eleCfricity, none at ail, or a negytiver 
according as the quantity of the fluid gcneaatsd 
is Cupcrior, equal, or inferior to that which the 
fonnation of the vapours confumes. When ill0 

decompofition accompanies the cvaporfition, &a 
eletlricity ought 'to be conltandy negative, bo- 
caufc there i s  nothing to replace the quantity oa' 
this fiuid, which ig employed in fbrming the 
vapour. 

If in the foregoing cxper'iments, thak fib- 
itanceo which were fufceptiblc of cnicination 
had conlta~tly givcn a pofitivc eledricity, and 
thofc which do not calcine had duays given tha 
negative; every thing would have been ex- 
plained by thek principles, and they wouM 
thence have acqukd A greater d e g r u t d p  

babili ty. 
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bdbility. But the phrenomena have .not alwayd 
followed this law. Wt have feen iron and-cop.. 
per lometimes give a negative eledriciry, and 
filver the pofitive, The firit cafe.is not difli- 
cult3to account for; it is well hriown with what 
facility iron and copper calcine in a briik fire ; 

ecome ~ covered with a Fcaly criifl,. which 
is not fufceptible of any furrher alieratioii with 
the fame heat. If the bottom of the crucible 
acquires this crufty coating, the drop of water 
placed&creon will be no longcr in contat3 with 
a calcinablc hubfiance; rherc~~vill be no further 
decompofirion, J I ~  generation of thc elcdric 
fluid: the vapours, however, which are itill 
formed, will ab part of the fluid naturally 
conrained’ in the! ratus, and this will  there- 
fore be elc&rified negatively. If fome of the 
f i l e s  fliould be ib far dctacbcd, that the watcr 
Bay’ gain forhe points of contaa, the quantity 
r-Hus gencmnd, may cornpenfate- for what is ab- 
{orbed by the vapours, and thus the elcliricity 
will be null. If more are detached, it will 
fuper-abound and be poGtive. From the fame 
reafons, a large mafs of water, by attacking thc 
iron in a greater number of points, always givcs 
pofitive eleAricity; and hence, alfo, a ftrong 
pofitive eleQricity is obtained, by throwing a 
piece of red-hot iron into a ma6 of water, 

I It 



It is not ib eafy to explain why Glver gives 
fometimes a potitive ele&ricity, but by fiippof- 
ing it to have bcen mixed with fome fubfiances, 
capable of calcination; and this the more, as 
the white porcelain always gave negative ckc- 
tricky, This fippofition was verified b y  Some 
fubfequent experiments, in which the fame fil- 
ver, when purified, always gave a ncgativc elec- 
tric ity, 

Mr. De Sauffure o \ ~ s  himfelf incapable of 
explaining why heated charcoal always gives ne- 
gative eledricity; unlefs i t  can be attributed 
io the promptitude with which io rare i\ fub- 
fiance lofcs it’s heat, by the coma& of water. 

One fa& aftoniihed him, namely, that by 
conibuition properly fo called, although it is an 
evaporation, nay, the higheft degree of evapo- 
ratiou, he ncvcr obtained any figns of cle&ri- 
city; thsugh he tricd to obtain it in a variety 
of ways. Probably, the current produced by 
the flame, difperfes and difipates the elcklri- 
city as Coon as it is fanned. The cafe, how- 
ever, mufi not be looked upon as general, ba- 
caufc Mr. Volra obtaincd iigns of clctiricity 
from bodies in combuftion, by nicans of his 
condenfqr. 

Another iil~gular fa& was, his not being able 
to  obtain eleQricity witliout ebullitian, though 

Xi h he 
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be endeavoured to cornpenFJte hy the quantity 
of furfxe for the quantity of vapours that were: 
clcvated by boiling water ; and indeed, the fame 
quantity of water, if extended over too large a 
Gurface, will not give any elattricity. 

Notwithilanding the uncertainty thefe expe- 
girnents throw upon tke fyfiem, it does not at  
prcfent kern pofiblc to find another reafon, 
which io htisfaliorily accounts fbr the poGtive 
eletkricity which reigns in the air. The pro- 
digious quantity of this fluid, which continually 
defcends from the upper part of the atrnofphcre, 
filtrating through the air to penetrate the inte- 
rior parts of the earth, mufi neceffirily bc 
brought back again by fome means ; for other- 
wife, the air would be exhaulled of it’s fluid, or 
the earth would be faturated. The perpctuak 
circulation of this fluid, which is carricd on by 
means of vapours, is a firiking circumfiaiice ; 
it rifes inviiible and ina&ivc, concealed in thcir 
bofom, but difphying afrerwards it’s energy, 
When the vapours have changed their form, it 
defcends adive, animated with a penetrating 
and expaniive force j the tops of trees, thc points 
of leaves, the bcatds of different grains, attraCh 
and force it to pars through the vcgetables, of 
which it becomes, (pcrhaps) when decompofcd, 
the moil a i u e  and Eavoury part. This alfo 

may 
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may be ope of the rcafons, why excrcife in the 
open air is much more conducive to health than 
that which is taken in covered or clofc places ; 
for it fccnis evident, that the fofr and gentle 
elccirization, which every one mufi partake of 
in the open air, muit have an iiiflucnce upon 
our organs, on the circulation of the blood, the 
fecretion of the humours, and infeniible tranf- 
pi ration. 

In further purfuing this TubjcA, we mult con- 
fider, that vapour fonictimcs atts as the pro- 
ducing cnufe of aerial eleflricity ; at other times, 
as a condultor of this fame fluid; and fome- 
times, both together. Towards the end of'the 
night, the eleklricity of the air is vcry wcak, 
either becaufe there is no evaporation, or be- 
caure the humidity of the preceding evening, 
and that of the fore part of the night, have 
tranfniitted to the carth the eletlricity that was 
accutnulated in the air: but as ban as the fun 
warms the earth, and in proportion as he rifes 
above the horizon, the aerial ciec?ricity aug- 
ments ; bccaufe thc vapotirs, which thcn rifk, 
carry t-liis fluid into the air. But when the fun 
has attained the meridian, the hear incrcnfcs in 
a greater proportion than the evaporation, the 
air bccomes dry, arid hardly tranfinits the fluid 
which is accumulated in the upper part of the 

H h 2 atino- 



468 AN E S S A Y  ON ELECTRICITY.  

littmofphcre ; the ele&romcter, therefore, exh5- 
bits lefs iigns of elektricity, though it is nil! 
accumulating in the upper part of' the atma- 
fphere. Laitly, when the fun is ncar retting, 
the air grows cool, becomes humid, and tranf- 
mits more abundantly to the earth the eleQric 
fluid that was accumulared in the higher re- 
gions ; the ele&rometer, therefore, rifes again 
with the dew, till two or three hours after fun- 
feet, when the air is exhauitcd, and the cle&ri- 
city again diminiihes till the next day. 

In fummer, the eledricity of tl fcrsne atmo- 
fphere is much weaker than in wintcr, 2nd that, 
becaufe the air is then w a r n  and dry, to a 
greater, height, and therefore refifis more pow- 
erfully rhe tranfmifion of this fluid, that is ac- 
cumulated in the higher regions of the atmo- 
fphere. This unirirerrupted rtccurnulation ac- 
counts a t  the fame time, very naturally, for the 
violence and frequency of itorms at this feafon. 
But the increafe of clcc'tricity, from the heat of 
the fun, i n  the dry and hot days of fummer, 
from it's rifing, till four or five in the after- 
noon, i s  not Co eafily accounted for. It is not 
improbable, that the dry exhalations from the 
earth, which are occafibned by the heat, may 
produce this augmeiitation of cleCtricity,, a n d  
favour the delccnt thereof from the upper p u t  

O f  

I .  
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sf the atmofphere, It appears, however, in 
Gcllcral, both in winter and furnmcr, that whcnl 
the air i s  perfd?Ay t radprent ,  the aerial elcc- 
t.ricity always diminiflics in the holteit part of 
the day. It is known, that the air i s  generally 
mofi tranfparent and difengaged from vapours, 
h thc ferciie wil ther  that follows great or heavy 
rains,-Mr. de Sauqure dciires that this fyitem 
m a y  be only looked upon as fo inany conjec- 
tures, propofed with aview to anitnate other 
philofophers to thc obfervation o f  there p 1 1 ; e ~ ~ ~  
menta, and the iiivdtigation of chcir c a u h  

The author refers alfo to his (‘ Effais fur 
1’Wygromctrie ’) for the proofs, That ’the elec- 
tric fluid is only neceffdry to form or Cufpend 
the grofs- veficular vapours, Tho& which are 
diirolvcd, or are elafiic, fupporr: themkc)ves by 
the expanfive force, which they acquire from 
the element of fire combined with theni, with- 
out the afifiance of any other agent, And 
there grofs Vapours, which require the cle&ric 
h i d  for their formation, part with it, if they 
are refolvcd into water, or  iirto 30 claftic fluid. 
Thus the grofs vapurs  that are formed in thc 
morning of a firle day, and which diiturb a little 
the tranfparency of thc infkrior f’trata of air, 
carry this fluid wit11 them, but part with it 
~b11 they come illto a more piir’c and dry air, 

1.1 h 3 wherc 
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where they Are diifotved, taking the form of an 
elafiic fluid, 

This explains the diminution of the aerial 
elecrtricity, where clouds are forming in an at- 
mofphere thar was ferene ; for thc eledlric fluid, 
which was diikminated in the air, combines 
with the vapours when they take thc vcficular 
form ; the itrata, or firiated appearance that is 
then f'een among the cloads, which is one of the 
moit fure indications of rain, kern to pro, 
nounce the prefence OF the elcAric fluid, en.. 
deavouring to reftore an equilibrium, and re, 
place that which has been employed in the for- 
mation of the veiicles, of which the clouds con-. 
fict, Many experiments fiew, that this fluid, 
condenfed by art, difpofes in parallel and con-. 
verging lines, like the clouds, thoie particles of 
dufi through which it is made to p a t ;  while 
on the other hand, the increak of aerial elec- 
tricity, which is obferved when the air is getting 
clear and ferkne afrer rain, arifes from this fluid, 
which the vcficular vapours part with when diG 
folved in air. 
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red. The apparatus fer this purpofc is ken  in 
fig. 94. AI3 is a gla4i tube,  ahus four or five 
inchcs long, and one or two tenths of an inch 
diamctcr in thc inGde; a pieceof wire is put 
into one end sf the tube, and fixed thcre with 
cement ; a brafs ball is placcd on the top of this 
wire ; the lowcr put of the tube from a is to’be 
filled with water, tinged blue with a picce of 
turnfole or archal. This i s  eafily effedcd,’ by 
fitting the tube in a veffel of the tinged water, 
then placing it under a receiver on the plate of 
the air-pump; exhaufi the receiver in parr, 
and then, on letting in the air, the tingcd liquor 
will rife in the: tube, and the elevation ,will be 
in proportion to the accuracy of the vacuum; 
now take thc tube and vcffel from under the 
receiver, and throw firong fparks on thc brafs 
ball from the prime condutlor. 

W hcn Dr. Pricfilcy made this cxpcrirncnr, 
he perceived, that afwr the eletltric fiiark had 
been takcn, bctwccn the wire L and the liquor 
at a, about a ininutc, the upper part of it begnn 
to look red; in two rninutcs it was manifeitly io, 
and thc red part did not readily mix with the 
liquor. If the tube was inclined when the fpparks 
were taken, the rednet’s extended twice as f i r  on 
the lowcr iidc’as on the upper. i n  proportion as 
the liquor became red, i c  advanced nearer to tile 

H h 4 wire, 
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wire, io that'the air in which the fparks were 
taken was diminiihed ; the diameter amounted 
to  about one fifth of the whole fpace; after 
which, a continuance of the ele&rificarion pro- 
duced no fenfible &e&. 
To determine, whcther the caufe of the change 

of colouc was in the air, or in the eleklric mat- 
ter, Dr. Priefiley expanded the air in the tube, 
by means of an air-pump, till it expelled all 
the liquor, and admitted frefli blue liqyor in 
it!s place J bur after this, eletlricity produced no 
fcnfible effe& on the &r or on the liquor; fa 
that jc was clear, that the clcCtric matter had 
decompofed the air, and made it depofit fomc, 
thing of an acid nature. The  refult r as thc 
fame with w i q a  of differqnt metals. It was 
alfo the fame when, by means of a bent tube, 
the Cp,ark was made to pals from the liquor 
in onc leg, to the liquor in the othcr. The  
air thus diminiihed was in the highelt degree 
noxious. 

In pafling the eIeRric fpark through different 
elaftic fluids, it appears of different colours. In 
fixed air, the fpark is very white ; iq inflammable 
and alkaline air, i t  appears of a purple or red 
golour. From hcnce we may infer, that the 
condudling power of thefc airs is different, and 
that fixed air is a more perfed non-condullor 
fhari iiiNamriiable air. 

The  
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The fpark'was not vifible in  air from a cauitic 
alkali, made by Mr; Lane, nor in air from fpirit 
of iajt  ;' f~ that they feem to be more perfelt 
condudors of elctlricity rhan water, or other 
i u i d  fubltances. 

The  elearic fpark, taken in any kind of oil, 
produces inflammable air. Dr. Prieitlcy tried 
i t  with ether, oil of olivcs, oil of turpenrinc, 
and eittiitial oil of mint, taking the elearic 
rpark in them without any air to begin with; 
inflammable air w a s  produccd in thciii all. 

Dr. PrieItley found, that on taking a fmall 
eleAric cxplofion for an hour in the @ace of 
an incli if fixed'air, confined in a &rs tube 
one tenth of an inch diameter, when ~ ' a t c r  was 
admitted to it, only one fourth of the air was 
imbibed. Probably the whole would haw becn 
rendered imniifcible i n  water, if the elrtArica1 
operhtioii had becn continued a fuficient rime. 

T h c  cle,9tric fpark, when taken ;h alkaline air, 
appears of a rcd colour ; rhe elc&ric cxploftons, 
which pafs through this air, incrcafc it's bulk ; 
fo thar, by making about 2 0 0  explofions, in  a 
quantity of it, the original qiiantity will be forne- 
tiincs incrcafed one fourth. If water is admittcd 
to this air, it will abforb tlic original quantity, 
and leave about as much elaitic fluid as was 
gencrated by the eleltricity, and this elaftic fluid 
is a Itrong iriflamriizblc air. 

Dr. 
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Dr. Prieitlcy found, when the e l ch ic  fpark 
was taken in vitriolic acid air, thar the iniide of 
the tube i n  which it was confined was covered 
with a blackik fubftance. He feems to think, 
that the whole of the vitriolic acid air i s  con- 
vcrtible inro this black mattcr, riot by means of 
any union which it-forms wirh the ele&ric fluid, 
but in conitqucnce of the concufiion given to it 
by tlie explofion; and that, if it be the calx of 
the metal which hpplied the phlogiiton, it is riot 
to be diitinguiihed from what metal, or indced 
from what fuubfiance of any kind, the air had 
been extraeed. 

Dr. Prieitley made ‘I 50 cxplofions of a cam- 
mon jar in about a quarter of an ounce meafure 
of vitriolic acid air from copper, by which 
the bulk was diminiflied about one third, and 
the .remainder Ceemingly not changcd, being 
all abforbed by water. In  the coude of this 
procefs, the air was carefully transferred thrce 
times from onc veffel to another; and the lafi 
veffcl, in which the explofions were tnadc, was, 
to all appearance, as black as the firit ; lo that 
the air feeems ta bc all-convertible into this black 
fubftance, 

Thinking this diminution of the vitriolic acid 
air might arifc from it’s abforption by the cemenr, 
with which thc gkfs tubes employed in the lait 

expcrimcnt 
i 
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experiment wcre clofed, he rqxaCed# it with thc 
air from quickfilver, in a glafs fyphon confincd by 
quicklilver, and the rerult was the fame. 

That this inattcr comes from the vitriolic 
acid air on!y, and not from any combination o f  
the clc&ric matter with it, will appear from the 
following experiment. 

He took the fimplc elcc’tric fpark from a con- 
d1180r of a m d c r a t e  iize, for the f p c c  of fivc 
minutes without interruption, in a quantity of 
vitriolic acid air, without producing any change 
i n  the infidc of the glal‘s; when immcdiately 
after, iiiaking in it only two expioiions of a 
common jar, each of which might be produced 
in lefs than a quarter of a minute with the fame 
machine in the fame ftate, the whole of the 
infide of the tube was completely covered with 
the black matter. Now had the clc&ric matter 
formed any union with the air, and this black 
matter had been the refult of that combination, 
all the difkrcncc that would havc r ikn from 
the iiinple fparlc or the cxplofion, could only 
have been a more gradual, or a inore fuddco 
formation of that mattcr. 

A large phial, about an inch and a half wide, 
being filled with this air, the explofion of a 
vcry large jar, containing more than two feet of 
coatcd furfiice, had no &e& upon i t  ; froin 

which 
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which it flinuld fcern, that in thefc cafes, thc 
force of the hock was not a& to give thc 
quantify of air Fuch a concufion as was ~ ~ c c e f i ~ r y  
SO decompofe any pa r t  of it. 

I4e had generally rnadc ufe of copper, but 
afterwards he procured this air from almoit 
every fubitance from u hich it could be obtained ; 
&e eleCtric explotion taken i n  it produced thc 
famc .efTc&. But, as fome of thc cxpcrimcntr 
were attended with peculiar circumftances, he 
briefly mentions t h m ,  as follows. 

Whcn he endeavoured to get vitriolic acid 
air from lead, putring a quantity of leaden ihor 
into a phial containing oil of vitriol, and apply- 
ing ondy thc d u a l  degrce of heat, a confiderable 
quantity of hcat was produced ; but afterwards, 
thou$h the heat was increafcd till the otic) boiled, 
no more air could bc got, $-IC iiiiagiiicd thcre.. 
,fore, that in this cafe the phlogiiton had, in fa&, 
been fupplkd by i$mething that ha$ adhered 
to the f l i ~ t .  Howcvcr, in the oir ib pcoduccd, 

took the clefirk expl~fion ; and in the iirft 
quaiitity he tried, a whitifli matter was produced, 
almoit covering the infide of the cubc; bk!t it1 thc 
i'ucceeding experiments, wit11 air produccd 'from 
the i ~ m c  fliot, or from fo t~~cth i~ lg  adliering to it, 
thcrc was leli of the whitifh niattcr ; and a t  laif, 
nothing b t ~  black matter was produced, as in all 

thc 
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the other qperiments. Water 'being admitted 
to this air, there remained L coritiderablc reii- 
duum, which was very flightly inflammabic. 

Vitriolic acid air is cafily procurd  from <pitit 
of wine, the mixture becoming black before any 
air is yielded. The elettric cxploiioii raken 
in chis air alfo produced thc black matter. 

T h e  cxperimcnts rnadc w i t h  cthcr k i n  to 
tlirow molt Iighr upon chis PuhjeQ, as this air 
is 8s cafily procurctl from ether as any othdr 
i'ubfiance, containiiig phlogifton. In the air 
procured by ether' the ele&i*ic explofiori tinged 
the glafs vcry black, inore fo than in any other 
exicrinieiir of the kind ; and, whcn watcr had 
abforbed what i t  could of this air, there was a 
refiduum in which a candle burned 11 i t h  a lnm- 
bent blue flamc. But \\'hilt W ~ S  Inon rimmktble 
in this experiment was, thiit bciidcs tllc oil of 
vitriol becoining very bli\cI< during ~IY:  p ~ d ~ ~ s ,  
a black fllbf\ance, and of a thick coniiflcncc, 
w ~ s  formed, which iiza111 on the fiirface of' the 
acid. 

It is vrry poffible, that  the analytis of this 
fubl'tance n n y  be a ~ W I S  of throu ing light upon 
tlie naturc of tlic black riiattcr, iormrd b y  cleQric 
explofions, in  vitrolic acid air; as thcy f'cem to 
refemhie one another very much. 

'j'hc clecCtric $11 k or exploiion, taken in 
coInirioii 
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common air, conhcd by quickfilver in a glafs 
tube, covers the infide of the tube with a black 
matter, which, when heated, appear-$ to be pure 
quickfilvcr. This, therefore, may be the cafe 
with thc black matter into which he fuppokd the 
vitriolic acid air to be converted by the fame 
procefs, though the effec? was much more 
remarkable than in the common air. Thc  cx- 
plofion will often produce the diminution of 
common air in half the time that iimple f'krks 
will do it, the niachinc giving the fame quantity 
of fire in thc f m c  time : alfo, the blackids of 
the tube is much iborier produced by the fliocks 
than by the fparks. When the tube confiderably 
exceeds thrcc tenths of an inch in diameter, it 
will fomctimes become very black, without there 
bcing any lenfible diminution of the quantity of 
air. 

Experiments on Air, (y HENRY CAVENDISH, Efq. 

The apparatus ufcd i n  making the experi- 
matts was as follows. Thc air, through which 
the fparrk was intended to bc paffed, was con- 
f i n d  in  a glafs tube bent to an angle, which, 
after being filled with quickfilver, was inverted 
inlo two g1aiki.s of the fame fluid; the air to bc 
tried, was then introduced by means o f  ZL f m d l  
tube, filch as is ufed for therrnomcters, bent in 
the manner reprefentcd by A B C, fig. 16, pl. 1, 

thc 
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the bent end of which, after being prcvioufly 
filled with quickfilver, was introduced, as in  
the figure under the ghfs D E I;, inverted into 
water, and filled with the proper kind of air, 
theend C of the tube being kept flopped by 
the fiiiger ; then, on removing the finger from 
C,  the quickfilver in the tube dckended in the 
leg B C, and it's place w a s  fupplied with air 
from the glafs D E  F. Having rhus got the 
proper quantity of air into the tubc A B C, it 
was held with the end C uppcrmoit, and fiop- 
ped with the fiiiger; and the cud A, inadc 
fmallcr for that purpok, being introduced into 
one end of rhe fore-mentioned bent tubc, the air, 
on removing the finger from C, WBS forced into 
that tube by the prcfrure of the quickfilver in 
the lcg 13 C. By thcfe means he was enabled to 
introduce the exat2 quantity he plcnfcd of any 
kind of air into the tube M ; and by the f m e  
means, could let u p  rany quantity of foap-lccs, 
or any other liquor which hc wantcd to bc in 
contac! with the air. 

In one cafe, however, in wiiich he wanted to 
introduce air into the rubc iiiany times in the 
fame expcrinicnt, he uiiid tlic apparatus repre- 
fcnted in fig. 1 7 ,  pl. T, contifling of a tube A B 
sf fmall bore, ball C, and cz tube 1) E of a 
larger bore. This apparatus was firn filled with 

qiiickiilvcr, 
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quickfilver, and then the ball C and the tube 
A B wcrc filled with 5 air, by introducing the 
end A under a glafs inverted into water, which 
coprained the proper.kind of air, and drawing 
out the'quickfilver from the leg E D by a fy-. 
phon. After being thus furnifhed with ail; 
the apparatus was weighed, and the end A in- 
troduced into one end of the tube M, and kept 
thcre during the experiment; the way of forcing 
air out of,this apparatus into the tube, being by 
thruiting down thc tube E D a wooden cylinder, 
of ftich a fize as alrnoit to fil l  up the whore borc, 
and by thc occationally pouring quickfilver into 
&lie fame tube, to fupply the place of that puih- 
ed into the ball C. After the cxperiment was 
finifihed, the apparatus was weighed again, 
which hewed exaely how much air had been 
forced inro the tube M, during the whole expe- 
riment; it being equal in bulk to a quantity of 
quicktiIver, whore weight was equal to the in- 
crcafe of weight of the apparatus. 

The  bore of the tube M ufcd in mofi of the 
following experiments, was about one tenth of 
an inch; and the length of the column of air, 
occupying the upper part of the rube, was irs 
general f k o m  I to 3 of an inch. 

Jr is fcarcely necefEtry to inform any one ufed 
to eleArical experiments, that in order to force 

an 
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tth elc&tical fpark through the tubc, it w’as nca 
ceffary, not tb makc a commlrnicatioh bctwcen 
the tube and the conduAor, but to place an in- 
Mated ball at fuch a diitance from the cdnduc- 
tor, as to receive a fpark from it, and to makc 
a caminunication between that bail ahd the 
qiiickfilvcr in one of the glaflcs, while the quick- 
filvcr in the other glsfs comniunieated with the 
ground; 

When the eletltric fpark was mdde to pafv 
through common aird included between fhort 
coluiniis of R Colution of litmus, the folution ace 
quired a rcd colour, and the air wasi diminiflied 
conformably to what was difcovercd by Dr. 
Phieilley, When h e - w a t e r  was uiEd inflcad 
of the foliition of litmus, and the i$trIc was con- 
tinued till the air could be no further &mi- 
niihed, not the leafi cloud could bc perccived 
jn the lime-water ; but the air was reduced to 
t w  thirds af it’s origiiinl bulk; ~ h i c h  is a 
grcatcr diminution than i t  could have fiiffcred 
by inere phlogifiicacion, ;ts that is wry little 
more than one-fifth of  he whole. 

The experitnerit was next repeated with fbmc 
impure dcphlogifiicated air; The air was very 
much diminiflicd, but without the leait cloud 
being produced in the limcmarer ; ncirher Ww 
m y  cloud produced when fixed air WAS let up 

P i  (0 
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to i t ;  but on the further addition of a little 
csuftic volatilc alkali, a brown ‘fediment was 
irntnediately perceived. 

Hence we may conclude, that the lime-water 
was faturated by fome acid formed during the 
operation ; as in this cafe it is evident,! that no 
earth could be precipitated by thc fixed air’ 
alone, but that cauitic volatile alkali, on being 
added, would abforb the fixed air, and thus be- 
coming mild, would inimcdixrelp. precipitate the 
carth ; whereas, if the earth in the limc-uater 
had not been farurated with an acid, it would. 
have been precipitated by the fixed air. As to 
the brown colour of thefediment, i t  moil likcly 
procceded from fome of the quickfilver having 
been diffolved. 

It mull be obfcrved, that if any fixed air, , as 
well as acid, had been gcnerated in there two 
experiments with the lime-water, a cloud mufi 
ham been at Grit perceived in ir, though that 
cloud would afterwards difappear, by the carch 
being re-diffolved by the acid ; for till the acid 
produced was fufficient to diffoivo the whole of 
the carth, fome of thc remainder would be pre- 
cipitated by the fixed air ; To that we may fafely 
C O ~ I C I U ~ C ,  that no fixed air was generated in the 
operation, 

When the air is confined by foap-lces, the 
diminution 



A N  E S S A Y  ON E L E C T R I C I T Y :  483. 

chinut ion proceeds rachcr fafier than when i t  
i s  confined by linre-water; for which redon; 
as well as on account of their containing fo 
much more alkaline matter in proportion to 
their bulk, iioay-lees fecmed bctter adapted for 
experimenta deiigncd to inveRigatc the nature 
of this acid, than lime-water. Accordingly 
fomc experiments were made, to detcrmi rie what 
degree of ptirity the air kould be of, in order 
to be diminithcd moit readily and to the greatefi 
degree ; and it was found, that when good de- 
phlogiRicated air was ufed, the diminution ,was 
but fmall when pcrfcCtly phlogiiticatcd air 
was ufed, no feniible diminution took place; 
bur when five parts of pure dcphlogiiticated air 
wcre mixed with tlircc parts of common airj 
almofi the whole of the air was made to difap- 
pear. It mufi be confidered, that common a i t  
colifiits of one part of dephlogiiticated air, 
mixed with four of phlogifiicatcd; ib that  a 
mixture of five parrs of pure dephlogilticatcd 
air, and three of comrnon air, is the fame thing 
as a mixture of feven parts of: dephlogiiticated 
air wit11 three of phlogifiicated. 

Having made thefe previous trials, introduce 
into thc tube a little foap-lees, and then let up 
forne dephlogifticared and common air, mixed 
in the above-mentioned proportions, whicli riA+ 

l i  2 fing 
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fing to the top of the tube M, divided the ioap- 
lees into it's two legs, as fail as the air was di- 
minified by the elcttric fpark ; continue adding 
more of the fame kind, till no furthcr diminu- 
tion takes place ; after which, a little pure de- 
phlogifiicated air, and after that a little common 
air, were added, in order to kc whether rhe 
eellation of diminution was not owing to foms 
imperfcQion in the proportion of the tQo kindo 
of air t0 each other, but without cffe&. The 
Fay-lces being then poured out of the tube, and 
feyarated from the quickfilver, fesmed to be 
perfeCtly naturaalized, as they did not at all dif- 
colour paper, tinged with the juice of blue 
flowers. Bcing evaporated to drynefi, they left 
a h a l l  quantity of fak, which was evidently 
nitre, as appeared by the manner in wkich pa- 
ger, imprepated with a folution of it, burned. 

Far more farisfdion, he Gried this experil 
menc over again, a larger fi'rale, About five 
times the former quantity of foap-Ices were now 
let up into a tube of P larger boae ; and a mix- 
ture  of drphlogiilicatcd and common air, in the 
fame proportioris as before, being introduced by 
the apparatus rrprrfented in fig. 9, the fparii 
was conrinucd till no mope air could he made 
to difappear. 'The liquor, when poured out OF 
rhc tube, finclled evidcntly of. phlogifiicated 

uitrows 
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nitrous acid. This falt was found, by the man- 
ner in which paper, dipped into a blution of itj 
burned, to LE true nitre. It appeared,’ by the 
tefi of terra pondctofa blita, to contain not 
more vitriolic acid than the foap-lees themfdvek 
contained, which was excefively little ; and 
there is no reafoir to think, that any other acid 
entered into it, except the nitrous. 

A circumflance, however, occurred, which at  
firlt feerned to mew, that this fak contained 
fome marine acid ; namely, an evident precipi- 
tation took place, when a folution of filver wag 
added to Come of it diffolved in water; though 
the foap-lees ufed in it’s formation were per- 
fenly free from marine acid, and though, to 
prevent all danger of any precipitate being 
formed by an excefs of alkali in it, fome puri- 
fied nitrous acid had been added to it, previous 
to the addition of the Colution of filvcr. On 
confideration, however, he fidpccctcd, that this 
precipitation might arife from the nitrous acid 
in it being phlogifticatcd ; and therefore tried, 
whether nitre, much phlogifiicated , would pre- 
cipitate filver from it’s folution. For this pur- 
pore, he expofed fomc nitre to the fire, in an 
carthen retort, till it had yielded a g o d  deal of 
dephlogiiticated air ; and then having diffolved 
ft in water, and added to it fome well purified 

l i  3 fpirit 
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fpirit of nitre, till it was fcnfibly acid, i 
to be certain that the alkali did not p 
pate, lie dropped ipto it fome iolution of filver, 
which immediately made a very copioys preci- 
pitate. This folution, h,owever, being depriYe4 
pf iomc of i t 's phlogiiton by evaporation to 
dryiiefs, and expofure for a few weeks to the 
air, loit the property of 
from ir's fdution; a proof 
depcnded only on it's phlogifl-ication, and no! 
011 it's having abfoorbed fca falt fiom the retort, 
pr by any otbcr means. 

Elcnce it is certain, thpt nitrc, whcn puch  
phlogilticayd, is capable of making a prccipi, 
p t t e  with a folution of. Giver; aiid therefore 

3 1  

tiitrc, prcvious to droypiiig 
that the acid it1 i r  w 

the attention of chemi 
The propcrty of phlogillirated A I  1 nitre ip  

fhey'may foornetimcs bc led into miflake$, in in- 
ycfiigaring the prdcnce of iriarinc acid by + 
fjllution of iilvcr. 

In 
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In a former paper Mr. Cavendifh has afferted, 
that when nitre is dctoqated with charcoal, the 
acid is converted into phlogilticated air ; that 
is, into a fubilance ~ I i i c h ,  as far as he could 
perceive, poKiKes all the properties Qf the phlo- 
gifiicqtcd air of our atmotphere: from which 
lie concluded, that phlogiiticatcd air is nothinq 
elre than nitrous acid uniccd to phlogiiton. Ac- 
cording to this conclufion, phlogiiticatcd air 
ought tp be reduced to nitrous acid by being 
deprived of it's phlogiiton ; but as dephlogifii- 
csted air is only water deprived of pljlogiiton, ir; 
is plain, that adding dephlogifiicated air to q 
body, is equivalent to depriving it  of phlogif- 
ton, and adding water to it;  and therefore 
phlogifficatcd air ought alfo to bc reduced to 
nitrous acid, by being mad!: to unite to, or form 
a cliemical combination with dephlogifiicated 
air; only the acid fwmed this way will be more 
dilute, than if the phlogiflicated air was limply 
deprived of phlogilton. 

This Isping premikd, we may f'dfely cpnclude, 
that in the prefent rxperiments thc phlogiftica- 
t.ed air was cnablcd, 'by irieaps of the cleLkrical 
fppark, to unite to, or fixm n chciiiical corrrbi- 
nation with the dcphlogiiticatcd air, and uas 
thcrcby reduced to nitrous acid, wl$cIi unitcd to 
bhc {oap-kcs, and formed a folution of' nitre ; 

J i  4 fay 
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for in thek experiments thok two airs acrtually 
gifappearcd, and nitrous 'acid wqs aAually 
formed in their room ; and as, fnoreover, it has 
ju i t  been flicwn, from other circumfiances, that 
ghlogifiicatcd air muR form nirrous acid when 
combined with dcphlogiiticatcd air, the above- 
mentioned opinion feems to be filficiently &a- 
bliihed. A further confirmation of ir is, that  
as far as we can perceive, no diminution of air  
i s  ptoduced when the cleCtric fpark is paired, 
either through pure dephlogiiticated air, or 
through petfcflly phlogiiticated air; which in- 
dicates the necefity of a combination of there 
t w o  airs to produce the acid. Morcovcr, it 
was found in thc lait experiment, that the quan- 
t i ty  of nitre procured, was the fime that the 
hap-lees would have produccd, if faturated 
with nitrous acid ; which ihews, that the pro.. 
dtn!3ion of the nitre was not owing to any deT 
CDmpofition of the foap-lees. 

7'0 itlullrate the procerb: of atmofpheric ex? 
plofions, qs far as relates to the influence of 
pow cr fii I el c&rical at mo fphe res : 

Let tyo flips of gold Icaf, or rather white 
Qutch metal, be faftened to a brafs ball fuf- 

pendcd 
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pended by a filk firing, or other infulating fub, 
fiance : bring the brafs knob of a chhrged bottla 
towdrds rhe yoinrs of the metallic flips, till they 
become charged with elel‘tricity, which Wit1 
caufe them to be repdlcd each way from the 
knob of the bottle, and itand as in plate I. 
fig. 2 1  : continue to hold the bottle in the 
fame poiition during a few feconds, and one of 
the flips will bend towards the knob of the 
bottle, fig. 21, and itrike it  fuddeiily, then it 
will Itand repelled till it’s cle6ricity be again 
difipated; in this manner ‘it will continue to 

ycpeat the ftroke as long as a fiflicient quantity 
pf elcAricity remains in the bottle, unlefs the 
;lir be very dry, and then this experiment may 
fail, which with me has only happened twice. 

The moil common apparatus hitherto ufed, 
has chiefly confiited of high pointed and iniulab 
tcd conducing-rods, or wires, extciidiiig fiom 
the placc ofobfcrvatio~ to the top of ntr high 
building or fiecple, and connetled with an elcc- 
rrvmeter ; or the h a l l  arid infcnfible commuiii- 
cations of ele&ricity have hcen collecled by 
weans of Mr. Volta’s coiidcnfer. But thefe 
inflruments are gcncrally either not fuufficicntly 
fentible, or they can only ihew the itatc of at- 
pofppheric elearicity at iiuervals ; whence the 

obfcrvcr 
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pbkrver ldes the opportunity of watching thg 
mompntary and interefiirig change which hap, 
pens in feveral fiates of the atrnofphere, efpe, 
cially during the paffage of thunder-clouds. 

It has bgeh found that the flame of a candle 
was vqry ufeful in rendering the atmofplicric 
cleAricity Cepiiblc when i t  could not be per- 
ceived by means of points ; this it probably does, 
becaufc thc effluvium of the candle, *which is of 
a conduc'ting nature, becomes combined with 
air, Eo as to form a very complete union ; and 
as the rarefied air, fo combined with phiogiitic 
cMuvium, rifes upwards, it is continually fuc, 
cceded by a frefli quant i ty;  and hence the ap- 
paratus has the opportunity of abforbipg clec- 
tricity much morc copioofly than the fliarpcfi 
points. Confidering this advantagc, Mr. Ben- 
net provided a dcal rod abmt 19 fcct long, fee 
pl. 1. fig. IO, and after the iinaller end was 
wcll dried, it was fallencd into a long tinncd 
iron funncl with cement, fo tha t  the funncl did 
no where come within haif an inch of the end 
of thc rod ; by this means it is ltcpt dry, and the 
funnel is not Eo liable to be accidentally broken 
off as if it was infulated by mcans of glafs. At  
the final1 end of the f u n d  is fuul'pcndcd the ring 
pf a chain, which i'uyports a Eiiiall lantern, con- 

taining 
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taining a lighted candle: to the lower and 
broad edge of the funnel, a foftencd brafs wirs 
i s  fdfiencd, which is about the length of the 
whole rod; and the lower end is hooked to OL 

fniall ring, ticar the h c k  eqd of the rod, char 
the wire may not be liable to accidents when the 
intlrumcrit is taken down. When this appa- 
ratus i b  ukd,  a window is opened in thc highefi 
rooin of the houfe, and the rod is placed upon 
one ftrong nail, and undcr another, on one fide 
of the cafemcnr, io that the lantern is elevated 
about 50 degrecs. Ncar the place to which the 
rod, is +ifiencd is a hole in the window-frame, 
of fuflicient width to receive a tube of glafs 
covered will1 fealing-wax, on the end of which 
js a bent wire: the hook of the brafs wire is 
then taken from the ring, and hooked upon this 
infulated bent wire, which itands at a proper 
hcight to be conneCted with thc cap of a gold 
leaf' elcLh-omerer, itanding upon a board under 
the wire'; aiid that the brafs wire may not be 
too much agitatcd by the u i d ,  a ball of lead is 
hung upon it. In this fituation, it is plain that 
lghe atmofpheric elcltricity colleLked by the 
candle will come down ;he brafs wire, and be 
communicated to the  cap of. the elettrometer, 
pr to any other initrument, But as it  very fcl- 

dotn 
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dom happens that the gold leaf docs not diver@ 
when this apparatus is elevated, there is little 
occaiion to makeufe bf q condenfer or doubler, 
or even of a candle, when thcrc are large 
cbudspfing 6VW, or rain falling, 

CHAP? 
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OF MEDICAL ELECTRICITY. 

H E  Abb6 Nollet fays, that he remised T more pleafure when he difcovercd that; 
$he motion of fluids in capillary tubes and the 
infenfible tranfpiration of animated bodies were 
augmented by ele&ricity, than by any 0 t h  
difcovery he had made ; becaufe they feemed to 
promife fuch abundant advantages to mankind, 
when properly applied by a fkilful hand. But: 
how much would this pleafure have been aug- 
mented, if hc had lived to fee his hopes rea- 
lized, and this branch of elearicity obtain the 
fame medical certainty as the bark in inter- 
mittcnts ? 

dicine which has proved beneficial to mankind, 
tlct&ricity met with much oppofition from the 
intereited views of fome, and the ignoqnce of 
others; has been treated with contempt, and 
injured by mifplaced caution. I ilia11 rccom- 
mend to thofe who thus oppofe it, not to con- 
demn a fubjeA of which they are ignorant, but 
to hear the caufe before they pais fcnrence; 
to take fomc gains to underitand the nature of 

eledtrici ty ; 

It is true, that like every other fimpJq 
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ele&ricity; to learn to make the cle&rical m& 
chine a& well, and then apply it: for a few 
weeks to fome of thofe diforders i n  which it  has 
been adminifiered with the greateit ifuccefs i. 
and there is no doubt but they would roan be 
convinced, that it deferves a difiinguifhcd rank 
in~medicine, which is the offsprhg of p 
foyhy. 

The  fcience of medicine and it's pra6litioner.s' 
have been reproached with the initability and 
fluchations of yraAice ; at one time cold as thc 
ice ar Zembla, at another hot as the 'Torrid 
Zone ; that they are'led by fafhion, and influ- 
enced by prcjudice. On this ground it has 
been predided, that however great the benefits 
which may be derived'from ele&ricity, it would 
fiill only lafi for the day of fafhion, and then 
be configned to oblivion. I mufi confers, that 
1 cannot be of this opinion, nor cafily led to 
think a fet 6f men, whore judgment has been 
matured by learning and cxperiencc, will cvcr 
negleQ am agent, which pIobnbly forms a 
moil important part of our conititution. Elec- 
tricity is an atlive principle, which i s  neither 
generated nor deitroyed ; which is every where,, 
and always prefent, though latent and unob- 
fervcd; and is in motion b y  night and day, to" 
maintain an equilibrium that is continually vary- 

ing,. 
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ing. To give one infiance, among many, it ha& 
been flicwn, that thc rain tliat defccnds in a fiorm 
is ftrongly iiiipregnated with clcCtricity, and 
thus brings down what the heated vapours car- 
ried up into the air, till the deficlcncy of the 
earth is fupplied from the fupcrfluity of the 
heavens, A variety of other caufes concur to 
vary continually the equilibrium cf this h i d  ; 
as the perpetual inteltine and ofcillatory motion, 
which conrributes fo much towards carrying on 
the operations of nature. Furlher, if a parti- 
cular portion of this Auid is diitributed to every 
fubitangg, then every alteration of it’s capacity, 
which is continually changing by heat or cold, 
muft move or operate on it, 

As heat, or fire in Iz&ion, is the firft: mover 
in  the aniinal machine, and the chief aL%ve 
principle during it’s cxiitcnce, and as eleoricity 
exhibits To many pheenomens, which cannot be 
diitinguiflied from thofe of fire, we are nacu- 
rally led to conceive high ideas of the impor- 
tance of this fluid to mcdicine. Though the 
vital itate of it is not to bc citimated by thc 
degree of heat, abitla&cdly confidered, bccaufc 
the degree of heat only afccrtains thc quantity 
which is aahg in a peculiar manner. 

It is known that this vivifying principle haftens 
thc vegeratioll of plants. Myrtle-trccs, which 

I wcre 
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were elcarified, budded fooner than orhers of 
rhe fame kind and h e ,  and in the fame green. 
hade. Seeds, daily cleArified, have fiot up, 
and grown more in three or four days than others 
df the fame kind, and alike in all other circumd 
fiances, have done in eleven or twelve days, 
In the fame manner Mr. Achard has Chewt~, that 
i t  may bi ufed as a fupplement for heat, c9 
hatch the chicken from the egg. The fuppo-r 
fition of an ingenious writer is by no ineans im- 
probable, that the vegetating power which is 
operating during thc whole year in evcr-greens, 
may arife from there trees having more reiin 
in their cornpoiition, than thofe whofe leaves fa11 
in autumn, by which they are enabled to attraet 
,and retain thofe juices which give them their 
ContihtMlt verdure, and fupply; in fome degree, 
the abfence of folar heat. This may be inferred 
from their natural properties, and is coilfirmed 
by the itrong eleEtric power pofTeKd by their 
leaves. The fame writer t t h k s ,  that the fluid 
colledled in  our cicdtrical experiments is only 
thofe folar rays that have been difpcrfed in, arid 
are arreited by the earth 8 an idea Nhich IY 

flrongly corroborated by the obfervations made 
on atmofpherical elc&ricity, and by the dcdtic- 
tions which have been made from the relafivc 
affinities 0f fire, light, and heat. 

T 11 e 
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Tlk agency of this fluid, and it's cxifience in 

auimnied nature, has been fu l ly  provcd by the 
oxperimcnts that have been \Made on the torpedo 
and the gymnotus elcLlricus ; for the iimilitude 
cltablilhed between the clettrical fluid of [lie 
torprdo and that of natiirc at large, is fuch, 
that, in a phyiical fcnfe, they niay bc confidered 
as precifely the iiinc. Mr. Hunter has well ob- 
i'erved, fays Sir J. Priirgle, and I think he is the 
f i r i t  who has made the obfervation, that the 
magnitude and nunhcr  of the ncrves beltowed 
on thofe ciedtric organs in proportion to their 
h e ,  mull appear as cxtraordinnry as their eifedts ; 
and that, if' we excepr the important organs of 
our fenfcs, there is no part, even of the moff 
pcrfefl animal, which, for it's iizc, is inom 
liberally fiipplicd with nerves than the torpedo: 
nor yet do there nervcs af the elettric orgqns 
fecm neccE\ry for any fenlition that can bcloiik 
to them: and with rcfpekt to aeion, Mr. Huritcr 
obferves, that therc is no part of any animal, 
howcvcr flrong and conitant it's aQion may be, 
which enjoys ib large a portion of them. If then? 
it be probable, that thefe nerves are unneceihry 
for the purpok either of fcnfation o r  altion, 
may we uot conclude, that thcy are I'ubfcrvient 
to the formation, collcaion, and mnnngcmcnt 
of the clcttric f lu id  ? efpecially, as i t  nppcars 

K k  Srom 
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from Mr. Walih’s experiments, that the will 
of the animal commands the elec‘tric powers 
.of it’s organs. I f  thefc rcfledlions are juit, .we 
may with fome probability forctel, that no 
difcovery of confequence will ever be made by 
future phyiiologifis concerning the nature of 
the nervoas fluid, without acknowledging the 
lights they have borrowed from the experi- 
inents of Mr. Walk upon the living torpedo, 
and the diffellion of the dcad animal by Mr. 
Hunter. 
A variety of curious fads clearly evince, that 

the e1cCtric fire is cffcntially connellcd *with the 
,human frame, and is continually exerting it’s 
influence ,upon it. Add to this the eafc with 
which the natural equilibriuni is dcftroyed, and 
IVC may readily conceive, tha t  any alteration in 
ithc quantity or intenfity of adion of this pdwor- 
ful fluid will produce correfponding changes in 
thc habit or health of thc body. The following 
is a rernarkablc infiance of rhc agency of the 
fiiiid in the human fiaiiic, and of the eak with 
which it is put in aCtion. Mr. Brydorie men- 
tions a lady, who, on combing her hair in frofty 
weather i n  the dark, had fomctimes obf‘rved 
$parks of fire to iffue from ir ; chis made him 

think 
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think OF atternping to colletfl die ele&ricnl firc 
from hair alone, without rhc affittance of any 
ather eleQrical apparatus. To this cnd, he 
detired a young lady to Rand on wax, and comb 
her iiltcr's hair, who WQS fitting in a chair before 
her; foon after' f i e  lud bcgun to cotnh, the young 
lady on the wax was furprifed to find her wliolc 
body ele&rified, and darting out Qxwks of fire 
againit every objclt. that ripproached her. Her  
hair was itrongly clefirical, n ~ i d  affeficd nn 
elcltroincter at n confiderablc diltance. Me 
charged a rnetallic condudlor from ir, and id 
the fpace of a few minutcs cnlledlcd rt fufficicnt 
quantity of fire to kindle comiiiai Qirics, and$ 
by means of a finall jar, p v c  many fnar t  ltrokes 
to all the company. 

Mr. Cavallo obtaincd, h y  nieaiis of 4 fniall 
condenfing plate, very iknfible figiis of ckfiricity 
from various pnrts of his own body, and tho 
head of altnolt any other perron, 

When the difcoveries in this fcicnce, fays Mr. 
Brydone, are furrher advanced, we may findl 
that what we caII fcntibility of nerves, and many 
other difeafes, which are known otily by named 
are owing 10 the bodies being polTcffcd of toa 
large or tvo h a l l  a quantity ofthis fiibtle fluid, 
which is perhaps the vehicle of all our feelings. 
I t  js  known, that in damp and hazy weather, 

K k 2  when 
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when this fire is blunted and abforbed by rhe 
humidity, it’s aaivity is leffcned, and what is 
colleCtcd is Toon diflipated ; then our fpisits are 
more laqguid, and our fenfibility is lefs acute. 
A d  i n  the fierce wind at Naples, when the air 
fecrins totally deprived of it, the whole fyilem 
is unitrung, and the nerves fccm to lofe both 
thcir tcniion and clafiicity, till the north-welt 
wind awakens the a&ivity of the animating 
power, which foon rcrtores rhe toile, and enli- 
vens all  nature, which fcemcd to droop and 
languiili in it’s abfcncc: nor can this appear fur- 
priling, if it is from the different itate of this fire 
in thc human body, that  the firi&urn and laxum 
proceeds, and not from any alteration in the 
fibres themfelvcs, or their being more or lefs 
braced up, (aniong which bracers cold has bcen 
reckoned one,) though the mufcular parts of an 
aniriial are morc braced when they are hot, and 
~ ~ l a x c t l  when they arc cold. 
MI.. Jidabert and Profiffor Sauffure, when 

p d h g  the Alps, were caught among thunder- 
C ~ O L I ~ ~ S ,  and found their bodies full of eletitricd 
file ; $oiiraneous flaflm darting from their 
fiiigm, with a crhckling noire, and the fe&- 
tions they fclt were the famc as when itrongly 
electlifird by art. It i’eems pretty evident, that 
thofc liclinga were owing to their bodics con- 

t a i n i ng 
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tainiiig too grcat a fliare nf cleArical fire ; and 
i t  is not improbable, [hat many of our invalids 
oue their fcciings to the oppoiite caufe. 

T h e  perpetual cledtricity of. thc atmofphere 
is no loiiger a prohlcin : the exiitcncc and con- 
tinual agency of i t  111 that  mafs af air which fur- 
rounds our globc has bccn afcertaincd by pu- 
mcrous clcar and dccrtive experimcnts ; and it 
Lenis by no incans imprqjcr to infer, that this 
fluid cannot exifi i n  the atriiofphere without 
exerting a ccrtain influence on all the beiijgs 
contained in it, and principally on organized 
bodies, among which man holds thc highelf 
rank, 

EXPERIMENT CCXL.  -Pars the charge of a 
large j a r ,  or battery, from the head to the back 
of a moufc; this, if the fliock is fuufficicntly 
iirong, will kill the animal. After it’s death, 
makc the difcharge i n  the fame nianncr, and the 
fltiid will pai i  viiibly over tl?u body, and not 
through i t ;  evincing, that  the power or me-. 
d i u m  which tranfiuitred rhc Ihock through the 
aninid, is loit w i t h  it’s lif’c. l‘his expcrirnerit 
is taken from Mr, Cavullo’s rrcaLifc on medical 
clcfiricity. It’s irnpoi tance is Iklf-cvidciir, and 
it ccrtainly nicrirs a fiirthcr jnvcftigation by 
Fhofr who arc ncquaintcd with the aninid coo- 
jiorny, as ucl l  as clrcttricity, 

K k 3 A8 
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As the fcicnce of inedicipe knows of no fpBv 
Fjfic, ,fo \VI: are not p fuppofo, that eleclkity 
will triumph ,over every diforder to which it is 
?plied. It’s fuccefs will bc mort or lefs ex- 
tenfivc, according to the difpofition of the rub- 
jc&, and the talents of thofe who dkP& i t ;  it 
pannot therefore appear furprifing, that many 
difordcrs have bccn refraklory to it’s powers, an4 
.others have only yielded in a h a l l  dcgrck ; or, 
that the progrefs of thc cure has often been 

I ltoppcd by the impatiencc, or prejudice, of thc 
difeafcd: but at the fqmc time, it niuft  be ac- 
knowledged, I .  that even in it’s infancy, when it 
had to combat againfl fear, prejudice, and in- 
tereR,’ it’g jPccers was truly great : ye  liqv? 
furdy rhen the highefi reafon io cxpclt a con- 
fidcrable increafe of fiicccfs, now that it is cul- 
tivated and promoted ( 6  by profefional men of the 
firit merit. 

In’ a fliort: cduyfc of Ic&ure~ which were read 
on this hbjeLt lately by Mr, Birch, fomething 
like a fyfiem was thrown out for the contidera- 
tion of future elet7ricians. The application of 
Fleltricity to niediciiic was divided’ into chrcc 
forms ; iiamcly, thc fluid, tlitt fpark or friciion, 
and the fhock. ’ The firfi niodk hc confidered 
ro att as a fedativc, the fccond hc ranked under 
~ h c  titlc of a itiziiulrlrit., andvthc lait as B dcob- 

Itruenr, 

I 1  
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flruent. As the diRiriAions wcrc the rcfult 06 
many ex perimgnts and mur h obfer.vai.ion, they 
may fafcly be adopterd for the prefent, That 
gentleman being now engaged in the pra@icc of 
a great l d p i t d ,  whese his eled’trical expcci- 
rnents have already gained ibmc reputation, wc 
may hope the fcience will bc more univerrally, 
digufed, md bcjiig taught upder the cautious 
eye of public fcrutiny, we may trufi it’s nicritq 
will foon give it an efiabliflied rank in tho art 
of healing. 

In medicine, clcliricity is applicabk to palfies, 
rheumatifins, intcrmittcnts.; to fpafm, obittuc- 
tion, and inflammation. In ilrgery it has con- 
iiderable fcope for aQion ; whcre contralkions, 
and fprahs, tumours, particulatly of the glan- 
dular fort, waiting of thc mufclcs, and other in- 
cidcnts,, form a catalogue of vifible difcafcs as, 
diflrefling to the fight of others as to the patient& 
theinfclves. The gout, and the fcrophula, or 
king’s evil, two difcafes which have tormented, 
mankind, and been the dirgracc of medicinc to 
the yrefenc time, arc ranked among thofc to. 
which this remedy is applicable; and in the 
commencement of thc complajnta, I am inform-, 
cd, has bcen wonderfully fucccf’sful. To remove 
ill-placcd fits Qf the gout, it ihould fecm to bc 
a  mor^ rational applicatiqi than any medicine, 

K k  4 for  
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for it applies direCtly to the feat of the difeafe, 
wirh a power and rapidity unknown in phyiic, 
and perfectly manageable at difcretion ; and, ag 
it is a retacdy which applies to the undcritand- 
ing as well as to the feelings, . I  fhould think ir 
bettcr worth thc attention, and contemplation 
of men of liberal education, than the compound.. 
ing a medicine, in which they pface little fiith, 
or applying a plainer, in which they havc nonc 
a t  all. 

Thc fuccefi of ele&ric.ity, in relieving the 
Eufferings of mankind, hiis been contideriibly 
promoted, and it’s operations rendered moie 
rapid, fenfible, and cftjcacious, by applying it in 
different manncrs and qunntitics to the human 
frame. ‘l‘he modes formerly urcd werc the 
fhock, fpark, and fornctirnes, though very GI- 
dom, fimple e1cCtrification. Thefe modes arc 
now varicd, and [heir numbcr augmented. The 
iaream of the clcdric fluid mny,without a fliock, 
be inadc to pafs rhrough any part of the body; 
it may alfa be thrown 11p011, or extra&ed from 
any part, and it’s ac3ion in each cafe varied, by 
caufing the h i d  to  pafs through materials 
which refiR it’s paffage in diffcrcnt dcgrces; it 
m a y  be applied to thc naked intcgumcnts, or 
io the &in covcred with diikretic refifling fub- 
Aances ; and it’s power may bc rarified or con- 

denfed, 
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denfcd, confined to one fpot, or applied in a 
more diffufive manner, a t  the difcretion of the 
0pera:ar. 

The upparatus rieceJury for this pwpge is Jtptc ,  
+rid ro@Js of ihe,foilowitig arf ides : 

I .  An cleArical machinc, with an infulared 
cufliioii, properly conltrutted to afford a con- 
tinued and itrong ftrcntn of the eledtrical fluid. 

2. h flool with ii$ulating feet, or rather an 
arm chair fixed on a large infulati.ng-fiool. The 
infide part of the back of the chair flmulb move 
on a hinge, that it may occafionally let dmyn to 

electrify convcnicntly the back of the patient I 
the arms of the chair ffiould alfo be made longer 
t h a n  ufual. 

3. A Leyden bottle with an cldtrometer. 
4. A pair of large dircdkots, with glafs han- 

dlvs; and wooden points. 
5. A fcw glafi tubes of different bores, Tome 

of them with capillary points. 
TO thefc may be addcd, an univerfal dif- 

charger on a large fcale, a pair of fmall dircc.. 
tors with filver wires, arid a pair of infulating 
forceps. 

Fig. 93 reprercnts the dirc&ors ; the handles 
are ofglafs. A is a brafs wirc with a bull on it's 
end. The wire of one is bent, for the more con- 
veniently throwing the clerftric fluid on the eye, 

&C. 
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&c. The balls may be unfcrewed from th 
wires, a i 4  the wooden point U fcrcwed in it’s 
place, or the pointed cnd of the brafs wire may 
bc ufed. The direaors fhould always be held 
by that extremity of the glafs handle which is 
kthcft  frain tlic brat ,  and care fllould be taken 
that thc h a t  of the hand does not make them 
moil?. 
L and M, fig. 84, reprefent glafs tubes, 

through w hi& Iirrall wires are made to pais, r , ~  
convey the, fluid dircllly to the car or throat. 

Fig. 88 reprcfcnts another glak tube, of a 
larger iizc, the end of which is capillary; a 
Gndl quantity af rofe-watcr, or any other fiuid, 
is to be poured into this tuber then come& iz 
wiih the prima coaduAor hy a wire; turn the 
cylinder, and a fubdivided, gmk,  and refrdh- 
ing itream of this fluid may be thrown on the 
patient. 

Fig. 86 repreferits the elccZric forceps : fomo 
gentlcmen think it is a very convenient infiru.. 
monc for communicating a hock. Its ulc is 
evident from a ~ i  infp~x!tioii of die figure. 

8 Fig. 8 5  is the rnctlical bottle, fiirnilhcd with 
an1 cle4%romctet, KO liinit the form of the fhock, 
and enable the opcratsr tQ give a fuccelhe 
ntirpber of them-of the famc forcc, c i s  a bcllf 

Ilicce of glafs, on thc uppcr part of which is 
ccincntcd 
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cemcntqd a brafs focket D, furniflied with a 
&ring tube E;  the wire Zi nioves in this tube, 
fo that the ba!l C miby be fct at a convenient 
diftance from the ball H. The end I of the 
bcnt piece ot'glafs is alfo fwrniflied with a @ring 
tube, which flidcs upon thc wire K, communi- 
cating with the intide of the bottle. 

To ufe this botle, place the ball H in contalt 
with thc condudor, or conch thein togcther 
by a wire, and then chargc it in the ufual man- 
ner. Now, if a wire procceds from the ball L 
to the outGdc coating, thc bottle will be dif- 
,qliargSd whcnever thc fluid has acquired fuffi- 
cient forcc to p f s  through thc fpacc of air be- 
!wen. the two balls; coiifcqiicntly the fllock is 
itronger in proportion as the diftance between 
thc two balls is incrcafed. 

If is ,obvious, that when the eletlrometer is 
thus coime&ed, it ads in the fame manner 3s a 
common difcharging rod, atid forms the corn- 
municaicn between the outfide and the infide 
of the bottle; with this diffcrence only, that the 
$fiance of the end which is to communicate 
wish the intide may be limited and regulated, 

It has been found more convenient, tp fcpa- 
rate thc eleltrometpr from the bottle, and apply 
it  to the conduC?cor: fee in the frontifpiece to 
fJ,js Efiiy, whcre a, I ,  reprerents the ele8romc- 

ter, 



508 A N  ESSAY ON E L E C T k I C I T Y ,  

ter, c, d, the: Leyden bottle, ftfpcnded at a 
fmall diftance fro,m it ; a glafs tube E, f, is fixed 
in this bottle, a fmall part of the lower cnd of 
which is coated; two wires pars through the 
brafs ball C on the top of this tube, one of 
which gocs down to the bottom of thc exterior 
bottle, and touches it’s internal coating, the 
othcr only gocs to thc coating of the tube : thefc 
w‘ires m y  be removed a t  pleafure. The bottle 
fs to be fufpendcd to the conduQor by thc ring, 
and a chain or wire is to be fixed to the hook u’, 
qt the bottom., 

Fig. 1 I 9, pl, V. reprefetits the bottle dircc- 
tor, which is hollow and coated like a cotnnion 
bottle, altting in all refpcAs like onc, but is con- 
venient from it’s fliapc and fame other circurq- 
fianccs in  giving fmali flwcks. 

The handles of thc dircfiors fliould be care- 
fully dried, as alfo the bent picce of glafs C, 
and thol’c parts of thc bottlc whigh are above the 
coaring. It is likewifc nccefiiry to prefs thc 
crids of the dirchors againfi the parr, to convey 
the hock more readily: by conne&ini onc 
wire w i t h  a pofitivc condutlor, and the other 
with a negative one; o r  one with the bottom of 
a Leyden bottlc, and the other wi th  the elcQro. 
mcter ; the fliock or itream may bc conveyed to 
aiiy part, with  the greateft facility. It  is alfo 

cvidcnt, 
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evident, that a perfon may, by means oftwo di- 
reams, eletlrify himfelf with eafe, (or any pa- 
ticnr, convcniently) without the afliitniice of 
any other perron ; that is, hc may turn the ma- 
chine with onc hand, while he is receiving the 
fluid, or the fllock. But this may alro be 
readily efteded, by faficning a wire to one of 
the condudtors, and pinning the ocher end of it 
to one extremity of the part through which you 
intend to pals the fliock, or convey the fluid; 
rhcn conix& a dircftor with the other conduc- 

part. If the fituation is fiich-as to occafion the 
wires to touch the table, pars a fmall glafs tube 
over them, which will prevent a difipation oE 
the fire. 

tor, and hold it to the % ther extremity of the 

Firlt, By mcrely placing the paticrrr in  an 
irifulated chair, and conneCting him with the 
prime conduAor ; when the machine is in ac- 
tion, hc will be filled with the elecZric fluid, 
which will bc continually difiyated from the 
poiiits and cdgcs of his cloarhs : and though the 
cAi.Qs of this arc probably too flow to be reit- 
dcred very advantageous, yec a fedcntary perron 
might pcrliaps deriva fame benefit from fitting 

in 



510 A N  ESSAY ON E L E C T k I C I T ~ .  

in an inrulated chair, having before him ai1 its- 
fulated table; the chair to be conncaed with 
the ball of a large charged jar or battery, by 
which means a filial1 quantity of the fluid will 
be continudly pafiing through thofe innumer- 
able capillary vcffcls, on the right itate of which 
our health lo much depends. 

2. By lhroreting the Fluid upon, or extuiltlinx it from 
a Paifcnt, 6y Metrris fl a wooden Poitir. 

This may be e f fdcd in a twofold manner: 
~ft, By infulating the patient, and connetting 
him either wit41 the cuihion or the pofitive 
prime conduEior, the operator prefenting the 
point. 2nd, Let the patient fiand upoir the 
ground, and the wire of the diredor be con- 
neEted either with the pofitive or negative parts 
of the machine. The fenfation produced by the 
fluid wfien atting in this manner, is mild and 
pleaiing, refeernbling the foft brcczes of a gentle 
wind; generating a gcnial warmth, and pro- 
moting the fecrction and difipation of tumourr, 
inflammations, &c. 

3. By the E!eflsic Friflion. 

Cover the part to bc rubbed with woollen 
The p t i c n t  may be leenced in 

an 
clgth or flwncl, 
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an infuulnted chair, and rubbed with the ball oFa 
dire&&r that is in contatt with the toftdudlor : 
or he may be connctted with the condu&or, 
and rubbed with a bra& ball which hcornmuni- 
Gates with the ground. The frillion thus pro- 
duced, i 6  evidently more penetrating, more at- 
rive, and niox powertul, than rhat which is 
communicared with the flefli bruih ; and thece 
is, 'I apprehcnd, very link fcar of being thought 
too fanguine, if 1 affcrt, that  this, \vhcn ufed 
but for a ~ ~ F C W  minures, will be found ma* e%- 
cacious than the other, after fcvcral hours ap- 

1ication.--1Xlccctricity applies here with pecu- 
ar propriety to fpafm, pleurify, and fome itagcs 

of the pnlfy, and in cvrrv cafe anfwers the end 
of bliftering where the k c h a r p  is not wanted, 
being the riioft fbfc axid powerful iliiiicilant H'C 

know. 

4. By tnkiig flratg. Sparks f i o w  ~ b c  Pafiefit. 

Here, as in evarysocher cafe, the operator mqy 
coiinc& the b ~ l l  of the dirccctor with the pofitivc 
or negative condutlor, or hc may conne& thc 
patient with either of thcfi,and the ball with the 
ground; now it is clcnr from what has bear 
already laid down, that if the dirdior bit con- 
ncAed with the pofitive coiidufior, thc fluid it;, 

thrown upon the patient, if with the cufiiioa 
I the 
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the fluid is extraQed from him, Let the pa- 
tient be infulat'ed, and the aaion is in iome 
meafure reverred ; if he is joined to the negative 
condu&or or cufiion, he will receive a fpark 
from a perfon Randing on the Aoor;f but if he 
communicates with thc poiirive condudlor, he 
will give the &ark to the perron on the ground. 

5.  By cauing a.Cwrent of the EleE3rTc Fltlid IO 
paJ from one Part &/he Body, and thus coi& 

ning and coNlentratiizg i r ' s  Operalion without 
coirrmunicating the Shock. 

Place the patient in an infulated chair, 
touch one part bf the body with a dire 
joincd to a pofitive condudor; then with a 
brafi ball communicating with the ground, 
touch another part, and whcn thc machine is 
in altion the fluid will p f s  through the re- 
quired part, from .the conduaor to thc ball; 
the force of the itream will  be different accord- 
ing to the ffrcngth of the machinc, &c. Or 
connett one dircQor with the cuihion and the 
other with the poiitive conduQor, and. apply 
thcfe to the part through which the fluid k tw 
pars, and when the machine is in adtion the 
elegricity will pars from onc ball to the other. 
3t is nor necefiary to infulate rhe patient in this 
cafe. 

6. By 



6 .  By the Sbork. 

Which w a y  be givcn to any part of ‘the h h a n  
body, by introducing that part of the body into 
the ’circuit which is made bctwcen th‘e ourlide 
and infidc of the bottle. This is c~nvenicntly 
eEc&ed, by conne&ting one direQor by a piece 
of wire with the cleQromcter, and the other 
with the outfidc of the bottle; then hold the 
djrec?.ors by their glars handles, and apply thc 
balls of them to thc extrcliiity of the parts 
through which the fliocks are to be pnffcd. ‘The 
Eorce of the hock, as we have already obfervcd, 

ugmentcd or dirninilhed by incrcafing ot: 
lcffening the diitnnce bctwecn the two balls, 
which mufi be regulntcd by the opcrator to the 
itreiigth and knfibility of the patient. When 
the little bottle with thc glafs tihe is ufed as 
common bottle, both wires arc to bc left therq 
and the ilmcli is comrnunicaccd by two dircc- 
tors, one conncecd w i t h  the Lottoin, the other 
with the top by means of the elccctrometcr. (See 
the plate facing the title-page of this Eifay,) 
Tha operator wi l l  often find himfelf cmbarraKcd 
in giving final1 fliocks, the fluid p a h g  from 
the condudlor to the ball of  the eleklioineter, 
inftead of going through the circuit he deiire$ : 
when this happens, which may be known by the 

L1 chat re r ing 
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chattering noire of the fpark in pafing to the 
ele&trometer, the rcfiitaiice formed to the d iL  
charge is To great, that the fluid, cannot force 
it's way through the circuit; to rcmedy this, 
and lcircn the retiitatice, pars two metallic pins 
through the cioathing, io that they may be in 
contadt with the fltin, which wi l l  lefikn the refif- 
tance, and condtdt the fluid. 

'I'his, is effeded by taking out thc long wire 
from the frnall mt:dical bottle, and leaving the 
fliorter onc which is conncEkd with the tube in 
it's place, the dircttors to be conrieAed and ufcd 
as bcforc. I J ~  IcKeniiil; this vibrator): fliock the 
elcAronictcr may be drawn to a much greater 
diflaticc; for the rapidity with which the chargc 
of thc bottle fends forward the chargc of the 
tubc, is f'uflicirnr to overcome the refiffance of 
a largc body of air. The  riWt of this f'wics 
of JhocI;, if it may be called one, is to produce a 
great vibration in the murcular fibres, without 
iriducing that pungent feiiktion which the fliock 
efl't.ci)ts. It is thcrefore applicable ro fome itagrs 
of p d f y  and rheumatifm ; it may dfo ferve as 
a n  ai crficiaf nicaris of exercifc. 

8, By 
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Infulate the paticnt, and place the ball g iri 
tont& with him, b y  which incans this direAor 
is charged. Now if a wirc is convqcd from the 
bottom of this to the top of another dircQor1 
the bottle direttor, fig. I 19 ,  plate V. will be 
difchargcd wlienevcr the ball h is brought in 
conra& with thc patient, To that by bringing it 
down with rapidity any numbcr of finall fliocks 
h a y  be procured in a minute. Or eonnc& the 
infulated patient with the top of infiae o f a  large 
charged jar, arid then this apparatus ufed in  the 
foregoing manncr will difchatge from the large 
jar, a t  each $lark, it's own coiiteiits, and by re- 
petition difcliarge the whole jar ; thus a number 
of ihocks inay be givcn without' continually 
turning the n ixhim,  or employing an afifiant. 

ConncCt a direliar, by means tjf a wife, with 
the ball of a Leyden jar; chargc the jar eithcr 
complctcly or partially, and then appiy the ball 
or point of the conduL'tor to' the part intended 
to be cleCtrified, and the fluid wliich was coni. 

I , ]  a derrfcd 
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denfed i n  the phial yiI1 be thrown on the part 
in a dcnfe flow firearn, attcnded with a pungent 
f&kion, which produces a covfiderable degree 
of wgrmrh. If a wire tbrtt communicates with 
.the gr0vy.d is placed oppfite $9 the .end of the 
$ire&or, tb,e paffage ofrhc fluid will be rendered 
more yapid, and the fer)farion fbonger. Or in- 
fulqc the patient, m n n d t  him with the top of 
a jar, charge this, and then apply a metal wire 
pr piece of yood to the paFt tfirouih yhich you 
mean to makc the fluid p&. It ie ubvious, thar 
in this cafe tlic circuit between the infide and 
the outiide of the jar is not compIeKcd, there- 
hrc  the ihock will not bc felt. The condcnfcd 

s in a dciifc flow fiream through the 
rcquircd part, while the outfide acquires a rift 

ficient quantity from ful>ftatlcas near i t  t~ re.. 
itore the cquilibrium. 

is in all cafcs iiiolf advifaable to begin with 
the more gentle operations, snd proceed gra- 
dually to increak the forcc, as the ftrength and. 
coiifiitution o f  the patient, or the nature of t.he 
diforder requires. 'I'he ftream from a wooden 
poinr, a wooden ball, or brafs point, may bc 
firit: ukd; fparks, if ncceffary, may then be 
taken, or final1 ffiocks given. 
In rheumatic cafcs, the eledric frittioii 'is 

gcnerally ufcd. If the paiiis are local, fmalt 
thockr 

5.16 
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fl~ocks may be given. To relicvc the tooth- 
ach, very friiall fhocks may be ,paiTcd through 
the tooth ; or, covcr the part nffe&.ted with flan- 
nel, and rub it with a direAor communicating 
with the machinc. 

In  inflammations, and other diforders of the 
eyes, the fluid fliould bc thrown from a wooden 
point: the fddt ion  hcrc produced is that of 
a gciirle cooling wind ; but, at the ramc time, 
it gcneratcs a genial u-arriith in thc part affe&ed. 

In palfcs, the cle&ric friction and finall ihocks 
are adminifiered. Strcams of the fluid fllould 
always be madc to p a t  through the af-fec'ted 
part. 

In a former edition of this Work, I men- 
tioned that the ele&trical operations carrying on 
at a great hofpital, under the direEtion of Mr. 
Birch, had even then gained fomc reputation. 
And I ventured to exprefs my hopes, thar the 
Ecierice being taught undcr the cautious eye af 
public fcrutiny would be inore univcrially dif- 
fufcd, and that it's inelits would foon give ir an 
enabliflied rank i J i  the art: of healing. Thai 
rhcfe hopes are fuliy realized will,  1 think, be 
cvidenc from the  following letter on the fubjedt 
of' rnedical eletlricity, with which I have bcrri 
favoured by Mr. Birch. 
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L E T T E R  
T O  

Mr. G E O R G E  A D A M S ,  

F R O M  

Mr. J 0 1-3 N 3 I R C-H, Surgcoa. 

S I R, 
H E  pains you have taken to diffufe a T gcneral knowlcdgc of elcariciry, and the 

unremitting attention you have paid to the im- 
provemetits of the appafarus, claim the appro- 
bation of cvery one, whofi itudy has been di- 
redled GQ the fcicnce. I alii happy in an oppor- 
tuniry of tefiifying how much the f'uccefs of my 
pracSticc has been owing to rlic expertnefs with 
which you h a w  remedied thc defeib I fi~und in 
the machinc, as they have prcfcntcd themfclvcs 
,TO me in the coude of I T I ~ ~  expcrience ; for with- 
o u t  ybur aid I fhould, like many others, have 
h e n  tirqi out by.thc iiiefficacy of the iriitrul 

L14- 11 I cn t, 
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mcnt, though I ihould not, like them, have 
condeqncd the art for the faults of the a@. 

The pub& have a right tp expet9 from m e  
fomc account of the,,jefult of t h d c  gxperiments 
in medical elekicity, which 1. hav? npw been 
p o r e  than twelve years engaged in, gnd in 
which I could n y e r  have To invariably perfiit, 
ed, had I pot found ic in many cafes exclu~vcly 
prninent aLd cficacious; for if it applied only 
to fuch difeafer as werc curablq by other means, 
it would, I am fcnfible, avail littlc in praRicc : 
but-it's qeri t  is, thaf i t  often apbrds relief where 
every othcr hope is Ipfi, and fidvcs thp noble art 
of furgcry from the opprobrium O f  amputafion, 

It was not till qfter feveral ycars expeyience,that 
CJ in ply ownpind  a fyfiernarifipg fram, 
ns on difcafe ; this fyitep>, wjrq the re- 

fu l t  of continued obfervation, and as it has en- 

np,objcRjog JO, add. it to your 
ufcful Effay ; and to illufiratc it by a Ceria of 
$cs, which will enable the reaper to judge a€ 
thc * .  truth or deccptjori of it., If i t  fhould in- 
d ~ c ~ c  thde who may have$ t a k n ,  lip the prac- 
fke'wjthout a fuflicient knowledge of thcfub: 
j e t $  to refurne it on better grounds, I will vcm- 
t u x  to ray, i t  will anfwcr * *  their expelkations, 
providcd I .  thfy ar,:, inaecrs of the infirument, 

a 114 

me to tcach the praAicc p m  
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and arc acqqainted%itht the: caulk. and: feat df 
d if&ics 

'1'13s applimtiuns of tha. e1cLti-k fluid M. thw 
gj i fcaf~  of: the human: body- may be all{ corn- 
prkcd under three, heads : tht firR, under thc 
form of radii,, wh? prajeaed. from a point. 
The feconcj, under die. form of a, fp,ark, when. 
many of tlicfe radii am csncentrcd on#a ball:$ 
ad the third, under- thk,,of &lOh~j when 
nmny of.thde;fparks are condenfed in.a Leyden: 
jar. Now to, each, of thde heads a fpccifio ac.. 
tion belongs.: the firft, or fluid fiatc, a&s aspa 
fqletive; thc faond, concentrated flatej a8 a 
fijniulant; and the lalt, condenfed itate$ as E 

deobfiruent. 
' Under thefc three plain intentions, ,I apply. 
deoricity to difcafe, being guided abyanatomy, 
tQ the. di.frin&ion of, lacal, from conflitutionai 
cpmplaints; in che+formm+ of 'which I:truR.?to 
i t ' s  power fimply t and in the latter, join the aid' 
ofche,phyiicjan avd his art. 

The apparatg8 J ,havc,aUd rcduoed to a fimplo 
farm, contifling. of a moderatc.-fised~(cylindcr,l 
copdUR4ri and Leyden jar, with an infiuldting: 
chair and elc&romcter ; B glafs mounted direr?- 
tor with a,woadcn handled to the extremity of 
which-a brafs ,ball and wooden point arc fitted, 

When 
a.bra.l's ditireC;tor mounted in swoodi 
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Wh?n,I-wifh to apply the fluid, I,conne& by 
a fmooth wire the glafs-mounted direQor to 
condukbr withca point at it's exrrernity, and tho 
radii are proje&ed from if to the parr aEcqed. 
When gdefirous of' propelling thc fpparks, I 
change the point fur the ball, "When the fhock 

he circuit of the Leyden jar mufi 
perfon infulaeed may be fubjc&ed 

to a twofold intention at one moment. Sup- 
eye, requiring a fedative ap- 

plicacion to the afl'ctted part, and the itimulus 
gf a'blifiersr a  emti ti: p)ace : the fluid may be 
aung  from the waoden print on the eye, and 
;IXimulating fparks may bedrawn a t  rhc kine in- 
flant, by a brafs ball applied bcrwecn thc ihoul- 

mcans ofrhc clcflromcrtrmd thcfe direc- 
t 9 r ~ , ~  the ihock i s  alfo managcablc to the moil 

nicety, and appliud to tlic k a t  of difeafc 

'l'he ingenuity with wtsich thcfc firiipIe modes 
application inay bc varicd, to pizzle and de- 
c the obkrvation of a by-itandcr, is unbound- 

nd vould haw forrncd a grmd bafis for 
cppiricifm, if they had been artfillly employed 1 
but a$ eledricity has cfcaped abul'cls, arid I twit; 
is worrhy rhc fcrioiis at tent ion of every pracsti- 
tioncr, J f i ib tn ir  tlic i'ollofiing caks to the can- 

d o w  
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dour of the public 'for< their determination, whe- 
ther I have followed ai l  idle purfuit, or dedi- 
cared my hours to an important obje&, that has 
already proved in  no tinconfiderablea degree bc- 
nciicial to mankind, 

J, M, agcd 18 ,  received a blow from a ham- 
mer on his thumb, the pain of which extended 
up his arm, the flexor mufcles 'were in a kort 
time thrown into fuch itrong adion, that the 
fingers were immoveably conrradtcd. The 
proper remedies, both internal and external, 
were ineffctlually applied for feveral weeks ; the 
lad was then fent to St. Thomas's hofpital, am'-. 
der the care o f  Mr. Chandler, who, finding his 
applications unferviceable, fcnt him to the elec- 
fric room for my opinion, In  the prefence of 
feveral-of the young gentlemen, I placed the lad 
Qn the inrulated chair, and conneAing 'him to 
the prime condudlor, I drew the eleCtric fluid 
from the fore arm by a needle point, In abdut 
three minutes he complained of uneafilvtfs in rhc 
Nexor mufcles of the fingers ; itnmcdiately the 
fingers began to extend, and in about five mi- 
putes he had the complete d e  of them. 

The 
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Thetindentation) in the palm,ofi his hand wa 
ounlidaxable; fmrn.thE lengzh ofltime the flngen 
had baan.cantra&d, bprognofiicated this effe& 
w u l d  niocbapa5narrmt!;.iti continuedi. however, 
till the hour of re8 ; but in the: morning. the 
hand clenched. This readily gave way to the 
reapplicarion. of el&icity the ncxq day ;. on 
the third day, the f'pafm returned, but in a 
mucb flightcr degree ; the fame application was 
comjnicaclc fbtviis day$) whm the mufcles ap- 
pimiRg.*to: have recovered their tom, it was&. 
fii3cd from., S o m  appcilt.anoes,ofl relaphbcing 
pbferved OTI the 1ott.1 day, eledkricity w a s ,  re; 
fumed, .an&Lcontinued <for feveral fuccetlivcdays, 
andi,aa the expisration of at month, the lad w w  
pcfmml. from, tht-hof@tal:well, About four- 
t a n  dapaftci-; * ha:retumed +to the! ho@i&l with 
hh fingers again contradted, owing to an excr- 
t i o m b h d  made. in the .ufe*of 'a~harnmer'at a 
fmith's f i e s  EleEtrioiryr was applied as before; 
arnd.with the: fame good fiicrefs. The 'young 
maw w b i  bc;l~ the: condudk 05 tKa' rnachhe, 
ch~iiing-zto depart f i m t k e  C'ltieni 1.recommcnded 
mthebhird~ay,: d$cwIfomefprks, amid parCcd a 
ftwr flighwfhooks-. thou tho m~fGle8 1 Of the 
fore .armj wehich imrrrlcdiaccfy 'caukd t h e  con- 
tra&ion* of thef-fingers, and, lo Sfirongcthat. they 
codd norcovereornotit b p  :tho fluid far! the threo 

hxecding 
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fuccaeding rd+ys, I W M  thm acquaintEd with 
tht fa& ,arrd putfing ,the muchine into high 
order, il drew .the fluid from ihe bud .and arm 
for about fix minutcss J t.hen pwceived a axe- 
mulous motioa tkke place in {he fkgora, which 
wag folkwed 'by an e x t w i w  of the fi"ger6n1 R 

aftgr the aher ;  the antagwill mufcko &kn 
a&ed ;To ;forcibly a8 to bend back thc fingcrs I a 
peffc4 yehlrwins of @ah next took place,. and 
!fie lad wa8 reliexed 4 as ufual. I direacd this 
gentle treatment to be continued <very Jay fQr a 
fortnight, when he w s  again difchargcd frQm 
gk 'horpitaf, cured. - 

A flioprnan of Mr. Baratty's, of Fib-itrect- 
hill, had been three years afii&ed with a cold* 
nefs, and total lofs of the ufe of his lower ex. 
tremities; he had gained 110 relief from the 
advice and remedies he had ufcd, and therefore 
was ient for my opinion. Upon examitlation 
of the fpine, I found no reafon to conje€turc it 
depended on any affettion of that pait; the 
direare Itad gradually come on from a chill, after 
heating himfelf in B fummer's day ; he was orhcr- 
wife' well in health 5 I therefore thought the 
rle6ttric fri&ion or ihock might potably bc 
Csrviceatsle, and I puttthem in ufe. The fir& 
week I made powerful frictfions; but with na 

advantage : 
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the. week following I ufed fliocks, 
d them from day-to day, but the 

patient was not better ; however, hc felt 110 in-. 
convcnieiice from the experiment. I then prod 
pofed to him, that for one month h e  fhould 
regularly fuffcr me to draw rhc fluid only, 
through the aKet3ed limbs, arid I had not ad- 
hered to this fimple cxpcriment more than one 
week, before cvidcnt advantages were percrivcd : 
I determined, therefore, not’ to alter m y  plan, 
and within the month propofed, my paticnt 
was able to wall: with the help of a fiick only. 

Soinebody advifcd him to ufe cold bathhg, 
but lie itaid fo long at  the edge of the bath, that: 
no rc-a&tion followed the ufe of it, and his extre- 
mities again failed him. I-IC ayplicd to me, 
and I put the fame method of clcflricity in  ufc, 
with cqud good fucccfs ; the patient obtained 
a perfec‘t: cuie. 

.- 
A young gcntleinan, whilft a p u p i l  at Sr, 

Thomas’s. hdpi ta l ,  had an eruption of his ibce, 
which follovcd a fevcr, and which had reiificd 
all the advice and treatment of emirient abilizics, 
It appeared in finall bliiters, q’hich broke arid 
fcabbcd, and were cxtrcrnely unpleafailt in ihcir 
appearance. I perfuadcd him to let mc try the 
experiment of drawing the cleCtric iiuid through 

the 
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liicli he readily fubmitted, though 
he laughcd at rhc propofal; tlie inflant relief 
he found from i i 7 s  f i r i t  application changed his* 
ridicule ii iro hope ; Ite was glad . to repear it 
every day, and in one week he was well.: Some 
weeks after hc vas fifiing, and expofed to the 
power of the run, which renewed the bliiters ; 
he called on me that day, was clettrified a few 
rimes, and relieved as before. 

Mr. A-- having been a grcat while uiider 
the caiu: of my friend Dr. Huck, for an erup- 
tion on his hands ahd fingers, without rhe leaR 
rcIief, came at length to confulr h e  by the 
doCt-or's dcfirc : thc cruption had been furpetted 
to be the itch and fcurvy, and had bccn treated 
accordingly at different times ; the difcliargc. 
was coyioos, thc fkin Itiff, and the fingers un- 
pliant. It was in vain to propofe ungucrits or 
lotion, I knew the &ill of Dr. Huck had lcfc 
nonc untried ; 1 had only to propofe thc cxpc- 
rirnenr of' the cleftric fluid, which imrnedMe!y 
gave To plcahtit a fcel io the fkin, and rendered 
lor a fhorr titne the fingers To pliable, 'that the 
patient and tuvfclf WCI'C eqwtlly furprized at the 
dTeB.  I reqiicftcd that no appliciition ihoatci 
be madc exten1al)y or intcrnnlly ; 1 applied the 
fluid only oncc n day, and i n  a fortnight he was 
quite well, and 112s rcmairicd fo evcr fincc. 

A bouc 
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Abaut two yaaks %me, this fame gentkmah 
!finding a little girl, about g years 'old, affeaed 
txaaly in the fame manher, recmmcnded ' ht? 
to my care. I applied the ele&ric I fluid in the 
fame mdnncr, and fit was curcd in one week's 
cimc. 

An infant under three months, who had fuckcd 
her mother during an inflammatory h e r ,  wag 

i/o exhauited, that Mr. Crawfurd thought it im- 
pofible Ihc could i'urvive the day. The mather 
had,rccovered,-but was in a very weak itate; the 
child had lofi all fehrik fymptoms, and' had 
formed a critical abfccfs near the knee, but the 
powers af life Ceemed to be exhaufied to fuch a 
degree, that the infant was incapable of caking. 
fuuitenance, or refrehing itfelf by flecp. In  this 
itate Mr.\ Crawfurd thought it would be a very 
fair experiment, to try if the cleQric fluid would 
as it were redanimate the fyitcm. 'The nude be- 
ing feated in the infulated chair, the fluid was 
drawn through the child for a few minutes; 
the Ianguid pulfe was evidently itrengthened, 
the child went almoit immediately into a quiet; 
fleep, which lafled two hours: on< waking, it: 
took the brcaff, then flept again ; in the evening 
it was mofi clearly better. I elearified it again 
fiep and food alternately occupied it till the 

morning : 
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morning; from this time the child throve and 
grew itrong: the abfccfs in  n few days pointed, 
I punAured it, and difcharged RJI ouncc of good 
pus ; two dther abfceds formed, and at leaR 
an ounce of matter y a s  difcharged from each : 
daily elecctricity was continued, the abf'eircs 
wcre only kept &an, and dry lint  applied 
to thcm; the Peruvian bark was given to 
the mother. Notwithitanding this large depot 
of matter, the child mended daily, the P U I I C ~  

tures hcalcd kindly, and the child recovered. 
3'wo years after I iniioculated i t  for the fmalla 

pox, - 
An infant of f ix months, remarkably healthy, 

and born of very hialthy parents, was innocud 
lated in the fpring of the y c a ~  1780, and had 
the finall pox very favourably ; fie was purged 
afterwards- and returned home. In about two 
inanths, the lymphatic glands i n  the neck ap- 
pcared tumid, the child loit her appetite, her 
Gmcs were of a bad colour, file fell away, and 
the turnours incrcnfcd. Dr. Hcbberden was. 
confuIted,, and aftcr the child had taken the 
medicines he dircAed for fome weclts, withour 
any relief, I waited on him, to know his opi- 
nion of the cafe : with his ufual perfpicuity and 
candour, hc told mc, he,t;houghc the child 

M m  mu& 
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mufi die, becaufe the glands of the m6ferNery 
appeared to be as much difcafed as thofe of thqr 
neck, which now were fuppurating. For a der- 
nier rcfort, I propofed to him a trial of the 
eleCtric fluid, to which he readily affinted, as 
from that mode of application he thought no 
haFm courd refult. 

The  next day I placed the nurfe in the chair, 
with the child in her lap ; I tied the wire, con- 
netled with the prime condu&or, to the infant's 
hand, and drew the fluid through the turnours ; 
I next prefeoted it to the abdomcn, and con- 
tinued the operation a few minutes : the fenfac 
tion ' appeared agreeable to the child, for fie 
fmilcd and played during the whole time: as 
fie'rode komc f i e  fell afleep; on waking, the: 
took nourifhment, appeared more cheerful du- 
ring the evening, and refcd well at night. In 
a very few days, there was a vifible alteration 
in the child's fpirits and general appearance ; 
the turnours, which I thought wouicl burR every 
night, did not dikhargc till the tenth day ; fie 
then gained appetite and itrength: I applied 
nothing but dry lint to the ulcers, and con- 
tinued to draw the zleAric fluid through them 
daily ; they healed quickly, the furrounding 
glands dirninifhed, the abdomen grew foft, and 
in about two ponths fie wao recovered. The 

Cummet. 
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fummer advancing, I advifcd rea-bathing, which 
was accordingly put in ufe; the girl has been 
fince in perfctt health, and no marks of fcro- 
phula have ever appeared. 

A fervaiit maid in my neighbourhood was 
feized in the ai:tutgn of 1781 with a conftipa- 
tion in the bowels. The firit day flie kept her 
complaints from the family ; the next, flie was 
fo ill, that the apothecary was fent for. Hc 
endeavoured by five purgative dofc’cj, givcn at 
proper intcrvals, to open a paffagc ; on the third 
day, the medicines being incfl’e&ual, a clyf- 
ter and the warm bath were adminifiered; 
nothing fucceeded, her pain was extretnq, her 
pulfc very quick and low. She began to vomir, 
In this extremity it was propofed to eleBrify 
her; flie was brought into m y  houfc, and placed 
in the inftilated chair. 1 cponcCted the chair to 
the prime conduaor by a wire, and drew the 
fluid through her ’cloaths with a itcel point, 
She infiantly complained of a burning heat all 
over her body; in lefs than two minutes, the 
pain in her bowels increafed fo violently, that 
fie fainted ; on her rccovery fl~c felt quite cnfy, 
add was in fuch a hurry for an evacuation, that 
1,he a u l d  fciirce reach the convenience. After 
this, the was-carried to her bed, andsfell afleep. 

M m 2  In 
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,In about four hours after, her pain and corrJ4ipla- 
lion returned ; I direktcd her to have the expe- 
_ .  riment repcated ; it was followed with thc hdme 
fucccfs, a fccond evacuation was produced in 
five minutes : hcr medicines now took eff:&, 
their operation, as may be iuppofcd, was vio- 
'lent : the rea of hcr cure rcinaincd with the 

ry ; f i e  recoveredin a few days. 

: A'lady upwards of 70 ycars old, of a firm 
althy contlitution, after a fit of the gout, 
r foot arid anklc fwclled and &ak i ihe 

hoped thc advanmgc of' country air and exercife 
would reltore it, but ihc got no better. As ihe 
'yiffcd through London, f i e  confulted me; 1 
perfuaded hcr to let me pais the cleAric fluid 
from' a point rhrough thc affc&ed joint; itie 
complained of feeling a crceping fenfition up 
her leg as I was elettrifying thc ankle, it was 
then evening, f i e  grew hot and reitlefsS flepr ill 
shar night, and the next morning was furprized 
with an eruption of thc catamenia. I was not 
.alarmed ai this, as I had known firnilat: circumr 

I rcqucitcd her to keep at  home and 
ng: after thc third day they .difap- 
the fwclling of her foot fubfided, , h e  

the fircngth and ufe of the limb, and 
. ,  urmd into Suffcx pchQly well.. 

I .  Br 
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By Friflion. 

intermittent cornplairits werc extremely fre- 
quent in the years 1780, and 81 ,  infomuch that 
the failure of die Peruvian bark, which had been 
confidered as a fpecific in chis dihrder, was$ re- 
mdrked by many pratlitioners, and hence the 
red bark was introduced. 

Several patients were fubniitted to the expe- 
riment of eletlricity, when other means failed 
of fuccefs, and the rcrult of repcated experi- 
Jncnts was rcrnarlcable. 

A young man, aged 9 2 ,  had been 6 months 
aillic'ted with an ague, which at it's commence- 
ment was a tertian, and degenerated into' a 
quartan ague; he had taken thc corrcx and 
various other remcdies without fuccc'fs, hc was 
much emaciated; I elcC1rificd him with fric- 
tions, diretted him ro try the bark again, and 
to m n c  when he 'expeAed his next fit. The 
bark would not flay upon his floiixdi, but he 
caiiie on thc d d y  he expetted liis fit, one hour 
previous to it's ufual time. I placed hiin in the 
infulated chair, and applying thc ball of the 
plafs-mounted diretior, coniicticd t o  the p r i m  
condu&or b y  a wire, to rhc R ~ I O J ~  of the fig- 

M in J inac h, 
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ma&, I poured a ftreain of ele&ric fparks into 
thc ftomach, and extraRed them by a brafs ball 
applied up and down the fpine: he perceived 
himfelf warp  and cafy, yet at the expecZcd time 
his ripor attacked him. I immediately eleCtri- 
fied him again in the fame manner, and in lefs 
than 3 minutes his rigor ceafed : in I 5 minutes 
the rigor returned, I repeatcd the operation wicb 
the fame effcdtt; his pulfe now quickened, and 
the fever came on; he went home and into his 
bed, the fwcat fucceeded, and the paroxyfm 
ccafed the fpcceeding day he found himfclf 
much better than pfuual. I continued to clec- 
trify him in the fame manner the 4 following 
gays, and his fit did not rctprn ; then I dircflcd 
him te take the cortex in powder, which agreed 
well with his fiomach, and his ague was 
ctlred, - 

Mr: Saltinitall hearing o f  this cafe, requefied 
fne to elctlrify a patient'of his, who had a quar, 
tan ague, which rcfifted the cortex qnd other 
remcdics, I applied the fpparks tp h i p  in the 
Cam? manner, and at the accefs of the cold fit, 
with equal fucccfs. After bcing elearified, the 
cortex would refi upon his flomach, arid his 
ague never returned. 

A fer- 
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A fervant in my neighbourhood had been for 

many moiiths affliaed with a quartan ague, for 
which hc had taken a variery of' remedies with 
very little relicf. I n  April 1780, he Mias tor- 
mented with a periodical pain in his head, p e t -  

ceded by fiivlv-ings and  attended with fever. A 
phyfician direktcd for him a voinie, and the COT- 

tex to  bc freely taken after i t :  this judicious 
treatment however gavc no refpite to his pain, 
cw alleviation to his fuftlr'criiigs ; I was therefore 
indiiwd from compafliori to rry the eW&s of 
clcctrr{:!ty 011 his cafe. I infulated him, and 
p f i c ~ t  the Rreasn of clearic fluid frum the forb 
hcrtd though the back of the head; this fpecdily 
p v c  cafe, but only for a few minutes : I ,then 
covered the head with flannel, and rubbed .&e 
f j ja rks along the OS frontis, c.xttac%ing thean fccrm 
the occiput for a few minutes. This application 
fucceedcd, his pain ceded, he paired a corn- 
gobrtablc evening, and ilept wcll at night; but 
abour an hour afrer he d e  in the morning, his 
pain returned as*violent 3s ever: he came, and 
1 rcpcaccd the frifiions as bdore, but could gain 
only a nwmentary intermifion of his anguiih ; 
11 rcfolved therefore to try the cEi~ i  of a gentle 
ihock, through the aftedtcd part;  his pain WM 

inltantly rcmovcd to oriuther part : 1 repeated 
die ffiock in the direCtioti he pomtcd, the ph 

M m + van iihcd, 
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nd never returned. 8 By the advice of' 
thc'phyficinn, he continued the bark: a few days, 
aqd reccwered his health. 

A maid fervant was affliaed with a fimilar 
complaint, which refifled the bark ; I eledtri- 
ficd her with the fparks, and flopped the pain : 
he remaiiicd well I 4  days, and then an heavy 
waih rcncwed thc pain: I eletlrified her a feu 
cond time 'in the fame manner, and complcted 
Fer cure, - 

A fcrvant in  the  'Tcrnplc had been long af- 
fli&cd with a quartan ; I clc&riliied him at t h e  
accefs of the cold lit, by thc fric'tions applied ta 
thc iioniach, and extratied from the fpine, and 
itoppcd the rigor; no fever enfwd, and he re- 
maincd wcll onc month. When waiting for his 
mqtlcr at the Houfe of' Coiwnons, he got wet2 
and ' his ague returned ; hc thcn took a vomit, 
and two ounces of good bark, bur his ague con- 
tinued. I began again with eledtric friaions, 
and fiilcqceded in ficpping the fit the firfi time 

ied rhein : I af'tcrwrds elcdrified him 
urtli clay, for one morith, and his ague 

did JXIF rcturn. - 
I did not cfcapc myfelf from an attack of 

f i ~  rnittenr fcvcr. My friend, Dr. Gcorga 
Ford yce, 
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Fordyce, diretfcd for me an emetic, and fame 
febrifuge draughrs ; after the fecond fir, he or., 
,dereJ the cortex, of which I took an ounce and 
half, and 1 flattered myfelf with fuccefs, for fe- 
vera1 hours clapfed beyond the expcaed time of 
the returning paroxifm. Juf i  as I was iitting 
down io rlinncr, a riaurea and chilhefs fcized 
me, II-JY pulk quickened, and the fever ap.. 
proached ; I ordercd m y  bed to be prepard, 
but 1 wifiied to experience the fenfition of clcc... 
tricity under this itate .of approaching fever 
accordingly I was infiilared, and friltions pared 
through the itomach and fpine; the feel was 
vaRly agrccable, a glow returned upon my &in, 
and thc quickiiefs of my piilfe abated : on my 
return to the dining-room, I found the emuvia 
of the table not difagrecablc to mc, I could have 
tafted fomeching, but I refrained; I fdt by the 
fire I 5 minutes, and found myfelf revive j before 
I went up itairs, I repeated the eledtric fric- 
tions, and when I reached my drefling-room, I 
was too well to go to bed; fo I amufcd myfelf 
with reading for an hour, when I found myfelf 
porfealy cafy, free from heat or thirft, my. pulfe 
quire nloderace, and my itoniach wihing for 
food; 1 took only fomc tea, with bread and 
butter; at fupper-time I eat foiiie vegetable, 
and wcnt to bed at twelve, \quite well. 1 Con- 

J: tinued 

\ 
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tinrued well rhe next day, went abroad, and had 
appetire; I refolved to take no medicine for 
tIx fake of the‘ experiment, 1 paired a goad 
night, but at 8 o’clock in the morning 1 found 
$he fever beginning it’s attack; I rofc immc- 
diately, and ran to the machine; I was elec- 
trified in the fame manner, and the fymproms 
flew before it. I remained well that day and chc 
next, but the following morning, at 9 o’clock, 
I began again to change, the cleAric machint 
was a third rime applied to with equal hccefs, 
hnd from that period I never had any return af 
my complaints. 

A young tady, during the month of her lyingM 
in, *as feized with a paralytic affedion of thc 
nnufcb OIY one fide her face; the eye-lid 
dropped, and rhe mouth was drawn on one 
fide; itimulenrs were applied to the part with- 
out relief; when iEie was able to go abroad, fie 
came to confulr me. I covered that fide of the 
fice with her fh7pw1, and drew the fluid through 
it, firit with a piece of wood, and Q few days 
after, #with a brafs ball in a wooden handle ; the 
cheek, on the affeAed fide, was fluflied with a 
beautiful vermillion colour every day, for feve- 
ral hours after the application ; in lefs than 8 
weeks k e  was perfdtly tccovcred, 

l’hcfp 
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Thefe local attacks are nor uncommon, and 

when unattended by further fymptonis, are not 
coniidcred of much moment. 

A yourig man, aged 23, was feized with a pa- 
ralyfis, which nffP&d his fpcech, and the 
mufcles of his face and arm : finding little re- 
lief from the ufual remedies, he applied to elec- 
tricity ; by the ufe of powerful friAions with a 
metallic ball, he was completcly recovered in 
about one month. 

An old man, who for 3 years had been gr6an- 
ing undcr the afflicztion of an hemiphlegia, and 
who, though wealthy, had not the h a r t  to ap- 
ply to a phyfician for aid, and had too much 
pride to  nil< rclicf from an hofpital, came re- 
commcndcd for advice. I infulazrtd him, and 
put in u fe powerful cle&ric fridtions, which 
perfcftly cured him within one month. 

A gentleman, who had been many y.ears an 
invalid, but who had attained his 60th year, 
being oypofed to a bleak wind, was blighted, 
if I may bc allowed the exprefion, on the ex- 
pofed fide; the murcles on that fide his face 
gntirely lolt their adlion, his eye-lid dropped, 
b$ tongue hung ilobbering from his mouth, his 

face 
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face was drawn on one fide, his fpeech affc&cd, 
and his arm and hand benumbed ; his leg was 
but flightly attacked. In this fituation, he-ad.. 
vikd with Dr. I-lug11 Smith, w h o  was no inac- 
tive pnttitioncr; but during a month, he rc- 
ceived Iittle or no benefit. l3y the doktor's adl 
vice he applied to tne 5 I coni'efs, I dei'paired of 
being able to render any relief' to this patient, 
whole habit of iiifirmity was not unknown to 
me ; but being urged by a lady of his acquaint-. 
ance, to leave no exertion uwried, I ventured 
on the experimenj; and the rather becaufe this 
lady, who vas an infidel refpeCting eleklriciry, 
declared, if her friend's cafe was relieved, fie 
would give credit to all flie had heard. The 
method I: put in  ufe, was infulation and ele&ric 
frifiions, which from day to day gained vifible 
advantagc, and in a few wccks ciiablified a 
cure ; m y  patient bcing able io ride, and take 
fuufficient exercife, befide at tending to an intri- 
cate train of profcfional bufincfs, which called 
for his mental exertions. In the long vacation, 
hejournicd to Wales, and returned in the win- 
ter in much bettcr health than he had been ac. 
ciifiorned to enjoy. Every fpring, for 3 fuc- 
crave years, he wiflicd to have a coude of 
elccCtric opcrarions, which hc thought vmniwafrq', 
\ l i s  nervcs. $-lac is ar prefeiit liviiig, and enjoy- 

ing 
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irig a hate of health, enabling him to ufc daily 
horfe cxcrcife, with a chearful mind, and a vi+ 
gour of health, which indicate no probability of 
his clafing the period of his cxifiencc f1)wdily. 

Cges of the Eleflric Pmer  npplicd in the f 7 o s i ~ ~  
0s Shock. 

A boy 12 years old, in the workhoufe of Sr; 
Clement’s pariffi, had been left there two years 
with a fixed jaw, and with an’ cniargetneiit of 
the glands from the fubniaxillary to the clavicle. 

Me had been in St. Thomas’s hafpital 
without receiving bencfit ; he took f his food 
through an aperture left by the 1 lofs of two 
teeth, and excepting rhis local malady, was in 
good health and fpiritu. As it was cuftornary 
for the children to flock about. the machine, 1 
otic day pai3ed a moderate kock through the 
mairetcr mufclcs and angles of the l o w r  .jaw; on 
my ncxt vifit to the Iiouic, thc tnaRcr iurprizcd 
m e  with raying, rhc boy had been able to i k p -  
rate his teeth evcr firice : this unexpc&cd 
amendmcnt induced me to repeat thc applica- 
tion. .On the fecond repetition, I perceived cvi- 
dent advantage, I thercforc daily attcndcd to jr, 
and paired foinc t-hocks through the cijla t ged 
glands, one of which, in about 14 drip, 

to 
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to fuppurarion : the difcharge from this afifled 
the relaxation of the jaw, and gave mc an op- 
portunity to difcover a large portion of difeafed 
bone, which I extraAed a few days after : the: 
pair, of extraaing this portion of the jaw 
,brought on the fpafm, which w.as completely 
relieved the next day, by the application of the 
fhocks. 

The caufe of the difeafe being thus removed, 
nature effedkd the remainder of the cure, by 
dirperfing the cnlarged glands with the hclp of 
clrdtricity, fupplying the chafm made by the 
exfoliation, and refloring the lad, who was very 
much disfigured by the difeafe, to a decent, and 
not uncomely countenance ; in confequence of 
which, his parents relieved the pariih of his 
burrhen, by apprenticing him to their trade. 

A young woman, who came into the work- 
houfe pregnant, had been obligcd to labour, 
almoit barefoot, during thc latter f l a p  of her 
pregnancy, in cold and wet fituations. On her 
recovery from child-birth, hcr legs and feet 
were numbed and cold, her ankles extremely 
weak and painful ; when flie atteimprcd to h n d ,  
f i e  had great pain in her nnklcs and trembling: 
having recovered her health in every other re- 
€pelt, and the apothccary finding general reme- 

dies 
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dits af no eE&, I w w  defired to try the exT 
perimenf of PleCtricity. I paired gentle fiocks 
through the ankles, where f ie  defcribed her 
chief complaint to rcfide. The pain was in, 
fiantly relieved, a glow camc on the lowe 
and continued for fonie hours. On rcpearing 
the ihacks the next day, the pain was removed 
to her knees, and did nor return to thc fceb. Qn 
the third day after being ele&rified, flic WN 

able to walk, but her nervous trembling itiU 
affeaed her. I therefore paired gcntlc fl~ocka 
from day to day, from her hands to her feet in 
crofs diretiions : there quickly removed her 
tremblings, k e  gained itrength daily, and in a 
Grtnight went out of the houfe perfealy wcli. 

-- 
A fiflimonger in my neighbourhood, who had 

loft the fight of one eye in his youth, applied to 
me, with an acute pain in his head, which he 
had ilffcred for fonie weeks, and which affohd 
the vition ofhis other eye. The pnin ihot from 
his forehead to the fuulnmit of the cranium, 
produced convuliive fpafm of thc upper exwe- 
mities, which were followed by trernom and 
great opprefion of fpirits. Confiding in rhe 
notion of the elearic hock being harmlcfs, un- 
der proper management., I did not hefitate to 
pafs one through the brain, in the direbinn he 

poinccd 
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pointed out, that is, from the frontal finus t u  
the iummir of the cranium, He was initantlx 
relieved from his acute pain, the  fight of #his 
eye became perfect, and he thought himfelf 

Not; trufiitig to the permanency of fuch fud- 
den relief, I perfuaded him to let tile repeat the 
ihock, after which I paffed others from the 
fumrnit of the  cranium to the vertebrk of the 
neck, and from the vertebrze of the neck to the 
hands. I prognoflicaeed his pain would rcturn 
in a few hours. 

I n  the evening the pain did return, but was 
neither fo violent, nor of fo long duration; I 
repealed the ihocks the next day ; on the third 
day he faid his pain had vaniflied, but the 
weight of his hat was irkfoine to him : on re- 
peating the ihocks in  thc famc manner, this 
fymptom imrnediatcly dihppcared, and .he 
could wear his hat with cafe : on the fourth day 
he was free from all complaints, his pain, his 
dcfefk of vifion, his tremors and his opprefion 
offpirits had quire left him. 1 paffed the fliocks 
again for the lait time, and had the fatisfa&ion: 
to find a long while after, that his cure rcmain- 
ed complete. 

A young woman under the care of the late: 
Mr, 
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St. Thomas's hofphfj 

had 'reptiatredly itrained her wfifil in confcquenct 
of wbich the ligaments &te fa wctikened, and 
the furrounding parts fo enlarged; that ke had. 
no ufc of her hdnd. I would have undkrtaked 
the cure itr this Ltatd, but Mr. Elk thought it 
would give way to the fiiccefivc applications of 
Reaming, bliftciing, arld bandaging. After ten 
xnohths ineff'edtudl trial of there rtnhcdirdj he 
delivered her inro my care. She had at.i 
quired fome fmall degree of flexion in her fingcrsi 
and fome little fltrength in her wrilt, but not 
enough to grdp a knife, or lift the fmalletl 
weight, My mode oFelc&rifying her wa3, pard 
ling fmall hocks through the p2rts affe&ed 
every day ; flie gained fcnGblc advantages each 
rime it was done, iind in fourteen days; I prer 
fented har to Mr, EM' holding a pitcher in chat 
hand containing two quarrs of liquor. In a few 
days after flie was difclaargcd well from the hofa 
pitat; Afker 6 weeks kc prefented hcrfeclf to Mr, 
Elfe hr infpettion; her hand was ftrong and 
ufeful, and frce from painl foine lirtle enlarge-r 
rnent and ltiffnefs remainod abou~ the w i l t  joint, 
which yielded to the repetition of the hocks in 
three days i but as flie was able to execute the 
work of her fervicc with e&, and to w n h  nnd 
fcour roonis, jr was iriconvenjent for her to ntk 

N 1.1 Wll& 
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, rend ar the hofpital longer. Six years after her 
recovery, f ie  again itrained the fame wrifi, in 
wringing cloaths ; h e  fought mem the hofphal, 
and I again eledrified herein the fame manner, 
and cured her completely. The lait application 
was in the year 1785, and I have hen hetr 
within thefe twelve months, perfettly well. 

Mr. Elk being fatisfied of the powers of clcc- 
tricity by the preceding cafe, defired me to 
take the cafe of aivoman in St. Thomas’s hof- 
piral, who afr‘rer recovering from a fraaure of 
rhe knee-pan, by a kcond gill had injured the 
patella and it’s ligament, in confequenceof which 
confiderable tcniion, pain, and enlargement of 
the-knee-joint,. and of the whole limb enfued. 
It had continued in this. tumid and rnotionlcfs 
ftate. .for elcven weeks, notwithltanding cata- 
plafms, einbrocarions, fomentations,and band- 
ages had been put in ufe. 

I ventured to make trial of the eleCtric fhocks 
i ~ i  this cafe, and paired fevcral through chejoint 
and through the whole limb, till fie was fen- 
fible of an unufual warmth, which ixnmcdiatdy 
remaved her pain ; for three hours after ihc .felt 
a rcmarkable throbbing, and her firit flecp was 
rlitturbcd by the fenfation of the ihock paffing 
through tho limb, a fyrnptom not a t  all unufual. 

1 The 
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The bext day the fyvelling was apparently le&, 
and k e  had placed her ihoeon her foot for the 
firjl time, I repeated the fhocks. 

The third day aftcr being ele&rificd, fhe 
was able to put her foot* t h e  ground, On 
she f'o~rth day, the fwclling had quite Cubfided,, 
and Qie was able IO walk with one'crutch. I 
would Ravc.deGltcd from elec'trifying her, as thti 
intentioil df teducing rhc fize of thc limb was 
anrwered, but llie requetkd me to continue it, 
,in haps  it would expedirc tlic free morion of 
the limb, At tlic cnd of twelve days ihe was able 
to walk into the ftrect 1 b u t  having left otF a 
bandage by m y  dircaion, le(t it fhaiild impede 
circuhtibil, f ie  perceived a crcpitus in moving 
the limb, which was at form times fo conMerA 
able 81 to impede it's d e ,  and to produce great 
pain and Some Cwelling : 1 therefore applied 8 
proper banditgc, which remedied this inconve- 
pjencc, and ihc was dilinilGd from the hofpital 
ip a €cw days after. 

a u - - w - I  

The hcfefs which fgllowed the application of 
ricisy to the two laft car&, induced MI-, 
to fend 'far me in  the month of June I 779,  

to a man whom hc had taken into the , hofpitd 
fat what io commonly called a white fwclling 
of the knee-jainc, The difeafc cornmcnccd 
&tit thRe.wceks before his admifion ; hc was 

N n 2  f i r f i  
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firfi attacked with a k a r p  pain under 
hich was followed by a fwellifi 

agony of which prbduced a confiderabk 
which fafled nine days, and then left a exft en- 
largement; of the joint, with’ evident fluamtion: 
,the limb contradied and waited both above and; 
below the knee, On minute examination, the 
+inner condyle of the femur was enlarged; L 
thought h i s  circumfiance an objedion to 
my experiment, but at  Mr. Elk’s defire, I 
began to cleEtrify hirii with moderate fhocks; 
which produced an imrnidiate warmth in the 
part, continuing fop four hours after. I vifited 
him every dzy, and repeated the hocks. On the 
third day, he could fet his foot to the ground.? 
the fwelling gradually leffened from day to day 

the limb p i n e  
d our, and at  the: cnd 

was zble to walk as .far BI 
at day he omitted to b e  clec.. 

tr if id,  but felt the tvant of it h f i b l y  : I rbi 
fumed the fhocks the next morning, and con- 
fintied the‘rn to the end of the fifth Week, when 
the tumor ofthe fdft part& was entirely reducea 
the contra&on of the limb removed,’, it’$ .ike 
reflored, and the leg pcrfealy ufeful; EIe was 
deiirow of returning home, and accordingly wao 
prefcnted cured from chehorpiraL 

The 
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The enlargement of .the inner condyle of the 
femur was very evident when the tumor of thu 
fofc parts fubfided, but on examining thc whole 
limb, I found a fimilar appearance at the lowe,r 
extremity of the tibia, and the patienttcold me. 
that about ten ycars preceding, when a'boy, hc 
went into the water after ftrong exercife, in 
confequcnce of which he lolt the u k  of his lower 
limbs, which confined him feveral k e k s  to his 
bed. On his recovery there t ' ~ "  fwcllings were 
obferved, .which had continued ever fince wich- 
out .much incaivenience to him, 

Mr. El& giving, little credit to this account, 
feemed to think t@ cure incomplete, but I had, 
rmfon fram particular inquiry to think the fa& 
was as the patkt  related, and therefore i t  was\ 
agreed the man fliould prdcnt himfelf before us. 

n of fix months, which he 'BC- 

nd Mr. Elfc was fo fatisfied of 
the e#eQs of eledricity, as u, dcclare he would 
qever amputate another limb for this complaint, 
till it had been properly tricd. 

7 

I n  the month of September fbllowing, MY. 
,EJfc defircd me to repeat: thc experimcnt, which 

happily fucccedcd in the iafl cafe, on a 
ed 16, who was admitted into St. Tho- 

mas's hof'itajl with a fimilar fuelling of the 
N 11 3 knccr 
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knee-joint. The lad's account waa, that on t h ~  
19th of Augult, whilft fleeping ip a chair,, np, 
was f i h d  with an acute pain about the kneet. 
pan, which waked him ; the joinr becitrnd im- 
mediately itiFc; and fion after bqpn to fwell; 
fhe pain irzcreafed, arid was atccndcd with a 
confiderable degree of fever for leveral days : 
Hlien the Furnor had increaf'd to a certain de- 
p e e ,  the pain and fevcr abatcd, and left him 
with a ufelgfi limb, rriuch contra&& arid in- 
capable of touching the ground$ the muicleq 
above and below the .joint, wafted, Aaccid, and 
jnelqfiic, Somc blood was taken from the pa; 
by leeches, but without any relief, 

,Seyrernber 26rh, I u:idertaok fhe treatmen? 
pf him ; I paired gentle fhocks, as in the for- 
p c r  cafe, unril the I t  a fcnfiblc glow of 
heat. The f i i n  wa ch difitetukd, thrt it: 
had a ihining appcarancc, as if fnicared-over 
with the white of egg ; but in four days this ap- 
pearance left him ; the boy found fomc ftrength, 
and much more warinth in his Icg. 

Oaober 111, he was feiycd with a diarrhma, 
;IC that time cpideniic ; hie was fpcedily cured, 
by the attention of the phyfician ; but this cir- 
Ciimflonce had no eifc& 011 his knee. On t l ~  
4th of Otfpber, py apparatus broke, and being 
fFnt * I  for . . .  to Brighton, , hc was left without any 

l id  
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aid t i l l  the rbth, at which time Z found him 
precifely in the fitate I had lefr him. I then 
sefumed the &hocks, the good cKeAs of which 
were plainly evident, for hc couId iinrnediately 
move the limb with acquircd facility ; be now 
began to mcnd very fait, in a few days he flung 
away ane crutch, and fliortly afrcr rhe other. 

On the 26th of OQober, he was abl: to walk 
from the Borough to Efkx-fircet in the Strand, 
and to return home again with the afiftancc 
of only one Rick. The fwelling changed from 
the inncr condyle of the femur to the external 
one, with n deep feared flu&tuation towards the 
patella: the limb was rettarcd to it's Gze and 
power, the contra&tion aimoil removed, arid the 
fwclling very much abated. I continued the 
ihocks till the 14th ovember, when t hq 
fluid was entirely abfo the contd l ion  re- 
moved, the limb was itrong and pirfedtly ufc- 
ful, and the lad being defixous of rcturning to 
his Lufinefs, was difchargcd from the ho@ital 
wcll. 

I examined him the 17th of May, 1780, and 
w,as happy to  find he 'had becn pcrfe~'1ly well 
ever fincc. 

A woman was idtnitted into St.  Thomask 
hofpiral, who had formcriy had this fwelling of 

N n 4  the 
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the joint, which had becn treated with fomcnr 
rations, leeches, and internal remedies, and had). 
for iome time a difcharge by two iffues ma& 
with caultics, on cach fide the patefla. Thp 
pnputatiun of the Icg had, by thefe means, bees 
pofiponed ; but as the knee w,as contra&ed, and, 
the limb waited and ufel~fs, the patient vas not 
unwilling to have it removed, fincc the incon- 
yenicncc of it  prevented her p i n g  to fervice, 
. I firft thought it proper Po fry the cf.l’e&s of 
thc elcftric {hock, which happily fucccedcd iq 
removing the contrsfiion, ~ n d  giving tpnc to the 
paufcles of tbc limb, fo that in a few wccks tbq 
wppiap lcft rhe tiofpita1 perfc&ly well. 

An apothecary in Weftminfier, who had been 
attacked wirh this difcafe, was cured by the 
taking repented voniirs of turbith mineral ; the 
CffeAs of which, however, fo deraiigcd the flog 
wnach, t h a ~  i r  never rccovered it’s tone. In the 
wintcr nF4783, hc was again attacked with a 
fwclling of the knee, the progrefs of M. hich was 
pxtrcrpely rapid, and he was incapable of check- 
ing the pain by the comfort of dpiurn, becaufi 
his’itomach rejeLlcd bgth food and phyfic. 1rr 
an extremity of anguifli, with an high fympto, 
park few;, dejcded fpirits, “ refiihg his la@ 
F p p ~  pn the relief of Bath wiltas, but ipcapablg 

of 
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sf any motion, he rent for mc, having heard of 
$he fuccefs I had met with in fimilar cafes. 
When I got to his houfet Mr. J. Hunier was ex- 
petted ; I waited to confult with him, and learn- 
ing the hopelefs hifiory of the ,cafe from him, 1 
propofed immediately to pars the kock .  

The-patient was much alarmed at niy propo- 
fala cpnceiving in the agony he fuffered, that an 
eleflric kock would iqctrafe his mifery. 

ight otherwife, and perfuaded him to try 
experiment, in the prcfence of Mr. Hunter; 

The hock  wag not painful, as he expelled ; on 
the contrary, he boy  fevcral repetiripns of ir; 
till the pqrt felt fuch a glow, a s h  ihopld do 
gfter a well-applied fomentation. I left him' 
rather lefs in pain, and much fatisfied with the 
experinxr)t. In the cvcning, I vifited hirrl 
?gain, foynd lip) more eafy, with a lefs frequent 
pulfe 8 and a f t q  having repeated the hocks, hc 
was able to mwe hipifelf from one fide of tho 
bed to the orhcr. He got fuffjciept fleep that 
night to refrefi him, and was fenfibly better in 
rhc msraing, I repeated the fiocks morning 
pnd evening 4 op th!: fececond day, he was able to 
8 et out of'bcd and have it pade ;  he flept well 
That night:; his fcvcr fubfided ; iinall d o h  of 
ppiurn abated the irritability of his fiomach: 
f~op the third day, be gained apparelit advan- 

mgr: 
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rage each time he was clearified : at the er~d of 
a fortnight, he was able, tu ride in a coach to my 
houk : at the expiration of three weeks, he re- 
turned his viGts, walking with the help of OIIC 

fiick: in a nionth he was pcrfe&ly well, 

A gentleman who had nc&&cd the cure of 
q c a t e d  herniae humcrales tefiis, applied to me 
with a w r y  luge fcirrhus of one of his teifes, 
which I fir i t  attempted to rcfolve by mercurial 
fridlion, by vomits, cataplafnis, and other exter- 
nal applications. Thek aflive remcdics failing 

cafiration the only refource; but as the fper.. 
matic chord was not enlarged, he advifed the 
operation to be deferrcd till pain approached. 

During this interval, I propored to pais the 
b c k  of a jar ,  which would contain two quarts 
of watcr, through the p a r t ;  the pain of this 
fl~ock was not fo rnuch as I expelrfed; the tu.. 
mor, though large and ~ m d u l o u s ,  w a s  lifted by 
the atlion of the crcmai?er mufcle rjghr UP to 
the abdominal ring ; a confiderable heat was felt 
f ~ r  fome hours in the p a t  Nothing further 
was dolie for a month, at  which period I thought 
thc hardncfs i?ot To fionty, and propofid to re- 
p a t  the illock, which was done. €-IC wcnt out 
of toil n for imothct' nioiitli ; at liis retrim i 

could 

of 'fuccefs, I coiifulted Mr. Elk, who thought 
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could plainly perceive the tumor reparared into 
three bodies ; 1 therefore repeated the hack. 
I-IC went f i r  diflant, and did not return to Lon- 
don for 9 motiths, when he rent ro me ; I fup- 
p f e d  it was to fix a rime for the operation, but 
to m y  afloniihnmltJs it 'was to fiew me the dif- 
{ohtion of the tumor. ?'his cure has remained 
perfettly well ever iince, and if there is any dif.. 
ferrricc becwecn the tefles, it is, thar the dif- 
&d o ~ i e  is rather rhc fmallcfi. 

N O T E .  

Take an ornngc,'or an onion, place the direc- 
pors on it's oppofire fides, aid pafi a fmaII 
fihock, 'it will be conduAed round from otle 
ghxAior to the othcr by the fluids in the fruit; 
but pars n confidcrable fliock froin a large jar, 
j i  will illuminate the H hole body, and pervade 
e b c r y  part of it, 

h c s  not this point out the propriety of largo 
fiocks, when a fcirrhous gland is to be roufed 
inro atlion ? 

A genclemnn, who had becn under the care 
gf Mr. Iiunter lor a fcirrhous tcfiis, and wha 
was reconiinendcd by him tu try ctcCtricity, ep- 
plied to mc for rhat purpoi'e. As his habit wag 
ycakciicd b y  mercurial frictions, wbicli had 

bccq 
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been put in uf.., I thought it advifeable to dire& 
him the bark, and to pofipone the ihock, till, 
he had rccovercd his firength, 

I The  fpermatic chord was free from difeafe, 
though the tellis was much enlarged, and very 
hard. I began with pafing firong fliock8, as 
in the former cafe, through the tumor, in 
dijTcrept direRions; but as his refidence was a 
few miles from London, it w w  agreed he fliould 
vifit me twice in a week: thek firong ffiocka 
were thcreforc regularly applied at the ap- 
pointed timcs, and it was o11c rrionih before I 
pcrceivcd any alteration, when thc t u n m  began 
to feparate into two bodies: from this time it 
gradually leifened, t?x epididymis, and the 
body of the tcllis, being firit diflinpifliabie 
fiam each other; thc tcfiis i x x t  bccpniing fofter 
arid diminifhing, and the hardncfs of the epi- 
didymis lafily difappearing. 

While I was plcafing iriyfclf with the hope 
tbat the fuccefs pf eleCtricity, in this cafe, 
rvouid be a ftifficient proof of it's fuperior 
power to other rerncdies in local obilruQians, 
the left tcfiis began to bc enlarged. I knew 

counr for this, unlefs from foma 
$enera1 afk3ion of the glandular fyitem ; and 

tendency to dikaie, I could 
why the other tefiis fliould 
local trcatmetir, 

While 
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While in  this ltate of fufpenfe, 1 refolved not 

.to try the et€e& of a kock,  rill fome other 
fyntptom fhould dire& me further in the cnufc. 
I n  a little time, an external inflammation ap- 
peared, and then I was given to undcrfiand, 
that the radical cure of the hydrocele by cat'dlic", 
had been made on rhnt  fide by Mr. Elk fomc 
years before ; 1 therefore conjecqured, that fuch 
part of the tunica vaginalis, as had not becn 
deitroyed, but had been left adhering to the 
tunica albuginea, was Cuppurating. I applied 
a cataplafin of farina Cemin. lini, and the &in 
burn and difchargcd. After the inflammation 
ceafed, hardnefs and tumor furrbunded the 
orifice: I then pa'fl'ed fliocks through tbc dif- 
eared part, and covered the orifice of the ope% 
ing with lint, applying the lotion of a folutiob 
of white vitriol over it. After pafling ,the 
fliocks, the difchargc was always increakd ; the 
hardnefs difappcared gradually, and when tge 
partrp rccovercd their natural h e ,  the .orifice 
clofed. 

As T have occafionally the plcafiire oFfceing 
this gentlenlan, I lcarn from him, that he noS 

only remains well, but thac the firnitions of rkC 
parts are reltorcd, and their kcrction perf'clSt; 
though mbderate. 

L 

c1s-.L*--. 

A drago0n, 
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A dragoon, who was in St. Thomas's hof: 
pita1 at the rime of my cle&ion, had received 
a contufion on one of his tefies, which had terr 
minaced in a fcirrhus; it had refifled all the 
ufual applications, and he came to the hdpitd 
to be cafirated. I thought i t  firil advifcable hc 
ihould take the chance of the clcEtric ihock, 
which was adminifiered daily, and in f ix weeka 
I dircharged hiin from the hafpital cured, 

A ferjeant of the Suffcx militia was k n t  to 
the hofpital with a fcirrhous tefiis, which the 
late Mr. Bayford had condemned to the knife, 
as indeed any experienced furgeon, unacquainted 
with the powers of clettricity, would have doae. 
I chought propcr to try the cffecc'rs of ftrong 
ihocks in this cafe, which were accordingly 
paffed through the tcfiis. The f i t f t  applica- 
tion produced a good deal of pain ; on rcprar- 
ing them the third day, foiiie fever arofe, and 
the weaiher bcing hot, I fcnt the man to c p r -  
tcrs at Newington, wherc he ii>ccdily rccovercd. 
On examining the part a t  his rcturn, I found 
the mars of tilmor beginning to part into por- 
rions; I then began to pafs fliocks, but contie 
derably faiallcr than at firlt. This mode agrccd 
well with him, and the teflis was gradunllyndi- 
rninifll.@g; but willing to know if the larger 

iliocks 
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hocks were the caufe of his f ir i t  fever, I paged 
one; h ig  pain was great, his fever folloued. I 
Cent Jiim again out of the Iiofpital till he rcco- 
vcred i on h i s  return the teitis was much di- 
m i n i h d ,  and fmall hocks daily repeated com- 
pleted his cure, 

A negro fervant WQO admitted into &e hofe 
pital, wider Dr. Blanc’s care, with a fcirrhnur 
teflis. The doc-tor deiircd me to try thceldtric 
fliock, which was adminiflerrd in the Came 
manner, as in the farmer cafes, and he was pre- 
fcntcdout of the hofpital in two months cured. 

A coach-painter was feizcd with Co violent an 
inflarnmation of the body of the teitis, that ii 

liberal ufe of blecditig, evacuations, and opiated 
gave him no relief. On the third day I found 
i t  would terminate in an *abfcefs; to prevent 
which, I propofcd to pars finall cle&ric hocks 
through the part, which I accordinglydid ; rhc 
firR was followed by fotne rcfpite of pain. I re- 
peated than every four hours, and the next day 
the pain and inflammation had fo much fib& 
ded, that tlic fcar of a l’uppuration vaniihed. I 
continued the fniall fliocks, but lelis frequent, 
and at the end of oiic week the cure was coni- 

-_ A maa 
plctcd. 
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A man was admitted into St, Thomas's hoL 
pital, with a fcirrkous teftis. On a conf'ultatiod 
it was fuppofed he muit part with it, but it wag 
judged proper to try the cledtric kocks firlt,. 
paired confiderable firong . ffiocks, with& any 
inconvenience to the patient ; bur the refuIt wag 
not as had been ulual ; for an abfcefs, formed I 
believe in the body of the tcfiis, burit, aild dif- 
charged externally. Elcftricity was omittedl 
and a foft cataplafm of linfeed applied the: 
wound healed, but round the cicatrix was con& 
iiderable hardnefs and induration; I then rc4 
fumed the kocks, another fuppuration cook 
place, difcharged, and would have clofed, but I 
repeated the kocks ; and after each rime I pared 
them, the dilchargc increafed, and the hardnefs 
diflotved, This mode was continued till the 
fobfiance of the tefiis feenicd in great mcafurc 
melted away, When all induration ccsl'cd, f 
fuffered the wound to qlofe, and the patient left 
the hofpital cured. 

I fee this man frequently ; ibme years have 
now elapfed fince he was in rhe hofpital; hc 
continues perfecll y well. 

A gentleman aged 28, in perfed health, went. 
into the country to purfue the  pleafurcs of the 
chace; the ftrong exercife which he ufe'ed, and 

thc 
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the littlc temptation he mer with, made him io- 
diffirenc-about fofter pleafures. At length this 
indiffetencc ampunted to a lofs of power; and 
alarmed at this, he applied to a phyfician of 
eminence, who treated him with great judge- 
ment, but without fuccefs. The inedicincs all 
agreed with his itomach, he took them in pow- 
erful dofes, but no good cffcAs followed them. 
After the inrbiiitp had continued twelve months, 
the phyfician direEtcd him to apply to me for 
oxperimcnr. The cxpcriment had been tried 911 
animals with fuccefi ; I therefore pafled gcntle 
hocks thrdugh both the tcltes, CuppoGng their 
deficiency of fecretion was the caufe of the com- 
plqnt. Thefe were continued daily, and, be- 
fore the end of one week it was evident their 
fecretion was vtJortd. The patient however 
was To iinpreffcd with the timor animi, that he 
chore to continue the remedy a month before he 
fdtisfied hinifelf of a perfetl'curc. 

I Taw him three years after, when he informed 
me, h$ continued well. 

In the month of November, 1787, a porter 
of the India warchoufes was rent to me by a 
lady of great humanity for advice, bcing in a 
itate of melancholy, induced by the death ofope 
of his children. Seven years bcfore, he l i d  

0 0  been 
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been feizcd in the fame maimer from a fimilar 
evcnt, but rccovercd from it in a fhort time, 
without medical aid. In the year I 783, he was 
a fecond timc feized, and remained in this *me- 
lancholy itate upuards of twelve months, al- 
though cvcry proper advice was called to his af- 
fiftancc. 

He had been two months afflitted w'hen I 
firi t  Caw him. Hc was quiet, would fuffir  his 
wife 'to lcad him ab& the houfe, b u t  he ncvcr 
fpokc to her; he fighed frequently, and was 
inattentive to every ihing thar paflcd j his appe- 
rice and fleep were modcrate, his body regular, 
and his yulfc weak and flow: 

I covered his head with a flannel, and rubbed 
the elcCtric fparks all over the cranium; hc 
fccmed to feel it difagrecable, but hid nothing. 

On the fccond viGt, finding no inconvenicncc 
had enf'ued, 1 pafled fix fmall fliocks rhrough 
the brain in diflierent diretlions. As foon as he 
gor into an adjoiningroom, and h i v  his wifc, 
hc fpake to her, a.nd in the cvcning was cheer- 
ful, exprcfing'  himfeIclf, as if he thought lie 
kould foon go to his work again, I repeatqd 
the fiocks in like manner on the third and the 
fourth day, after which he went' to work: I dc- 
fired to'fee him every Sunday, which I did for 
thrce months after, and hc rernaincd f i ~ r f ~ C f l . 1 ~  

1% cJ1. 
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I then diftpiffed him, with ii' rgquefk that 

I might be acqunintcd if ever he had occaGon 
for advice: 1s the latter end of Augua, '1791% 
the woman again applied to me ; her hutband 
had continued wcll till That time, bur thcn had 
a rqxmxmcc of his melancholy without any 
proximsrtc cnufc. As he had apparent fcverifli 
Gmptoms, I did not think him in n fir itate 
fbr thc eleCtric hock ; 1 therefore advikd him 
to apply for medical aid, and  to thc hofpit4 
if he grew worfc, as I was leaving t o n x  I ana 
unncquaintcd with the fequei. 

One of the public fingers, fi-om,n variety of 
came cxtrcniely melancholy ; 

his difcafc gained grou'nd upon *him ib much, 
that he was total apable of taking an em- 

nd friend had procured fbr 
him, and *as thcreforc fcnt to me for a,dvice. 
H e  'had no fcver, his appetite was mdcratc,  
hi regular, but his deprcfion of Qir i tk  
exccfive. Confidcring this in  the fame light 
as thc fbrtncr cafe, 1 began with pafling iliocks 

thc head, about fix in numbcr, and di- 
im to call the ncxt day. I l c  faid hc had 
ctter. The  fliocks were rcpcarcd daily ; 

his accounts were dai rc favourablc. M 
in a fortnight, he a 

0 0 2  all 
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an  offer to fing at one of the fummer theatres, 
X told him if he thought, himfelf capable of un- 
dertaking it he fhould, for employment would 
divert his mind. He  accordingly attended rime 
rehearfals. I eleCtrified him after the firit fort- 
night every other day: he anxioufly waited 
from time to time, to find me at leifure for a 
converfation, which took place at the end of the 
month, when I pronounced him well enough to 
,undertake his engagement. H e  then informed 
me, that his anxiety had arifen from a wiih he 
had to iinprcfs me with the change which the 
firit operation of elearicity made in his mind. 
For fome few days, previous to his confulting 
me, he declared he had at fcveral rimes dcter- 
mined to put a period to his life 3 for this pur- 
pofe he had penfively walked along the bankq 
of the ferpentine river in Hyde Park, when a 
thought of religion impreffed him with the hor- 
ror of thedefign. At  another time he had the 
razor in his hand, when the f&titcps of a friend 
ftopped his purpofe. He had rcfolved however 
to effeCZ it, and was in the moit Jiltreiiful agita- 
tions about it, the morning he firit applied to 
me. 4n the evening of that day, he dcclared 
he  was fenable of the divine intcrpofition'inprG 
"venting his wicked defign ; that he found himfelf 
able to return thanks ; and this relief of his mind 

was 
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gas followed by a refrefhing fleep, from’ which he 
awoke’ a new being: that he felt ftlnible of the 
powers of; c,le&ricity every day hfter it‘s applica- 
tion, being capable of mental exertions’ immc- 
diately. Hecnuld not be fatisfied, he faid, without 
making this declaration to me, as no one but 
hhdclf could have an adequate idca of the Cud- 
dcn change the- firR eleAric fiocks wrought in 
his mind. 

After chis converfation I difmiffed him, and 
he fuIfiIIed his engzgcment that fummer with 
his d u a l  applaufe. 

4 gentleman who had been long a patient of 
Dr. Monro’s, with a moping melancholy, and 
who had reached tbc age of 26 without any rc- 
lie$ was brought to me, by the confmt of the 
do&ur, for expcrimenr, As I had pared fliocks 
through the brain with ruch advantagc,I thought 
this a proper cafe to carry the experiment as 
far ae prudence would dire&. I therefore took 
a Leyden bottle, which contained 112 fquarc 
inches of coated furfacc, and paflcd two ftrong 
fhocks from it, in dire&tions from t ie  frontal 
to the occipital boye, and from one temporal 
bone to the other. The patient was at firft fur- 
prifed, not (tunncd ‘with the ihock, and in a 
few minutes defired me to repeat it if I pleafed. 

0 0  3 The 
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y, I he, fat down with fifmnerS 
as no iricot~venicncc. M occurred %fro 
hocks, I iricrded the firen&, and +aGd two 
fhocks in the fame direAion as before. t he  
third day,> he was, xcpwted to have found 110 

fort of inconveniencc or alteratjog fiom qhc. ex- 
periments; To I ventured to pafs the full force of 
the bottle ; this likewife produced .nogother cfl 
feQ than a flight head-ach, which lafled for an 
hour. I chore to omit two days, and then re- 
peatcd the experisncnt : the patient firongly 
cxprefing hiinfclf fatisfied, that. this was the. 
~nofl  likely means to db hi fcrvice. I was, 

ould pyaC2ife. fo 

cxperiincnts as 
patient, in the 

f a i w  unhappy itatc hc. had fb long fuufti.red, 

pcri t m u m ,  
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pciiniium, through. the urinary yafTiiiges 1 in 
cight hours after, about three ounces ofa dark- 
colourcd fluid (nor bloody) paired froin the 
bladder: dicr the fccond application of thc 
hocks, fiiur ounccs of a Awid, having thoco- 
lourJ'but not the iinell of urine, qafTed in a 
few hours : the next\ day; ,he w p s ~  &&riffed 
niorning. and cveiiing, and pnffid about Cweiyc 
ouiiccs of urine : the following day it increafcd 
to a pint, the fourtli day Ire pfl'cd n natural 

ity, and fccmed n.cll, However, tNd Qwc ks 
were continued a few days longer, during "which- 
an cruptiowappeared on the &in\ I then took 

ave, and have the pleafure of knowing 
ticnt has continued  ell. 

The fame year n gentleman i n  good health, 
abits, aged about 50, was fcizedi 
his uritiriry bldtk1er; for fcvvetal 

tcr had bccn rcgulrwly drawn off by 
: hc had been duly attcnded, and well\ 

advifcd by an'cminenc phyfieian niid a fiirgcon, 
and was a t  that h i e  taking a courldbf titiEturc' 
of cantharides, without any rcli&: the parts 
began to grow tcndrr with thc paGtig of the in& 
itrument. I paifetl a rtrcnin of elcAric ,fpparks 
frorij the pubis to the perin~utn, dnd 'along: the 
infcrior part of the fpinn dorfi, for three days, 

0 0 4 without 
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without any relief: I then paKed gentle fio&o 
i n  the fame diredion, and in three hrurs aftep 
he was able to expel Come urine by the mufcu- 
Iar power of the bladder. I faw clcarly this 
was the mode to be purfucd; 1 repgated thc 
ihocks with daily advantage; in a fortnight tho 
cure was completed, the patient rode on horfc- 
back, went long journey, and has reinaiacd 
well iince. 

An elderly gentleman, whore: faciilties were 
gradually lcaving him, had a relaxation of  the 
mufcular coat of the bladdcr, which rendered 
his company offenfive to his vifitors and attcpd- 
ants. As I forehw thc incqnveniencics which 
would refult, being at that time called to him 
for excoriations, I propofcd pafling fome gentle 
eleCtric ihocks thrgugh thc bladder, in hopeo 
of rcftoring it's tone. I was permitted to carry 
my advice into execution : he went aut in his 
carriage after the operation, and did not wet 
himfdlf during his ride; the Bocks were re- 
peated in the* evening, and he held his Water 
the night; the next day, his pulfe was tor, 
quick, and his head confufed ; 1 did not thcrc- 
fore repcat the ihocks, concluding they had oc- 
caiioned thefc fymptoms. Towards night there 
fymptpms abated, and, as thc bladder had re- 

covcrcd 



covered the retentive power, I had qot furthcr 
Qccafion to repeat eleqricity, 

A lady upwards of 79 years, 
a paralyf~s, which g a i d  upon 
fitanding the molt able aniflance, 

attacked with 
her, 1 notwith- 
from the in- - 

voluntary Aow of urine, was much excoriated : 
1 was deftred to attend her on this account, and 
was afked to elcarify her for her palfy. Mer 
ewtreme debility, and the @ace of time fir had 
laboured under her increafing difeafe, rendered 
all profpea of recovery hopelefs; I therefore 
propofed to confine my endeavours to the rclief' 
of that fymptom which was becoming To pre- 
judicial to her, and paired a few hocks from the 
os pubis ~0 the cuccigis, dirccZitig proper a p  
plications to be made to thc excoriated y1;lccs. 
Finding no incorivctiiencr refult from the fhocks, 
the next day, I repeated them more firong, and 
this was fo)lowcd by apparently good effcEts, as 
fie did not wet hcrfilf that day. I continued 
the fame mode for a few days, the advantages 
were daily more favourable ; the excoriations 
healed in  proportion aa their cauk dirniniftled : 
I then thsught I might interrupt my conitant 
attendance, but the firfi day's abfence repro- 
duced the complaint ; the bladder loit it's re- 
fenrive power, and her fpirirs were remarkably 
low; f i e  WQUM not fpeik the whole day, ate 

)it[ 1 e, 
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little, and flcpt ill, Wirl?in. an hotrr after I 
hsad clctlrificd her, thc following day, f l ~ e  fpoke, 
p e w  more chearfulj arid kept her water till 
x$gjit. I found a conltnnt attcndancc 11ecciiky, 
stryd vifited her upwards of eight months. Evcry 
&y, afky being, ele&rified, Bis yould fpcak, 
apponl; morc chcarful, take: her food, kcep hcr 
water, and flecp wcll a t  night; but before I 
caw,  f i e  was fpccchlcfs, fliewcti grcat marks 
af infcniibility, and was averli: to all the cn- 
deivours of her attciidants to a i W  her. 1 was 
ance dbtigcd to abfeiit myfelf two days ; during 
this fligrt interval, they all thought flie u~ould 
haue cxpired : on my application of eledricity, 
the revived again ; thus thc elcRric powcr 
femed to kccp life vegetating, and this fceriicd 
the anly power it: had, nature bcing too much 
exhaulted to co-opcrare with  i t ;  howcvcr, it 
certainly madc her exit conifortablc, and the 
tafi periods of life Cupportable, 'l'he mortifi- 
cation, which ufually follows the urinary exco- 
riations, is as offeniivcly difagreeablc to the at- 
tendants, as diitrefing to the unhappy patient. 

On Sunday the j d  of May 1789,  a labouring 
man in a fit of dcfpair hangcd hillifelf with his 
fiEk handkerchief, but being dii'covcred by' a 
.cvatchrnan, was cut down before life was ex- 
finguiflicd < how long he had bccri fufpciidcd 

11 as 



n.as not to be afcertaincd with afi)%~cumcy. 
He was conveyed to a houfe, wh 
affiitarice was given him by a gc 
faculty ; about ten o’clock the next ‘i“liorning hc 
was brought to St, Thomas’s hof’tal, whcrd 
Mr. Johnfon, juri. of the Minories, was on duty. 
At the time of his reception he was infcnfiblc, 
his breathing was laborious, noify, and per- 
formed feldoni 1 his pulk was flow and inter- 
mittent, his countcnancc indicatcd im accumu- 
lation of blood in the head, and he was incapable 
of fwallowing any fluid. Mr. Johnfon firfi 
opened a vein in  thc arm, and with much diffi- 
culty obtaincd betwcen five and fix oiinccs of 
blood : chis evacuation producing no knfible al- 
teration or effedt, hc thougiit an eleiCtric expc- 
rinient might with grcarpropricty bc tried ; hc 
accordingly paffcd a n  d e h k  ihock from one 
leg to thc other, the cRctt of which w a s  ex- 
trcmely fiirprifing ; t hc patient itartcd, opcned 
his’eyes, and fccincd very much frightened. On 
rcycating the fhock he fppoke, the blood left his 
face, and his coimcmncc became pale, his 
pulfc was frce and reguhr, and his rcfpirntion 
cary. *x*he fliocks \I crc rcpcatcd thr& or follr 
times more i n  the $ace of tcn minutes ; after 
the lait, a kind of hyfleric nflccrtion took place, 
and f’cemcd fitrther to rclicvc him ; his feet be- 
came \\ arm, a gcncml perfpiration enfued, hc 

bccainc 
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becamB quite rational, and on removing the 
bandage from his arm it bled freely, and fix 
ounces of blood were taken from it. The patient 
was kept quiet for three days, and then dif- 
charged well from the hofpiral. 

On examining him with refpea to what had 
paired, he f%d, he recollcAcd immediately after 
his fufpenfion, to have felt a moit opprcfive pain 
in his back, afterwards a pleafing lcnration of 
green fields (colours) before his eyes: from 
which time he rccolle&ed nothing till the clec-' 
tric hock, which he deicribed as balls of fire 
darting through his eyes. I do not know if  this 
account of the patient's elucidates any thing ; 
but it is evident, apparently;, fufppended life wae 
re-animated idtantanmufly by the hock. - 

If the foregoing cafes are not CufIicient to 
prove the fyfitern I have adopted, they mufi a t  
leait evince the advantages of elcQricity in the 
pra&ice of furgery; for it io evident amputa- 
tion mufi have been fubmitted to in fome of 
them, if the experimcnts had been unfuccefsful. 
I could adduce feveral more cafcs to illufiratc 
my meaning, but that I fear to be tedious; and 
there arc already enough on record to have 
a w akencd at tent ion. 

A mechanical power, which poffeires fuch 
eminent utility as to leilen the number of fur- 

gical 
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gical operations, is furely deferving the Grious 
attention of every praltitioncr : that it belongs 
to the department of furgery, and requires a 
knowledge of the caufe and feat of difeafe, to 
be applied with ctfe&, will, I truR, be readily 
allowed. 

Thus, Sir, having refcued a philofopliical ap- 
paratus from the hands of empiricifm, and given 
to it’s modus operandi a rational theory, I ihall 
hope that an ele&rical machine may hereafter 
be confidered an initrument of furgery; and 
that in fuch cafes as I have experienced it’s fa- 
lutary effeas, the knifc will be with-held, till 
a fair and candid triai of it’s powers has been 
made; after which, we are warranted by an- 
cient authority, as well as long experience, to 
put the painful part of furgery in praoice. 
‘6 Cunh’a prius tentala: f c d  immedicabde vulnus 

E t ~ j  reriahdum ; ne parsjncera trabafur.” 
I am, 

S I R, 
Your humble fervant, 

JOHN BIRCH. 

F I N I S ,  

h C h -  
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Initrumetits fix EIeQricity. 

E. J. 4 
A rims -- - a s o  

Small elcCtrical machine, with a feleCl appa- 

An clcEtrical machinc and medical apparatur in a 
box; the m x h i n e  is niountcd in a plain but 
bong manne_r, and To as to a& with power i tlic 
ap watus is the molt ,convenien 
hi1 R erto contrived for medica-ele&rical 

additional apparatus 1st 
6 16 6 

fily giving partial hock 7 '7 6 
Ttnplovctl ele&ical machincs, from 31. I 3'. 6d. to 40 . b o 
Iclcttricwl batteries, from nl. IPS, 6d. to 
qe&iicul jars of diffcrent fizcc 

EleBriul 
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EIe&dcaI#t~ with an eIcEtr h a f f i x e d  to thdm 
MeJical b o t h ,  with a tube for qualifying the 

hock. -ec- 

Ditto mounted with a 
elefirometer, on an itb 
the elearlc hock 

DireRors with glab han 
Jointed dil'chatgera wit 

An oni(rerFd difcharger and p f S  
Kinpe:rflyta elcBrical thermometer - . t 
Quadrant ele&ometer - 
Cavalla's atmofpheric ele&rometcr, from 15s. to I 1 0 
Ditto with additions by De Sauflure ' - i I t 6 
Bannet's gold leaf elenrometer - 0 18 o 
An apparatus far making Canton's and Wilfon's 

experiments 6n elcflric attrattion, &c, 
Compaund a paratub fig. 49, plate,fII. of my 

number of neat and fatisfaaory experimnts 

Plain difcharging rods L - 

d a y s  on e P earicily ; by thrs apparatus it great 

8 $ 0  Ditto without the cxhaufted flafk and conduEtdt I i L 6 
Leyden vacuum I__ - 0 1 0 6  
Luminous COdUf+.OTS - I 1 0  
Spiral tubes, from 4s. 6d. to - o 10 6 

0 9 0  Colourcd fp'pirals _e c1 

Sets of I irals, fee plate V, fig: g%, of my e%ye - I 11 6 
Luminous words, from 10s. 6d. to - 1 i I , 6  
Spotted botfie . - - 0 g '0 

'I 1 0  Rdted bottle, plats 111. fig. 46 
Double botlle, a pleafing and urcful part of an 

eleArical apparatue, to gain a clear idea of the 

Plates and itand for dancing images, pith images, 
and pith balls 

An artificial fpidcr 

Ditto inountcd in feu 
A fct of pa er working models, to bo put in motiah 

by the c P d2ric fluid -- B l e  6 
An eleRrical cannon for gunpowder 
A thunder houCc L - o 6; 6 

A thunder 

may be performed - - 

on ele R ricity - 
- 

o 18 o Frankhian  theory - 
A fmall head with hair - 0 7 ;  
An cIe6irical piaol for inflammable air - 0 7  
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it'. 
0 - 0 - 0 

A thunder houfe with a drawer 

hpytamid, fig. go, plate 

- 
8 - 

6 powder hobre, fig. 89, 

Nicholfon's revalvin doubler 
A bohe ball ahd a bafl of bod wood fitted on brafs 

EleAric flyer and poifits 
A plain ret of bells, fig. i 7, plate 11. 
Five Bells mounted on a itand, fig. 18, plate 11. 

wires 

- o 
o 

A k t  of mufical bells, fig. 19, plzie 11. 
Ma le piaure - - 0 

- 1  

Ele a rical ftools, from 8s. 6d. to - 
An elcEtt'ophorus, from 10s. 6d. 16 - 

377 

1% : 
7 0  
io 6 

Optical Initruments, 
The beft double-jointed fi!ver FpcEtacles, with 

glaffes - - 
The be! ditto, with Brazil pebbles - 1 16 o 
Singk-JCh'It filver ipe&aclcs, with glaifes o 15 o 
Ditto, with Brazil pebblcs 7- 

Double-joint Itecl dittol with glafics - 0 7 6  
0 6 0  Be& finglc-.joint fpeO;aclas - 

Ditto, infrrior frames, from QS. 6d, to - 0 8 0  
Nofe fpeeacles, moun t4  in tilver - 0 7 6  
bitto in tortoire flicll and filver - - 1 o 4 d 
Ditto in horn and Bee1 - - 0 1 0  
Spemaclcs for couched eyes 
Ditto with fhadcs 
Concave $ages in horn boxes, for Ihort-fightedeyes 
Pitto, mounted in tortoifefhell and Glver, pearl and 
' filvcr, ifi various manners, and a t  different prices 

Opera glares, from 10s. 6d. to - S 8 0  
Ditto on an improved conRruEtion, 11.7s. and I I 1 6 
Ditto 10 be ufed at Tea by night - i 1 1  6 
Diagonal operas of a new conftru&ion - . I i o 
Telefcopce of various lengths, h e s ,  and prices 
Acrornatic reIcrcop~s, portable and corivcnicnt for 

the pocket, the aiding tobcs are of brars, and 
therefore not fubjcQ to the inconveniencies of 
tide that are mado with vellum drawers, from 
x1. L I S ,  6d. to .rc - 8 8 0  

Tdlc fcoprr 

1 I O  

1 10 0 

Reading glatcs, from es. 6d. to - s e o  

s 

P P  
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l. s. d. 
aTelcCcopes $0 be yfed,at fea by night 
Acromatfc perfpcAive glaffes for the pocket, from 

An optical vade mecum, or portable acromatic 

A thitty-inch acromdtic telefcope, with different 

I madc for gericral purpod i t .  <1, a 
An acromatic’telefco e, about three feet and an 

18 I 18 o 
A three-feet refiefling teleticope, with four magni- 
A 3ing powcrs, with rack work - 36 15 o 

Itto, two feet long, with ditto 7 21 0 0 
A two~feet retlcQing telclcope, with two powers I 2 i 2 o 
An oightecn inch ditto c__ 8 8 0  

5 5 0  A twelve-inch ditto - 
Adarne’s L U I C R U ~ A L  M I C R O S C O P E ,  for opalte and 

tranfparent n ~ j c R s  ; jidocs not fatigue the eye, 
is in all cafcs a proper tiibititute for the3 filar 
microfcopc., and on many occalions fupeiior to 
i t  - - 21 0 0 

A {mall double-refle&Eiq microfcopc - 2 ie 6 

An ignproved univcrfal double microlcope 
Ditto fitted up iri a diflcrrent form, from 81. 89. to 14 14 o 

Ditto with an adjufiing krcw - 9 i e  6 
Withering’s ansother botaniciT microfcnpes, from 

io6.6d. to ’ I_ L.L- 2 z p  6 

telefcope and mjcrolcope, from 31. 13s. 6d. to 4 1 4  6 

eye-pieces foc tcrreftrial 
this IS one of the moft pt 

half long, with di f p  erent eye-pieces - 

A larger ditto I__ - 
Ellis’s aquatic rnirrofcope - % 2 0  

-c- 3 a 0  
Small pocket pcs, from 6s 3 3 1 3 6  
Solar microf“ 5 5 0  

10s. 6d. tp - 
6 6 0  - -- Ditto 

solar microfcopes foropakc and tranrparent otjcflt, 

A mirrofcouc and lanthorn to imiraic the Mar 
01 Q Q from 11, 16s. 10 c.--_ 

m ic rofco p e 
Curious collettions of objc& for the qicrofcopc, 

CollcBicm of fdts, ppycr ly  prepared for the 
eithcr o p a h  o r  irdnfparctit ‘11 

rnicrofcooe 
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$mall magic lanthorns, with the  Sliders better 
painted 

Optical machines for viewing perfpcftlve prints, 
from 18s. to - - 

Srnallcarncra obFcuras, from tosb 6d. to . 3 8 
Rook and pyramidical camera obfcuras, from 

An artificial eye for illultrating thc principles of 

Priftns, mounted in  various manners 
Concavc and convcx mirrors, from 7s. 6d. to 1 8  18 Q 

1 1 1  6 

i 16 o 
* 0 1 0 6  

7 7 0  

Large ditto, from 11.5~1 to 

Scioptric balls - e-.*. 

b 31. 3s. t o  - 

- 

vifion 

Cylindrical ditto, from 11. is. 10 13 '3 0 

Geographical and Afironomical Initruments. 

P R I C E S  01 G L O B E S .  

e8 inches diameter, mounted in mahogany frames 5 2  io o 
e8 ditto frames carved and ornamented 
18 ditto mounted in the common manner 6 6 o 
i 8 ditto mounted in  the  common manner 

in  mahogany frames -7 8 8 0  
18 ditto mounted in the belt manncr, i n  

itaincd frames - - 10 10 0 
18 ditto mounted in  the bcRmanner, in 

mahogany frames 19 l e  0 
18 ditto mounted in the bclt manner, in 

carved frames I_ - 16 16 o 
16 ditto mounted in  thccommon manner 6 6 o 

ditto mounted in  the common marlncr 3 3 o 
i a  ditto mounted i n  the common manner, 

r e  ditto mounted in  the belt manner, i n  

i s  ditto mounted in the belt manner, i n  

i n  mahogany frames 4 4 0  

5 ' 6  6 fiaincd Frames c_ -- 
mahogany frames 7 7 0  

g ditto nlounted in tlic comnion manner B a 0 
g ditto mounted in the bcit iiianncr 4 4 o 

, 6  ditto mountcdin the hchmanncr  
8 8 ; a ditto mounted in  the belt manner 1 11 

P P  = 3 inches 
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$. .T. 8. 
3 inches diameter, for the pocket - 0 1 0  6 

An armillary dialling fpherc - 40  0 0 
An armillary fphere, fiuwing at  onc view the real 

An armilldry fphere, with a planetarium within it 31 
Plain arrnillary fpheies 
A manual planetarium and tellurian , - 3 
A new infirument for  illufirating the phznomcna 

A ditto for illufiratin the phafcs of tho moon, and 

A manual planetarium - 
(Illc three lalt-mentioncd i n h m c n t s  arc thofe 

reprercntcd in plates V. XV.  and XVI. of 
my Altronornicd Ways) 

A Flarietarium with wheel-work, by which the 
ardcr and mot,ion OF the planets, their lituation 
with r d p &  to the earth at diffwent times, and 
the rcafon cif  thcir appearing to be fomctimes 
Aationary, and to movc a t  other times in  contrary 

'dircflions, arc rendered obvious to the eyc 7 17 6 
A tcllurian arid liinariutri for illukrating the  p h z -  

nomena of the earth a-nd moon, and forming a 
roper companion for the former 
T h e  tcllurian and lunarium may be comhincd 

A corrctt and clegant planetarium, lunarium, and 
tellurian, (fee +le XI?(. of my Aftronoinical 

Ditto with the diurnal motion to thc carth 
T h e  ma% complete lan+xiurn, tcllurian, and 

A fmall quatirant, with a n  horizontal and vcrtical 
motiorl, for thc initridtion and arriufemcnt 
young pcoplc -- 

A ditto framed in brafs, more accurately made and 
graguatcd cc -_I 

A fmall cquatorial, being at once an accurate uni- 
vcrfal dial, and a portable obfervatory ; with it 
a great number OF curious and interelting pro- 
bkma may bc iolvcd, and any perlon loon ren- 
dered mdRer of the elcmcnts of praCtical afiro- 
nomy __I 8 8 0  

Ditto on a larger fcalc, with a tclcrcope, and marc 
adjuftmcn ts _II 26 5 0; 

and apparcnt motion df the heavens 31 io o 
io o 

- 4 10 0 

4 10 0 - P e o  

of the feafons *- 

the caufcs of  eclip d cs 

togcthcr or fepra tc )  
P 

A -- 18 18 a 
e4 0 0 

EKaYs) 

lunrlriiim, platcs X b I I .  and XVIII. 36 '5 0 
1000 0 0 Orrcrics, from i 81. 1%. to _I_ 

- o 16 Q 

9, 12 6 

C o m p l c ~  
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hmple t c  equatorial iniEttrmcntsi from 5ogs. IO 500 o u 
Tranfit infirunlents, aftronoinical qii:idt ants, cir- 

cular infirumenls, accoidirtg to, thcir lizes, the 
varicty and accuracy of their adju61inenlsr 

Mathematical Inff ruments, for Geometry, 
Drawing, Cec. 

Plain compares for meahring lines, from 1 s .  to o 5 o 
Drawing conipaKes with movcablc points, from 

3 8 0  5 s .  Gd. to u_ -1 

Drawing pens, from is. to 0 5 . 0  
Bow CompdffCS Cor clercribing fmall cirrlcs, from 

3:. 10 0 "  5 0 
I la ir  compaffcs for tdkirg cxtcnts with accuracy o 7 6 
Ucam cornptRcs for dcrcrilirtg large eirclco, ] d y i n g  

Triangular compatlis for transferring three 

Proportionable compatfcs for dirnininiing pkans, or 

Olliptical compan'es with frikion rollers, for 

Elliptical compil'es an a direrent con(tru&ion, 
anlwering at tllc fame time the 1wri)ofesof bcam 

Spiral compaKes for defcrihing fpirals, anfwcring 
allo as bcam and elliptical compaircs, from 61. Gs. 
to -- -- 11 11 0 

Parallel rules of v~r io i i s  CanRruaions 
A new-itivcntcd paiallcl rule, whiLh for  facility in 

application, and accuracy, excceds any other 

Pitco tvirh n protr&.or 
Pn ltiltrumcnt Iirr drawing lines inclined in il givcn 

angle to  cach other, t h o ~ t ~ h  the angular point is 
at an immerife d i b n c c ,  a tule cxceedingly ufe- 
fu l  in  pcrIpcQivc 

Various innrulncnts for the purpofc of dividing 
lines, or transferring ctivihons OII p a p c ~  

A cyclograph, or an infkrumcnt by wliich circles 
may bc dcrcribcd, froin 4 or 6 inches radius to 

down divrlions, &c. 

at once frcirn any plar i  or drawing, from I s. to I 1 o 

drawing in any aGgncd proportions 1 i i  6 

4 ' 1 0  drdwing cllipks - 
and calliper COmpiik3 4 4 0  

kind, from 8s. 6d. to - 1 1 0  

' one 3s large p s  the oibit of tiic (>corgium Sidus 6 6 4 

1' l> 3 Plrin 
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Plain ka les  and feaors of different fizes 
$quare protraaors, femicirculsr and circutar 
Pocket cafesofdrawing inltruments, from 7s.6d. to 15 6 
Magazine, or  complete collettion of dixwing in- 

firiimenfs, at  111.  11s. a t  171. 17s. and from 
-r-r 50 o o thence to L-- 

Peripc&ivc cornpalfa for afcerraining the relative 
proportion of ohjetks o 18 o 

A new invented infirument for taking views, &c, 
which will facilitate the opcrations of the aytilt, 

a 3 0  
A ditto for drawing on an horizontal planc 5 6 0  
Pantographers for copying, reducing, and enlarg- 

jnh; drawings, from 21. ies. 6d. LO - G 6 o 

A CATAIkX3UE OF JNSTRUMENTS. 

f ,  ~r d. 

and greatly af i f t  beginners - 

Surveying InRruments. 

Cafes of drawing inltruments. - Parallel rules. - 
Plotting fcnles. - Sets of plotting kales. - A 
new-invented parallel rule, with plotting kales. 
-A paraIIel rule and protraRor 

A plotting kale  in  form of a beam compals 
Protraaore for iaying down angles 
Bitto with a n o n w  and moveable limb - t 19 6 
Ditto rendered more accurate] as the limb is made 

to move with a tooth and pinion - 6 

I’edornctcrs for mealuring a iven difiance in walking 
Mtafuriiig chains of ,pan$i’co feet 
Gunter’s chain - - - 
Tape. boxes; according to the  length 
Surveying crols or fquare - - L 1 1  6 
h i n  tables, with an index and fights; by thck 

the plan is takcn on the fgot, and does not require 

Beighton’sirn roved lain tablc, with an index of a 
peculiarmaLe; in  t k s  initrurncntthelineof fight 
IS always oyer  tlw center of tho table, the itation 
lines arc a l h  drawn parallel to thofa me~fuured 

# 

Medfuring wheels - - 2 : % 6  
? 7 6  

3 ‘3 6 a future protrdttion - - 

14 !4 Q 
on the giound -. - 
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f .  s. d. 

Theodolets, o r  inltrumentb for meduring angles, 
diflnnccs, &c. aic made in  various ways, lomc 
being more fimple and portable, others niorc ac- 
curate, and with a grcatcr number of ddjufirncnts 

Theodolets, with four plain lights, and a com- 

A lrnall theodolct, with tclclcopic fights and vcr- 
tical arch - 

A n  imptoved fmall theodolct with rack motions 
’A largcr ditto, iu which thc  limb of‘ thc theodolct 

is madc to Lerve orcafionally thc purpoli: of a 
IJrotralkor - 14 14, o 

A ditto of the farm fize, on a diffcrent conftruc- 
tion, the vertical arch bcing lixed to a long 
axis; the limb docs not krve  for a protra€kor 14 14 0 

Alar  er ditto, like the prcccding, only moving 

Tlic latcft improved tl~caclolet, with double telels 

Circumfercntcrs, the principal inftrument ufcd in 

,An irnimxwd circiimfcrenter, Ib coiitrived, that the 
opcratlur nerd not  i e R  the truth of‘ his yvoik.cn- 
t i ieiy on thc necdlc; i t  mdy be alfo urcd 10 take 
a1 ti tudes 

Air or fpirit levels with tclefcopic fshts, from 

Air or f irit lcvcls with plain fights - i 1 1  6 
Station &,ves with fliding vanes I’or levelling a 16 (p 

A fm.ill fitrveying compafs, with fights, a nonius 

A fmall lurveying compals and finglc Rick Y a o  
(The two foregoing infiruments arc portable and 

light, and may be ut with cafe in the pocket) 
Miners comphITcs, ul!d for carrying on  works 

Ditto with a h a l l  telcfccopc fixed to one fide i i i  6 
Crecn’s tclefcopcnnd tdngent board, for mcafuringl 

JiItdnces a t  one f lat ion:  ( i t  i s  obvious, that on 
the mcdfuring of a firajt line with accuracy, the 
whole bllfinefs of ritrveying dcpends; Mr. 
Green’s niethod is certainly more expeditious 
than any other, and is not liable to ohjcaions 
which may be madc to thetn) 

5 ‘ 5  6 

9 9 0  

8 pal‘s box, from 51.55. to - 
- - 

- 91 0 0 wit\ rack-work 7- 

COI)C, and every requilitc. a d j u h c n l  

America, from PI. as. to  ’ 4 14 6 

41. 14s. 6d. to - - 19 ill 0 

4 ‘4 6 clivilion, and three-legged Rag - 

under-ground, from 10s. 6d. to - 1 L O  

Optical 
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optical Fquarc, a fmall inGrumcnt for fuwcying by 
right angles; i t  rrquires no Raff, and may be 
eahly correEted or adjuited - i 16 0 

An optical intirument for determining with accu- 
racy when objects are in a {trait line -. L 7 (1 

f. s. Id, 

Apparatus for Experiments on Magnetifm. 
An apparatus for explaining the principal phano- 

Magnets 
Small compound mignctr 
Iforlefhoe magnets< 
Com’pound ditto, From 159. to - &i o e 
Dipping needlesfrom izl .  12s. to - 9’ 10 0 
Variation compafks, 21. 12~6d. ts - 21 Q 0 

mcna of magnetih, from 31.3s. to ’ - 45 ‘ 5  @ 

Mirunrents for Experiments on Ppeumatics, 

A fmail Gnglebarrel air-pump - 2 12 6 
4 3 4  6 A h a l l  double-bo1 xel ditto 
G 16 6 A larger ditto 7 - 

A table air pump I O  10’  0 me American doublc barrelled air pump, the latefi 
improvcmcnt on t h i s  inltrunicnt, in which the 
air receives n o  ixnpedimenl fiorn the aQion of 
valvcs or cocks, cxcccding Smcaton’s in accu- 
racy and iimplicity, and fdr Ilperiar in both re- 
fpeAs to fcvcral latcr contrivances 

A condenfin engine; this may bc, if dctred, corn- 
bincd wit! the fbrrner, but the ratiorial and 
praaical cxpcrimcntalifi will find nrariy advan- 
tag& in l i~v ingthem detacbcd from OW anotlier 

_I_ 

3 

Apparatus for an Air Pump. 
The madgchurg hcmifphercs, from Y 2s. to i $ 1  6 
A flat plate and collar of leathers for placing on 

open reccivrrs 1- - o ‘5  6 
Guinrs 



A CATALOCUQ OF INSTRUMENTS, 5 8 5  
g. s. d. 

Guinea and feather apparatus, for experiments on 
the rclifiance af the air, from 18s. to c 1 a i  G 

A fetof mills for ditto i 11 6 
4 4 0  A ditto o n  a better confiruEtion 

Bell apparatus, for flicwing that a vacuum does not 
communicate lound o i 6  

Ditto on a better CoriRriiCtion 
Ditto with wheel-wort, by which thc bell may bc 

put in motion or  floppcd at pleafure - g 18 5 
A new apparatus for h i k i n g  flint and fieel in vacuo 
A n  apparatus for filing gunpowder in  vacuo 
A copper bottlr, bcain and ( t n n d ,  for weighing of air e 16 0 
A box bladder and lead weights, t o  fElew the elaffic 

power o f  thc air - - o 15 6 
Ditto on an iinproved plan o 18 o 
A niodcl of a pump, illultrating at the fame time 

the nature ofpumps, and proving that thcrc is 

A fmmail receiver and plate, which clcnrly cvinces 
thai rcccivcrs are kept on the pump by preifurc, 
not liiBiori - - 

- 

5 0  n o  fuch thing as tu&ion - 
0 iD 0 

A frlteiing cup I_ - 0 5 6  
A plate and piecc of wood 0 4 6  

(The two l d E  articles art: for ihewing the porolity 
OF vegrtablcs) 

The 101 ricdlian experiment 
Fountain in  vncuo - _I 

Ditto on ii different c o n h d k i o h  - o 18 0 

Dilto on ii differcnt conilruEkion 
A frnele transfcrcr plak arid pipe for P fountain o j j  6 

0 5 6 

0 6 6  1,iings glafs ' - - 

Infirume nts for Navigation. 

Cares of inflrumcnts, and teldcapes of different 

Opera glafs for the lame iaurpofr - I a i  6 
~ t c l e f c o p c  with an eye-glah micrometer, for del. 

I IatlIey'ti 

kinds, frees, and priccs 
Night ~clcfcopcs, f iom 11. i is. Gd. to - i8 2 Q )  

tarmining the diftancc of d hip at frz 
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l, s. d. 
Hadley’s uadrants in mahogany frames - a 0 

HadJey’afextant in wood - 
Ditto in brals, oh the moR improved plan, from 

‘6 15 0 
Knight’s fleering comp&, with jmpiovcments 2 12 6 

10 10 0 
Marine barometers; by there Itarms have been 

foretdd at fea fome hours before they happmed 
Circular inltruments, to anfwcr the purpolc of.tho 

fextant 
Dipping ncedles, From 121. izs.  to - h i  10 o 

- 
- , 4  B 4 ; Ditto in b P ack ebony frames 

l i l .  11s.  to - IC- 

5 ‘ 5  6 Knight’s azimuth ditto I - 
Ditto 011 fri&ion wheels _L_ 

McteoroIogical Inflruments. 

A plain portable baromctcr - a 2 0  
Ditto with a thcrmomcter c-.L- 

A plain barometer, covered framc and glafs door 2 i B G 
a ‘3 6 Ditto with a thermometer - 

A barometer with a long cylindric thermometer 4 4 0 
A ditto with ditto, and De Luc’s hygrometer 7 7 0 
A barometer and thcrmomcter, with a guage, the 

A barometer for mearuring the altitude of moun- 
’ tains, &c. 
Marine barometers 
Diagonal, wheel, and Itatical barometers 
Fahrenheit’s thermometers, from 11. is, to e l e  6 
Ditto for botanic purpofcs - o 18 o 

1 8 0  
D e  Luc’s hygrometer; thde are the only initru- 

ments by which comparative obfervations can be 
made a n  the drynefs and moillure of the air, 

a 3 0  

5 15 6 indexes moving by rack-work - 

Ditto for the brewery - .--- 

from 31. 3s. to - - 7 7 0  
Rain pages 
Dr. Lind’s wind guage 
Hygrometers with the beard of the wild oat o io  6 
Fontana’s eudiometer for afcertaining the purity 

111* a 6 0  
I nfirumentc 

of the air - 
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Snfiruments for illufirating the Mechanic 
Powers, the ,Laws of Motion, &e, 

g. $0 d. 
A concife apparatus for illuitratin the nature of 

levers, tho inclined plane, the wheel and axle, 
the h e w ,  a compound engine, and a compound 
lever; alfo, a double con0 to move up an in- 
clined plane, and other picces to fhew the pro- 
perties of the center of gravit from a i l .  to 96 , 5 o 

Atwood’s apparatus for demonhating with accu- 
racy thelaws of accelerated and retarded motion. 
It is oncof themoh pleafing and fcientific inftru- 
mcnts in mechanics, as well from the variety of 
expmimcnte that may be made with it, as the 
accuracy with which they are perforfned ~6 5 B 

A machine for illuflrating the theory of central 
forccs ; in this machine the  times arc marked by 
lound, the fpaccs are h e w n  by an indcx, the 
errors arifing from friQion are fo far leffened as 

Pdlies of various combinations and confiruRions 
A lmall curriage, iiiclined plane, whcels of differ- 

ent fizcs, &c. forexpariments on wheel cakriagea 
Roberva\’s paradoxical ballance 
Cycloidal lever, fee Emcrfon’s Mechanics, prop. 

9 0 , 0 5 .  
Compound fieel yard 
An ilppnratus for experiments on collifion 
Ditto for illultrating thc coinpoiition and refohtien 
of motion 

Pyromcters on various conRruBions 
With many other articles and models for expe- 

riments on friaion? pcndulun)s, &c. tog 
niimcwus to be cornprized in a h a l l  cataloguc 

the ballance, the pulley, the di f! erent kinds of 

A ditto on a more enlarged fca Y’ e 

- 3’ 10 0 to be fcarcely feniible - 

Infirumcnts 
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Inftruments for Ex eriments in Hydlrblthtics 
and fFi ydraulics. 

f a  , S. d. 
Hydrofkatic ballanceh, from 11. as. to - iu io cj 
Nichollbn’s improved hydrometers, for rtfcertaining 

Ditto for examining of coin 
Aconcifeapparatusforexper~m~ntson hpdrofkatics d i  io  o 
An apparatug for ihcwing that fluids havc weight 
Ditto for fiewing that the particlce of fluids axct- 

cik their prcfliire independently on4 of the 
other 

Ditto to h e y  that fluids prefs in every dire&iod 
Ditto to demonlkrate the lateral preffure of fluid6 
Ditto to k e w  that, caterisfinrzhus, the prefiirrc of 

The hydroftatic aradox 

Apparatus for itluilrating the taws of preffure and 

Ditto for iilufirating the attions of fluids r a p  

‘An apparatus for experiments on fpouting fluids 
Hydrometers for proving rpirits,from 11. i LS. Gd, to 4 
An apparatus for makingexpeiimants on capillurp 

The modcl of thc diving bell 
A glars model of the lifting pump 
A ditto of the lifting and torcing pump 
Micro’s fountain in copperjapannod 
Ditto dauble 
Fountain of command 
A japanned copper fountain to att by cbn&nfcd 

Apparatus for cxperirncnts on fyphons. 

the fpecific gravity of bodier 

fluids is as their yerpcndicblar hcight 

The hydrobtic 1 cllows 

‘equilibrium between hetcrogcncbus Buide 

bodies burnerfed in them 

$4 6 

tubes 

air with a variety ofjcts 
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