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PR E FACE. 

7s WHAT C A I  W t  B S A 6 0 I  BUT PROM W H A T  W E  KNOW?’’ 

POPX. 

EVERY effort towards the elucidation of an im.. 
portant phenomenon, carries its apology along 
with it ; otherwife I kould be fearful of offend- 
ing that critical nicety, which in our age lays fo 
niuch itrefs upon words more than matter. Pur- 
fuits in Elearicity have of late been more languid 
than formerly-not that the fubjea ;s cxhauited, 
but that other matters have engaged the philofo- 
phic world. If I prefume to renew the enquiry, 
and add a few plain f i l l s  in aplairz way, I hope it 
will be forgiven. 

Atmofphericsl Ele&icity has, in my opinion, 
been much lefs an objee of philofophic enquiry 
than it dcferves ; but more particularly fo, as it 
relates to Botanical Meteorology, Though we 
have been tolerably initruEted in the identity of 
lightning and elearicity, and, cxhibit in our ex- 
periments, many hiking analogies ; yet the peru 
petuity of Atmofiiherical Ele6ttricity, has not to 
my knowledge becn afcertained by any writer on 
cleQricity before. Obfervations on this pro- 

perty 
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perty have been my fiudy and amufement for 
fome years; and, I hope the iimple narrative I 
have given of them in the following work, will 
have novelty in it at leait. 

The EleEtrical Experiments on Combuftion, I 
alfo prefume to think are new ; they have to me 
tiirown confiderable light on that controverted 
filbje&, the rife of vapour, as well as on the fup- 
pofed affinity betwcen elcEtricity and culinary 
fire, 

The Doubler of EleEtricity has made its ap- 
pearance in the Philofophical Tranfaeions ; it is 
an infirument of great curiofity. I have taken 
fome pains to improve this initrument, but con- 
jiderably more with a view to afcertain its real 
ppwers and properties, and have applied them 
fuccefsfally in explaining various phenomena re- 
fpening Rtmofpherical EleQricity. 

Spontaneous EleAricity Is no new difcovery ; 
many eminent Ele&ricians have in their works 
juf i  touched upon it, without forming any defi- 
nite opinion, or applying their obfervations t9 
elucidate the phenomenon of Lightning. I have 
called in its aid, or rather fixed it as a bafis, 
whereon to eitabliih the following Theory on 
Lightning; and which, I truit, will afford fomo 
relief, efpecially with refpea eo the vaft quantity 
of it. 

Atmo fpherical 
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Atmofpherical EleAricity will be found, when 
purfued experimentally, a field full of pleafing 
objeAs, and which arife from caufcs fcemingly 
the flighteft imaginable. Scenes like there, in 
which we fee a gradual rife and progrefs in things, 
always exhibit a pleafing fpeklacle to the human 
mind. Nature, in all her delightful walks, 
abounds with fuch views. 

A s  to myfelf, I find it abfolutely impofible to 
pro'duce a work on this fubjeEt that ihall be any 
rhing like complete. My original defign of mak- 
ing experiments a.nd memorandums, was only fot. 
my own' initruQion and amufement ; nor had I 
the leait idea'of communicating any part of them 
to the public. But feveral perrons converfant 
in elefiricity, have expreffed a wiih, that the fol- 
lowing Effay might be preferved. From a ge-* 
nuine love of fcienee, and of mankind, I imme- 
diately communicate to the curious, in this 
branch of Philofophy, whatever has occurred in 
my inquiries. He who does not foolihly affeA 
to be above the failings of humanity, will not be 
mortified, when it is proved that hc is but aman;  
this will ever be the cafe in the yrogrcfs of natu- 
ral fcience, fo long as the works of God are like 
himfelf, infinite and inexhauftible : how few ficps 
we take therein before we approach that veil of 
nature which man cannot remove. 

I cannot 
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I cannot help befpcaking the Reader’s candour 
with regard to my own isability, and want of 
learning for fuch a work as this ; and hope, that 
he will be induced to make fome favourable 
allowances for any errors which he may difcover, 
and kindly correa them for himfelf, Permit 
me, therefore, to conclude this Preface, with that 

which, although in him it might well have been 
fpared; yct a more modeit one cannot well bc 
exhibited for the molt defeAive performance, 
even for this of mine. 
‘‘ I heartily beg tbat what I have here done, 
may be read with candour; and, that the de- 
feAs I have been guilty of, upon this difficult 

a fubje&, may be not fo much reprehepded as 
(C kindly fupplied, and inveitigated by new en, 

humble requeJt of the illufirious Sir # 

deavours of my readers *.” 
* Preface to his Principia, 



Blank page r e t a i n e d  for p a g i n a t i o n  



CONTENTS. - 
Page 

CIqAr TzR I.-Containing ajiummavy uiew o f j m e  E X -  

pcrimcnts on Spontaneous Elenricity, - - - - 
C i i A r T a ~  II.-Expcrimcnts and ObJcrvations on Heat, 

tending, to  prove, that heat, J n $ l ~  conjdered, a&h on 
the ekElricity, both naturally and artiJiciaUy applied, 

c ~ ~ A P T E R  III.-Containing &me gencrat i a w s ,  arijing 
from Experiments and OlJeroations on Atmo/pherical 
EkBricity, - - - - - - - - - 

C H A P T E R  IV.-A DcJttiption of the SpeL?ack Doubkr, 
which, by the turning OJ a winch, produces Jpontanc- 
oujly, withoutJri&€ion, the twoJtatcs 4 EkBricity. To 
which is added, Experiments and ObJbvations, t o  prove, 
that the Jpontaneous Ele8ricity of the Doubkr is ob. 
taincd from the ctnnmon elcEtriJEed Gapour fu/pended in 
theair,  - - - - - - - - - . 

C H A P T Z R  V.-Containing )me generaL ObJervations oit 

Lightning, - - - - - - - - - 
CNAPTE R VI.-Containing Experiments and O&va. 

$ions, tending t o  prove, that every Flajh f Lightning 
CO~JJS ofpyit ivc and negative Light ; and which rufi 
into union from two oppb/ite dircaions, + - - 

C n I s r T E R  VII.-Furthcr 06Jervations and ConjeEhres 
on the Phcnomcna Lightnirrg, a - - -  

1 

11 

18 

e5 

3 t  

39 

68 



viii C O N T E N T S .  

C I ~ A P T Z R  V I I I , - C o n t a i n i n g f i m e  ExicriincntJ and Ob- 
j r va t ions  on the I;eyden Bottle, - - - - - 75 

o n  Exkrrimcntal Philojihy, - - - - - 85 

R E M A R K S  on Dr. Peart’s late Book on Elelhicity, - - 95 

Royal Soriety, hkril 14, 1791, - - - - - 103 

A L E T T E R  on Elellricity t o  Mr. A, Wulker, LeCEurcr 

A J O U R N A L  on Atrno/pherical EZeEtricity, read at the 

SOME of the Exf~erbients illilJtrated with a Copper- 
plate, - - - - - - - - - - 160 

A DVER’I’I S ICM EN”. 

The Author begs to inform Cuch of his Keadcrs a4 are 
litiarqiiaintcd with the nature of printing, and may, thcrc- 
for$ think the price of this Book rathcr high, that it is 
{JfcafiCJtIcd by the grciit expcncc of the Jourilals. 



Spontaneous EkAricity. 

C H A P T E R  1, 

Contrtiniag a Summiwy View 6J S'ontaneauj 
El&icity, 

XP-EBI ENT8 $9 product ckffricity, without the E aid a€ &h&g% late y.esrsr b m  diverGW und 
combined in a l m d  evuy method poaiblci a particlllar 
aocowt ai all the CLSumfiance~ which have attended 
thefe expahunts 'would be ~ Q O  prolix and tedious, I 
fit111 therefore content rnyW witb a hort recitaf. of 
feven or eight of the main onei; and then make a 
few concife abfcrvatim~ that will eatwdy iqlfc, and 
which I cannot do barter than by mbiag t h ~  rrarm$ivs 
nearly in r o ~ r  order of h e  ~3licb & eppmranceo 
accursed. 

EXPGRXMPNT 14--8j.aoarmi#gfb4 r&rh,--J kww of 
none prior to thofe made with the Tourmalin, The elec- 

R tricity 
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tricity of this none is excited by heating it, and is fo.fcn- 
fible, that Mr. Wilfon found that removing the TOUK- 
malin tr6m one roob to anorher, in which there w s  hme 
difference of heat, was fufficisnt to excite it. Mr. Can- 
ton, obferved, that the Tourmalin kmits and abiorbs the 
eleAric fluid only by the increafe or diminution of its 
heat. 

Notwithitanding the care and attention given to this 
fione, by there two eminent eleAricians; yet, one of its 
properties efcaped their obfervation, and was rcfervcd for 
the penetrating fagacity of Dr. Priefiley, which is this, 
66 that the fame pat Jde of the itone, wpuld often be 
'' itrongly pofitive and negative at the f ime time*," 
Confequently the middle part of rhat fide of the Tour- 
malin, betwecn the two eletlricities, mufi be in its natural 
itate. 

. EXPERIMENT II.UBy the liquifat?;on bfde&h.ic/,sJlances. 
-Mr. Wilke melted fulphur in an earthen veffel ; then, 
letting it cool, he took out the fillphur, and found it 
firongly ele&rical, He  then melted Culphur in glafs vef- 
LIS,  whereby they both acquired a firong eleEtricity; the 
glafs was always poiitive, and the fulphur negative, 

ExPERIMENT'III,-B~'~~~ evaporafh of: water.-The 
methods ufed by Mr. Volta, and orher elearicians, to turn 
water into vapour, in order to excite and examine its elec . 
tricity, have been various. Several years fince, I faw 

See Dr. PrfeRlcy's HiRory of EleAricity, page 712. 

MJ. 



Spontmeous Eletlricity. 3 
Mr, V,dta obtain a very fmall quantity of ele€tricity, 
From the fumes of a mixture of water, oil of vitriol, and 
filings of iron. 

EXPERIMENT IV.-From a hint received from Mr. 
Volt% I made the following fimple experiment, which any 
body may repeat with eafe, whd has glafs or wax to infulate 
8 v'effel. I colle&ed into an earthen veffel about a. pint 
of red-hot cinders, which was placed upon a glak Aand 5 
acrofs the top of the veffel was laid a bids wire, with two 
fine linen threads fufpended at one end of it, which were 
to ferve for an eleRrometcr j a tea-cup full of water was 
then thrown on the, red-hot cinders, and the threads in- 
itantly diverged two inches with negative eleEtricity. 

T h e  method of performing this fine experiment, by the 
Rcvcrend Mr. Bennet, F. R, S. is much more neat and 
elegant., His gold leaf elearometer being well adapted 
to the  :performance of experiments of this kind. Hc 
places a metallic cup upon the cap of his eleEtrometer, 
with one w two red-hot cinders in it, and then lets fall 
a fpoonfull of,pater upon the hot cinders, and the gold 
leaves foon open with negative ele&icity. 

E~PBBIMPNT V.-But thefe two methods of perForming 
the fame experiment, only extend to the fBte in phich 
the apparatus is at the time when the vnpours afcend, and 
then it is always found eleorified negatively, Cotifcqucntly 
it was natural to ccJnjeAure, that the afcending vapours 
rnufi have abforbed, while they were forming, a quantity 
of the ClcEtric fluid, and therefore mu8 be in a pofitive 
&ate,; which has fince been verified by my own cxperi- 

R 2  rxnts. 
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merits. The method I purfue to verify it is, by infulating 
i large hollow tin cone, containing about four fhcets >of 
tin plates, with many ,yards of h a l l  ,wire coiled up within 
it: one end of the wire is made to extend from the apex 
of the cone, (which is open) to a vary fetifible eleAro- 
meter. The  cone and wire collect and coiidcnfe the af-' 
ccnding elellrified vapour, as it quite the infulnted veKel 
placed under it, which always elc&rifies the eleLZrometec , 
connetled with the cone, pofitively ; and the other elc&i?o- 
rneter,which was connetled with the veffcl whence thq 
vapours arofe, negatively. 

EXPERIMENT VI.- By conibrflion.-This may be con- 
fidered as an evaporation of the highefi degree. That 
bodies pafling from a iolid or fluid Aate, into vapour, give 
uncquivocal proofs of pofitive or negative elearicity being 
combined with them in that Crate, is now evident. 1 ha& 
burnt4everal different fubfiances in infulated veflels, under 
the tin cone defcribed in the preceding experiment. 'The 
confequence was that the cone became perceptibly elecc 
trified, One of the fubfii-inces- eonfumed in the aforefaid 
manner, was dry wheat itraw, by which the cone becirnu 
weakly eledrified, pofiti~ely. 

EXPERIMENT VI1.-Having by me a quantity of rolin 
and bees wax melted together, but in what proportion to 
eachqother I have entirely forgotten, I placed about half 
a pouod of it in an iron ladle, and made it fmoaking hot on 
a coal fire: the ladle was then taken from the fire, and 
placed on the glafs fiand under the cone, and a piece of 
lighted paper was thrown into it, which put the fmoaking 

hot 
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hot coinpound in a blaze ; which loon gave evident figas 
of the prcfence of the eleQric fluid. The ele&ometer 
connetled with the cone, was eleltrificd negatively; the, 
threads opening near two-tenths of an inch. The force 
of the fira having ceafed, and the cone coaling pretry XaR, 
I 'was agreeably Swprited to obferve the thrcada opening 
itill wider, To that in a few minutes, they. wtvdk@onaiy 
at near half an inch apart. 

EXPERIMENT VII1.-About a quarter of a pound of 
ihellac, was plaocd in the iron ladle, and made fmozking 
hot on the fire ; the ladlo %then takenfrtm i t  hd+1aced 
on the glafs ftand; under the cone, and the hot lac was 
put in a blazc with lighted paper, the threads opend ntga- 
tivclp by the cler4tromctcr cmeEted with the mne, 

EXPERIMENT IX.-A brow'nearthmdifh wit6 placed on 
in the difh wa$ laid a hand- 

mcans d Sighted paper, 
n in, to keep up the flame a littk 
threads of f i e  *el&amt&r, con- 
~ p i i  pofitivclyi but that con- 

t i ehd  with the cone ihowcd no figns of el&icity. In  
this, and the preceding two ekpeliime 
creaf'd quickell immediately after the blazc had ceafcd. 

the glafs ftand, under tha 
ful of dry hay, aiid infl 

F:':~PER I.hrliNT X.-A chafing-difh fillcd with blating 
coals, was placed on tlia glafs Rand under the cone, and the 
fire W~IS raifcd by means of a pair of bellows ; t h l  doc- 
tromctcr comcAcd with thc chafing-difh was cle&rified 
pofitivcly, and that with the cone w a s  jufi fcnfibly noga- 
tiw. I thrn rrpcatcd this expcrimctrt, to fatisljr myklf 

R 3  more 
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more perfeEtly, but with lefs fuccefs thanebefore, for. r l ~  
eleL3ricity appeared in the cone, and fcarce any in the 
chafing-diib, which however feemed to be pofitive. 

EXPERIMENT XI.-every partof theapparatus remain- 
ing as in the preceding experiment, and the embers in the 
chafingdifh being red-hot, a lump' of fulphur was dropped 
into them, but I quickly found the noxious effluvia too 
tuffocating to allow me to attend to the operation. When 
they were a little fubfided, I approached near enough to 
make an obfehation, and found that both eleltromcters 
fhowcd figns of negative elearicity. 

However copious th,e difcharge of the cleRria fluid may 
be, by combufiion, &e quantity obferved in the precedins 
experiments is _very fmall. I conjeaure that it may,bc 
0wir.g tom intimate union arifing from, a itrong affinity 
that there is between flame, and the eleAric fluid; and 
that the portion of fluid detached from the burning body 
in  our experiments, is not at all fufficiently condenfed 
to quit a better conduAor for a worfe. As to the fmokq 
which is unavoidably raifed by combufiion, it can by no 
means aKe& the experiments, becaufe fmoke near the 
burning body, forcibly refifis the paffage of the eleoric 
fluid. Flame on the contrary greedily abforbs it, and 
carries it away; and therefore, how any, even the fmalleit 
quantity of the elc&ric fluid, thould be detained by the 
apparatus, is to me very unaccountable. And to obtain 
even that little portion, which it is pofible to collcQ from 
the flame of the combufiible fubitance, depends more upon 
the goodncfs of the idulation of the apparatus, than upon 
any other circumitance whatever. T h e  two following 
Experiments evince thofe airertions on flame and fmoke. 

42. 



Spontaneous EZc&icityY 7 
rft. Let a bottle (prepared for the Leyden experiment) 

be fixed to the end of a metallic rod a foot long, which 
will ferve as a handle. Charge the bottle, ;and hold i t  by' 
the metallic rod, and pars it  with a quick motion through 
a column of flame, raifed from any combufiible fubfiance+ 
The  confequence is, that the eleitrical equilibrium of the 
bottle will be as completely refioredi by the %flame aw if it 
had been plunged into water. 

2d. 'Vary the experiment, :by pafling the charged bot- 
tle through a column of fmoke, infiead of. flame; and 
it will come out of the fmoke with its eleoric charge 
undiminified. 

It is neceffarp in b6th experiments, to  pds the bottle 
with a quick motion. In the former, 'to prevent the bottle 
fr6m breaking; anirin thl  latter, to avoid as much as p& 
fible the j u t  of fmoke from fixing itfelf on the uncoated 
part of the bottle, which would defeat the experiment, 

pariited from fmokc, is a ConduBur of elec- 
tricity. 

Ttiefe faas feem to have fome connexion with another 
mentioned by Sir William Hamiltoh, in It% accurate and 
circumfiantial dekription of ,the eruption of Vefuvius in 
1779. Which eruption was evidently accompanied with 
great quantities of ele&ric\ity, which flafhed among thie 
flames, and in the loweft part of the fmoke of the burning 
mountain, but could not penetrate the column of fmokc 
fllfpended over the flames, and therebf afcend into the 
higlkr md cloudy atmofphere, He defcribes it thus : 
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fi FafXi of black fmokc fficceeded one another hafily, 
and *companied the red-hot, traniparent, and liquid lava, 
within which fmoka I poz&ved a bright, but pale, elc&ric 
fire, brifkly playing abouf, in zig-zag. lines. This black 
cloud of fmokb was charged in its courfe with eleEtrica1 
matter,. which darted ih itrong and bright zig-zags, jufi 
like thole defcribed: by Rliny the younger in his letter to 
Tacitus. This volcanic lightning, however, very rarely 
quitted the cloud, but utiually vciu~ncd to the great column 
of Jvt ;tow~ds the center of $he.yolcano, from whencc it 
originally .came,” 

Sir William Hamilton might eafily imagine that thc 
volcanic lightning was conne&ted with the lower furfacc 
oE the column of timoke, becaufe there the greatefi efforts 
of the highly ele@rXed flames, woyld be 
to pehetrate and p& through it ; confequently its aperations 
mu& be there moft confpicuous. 

EXPERIMENT XI1.-Hotair is not a conduffor pf elcttyi- 
ciiy.-It is inconteitibl y proved, that glafs heated beyond a 
certain degree, is a conduEtor of ele&ricit)’# But it has 
not yet baen Uwvered in what> mannbr heat in *@ai‘s con- 
tributes ‘to that effea. It has been alfo commonly faid, 
that bot ai? condulls cleltricity. With a view to afcer- 
tain this matter the fdowing wpcriments were made. 
To one end of a long piew of wood (which fcrved as a 
ha@e) fixed a gSafs rod, fifteen inches lonp ; to the 
reinofe end of the glafs was fixed a pith-ball cle&rometcr. 
Hiwing elk6trified &e b;rlls, I held them by the wood handle, 
and projcAed them. into ti large oven, immediately aftcr 
the fire was drawn out of it; the confequence was; that 
%AI I performed the operation flowly, the balls loft: their 

ele Ar ici ty ; 



Sfiontantous ElcEtricib. 9 
eleltricity; but that when. done quick, with as little delay 
as poflible, 'their 'kleEtric charge was ncitdimSniih6d. The 
lors of elettricity in the firft cale was' foaM 
caped along the glafs into the wooden handle, and ii, to the 
earth, owing to the great heat the glafs rod had acquired, 
by which it became a condu€tor of the fluid I hr h t i l  it 
had cooled a little the balls could not be charged aj#n, 

I hall lay before the reader one circumfimcc more, 
becaufe it may tend to 
fhc oven was in, at the 

e bakcr havitig pointed out toine the hotte 

near its mouth i t  rofe to 102'. 

An apparatus h r  collc&ting the el& 
pherc, in ordar to afcertain its fiate, and &e quanrity of 
h i d ,  *In all forts af weather, by dfyabt bpfqflaq 'fwhic)r 
geiierally s6nMk of; high. pcJinttxil and infulated candu&ing 
i d s ,  oonneEtcil !wi 
eonlider'td as an i t  tdaiIy*.praducing; TponmnmuB 
eleEtricity, Which it Cinply receives f i m k h  
pours fufprnded in the atmbrphcrc. The  dcfi 
cbntrivers was principdiy'to colleh ihto bottl 
ning, during thunder fiarms; bitt they f'i 
no idea of there being fome cle&tricity, confiantly prkfent 

T h e  
the aqueous vapours. 
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The: common, and revolving doubler of ele&idty% 
aLwp produces the eleRric fluid without friAion or pre- 
ViQUS commuoication. Thence it is that fuch produAionr 
are termed fpontqeous. The great powers of the revolving 

ppjircnt; which from its peculiar manner of 
qwife iHenfib1y fmau quantities of ele&ri- 

city, eve0 to vifible fparks j feems toaitoniih the beholder. 

AtmofphericaI ele& mply confidered, is ftri&ly 
iponheous, as fome rcgoing expdrimehts and 

d confirm. 1 now find no 

During mockltaec weather, t,he aqueoufi .sapours fufpended 
in the a i q t w  generailpi fbund by experiment, to be in B 
Bake of pofithet ele&ification, to the height my pointed 
sod reaches; which is f i tpone ,  feet; how much higher. 
the pfitive,, itate oh the elearic fluid extends, I am not  

he. intenfey !of the elearified vapour within 
diu height, gradually decteafes as it approaqhes nearer the 
f u r f i l o f ,  !be earth.. Yet I doubt, whether this is a real 

ly a , circumitantial effefrt,, For in this cafe it 
may be,, that the nearer all things approach to an equal in- 
tedty, the uCual figns of the prefeiice of the elearic fluid 

mu& 
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pupC of Fourfe grow lefs, "and become' extin&. However, 
I have fometimes found the ele&ified vapour, within fix 
inches or Jefs of the earth's furface, negative; when ;It the 
fame time, at a confiderable greater height, it was pofitive. 
But at what height the neutral or rather natural Ratc of 
the vapour happens to be between the two elearicities, 
circumff anced, is fo nice a point, that I coul 
rate!y deterniine it. At othei times, when 
rather more than commonly elearified, its 
Gems to take place on the' furfade of the ear 
i n  this cafe alfo, the intenftty of the fluid increards as its 
diitance from the earth incredes. 

CHAPTER Ir. 

Experilnents and ObJGrvations vn Heat. 

E confider the fun as the primary fourcc of heat vv upon the furface of the earth, and the atmofphere j 
without this, all the bodies upon our globe would doubt- 
leis grow rigid, lifelefs, and fixed. Hence I confider heat 
to be the irqmediate caufe of motion to the e leb ic  fluid, 
contained in,qhe earth and waters; by agititing the cor- 
pufcles of natural bodies, and continually fti 
citing fuch,a degree of motion in the finall 
matter as is fufficient excite their naturali.ele&icity. 
The  truth of.'thq remark is citabliihed upon various 
cffeB8, cnd I think, by the before-mentioned experi- 
ments, on fpontmeous eleAricity. 

Whether 
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-troth, as relative to t$c tIettrii'Buid; it matters not. 
Wiether we confider heat as folar or ihbtormcous, & 

Be- 
re and mi, that generally a 

ry toditlodgc the elearic 
Auid contained i~ the pores 6f bodies. It is well known 
that 2 ~ t  &S more powerfully on w k t ,  than on air; and 

that the fame degree of 
S, w4ll rarify water near 

nto vapour, though that 
degwe of heat can fcarcely aEeA air. 

Heat communicd to water, caures P bparation beyond 
the fphere of corpufcdar attraaion, by which means the' 
volatile particles wiP~fly . _  off at the Curface, in the form of 
vapour : when by heat the particles are feparated from their 
contat% their repuliive farce I p w s  ,firwger, being alii, 

ife when in air, by the well known repulfivc 
Buid, which I fuppofe, has even no 

weighr at all,-and which is naturally conneaed 
' 

rticle of water, b tbt 'the fime fhould be axp 
kpuer  ; b y . b m i n g  cleArified , vapour, may 

poEbly'take up more than ten &ouhnd dnies the room it' 
aid in d water; having thus b w e  fpecifically 
lighter r,amuit ntcaatily be WoyeH up into the 
tltmofphere, and there krintherlouda, &C. If the vapdur 
in its egrefs, be at ill vifible, and having attained the 

-or fix inches of infulatian in sir, it wlll 
er initruments that it is permanently 

elearified, 
* Plrilofophical Ttanfatf:ons, No 407e 

It 
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I t  has already been faid, that .*he yapours fufponddd in 
the air, arc generally found to be in m&me weather, 
eleltrified poftively. If i t  be jufi to transfer theapplica- 
tion of the fa€& which arib from artificial vapourv 8 r&d 
by mbans ot fire, to vapour raifed naturally, we ~ a w o t  
ovoid concluding, that natural vqpour muit be in a pofttiva 
fkate the motncnt it quits the, earth and waters; as the 
experiments O J ~  evaporation of water abundantly confirm. 

Moreover heat and water wre condurztors of clefiricity. 
And their being always combined in vapour, muR iqwedk 
their capacity for retaining elearicity, fo that water in its 
rarified itate, requires, and will abforb more of the eleci 
tric fluid, than when in its denfe aate as water: and the: 
vapour by riling into cooler air, will bo gradually con- 
denfcd more and more, which muit. nccen'arily iw+@ 
the inttt$iy of its pofitive charge, Thus we fee, how 

as a general, if not 

pofi tively. 

That heat, by its power of penetrating and expanding 
all grofs bodies, and thereby weakening the a t t r a 6 k  
force of their component particles, muft by its mode of 
vibration ;rmongR the conftitucnt puts of matter, ~ W C  

or excite the cle&ric fluid, lodged within them; nature, 
a8 well as art, kerns to aEord fufficicnt proof. "E& why 
more iif6ht"ing in furnmer thm in wintcr ? Are not &. 
different degrees of heat between rhofe fenfoi 
not the mdn caufc Z That heat fimply confidc 
fcffid of the power of cohdu&ing thc ele&ric 

PricAley 
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Priefiley obferves. ‘C From thek experiments, (dz. an 
beat) and thofe on ice, I concluded, that fluidity, as luch,, 
contributes nothing to the conduAing power of fubftances, 
feparate from the beat which makes them fluid.” As 
may be feen more at large in his excellent Hifiory of 
EleCtricity, SECTION IV, on the ChnduAing Power of 
Subfiances, page 609. 

Dr. Priefiley obierved, ‘‘ that a red hot poker placed 
between two brafs knobs, one communicating with the 
inlide, and the other with the outfide of the charged bat- 
tery, promoted the difcharge at about twice the ufual 
diitance. Bothjdes of the hot poker were marked with 
an imperfea circle. 

u He brought the flame of a candle between the two brafs 
knobs, and observed, that as the flame advanced towards 
them, it began to be put into a quivering motion, exceed- 
ingly quick, and was firongly drawn both ways towards 
each knob, leaving the wick bare at the top; and as Coon 
as the flame was quite between the knobs, rh’e battcrpdifb 
charged at once, at the diitance of three inches and an 
half.” He further adds that, 4‘ tbis is avery fineexperi-, 
ment. T h e  interpoiition of the flame between the two 
brals knobs is like putting I fire to a train of gunpowder, 
which explodes immediately.” 

I would farther add by way of inference drawn from 
both the above mentioned experiments, which agree well 
with my ideas, that they afford figns equally deciiive of 
two oppofite currents, running into one another, in the 
middle of thb interrupted fpace, within the circuit of com- 

munication 
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muiilcation, between the fides of the battery, which how- 
ever, I bal l  endeavour to difcufs more fully in the iixth 
chapter. 

That  heat fimply confidered, a&s jmniediately on the 
natural ele&ricity of the Toiirmalin (and a variety of other 
gems) is well attefttd in the Hillory bf Elellricity; and 
has been noticed in the firft. page of this work. That  it 
becomes elc&rified, merely by heating and cooling, with- 
aut  frillion, has been verified by feveral eminent deari- 

I have obferved in the tle&ricity of fogs, that 
when a fog fuddenly became thick and ddrk, the intenfity 
of its eleAric charge was fuddenly incrcafed alfo ; on the 
other hand, when a fog begins fuddenly to fublidide and 
clear up, the eleEtric Rate of its remains is but ‘weak. 
But I never obferved the elearicity of ti fog change in 
kind. I fuppofe that fudden changes in the denfity of the 
fog, is owing to a quick change of heat and cold; how.- 
ever, thofe fudden changes in  the intenfity of their elcc- 
tricity, generally reminded me of Mr. Canton’s following 
obfervation on the Tourinalin viz. That  the eleAric power 
of the Tourmalin does not depend on any particular dc., 
gree of heat, but that the circumfiancc of cbntrgitig its 
degree of heat, gives eleAricity to thisJoae. 

Heat a& upon the eleAricity of bodic!scartificially elec- 
trified. Mr. Canton, procured fotne thin glah balls, of 
about an inch and a half diameter, with Rems or tub$ 
of eight of nine inches in lengtb, and eIe&rified the&, 
fome pofitivcly on the infide, and othersnegativclp~ anti 
then fed& them hermetically. Soon after he iplglikd the 
nakcd balls EO his eletlrometer, and could not ;dll&ver the 

leait 
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]le& fign of their "being eleRrified j but holding diem 
before the fire, at the difiance of five or fix' inches, they 
became arongly ele&rical J and more io when they were 
cooling. Heating them frequently, he found, would 6nM 
fibly diminiifi their power 5 but keepiog one of them undcr 
water a week, did not appear in the leafi to impair it. 
Some of his balls retained thcir virtue upwards of fix 
years, but in a kfs dcgrec, 

I have fucceeded in She fame experiments, or I would 
not have mentioned them here. Becaufe Dr. Prieftley 
failed in his attempt to repeat them after Mr.' Canton, 
The  QoLtor'e failure was owbg, as be himi" jurtly fup- 
pored, to his glafs balls being too thick. There is, how- 
ever, one circumfiance worth mentioning, which accom- 
panies there experiments, and which Mr. Canton Teems 
'to have overlooked, as he has not mentioned it, viz. that 
the clearicity produced by hea 
gfafs balls, is always the fame in kind with that within 
thcm. Corrfequently, frequent heating the balls, mufi 
leffen their eleAric charge; and is a firikiag proof d the 
permeability of thin warm glais to the eleRric fluid. 

I hall add only this otic experiment more on heat, The 
indefinitely i i a l i  remains of eleltricity, in a difcharged 
Leyden bottle, are put in motion by the heat of the band 
only. It was difcovered in thc following manner, I was 
&owing a gentleman the power, and utility, of Volta's 
Condcder of EleRricity. In order to which P Leydcn 
bottlo WCIO charged and then' difcharged, by touching its 
coated fides with a dikharging rod. It now appeared to 
bo deprived of dl 'its elc8ricity 1 yet if I held it by the 

aoating, 
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coating4 and touched with the knob of it thd metal plate 
of the condenfer (placed upon an imperfea conduaor) 
and held them in contat3 a few feconds of t h e j  then re- 
moved the bottle, and took up the metal plate by its infu- 
lating handle, and prefeiited it to a fcnfible elearometer, 
the elearicity was firong enough to enable me to afcertain 
its quality. put thefe beautiful effeas diminiihcd By I'epe- 
tition; and I repeated the cxperiment until no elearic figns 
appeared in the roiirlenjr. However, while we were talk- 
ing the matter over, I itill held the bottle in my hand; 
and after a long interval of time, from our lafi trial, I re- 
pented rhe operqtion on& More ; and; to OUT afkoriifhmentj 
we found thc bottle fiill honglf clc&ricJ; This  new 
revival of the eleAricity we could attribute to nothing 
but the diKuGve warmth of m y  hand, aRing on the elec- 
tricity of the bottle. This ret US to work againj arid to 
try the bottle by turns in a warm and cold fiatej and we 
foulld tliat oiir coiijeAure of tlie C d e  was conljrmed by 
repeated trials' 

'I now fet by the b o d e  all night, in i& preferft Rate 
of ele&ricity, and next morning I repeated the operation 
with it in a cold Jtntc, and could not diicover the leaR 
fign of its being eleArified; I then grafped it in feveral 
places on the coating with my hands4 till it became warm+ 
arid then fepeated the experiment in the dua l  way, and on 
prefenting the plate of the condenfer to an elearometer, 
it charged it pretty fironglyr I repeated thefe trials, with 
the fame bottle, but without any additional charge, three 
fwceffivc rnorniiip, and the effdt was nearly the fame. 

c CHAPTER 



CHAPTER IJI. 

Contaiqing j m e  general Laws ar$ng from Expe- 
riments and Overvations on AtmoJherical 
EleEEricity , 

.I. elearicity of the atmofphere is invariably of T q F e  pofitive kind in moderate weather, both in 
fummer and winter, day and night, during the funfhine, 
or in gloomy weather. It fhould feem, therefore, that 
the eleAricity of the atmofphere is effentially pofitive. 

2. In  foggy or thick weather, without clouds, if the 
air is at the fimc time iharp or frofty, the eIeCtricity of 
the atmofphere is generally vigorous ; but fog accompa- 
nied with warm air, and going to refolve into fmall rain, 
i s  fure to afford none, or but very weak figns of ele6tri- 
city, yet they are generally pofitiv'c. 

3. Warm m@fk air is never ftrongly ele&rical. But 
the quantity of cleEtricity is by no means proportibnal 
to the quantity of moifture in the air, and it is often the 
contrary. An intenfe elearicity depends morc on the-' 
quality, than on the quantity of moifiure. 

4. In  dark cloudy weather, without rain or ftrong winds, 
atmofpheric ele€tricity, is generally governed by the fame 
laws, as in more clear ferene weather, and is thereforc 
pofitive. 
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5. Rain after a continued fuccefion of moderate wea- 

ther is always elefiritied negatively ; and very intenfely 
fo, if the fhower be heavy, and its drops large. Such 
a f l ~ o w ~ r  of rain commonly becomes pofitive about the 
middle of it, after that ends as it began, negative; but 
if otherwife, it is from the beginning to the end of it 
negative. Other rains are not fo regular. 

6. When rain falls plentifidly without a fiorm, its elec- 
tricity is not fo varied”in kind nor quantity as when 
accompanied with a brifk wind, and black clouds. 

7. Storms of wind, accompanied with heavy black clouds, 
rain, hail, or Inow, are always very intenfily elcarified. 
But the intenfity of the eleEtricify during fuch Itorms 
is variable. Thus in Aormy weather we fee the eleEtricity 
Itrong, then weak, and in a moment after rife to its former 
flrength ; one initant pofitive, and the next negative. I 
have feen thefe changcs fucceed fo rapidly, that I had 
fcarcely time enough between the intervals to note them 
down. 

8. The  atmofphere is generally but weakly ele&rified 
during high winds with a clear k y ;  and during itrong 
cafierly winds with or without a clear iky. Strong gales 
of wind firnply confidered, always diminifh the interifity 
of atmofpherical cleAricity lct them blow from what point 
Qf the compafs they may. 

9. T h e  intenfity of atmofpheric eleRricity is augmented 
This is very eafily obferved in foggy weather. 

c 2  011 

by Cold 
And from the numem.ts obfervatiops which I have 
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on this fubjee, I z,m led to a belief+ that this increafe of 
eleffricity by cofd,. and the aontrary5 is a general law, and 
takes place in almoit: all the atmofpherical phenomena3 
io that there is an increatng progrefion from the fmallefi 
figns of alearicity, ufually obferved in warm h a l l  fain, 
to rain with Iarg8 drops, and fo on to how and hail; for 
hail fhowers of all others are the moft intenfely ele&rified, 
There are, however, feveral other circumfiances which 
concur to the produAion of there ,effeEts, fuch perhaps as 
the height whcnce the meteors defcend, &c. 

IO. During a courfe of i'erene weather, it is eafily ob- 
ferved that atmofpherical eleEtricity is fubjea to a flux 
and reflux, which cauks it to increafe and deoreafe twice 
in every twenty-four hours. The  moments of its great& 
Arength are generally after the rifing, and a little before 
and after the fetting of the fun, and thofe of its greatefi 
weaknefs are from mid-day to about four O'GloGk, and 
midnight, 

The  caufe of this periodical flux fcems obvious ; for as 
foon as the fun warms the earth where the'obfervation 
i6 made, and in proportion as i t  rifes above the hotimn, 
the atjmofphcric ele Aricity augments, h c a d e  the vapours 
which then rife carry the elcE\ric fluid from the eatth 
into the atmofphete; but when the fun has attained the 
meridhn, the heat increaks in a greater proportion than 
the evaporation, the air becomes dry, and Will therefore 
hardly tranfmit the eleEtricity. T h e  high pointed rod will 
now exhibit weaker Ggns of eleEtricity, there being but 
little rnoiQure in the bwcr rcgion of the atmofphere. 
But when the fun is near fctfitig, the air grows cool, be- 

comes 
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comes humid, and tranhits more abundantly the elcliricity 
of the earth, which gradually increafes in its intenfity; 
thc ele&rificatioh of the rod will now rife again with the 
evcniiig dew, till two, three, and fometimes four hours 
after fun-ret; and then, as I fuuppofe, it mufi gradually 
diminifh to the next morning*. But is ncvcr quite de- 
firoyed if the infulation of the rod is not injured by the 
m i #  night air, 

I n  purfidng the confideration of this fubje€k it apptars 
that the elearicity of the atmofpherc (the confiant cxifk : 
cnce of which has been abundan!y proved by experi- 
ments) and its fluEtuations, are principally depending,oP 
the vicifitudes of heat and cold, and upon the aqueous 
vapours ; but there arc feveral other phenomena concerned 
En it. Thus the regular. r a t d o n  _of the heat occdoned 
by the diurnal motiorl of the earth, the drynefs or moifiurc 
of the atmofphere in particular feafons, and varioys other 
phenomena, mufi naturally affeR its periods of increafe 
and diminvtion. And though thofe periods are fubjejeEt to 
fome variety in point of time, yet upon the whole the fa& 
mentioned abovo are itidifputable. 

The  eleEtricity rifes invifibly from the earth, concealed 
in the aqueous vapoklr; aad as the vapour afccnds higher 
and higher into cooler air, it becomes more condenfed; 
by which the elcfiricity which it contains will become 

I itppofe,” becaufe I never quite fat u 7 all. r t iht  
to prove it j Init from a gqat number of obfc’chratioiis I h w e  nibre 
real’on to hppofe it niuR be tb thaii tt!e contrary, 

1 have fald 

c 3  P*W 
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more condcnfed alfo*, in fo much that it will iiow dif 
p1ay.h energy, and in whatever dire8ion it moves it is 
fure to move aEtively, animated with a penetrating and 
expanfive force; for in this h e  proper infiruments 
will eafily accumulate and detain it, fo as to render it 
vifible: 

I hbve no idea, much leis fuppofe, that any, even the 
lcafi quantity of eleblricity does ever come from,air itfelf; 
for there is reafon to think, that air as air, independent 
of the other fubitances, is unable to furtiifh any particlc 
of this fluid j znd I conjeEture that pure air and elec- 
tricity are aEtually incapable of uniting; and therefore it 
is that air is never known to attraEt, abforb, nor condu& 
elearicity, but in proportion to the condukiing fubftances 
with which it happens to be occafionally mixed : nor is air 
excitable of eleEtricity by any means that is yet known i 
therefore air does not appear to be either an cleflric or 
a conduEting body. 

It is in confiquence of thefe peculiar properties of air 
that it is found to infulate the elektric fluid more perfealy 
than any other fubfiance; that is to fay, air in even that 
fiatc of purity which is common to it in dry ferene wea- 
ther. Had not air poireffed thefe properties the exiftence 
of the eleEtricity could never have been difcovered. Hence 

It is well known, that if equal quantities of eleEtricity be 
imparted to two unequal infulated conduaors, the cleAricity on the 
leak furface will become more intenfe than on the Iargen. EleEtrified 
vqour is alfo CubjeA to this law, 

i t  
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i t  is alfo manifeit, that the phenomena of lightning and 
thunder could not have happened in nature. 

I n  the inveftigation of thefe matters it is almofi im- 
poflible for a man to attend every momcnt to them. It is' 
therefore necerary to deduce the law from the general cor- 
refpondence of faas, and upon tliefe grounds I hope that 
the affertion of the perpetuity of atmofphcrical elcBri- ' 
city may not be confidered as too precipitate and unwar- 
rantable. 

Artificial elearicity is foon produced, and it is as ibon 
diflipated and loA. But natural or atmofpherical eleEtri- 
city is univerfal and conitant, and is incapable of being 
diflipated or defiroyed. For, when ever I fcrutinize this 
matter, whether I do it by day or by night, I always find 
a quantity of eleoricity iufficient to afcertain the kind 
which at any time is predominant in the atmofpherei and 
which for its conftancy and univcrfdlity may properly be 
deemcd an elearical atmofphere within our aerial atmoL 
phcre, I t  is probable that thcfe two extremely fubtile and 
elafiic fluids may have fome unknown dependence on each 
other, either for their own formation, or their general bene- I 

ficial properties to the reft of all created beings. 

I beg leave here to refate, in concluding this chapter, 
an obfervation I have made upon the elel5'tricity of winds 
which have (by the public at large) been deemed unhcql- 
thy? My enquiry was only whether fuch wiiids contained 
much or but little of eleEtricity. My attention and rea 
inarks on this ipattcr have heen repeated wih w e .  
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A wind prevailed during the latter end of March, a d  
the greatcft part of the month of April 1790, which was 
univerfidlly deemed by the people to be unhealthy. ,This 
wind was eafterlyt and blew with a brifk fteady gale, 
rather harp  and piercitig. It contained but very little 
elearicity ; the quantity was even fo fmall that I was ofteq 
Qbliged to exert my utmofk,,) abilities to obtain enougli 
of it to afcertain the kjnd, which I often copld n9t dg 
except 1 added to m)iexploying rod a lighted torch.9 The 
people were generally more fickly than at other times, 
and their malady was attributed to the unwholefome eafi 
wind. Even vegetables, during this wind, did not grow 
but feemed to be in a fickly dying condition. I think 
there is fufficient reafon to conclude, that dry eaiterly 
Arong winds are more barren of thc elettricity than any 
other. 

There were wjthin the courfi of the ab~vve meptioncd 
month of April, about eight fmall fhowkrs of: rain, and 
two of h o w  j all of which were mpdcrately eleorificd. 

f Flame exceeds abundantly harp pointed wires in the powcrc 
OF coIleE€itig atmofpheric'iil eie&ricity ; it tias never yet' failed me, 
and I find that it5 idletting powere increafe with an incrcafed quan. 
tity of flame. 

CHAPTER 
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CHAPTER IV, 

A DeJcription if the Spenacte Doubter, which, Sy the 
.tunzing 0s a winch produces fiontaniou/l, without 
friEtion, the twoJ2ates o$ Elel?ricity. 

T H E  figures 3 and 4 reprefent the inftrument in every 
particular a fourth part of the dimenfions of the ori- 

ginal. Fig 3 reprefents the infirument fupported on i~ 

glafs pillar. It coilfiits of the following parts: Two 
fixed plates of glafi (or of any other fubftance) A and C, 

d in the fame plane, fo 
pds very near without 

tpuching them. Each of thefe plates has a fmall hole 
drilled in the middle, with a diamond drill, in’which pieces 
sf brafs are riveted, tapt with a female fcrew on their back 
par$ which receives fcrews made with rifing knob heads, 
by which the plates i re  fcrewed in their places. The 
other parts may be diftinmy fecen in fig. 4. T h e  haded 
parts reprefent metal, and the white reprerent glafs covered 
vith Ceding-wax, except the plates A B C. 0 N is a 
brafs axis, that carries the revolving plate B, pafling 
through the piece My which lafi fuRaiiis the plates A and 
C. .At  one extremity there is a brds ball D, and the 
ather is prolonged by the addition of a, cylinder of folid 
glsfi, which fuftains ‘the handle L, and the piece G H8 
which is feparately ipfulated. T h e  handle L, bcfides +e 
purppfc of moving the axis, feryes alfo as a cpntt;rpoife 
to the revolving plate, and thereby enables the axis to re- 

pain 
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main at rek  in any pofition. E F are pins rifing from the 
metal of the fixed plates A and C. T h e  crofs picce G H, 
and the piece K, lie in one plane, and have their ends 
armed with fmall pieces of harpfichord wire, in order that 
they may gently touch the pieces E F in certain points of 
the revolution. There is a pin I in the piece M, which 
touches the metal of the revolving plate B. There are 
likewife feveral colleaing wires twined round the crofs 
piece G H with their ends fpread outwards. 

T h e  touching wires are io adjuited, by bending, that 
when the revolving plate B is immediately oppofite the 
fixed plate A, the crofs piece G H conneAs the two fixed 
plates ;*at the fame time that the wire and pin at I form a 
communication between the revo1,ving plate and the ball 
D. O n  the other hand, when the revolving plate is im- 
mediately oppofite the fixed plate C, the ball becomes 
conneEted with this lait plate by the touching of the piece 
K; the two plates A and B having then no connexion 
with any part of the inftrument. In every other pofition 
the three plates and the ball will be perfcay unconneaed 
with ewh other, 

When the plates A and B are oppofite each other, the 
two fixed plates A and C may be confidered as one con- 
tinued body, poiTee6ng the fanhe eleAric Rate; and the re- 
volving plate B, together with the ball D, will confiitute 
another continued body, @lkfling the contrary eleEtric 
fiate. For all the experiments yet made concur to prove 
that there two feparate bodies will not poffefs the fame 
eleEtric itate; but that with refpea to one another their 
$lc&icities will be'pofitivc: and nqative, Thercfore the 

plates 
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plates will always take the form of a charge, if in their 
approximation they do not a&ually touch one another. 
T h e  rotation, by deitroying the contaas, preferves this 
unequal diflribution, and carries B from A to C at the 
fame time that the wire K conneCts the ba1l.D with the 
plate C, the eleEtricity in B will now a& upon that in C, 
and leave it with its firit elel5tric Aate augmented; and 
reftores B to its firit fituation oppofite A. Here, if we 
attend to the efFeEt of the whole revolution, we &all find 
that the eleEtric nates of the refpeRive feparate bodies 
mufi have been greatly increafed. A fecond rotation will, 
of courfe, produce a proportional augmentation of thefe 
increafed quantities; and B continuance of the operation 
will Coon bring the intenfities to their maximum, which 
is limited by an explofion between the plates. I 

If one of die parts be conneEted with a fenfible elcc- 
trometer, ti& eRe6ts will be very clearly fccn. The 
$ark is ufually produced by a number of turns between 
fifteen and twenty, and the elefirometer is f’niibly elec- 
trified by much fewer. When one of the parts is occa- 
iionally caiineEted with the earth, or when the adjufiment 
of the plates is altered, there are fomc variations in the 
cffeEts, not difficult to. be reduced to the general prim 
ciplcs, but fufficiently curious to excite the meditations 
of perfoiis the tnofi experienced in this branch of natural 
philofophy. An attention to brevity, however, renders it 
11eceffary to forbear enlarging upon them * 

Since 

* GI& globcs, or cylinders, often meet with accidcntri. Qwj’~. 
would not a doubler of elcEtricity, properly mounted with large byah 

plates, 
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Since the time in which Mr. Canton made his pitlr- 
&all clenrometer for exhibiting very h a l l  quantities of 
eleEtricity, the importance of fuch initruments has oc- 
curred to many eIo6ricians ; and many curious and well 
contrived eloEtromcters bave been made, which by gra- 
dually advancing in their fenfibility, have at length pro- 
duced that very ingenious and moil Cenfible initrument 
the, EIeEtrical Doubler. This initrument feems to be 
the lafi effort of genius; and its elearical powers are 
truly admirable. But the origin of its remarkable effeEts 
has been attributed to fome fmall quantity of elc&ricity, 
generally adhering to its plates and othcr parts. T o  this, 
however, I could never give my affcqt. 

I have therefore hecn curious enough to fcarch into the 
laws by which it aAs, and the fource whence its elec- 
tricity Is derived; and the more fo, bacaufe tho fponta- 
neous eleEtricity of the doubler was deomed a defca, 
even fo great, that the inRrument would be rendered ufelcfs 
jfthat could not be removed. For this reafon I deter- 
mined to try rets of plates made of various forts of fub- 
fiance, in hopes of attaining fome fubtance whofe fup- 
pobd adhefive elearicity would not influacC the procefs, 
by the approximation of its parallel plates, 

To  make this matter eafy to myfelf, my doubler is i i ~  
contrived that eaoh plate is fixcd in its place with, onp 

plates, anfwer all thc purpofes of the moR powerful ele&rical ma. 
chines? I think I can conceive how i t  may be done. It will no 
doubt be difficult to make the revolGing plate grdually recede pro- 
wonal ly  as the charge advances, 

[crew, 
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fWw, by Mhicti I can quickly tiike'off a fct of pfatds, and 
eafily repface others: and to give the plat64 a conlidcrd 
ably more extended infulation than that made bi Mr. 
Nicholfon, without mtgmentirig the like of the inltrument, 
the fixed platcs are bletated above the 'axis that clvries 
the revolving plate, by bending the glalies which fupprt  
them in the middle to a right angle, which gives the in- 
firumcnt, with its ghfi plates, the afpeR of a pair of fpec- 
&les inverted, and which has occnfionod it K, be named 
the Sp&mlt? Doubler. 

I h&e carefully rcpemd *any ckperiitteHts with i'etrs 
af plates made of diKerent forts of metal, and of wood, 
horn, leather, g@fum, fal-ammoniac, fd-prunella, alum, 
and glafsi all of which, up011 trial, produced fpontaneour 
cle&ricity of the faine kind, and nearly of equal intenfity, 
a circumitantial account of which, for the fake of con- 
aifencfs I pa6 over, and content rnyfelf with obferving, 
that the fpontatioous eIeCtric chargc'of the doubler, and 
that of my high pointed rod, were gaicrdly of the 
fame kind of elaQrieity within the room in which the 
lower end of my high rod terminatesl though placed at rhc 
greatell pofible diftance from e+ch other. Eut if at any 
time,they varied, it was an cafy matter to account, for it4 
I therefore conclude, that the rod and doubler acquire their 
fpontaneous ele&ricities from one and the fame common 
iburcq viz, the elefirified vapour fufpmded in the at- 
rnol'phere, 

The  obfervation that when the doubler was mounted 
with glafs plates its effctts were precifely the [me as 
when plates of bra& or othcr fubfiance were ded, is very 

much 
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much in favour of the above-mentioned conclufion, which 
I had drawn from numerous experiments ; becaufe fmooth 
glafs by the ufual .treatments never produced negative 
ele&ricity; whereas by the operation of this initrument, 
fmooth glafs becomes eleklrified negatively or pofitively, j u i t  
as the aerial vapour happens to be eleArified with cither 
kind. 

I have, indeed, two or three times obferved, that when 
the eleAric fiate of the rod was rather weak, and a change 
of kind happened in fuch weak it'ate, the doubler in that 
cafe would not keep pace with the rod; which at firft 
furprifed me very much. But I foon confidered that the 
rod became charged from elearified vapour without, and 
the doubler from that within the room, and that the va- 
pour within a clofe room could not change its ~IeEtric 
fiate fo quick as that without. I therefore opened the 
windows, to permit the vapours more freely to mix, which 
in a few minutes had the expelled effea, for on trial thc 
doubler became charged with the fame kind of elcaricity 
with that of the rod itfelf. On  the other hand, when the 
rod is more intenfely eledrified, its elearic charge will 
Cometimes induce in the air of a clofe room a contrary 
fiate of elearicity to that of its own. In this infiance' 
dfo the doubler and rod will vary, for their elearic charges 
will not be of the fame kind, nor ought it fo to be accord- 
to the conclufion I have made. T h e  doubler thus cir- 
cudanced  will become firongly eledtrified by one revo. 
lution only. 

There is onc very great difficulty attending the ufe of 
the ele&rical doubler, and which, doubtlefs, will ocd ian  

many 
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many mifiakes, unlefs great care be taken. On, tl$s ac- 
count we have not, as yet, any criterion whereby to know 
when the doubler is ~I.I a neutral or unleltrified fiatc. 
?'his difficulty arifes from the perfcaion of this inhru- 
ment, by which it is able to be a tefi to all others, but no 
onc can be a tefi for it. It is therefore certain, that com- 
municated eleAricity mufi be a degree more intenfe than 
that of the atmofphere at the time that the experiment is 
made, otherwife the refults will be equivocal. 

When I ufe the doubler of ele&ricity, I am cautious 
not to carry on the doubling procefs too high 5 becaufe I 
find that a weak charge is more eafily got rid of than a 
firong one. If it is only. the kind of 'elearicity that Onc 
wants a few revolutions will bc fufficient for the pur- 
pofe. 

I beg leave, however, hcre to relate, that in my two 
years journal on atmofphcrical elcatricity, which is placed 
at  the cnd of this work, there is not one obfervatiou taken 
by means of the doubler. For although I am fatisfied that 
the fpontaaeous' cleBricity of the doublcr is as really at- 

mofpheric as that of my high pointed rod, yet as that niatter 
is not generally admitted, I could not venture to force m y  
opinion upon the public. However, for the CatisfaBion of 
the curious, I thall here infert an EleRrico-Neteor4/BgicaL 
Journul, taken by means of the doubler of cleCtricity, 
mounted with gigs pluies, in three different fiations, viz. 
Firfi, T h e  doubler was placcd on a ftone pavctncnt, on 
the north fide of my houlk; Secondly, on the wood hand- 
rail of a bow window, 27 fcct high over the pavcinent; 
and Thirdly, in thc room wherein the lower elid of the 

high 
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high rod terminates. T h e  firA column hews fhe cma 
temporaneous kind of e ldr ic i ty  indicated by the high 
pointed rod. T h e  time of making the OMkvations was 
nine o’clock in the morning. 

1 fearrely need obferve that this journal of thirty days, 
only includes that part of each day in which the bbfervad 
tions were made, and which was generally completed in 
fefs than half an hour. 

The conaruAion of efe&onileteis has been varied ac- 
cording to the purpofes for which they have been dcfigned, 
and the dift‘erent degrees of ele&ricitY intended to be 
h e w n  by them. When we are invehigating the nature 0.f 

atmofpheric elehricity We require the moa fonfible elec- 
trometer poifible, that it may indicate the kafi perceptible 
portion of it exifiing in the humidity of the air, 

1 have 
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1 hBVe ufed, for this purpofe, very fmall filver wire, 

gold leaf, filver leaf, fine flaxen threads, &c, T o  the lait: 
of which, I now give the preference; becaufe I think they 
poffefs the greateit fenfibilitjr, and are l e d  liable to acci- 
dents. 

T h e  thriads are made t h k :  I take flax as it comes 
from the hcckle, or flax comb, and I firit fplit the threads 
fo fine that they will almofi float in air, I then make a loop 
at  one end, and fufpend tlicm by it from a metallic hook 
or ring, after which I dip the poiiit of a fmall pin ill hot 
glue, and thus join one pin to the lower end of each 
*thread. They, by their weight, will kccp the threads 
flraight; and that they may remain io, when the pins are 
cut off, I wet my finger and thumb with glue fizc, and 
gently prefs the threads between them from top to bottom. 
When they are dry I carefully remove the pins, and the 
threads will hang lufficiently ftraight, I make them af 
various lengths, fonie with, otliera without balls to them J 

inclofed in glafs cylinders; for without the glafs the 
threads would be fo agieated by the le& motion of the air, 
that they would be entirely ufclefs, T h k  threads of my 
mofi fenfible cle&roi~ieter are eleveii iiiches longt 

I n  order to fucceed well in elearical experimcnts, much 
depends' on, having a good infilation to our cle&rometdrs. 
I have tried various fubftances with a dcfign to improve 
the infulating power of glafs, viz. by coating glafs with 
hard red fealing-wax, he l l  lac, copal, amber, &c. But I 
cannot determine which of thcfe fubilanccs (when laid on 
glnfs) is pofl'cffed of the greatefl infulating power. But 

D this 
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this is evident, that their infulating quality is confiderably 
increafed by only warming them before the fire. At- 
mofpherical eleEtricity is fometimcs fo circumitanced, that 
i t  would be in vain to attempt to collcA it, if the in- 
ilruments were not previoufly warmed, 

CHAPTER V. 

Containing Jome general Overvations on Lightning. 

T is hid that lightning happens almofi daily in fome I hot climates, both with and without fiorms; even in 
thc moil ferene weather, if there are any clouds in the 
atmofphere, fufficient to accumulate the matter of light- 
ning. And that the lightning happens more frequently, 
and in greater quantity, after the fun has pafi the mcri- 
&an, than otherwife. 

Whether we contemplate the matter of lightning as it 
refpepef?rs atmofpheric or artificial elearicity, the fubftance 
is precifely the fame3 in both cafes, the fluid is retained, 
and its effeas tranfmitted by the famemediums j than which 
there is not, perhaps, a furer criterion to determine the 
identity of this fubtile matter. 

I con- 
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I confider lightning to be fpontaneous elearicity in the 

higheit degree. I am therefore under a kind of necefity 
in writitrg this d a y ,  to deliver my tboughts on this intri- 
cate Euhje&. An elearician cannot help forming fome 
idea, if not an hypothefis, how, or in what manner, an 
event, which indubitably arifes from an unequal diftribu- 
tion of the cleAric fluid, i n  the earth and atmofphere, is 
produced. Which fpontaneoufly becomes perhaps the inoil 
formidable and irrefiitible agent in the univerfc. Not- 
withfianding this, it appears, from various faas  and ex- 
periments, that the matter of lightning in moderate quan- 
tity, is not only perfeAly inoft’enfive, but abfolutely neccf- 
fary, for the well-being of animals and vegetables, fuch 
as is conftantly found conneaed with moderate hail, how, 
rain, fog, and dew,* Which diftribution of the fluid, 
may be confidered as nature eqtipt in her beit attires cir- 
culating this wonderful and cxtremely fubtile and e l d i c  
fluid, to the all wife berieficial purpofis, for which i t  was 
origindlly defigned, by the Author of Nature. But I con- 
fider fuch a difpofition of the elements, as conftitute 
thunder-guits, t o  be nature in a ftatc of apparent dif- 
order. 

T h e  fame kind of diflinBion may be applied between 
moderate wind, and hurricanes of wind j between mode- 
rate rain, and inundations. 

A fort of lightning is fometirnes Eeen in  this climate in 
This a fummer’s evening, playirig among th.e clouds. 

* ace t l ~ c  Journal for July so, and Nov. xa, 1789.  

D ‘2 kind 
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kind of lightning, generally happens in warm fcrene wea- 
ther, and feems quite harmlefs ; and is never attended with 
thunder. There circumitances plainly fhow, that fome 
caiife or circumfiance is wanting, to produce mifchievous 
effeLk I conceive that caule to confift, chicfly, in the 
difiance of the phenomenon from the earth; which is too 
great for the ele&rical aimofphercs of fuch clouds to difiurb 
the eleAricity of the earth. And is probably nothing more ’ 
than the concourfe of two or more oppofitely elearified 
clouds, darting their elearical charges into each other. 
When I have %been able to obferve the direCcion of this 
kind of lightning, it was generally obferved to be hori- 
zontal, or nearly Eo; excepting when it was evidently 
drawn afide by the adjacent clouds, which feems to indi- 
cate that it had but little, if any communication with the. 
earth. Nor  have I ever obfervcd my high: pointed rod, 
to be more than ordinarily ele&rified, during filch light- 
ning. 

Bcfore I confider that fort of lightning, which often 
produces dreadful effeas, , I beg leave firit, to correa 
two or three common errors, which feem to have fprung 
from the prejudice of education ill fome perrons, and from 
too little attention in others. 

Firft, there is no harm in, confequently no cadq  of 
fear, to be apprehended (however fenfibly it may a#e& 
h e )  from the rumbling noife of thunder; becaufe i t  
confifts only in a fudden concuijion of the air, occafioaed 
by the rapid and violent pafing of lightning t?lrouglr it. 
The damage to be apprehended is abfdutely from the 

lightning 
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lightning itfelf, Thekefore thofe vulgar notions which are 
itill retained by fome, of thunder-bolts, hurling deitruEtion 
whereever they are faid to fall, are all delufive dreams ; 
which ideas, I am of opinion, originally fprung from hea- 
then tnyrholigy. Becaufe Jupiter is faid to be the god of 
thunder j and they have defcribed him as holding thunder- 
bolts in his right-hand ; that is to fay, fomething to repre- 
fent fire, flame, and zig-zag lightning. 

T h e  fecond, regards the direoion of lightning. It is 
an idea mentioned in many books, and entertained by 
almoft every perfon, with whoin I have converfed on this 
fubjefi, that ail the lightning we fee defcends from thc 
clouds, ’This fentiment fcems to have been the effe&t of 
inattcntion. For when the iinmenfe quantity of lightning, 
which is ufuallp feen diijilayed even in common thunder- 
ftorms, is ferioufly tonfidcred, I ihould imagine that it 
would fiagger any one to think that the clouds could 
ever contain it all: aild \he more fo, when it is fiirthcr 
confidered, that the earth itfelf is the grand fource of 
lightning, and that none can defcend from the clouds but 
what firit afcended from the earth, Yet  the quantity of 
i t  which quits the earth in fettled moderate weather, is 
To remarkably Cmall, as to be juR fufficient to determine 
the aqueous vapours to be elearified pofitively. But that 
quantityl be it great or fmall, iririfi rlecelfarily render the 
karth in proportion thereto elefirical in the oppofite fiate. 
T h u s  art, is only an happy imitatioo of nature. By 
which, we indifputably know, that when an infulated body 
(as is the’ cafe of a cloud) is rendered eleArica1 in one 
kind, an iuiiniulated body near it, will alfo thereby become 
elee’trical of the contrary kind. 

0 3  But 
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But to what height the daily eleEtricity arcends into tile 
atmofphere is quite uncertain. W e  are fure that the elec- 
tric fluid often returns to the earth more copioufly, con- 
cealed in the bofom of Snow, hail, and rain, which muft 
in fome degree cornpenfate for the lofs, daily fufiained by 
the earth j and io recruits and keeps up the perpetual cir- 
culation of this wonderful agent.* Now, fhould the filent, 
and invifible defcent of the elearicity, by means of feafon- 
able fhowers, be equal to the daily afcent by means of heat 
and vapour; whence is that amazing continued blaze of 
lightning, which is ufually obferved in thunder fiorms, and 
which is fometimes eontinued during rome hours i' 

It is a common notion, and generally adopted in the 
defcription of thunder fiorms, or of the damages octafioned 
by lightning, that the matter of lightning always comes 
from the clouds and goes to the earth. That  this is fome- 
times the cafe there is no manner of doubt; but I can 
with confidence affert, that the contrary of.this propofition 
takes place much more frequently, viz. that'the matter of 
lightning, or the elearic fluid, proceeds from the earth and 
goes to the clouds, But this will bc difcuffed more fully 
in the two following chapters. 

Thirdly, a great variety of terms are commonly ufed 
in  defcribing thk appearances, and effeas of lightning, 

* I have received the falling rain, hail, and how% into an inf'u- 
lated veKel which was fometimes found to be clec'rified j rlpecially 
io when my high-pointed rod indicated an intenre ele&r+icity in tho 
falling meteors. The manner of doing this may be ken in the 
journal for the 20th of July, 1789, 

which 
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which we very indefinite, and do rather miflead than in- 
form the reader. Such as flaih, vivid dart, forked, zig- 
zag, ball of fire, cable of light, and a iheet of continued 
blaze, &c. If a lighted torch be whirled round like a fling, 
the rapidity of the motion will exhibit to the eye, a circle 
of light, or if the torch be fwiftly moved in a right line, 
or in zig-zags, the appearance of light will feem to follow 
the fame dire&ion. Therefore we ought not to fuppofe, 
when we fee a body of eleAric light in its paffage between 
two conduliors, that i t  does attually fill at the fame itiftant 
of time,, the whole trait i t  paffes through. But there, 
though the befi arguments which the fenfes can f u r n i h  
of the courfe of lightning, arc but faint reprefentations, 
when . it is confidered that the velocity of lightning has 
been found, by experiment, to be nearly initantaneous, 

CHAPTER VI. 

Containing Experiments and O@rvation.s, tending 
t o  prove that every Flap 0s Lightning coi$Js of 
poJitive and negative Light; and which mJh into 
Union from two oppojte Diye&iiom. 

Am not certain, that the following ideas, 011 the two 
ele&ricities, ever entered into the mind of thofe elec- 

tricians who have been firenuous advocates for the doc- 
trine of two clcdric j W s .  They  fuppofcd, indeed, that 

D 4  there 
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there were two eleLIricities, which had a firong chymicid 
affinity with each other, at  the fame time that the par- 
ticles of each have a ftrong repulfiqn amongfi themielves j 
and that tllefe two eleAricities Were equally artraE'ted by 
all bodies exiiting in intimate union in their pores; and 
while they continyed in this union they exhibited no marks 
of their exifience. They alfo obferved, that  every ele&ric 
@ark corififis of both eleCtrici~ies rufhirig contrary ways, 
and Taking; a dpubkkurrent, But this doarine feems 
now to be intirely fipplanted by thc more natural theory, 
of o m  eZe&fricJu;d; which is fimple and eafily conceived, 
and every way fufficient to explain cffc&s and appearances, 
T o  which I fubfcribe, and from which I have not intenr 
tionally deviated throughout this narrative. 

T h e  greatefi difliculty attending the contemplation of 
the phenomenon of lightning, is thc vafi quantity of the 
matter cf lightning, which ufually appears during great 
thunder itorms. T h e  perplexity attending the confiders- 
tion of this fa&, will (1 prefumc) bc confiderably ditni- 
nilhcd, if the refults pf the following experiments, and the 
reafoning and application I have made of them, are well 
founded. 

I conceive that this globe of earth and water, with its 
plants, animals; and buildings, have diffufed throughout 
th'eir Cubfiance a certain quantity of the elearic fluid, 
which is termed their natural quantity: and while this 
equable difiribution continues undifiurbed, their cleffricity 
j s  in all refpeas invifible. But if the balance of this dif- 
fufton, be by any means defiroyed, either in the earth 
or attnofphere, then i t  becomes vifrblc in proportion to 

that 
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that diiturbance. Hence che terms pofitive and nega- 
tive, denfity and rarity, redundancy and deficiency, &c. 
are only applicable to the eleCtric fluid durinr its diilurbed 
itate. 

This  being Fremifcd, we will now fuppofe a thunder 
cloud coming already highly charged with the eleltric 
fluid, which cloud, in its paffigc through the atmofphere, 
feems to hover over a high tree. T h e  tree, and the earth 
to a limited difiaticc around it, will become thereby elec- 
trified; but of an oppofite kind of cleAricity to that in 
the cloud." The  cleEtricitics of the earth and cloud, be- 
ing thus circumflariced, and their atmofpheres approach- 
inif nearer and nearer, mufi neceffarily a& with very great 
attraRive ,force on each other. One  body being highly 
pofitive, and the other of courfe as highly negative, will 
urge thcir way with great violence through the relifting 
air, which intervenes bctwecn them. Now fhould the 
atmo6,hcric conduk?ing matter, which lies between the 
two powers, hc equally difpofed and in fome fmall degree 
able to condull the eleQricity of the earth above the tree, 
the explofive flafh of lightning, will take place in the air, 
over the tree, at  the itriking difiance bctween the two 
powcrs; and at the fame time reftore the equilibrium of 
the eleltric fluid, to the earth and cloud. 

Mow any perron, perceiving the flafh of lightning, and 
judging by the appearance, would no doubt readily con- 

* I t  is dangerdus, thereforr, to taka fhelter under a tree during 8 
thunder Rorm. It liae been fatnl to many, both inen and berlts. 
It is fafw to be in ihe open field, bccaufe net clothes tend to prevent 
harm from D flafli of liglrtning, 

cludc, 
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dude, that it all iffued from that black cloud; whereas 
one.half of fuch flaih of lightning, mufe immediately 
afcend out of the earth, and the other defcend from the 
cloud. 

If the intervening air which lies between the two powers, 
fhodd happen to be dry, and therefore not able to elevate 
the elenricity of the earth above the tree, the cxplofioll 
mufi in this cafe, take place in or near the tree, which it 
is very probable, would be ihattered to pieces, by the 
force or impetuoiity, whereby the two elearicities unite. 
But in the former cafe, the tree might fufiain no injury. 
The  fame rhfoning will hold good if the mait of a hip, 
or lofty building, were to be a part of the conduaing me- 
dium between the two elearicities, 

That  the main force of lightning, muft happen nearly 
in the middle of all refitling mediums, which lie between 
the two elearicities ; and that when the explofion takes 
place, the light reen is made up of pofitive and negativc, 
in one appearance of light, as above afferted, I hall endea- 
vow to illufirate and confirm, by fcleEting a few experi- 
ments and obfervations, 

T h e  reader will eafily perceive, that 1 confider the 
itate of the elearic fluid, during a thunder fiorm, to be 
fituated in the earth and atmofphere, firnilar to the experi- 
ment of a charged Leyden bottle, I perceive no matcrial 
difference between them, but what relates to quantity, 
except this; and without this, I fce not how the pheno- 
menon of lightning could evcr happen in nature. It is 

this 
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&is : the ele&ric charge of the Leyden, bottle princi- 
pally adheres to the furface of the glafs, and not t0 its 
coating; but when a plate of air is faid to be eleEtrified, 
the charge always adheres to the coating; that is to fay, 
to the clouds or aqueous vapours fufpended in it. This 
nice diitinrftion (which nature obliges the philofopher to 
notice) does not arife from the grcat thicknefs or quantity 
of air, which, in thunder fiorms, may occafionally happen 
to be between the elcArified portion of earth and clouds; 
but it arifcs from the refiitance of air to the elearic fluid,; 
I find by the operation of the elebical doubler, that the 
Leyden experiment is pcrfeEtly formed, though the por- 
tion of air between the two fixed plates, and revolving 
plate, be only one fiftieth part of an inch, 

With regard to air itfelf (which feerns to be the moft 
perfeA noli-condultor of cleCtricity) when firnply con- 
fidered, it fwms to be originally void of eleAricity (which 
is comman to all other matter), and that air, as air,isa&ually 
incapable of abforbitig or retnining it, but in proportion 
to the fore ip  mabter mixt with it. And that the per- 
meability of air to the elearic fluid, is owing to its 
fluidity and extreme elaiticity, which caufes it to yield to 
the leaft partial preffure. It was neceffiry that air ihodd 
poffcfs theft. properties, in order that the two elearicities 
might manifefi thernfelves by thofe appearances which we 
term lightning. Confcquently, during a thunder fiorm, 
the earth and clouds operate as coatings to the plate of 
air that lies between them, That  this is a real fa$ there 
feems no room for doubt, after that decifive experiment 
of charging a plate of air, fo as to give a ihock like that 
of the Leyden bottle. 

EXPERIMENT 
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EXPERIMENT I. 

T h e  eIcEtric charge of the Leyden bottle is limited by 
the cornpa& texture and thicknefs of the glafs; for if the 
charge be urged too high, the ele0ricities will force 2 hole 
through it, and the tinfoil coating will be rcnt up in a 
bur, on both fides of the glafs; and will fometiines bc 
melted. Which mows plaiirly, that where the pofitivc 
and negative elefiricities re-unite, there the grcateit effort 
is exerted. In this experiment, the two elcLtricities fecin 
to meet in the middk of the tliicknefs of the glars, 
Which is firongly indicated by the bur being protruded 
hom the middle of the glafs. Similar effeRs will take 
place, if the circuit be 'interrupted by feveral folds of 
paper, for a hole will be made through them, and each 
leaf will be protruded by the two eleLtricities, from the 
middle towards the outward leaves. 

EXPERIMENT 11. 

With  a jar highly charged, containing nearly fix 
fquare feet qf coated glafs, I have melted h a l l  iron wire 
Into globules of metal. This fine experiment is attended 
with fome difficulty, for if the charge of the jar ihould 
happen to be too firong, the wire will be difperfed; if too 
weak, it will only be made red,hot, But fometimes the 
ele&ric charge will be of a proper intenfity to melt the 
)Hire into fine globules. When  this furprifing effea 
happens, 1 have often abferved the wire t~ he of a morc 
pale red heat in the middle than at its extremities, and thq 
belting of it to begin there; leaving a part at each end. 

unmelted, 



PoJtivt and Negative Light. 45 
onmelted. A t  otlicr times (though leis frequent) the wire 
was obferved to be of a more glowing heat in two parts of 
it, tlian in the reit, which generally happened to be a little 
above and below the middle cf it. 'I'hefe effelh clearlyfh&w 
that the pofitive and negative eleQricitics of the charged jar 

muf€ havc met in great force near the' niiddle of the w i q  
where the reiifiance to their union was great& 

E XPE R 1 M F N T I I I.-& Lighfll;)lg. 

Dr. Franklin, i n  his account of the cffcAs of lightning, 
on the church of Ncwbury, in Ncw England, obfervcs 
(' that a wire, not bigger than a coninion knitting ~iedle, 
did in fdt  conduit a flafll of lightning, without injuring 
any part of the building as far BS it went; though die 
force of it was ti0 g l u t  that, from the termination of the 
wire down to thc ground, the fleeple was exceedingly 
relit and dam;iged; fome of thc itones, WCII in tho foun- 
dation, beijig torn out, and thrown to the dilt;inu of 
twenty feet. NO pirt of the wire, howcvcr, could hc 
foulid, except about two inches at cach extremity, the 
relt being exploded." 

Ftom the circumflance of two inches of the wire bc- 
ing found to remain iatire, at e;lch extremity, 1 infer, that 
tlic pofitivc and negative elefiricities Inuit have mct at 
about midway between the two extremities, and there the 
reitoration of the dcEtrica1 equilibrium, muft have takeri 
place between the earth and cloud. If the wirc had 
been extended to the earth, pofibly no damage might 
have happened to the building. T h e k  infcrences Ccem to 
be j u h  from the circumfitnnces of the cafe; arid are rlfo 

COll- 
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confirmed by the well known effeEts of large eleffrical 
batteries; for when the charge of a battery is made to pafs 
through, or meet in a very fmall wire, which on account 
of its fmallnefs muft occafion fome rcfiflante to the re- 
union of the two powers, yet in all cafes, whether the 
+re be melted or exploded, the eleEtrical equilibrium of 
the battery is always, without exccption, found reftored 
by the explofion. 

W e  will now take a view of this mattcr, as it appears 
in the eleEtrical fpark, which, I am perfuaded, when care- 
fully examined, will be found to confift of both eleQrici- 
ties, Aretching or extending themfelves beyond the con- 
duaing furface, in order to leffet! the leap through the 
refifting medium of air to their union. For every mo- 
ment during their difunion they are corlfiantly endeavour- 
ing to unite, (which endeavour, or mode of adtion, is uni- 
form and reciprocal,) and prefs into, or attraa each other, 
like the north and h t h  poles of two magncts *. 

EXPERIMENT IV. 

My eleEtrical machine has two prime condufiors, made 
of copper, each containing about 300 fquare inches of 
furface, both well infulated. This machine, when placed 
on the ground, having a brati ball of two inches and a hdf 

* T h e  law of eleRrica1 attra&ion Rems not yet afcertained, never- 
thelefs, it is fufficiently evident, that equal quantities of bot!l elec- 
tricitiei, feparately infulated, a& with equal force upon each other; 
and that their force increafes as they approach to, and decrcafes a8 
they recede from, one another ; but it is not yet known whether thic 
attraition follows any regular proportion. 

diameter, 
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diameter, iiufpended from each conduEtor, by bent brais 
rods, fo that the balls .approach within one inch of the 
Curface of the earth; the apparatus being thus difpofed, 
and motion given to the glafs cylinder, i t  is bearttiful to 
oblerve how exadily the two ele&hkities @trike at the fame 
inftant of time. T h e  negative $ark ifl'ucs immediately 
out of the earth, and the pofitive fprk firikeces into it, rind 
thereby reitores the equilibrium of the elearic fluid to 
the earth, which had bcen difturbed by the aRion of the 
machine. 

E X P E R I M E N T  1'. 

T h e  f h e  apparatus affords another very fine experiment, 
by onlS elevating the metallic balls and curvcd rods, fo as 
to form an arch over the glafs cylinder; but as the two 
elehicities, in this experiment, infiantly dart into each 
other in air, the brais balls need not be placcd neater to 
one another tnan three or four inches, for on cvery reyo- 
lution of the glafs cylinder a denfc fpark will explode be- 
tween them ; i t  is evcn io Arong, that if it be taken pro- 
perly, it gives the Leyden fenfation. This  fpark riiay be 
confidered as a kind of ocular demonfiration, that when 
pofitive and negative eleAricity are accumulated in, and 
made to meet in air, thcir light and forcc fiem to bc, 
apparently doubled. If a curious obferver examines this 
light in the dark, lie may diitinAly perceive the dual Jgm 
af both eleffricitier within the refifling medium of sr, arid 
4fo where they unite, for their place of re-union is notice- 
able by being much lefs luminous, which is the natural 
effea of union; for there, in that particular part of the 
fpark, the two eleAricities become again one j there the 

terms 
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terms pofitive and negative ceafe, and there the eleAric 
light vaniflies. 

We know that the eleAricity is in matter, but its pro- 
perties in that fiate of union, are, I think, a l t o p h c r  un- 
known. It has been, however, improperly faid, that the 
pofitive and negative elearicities deitroy one another, be- 
caufe, when united, their vitible effeas ceafe. dt is not, 
therefore, the cauj determining thofe effelts, that is ex- 
preifed by the word defiroyed, but the cfctt ;@ 

I beg leave, moreover, to remark, that this experiment 
affords ? ftriking infiance of the vait quantity of eleEtri- 
city that is naturally contained in the pores of metal; for, 
in the fourth experiment, the fupply of eleEtricity was 
immediately from the earth, but in this the fupply is 
wholly from the inadatcd metallic cond&ors. 

E X P E R I M E N T  VI. 

T h i s  experiment was made by Mr. Nicholfon, with a 
more powerful eleRrical machine than mine. A delinea- 
tion of his feven elearic fparks is given in the Philofoph. 
TranT. vol. 79. Spark third. ‘‘ When the one ball was 
elearified plus, and the sther minus, the figns of boih elec- 
tricities appeared. If the interval was not too great, the 
long zig-zag fpark of the plus ball itruck to the itrait 
flame of the minus ball, ufually at  the difiance of about 
one4ird of the length of the latter from its point, render- 
ing the other two-thirds very bright.” 

T h i s  
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This is an undoubted fa& with me, though noticed by 

very few eleliricians. Mr. Nicholifon’s defcription of this 
fpark evidcntly exhibits, in one point of view, the pofitive 
and negative eledtricities, yniting in air, ‘and,rufhing into 
each other in oppofite direAions. I think, however, that 
Mr. Nicholfon, in his narrative, fcems to be a little em- 
barraifed with thc old dottrine on this fubjea, which, in- 
deed, fhould never Le invaded on flight cvjdence; I admire 
his tcndcrnefs in this refpet9 j but why the luminous ap- 
pearances in his fig. 6, kould d i i h  fo widely froin thofe 
of fig. 3, is to me unaccountable, for the dual  figns of 
both eleAricities are plainly obfervcd in all his experi- 
ments, and delineated in fig I, 2, 4, 5, 6, aud 7* though 
not quite fo confpicuous as thofe of fig, 3. 

It is well known to cledtricians that the appearance of 
clcdtric’fparks, taken in air, is fubjen to many variations, 
which are occafibned by the ‘change even of the mofi 
trifling circumitance; yet there are certain criterions 
pecubar to each kind of elelhicity, which evidcntly fhow 
that every f p r k  mult confiit of both efearicities, one end 
of which always exhibits die pofitive, and the other the 
negative iigns. For initance, if the negative part of a 
fpark be fmall, or yha t  has bccn ufudly termed a lumi- 
nous globule, thcn the middle part of it is generally of 
a ,purpliih colour. When ramified‘ rays iffue from the 
pofitive part, then the negative part is more extended, 
itretching out towards the pofitive; and when the pofitive 
and negative parts firike into each other in dede light in 
various parts of the intermediate fpacc, then’ their ex& 
place of union is generally obfervable by a &ark fpot. 
Hence f infer, as before obferved, the lofs of light, whether 

E toul  
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total or partial, that may happen in ahy part of an eleAric 
fpark, to be the immediate effea, and confiant fign, of 
sthe re-union of the two ele&tricities. It is further to be 
obferved, that whether the negative light arumes the figure 
‘of an oblong flame, or of a luminous globule, in either 
cafe the pofitive light is feen to approach and unite with 
it, in all pofible diretlions. I find, as Mr. Nichoffon has 
determined, “ that the effekct of a pofitive furface appears 
to extend farther than that of a negative.” 

A$ the middle part of an elearic &ark often appears of 
a dilute purplifh colour, and its ends more’vivid and white, 
it has been conjeaured by fome to arife probably from 
the fluid meeting with the greateft refifiaiice at its entrance 
and exit. I imagine, however, I that this idea was fug- 
gefted (for I know of no fa& in the fcience of eleEtricity 
idelf to prove it) by the refiflarice and refraaion which 
the rays of light fufer in pafling fromi one rubfiance into 
another. But it will appearwith the leaft confideration, that 
there is a very great difference between the light of the 
fun and that of ele&ricity; I therefore conclude from the 
foregoing experiments, that all eleArical explofions confill 
of both elearicities rufhing into union from oppofite 
dire& ons. 

We &all now proceed to examine the appearances of 
the two kinds of eleericity which take place ,in vacuo. 

I think it was’ in the year ~776 that I was employed 
by John Walfh, Efq. F. R. S. to procure fome double 
barometer glafs tubes, or long bent tubes of glafi, and to 
anifi Mr, De Luc to boil carefully the mercury within 

them, 
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thCm, in order to obtain a perfee vacuum in the ak-cli above 
the mercury. One of them being completed, trial was 
made to gafi the eleEtric charge of the Leyden bottle 
.through the vacuum, but i$ could not be done; nor was 
there any luminous appearance perceived in this baro- 
meter. Perhaps the elerftric fluid is not capable, by its 
own expanfive power, of extending itfelf into fpaces void 
of all matterv 

I mounted a glafs Cube three feet tieven inches long, of 
about one inch bore, with brafs caps; one of the caFs 
was fitted to the plate of an air-pump; a b d s  wire and 
ball extended a little farther within the tube than the caps 
did on the outfide of,it. This tube was hewed to the 
plate of an air-pump; but while the air within it remained 
of its natural denfity, the charge of the Leyden bottle 
could not be tranfmitted through it, any more than through 
a perfel3 vacuum. But if the air-pump was worked for 
a fhort time, fo that the air within- the glds tube might 
be confiderably rarefild, then the charge of 
bottle would eafily pifs through the rarefied 
the whole capacity of the tube with elearic light. 

EXPERIMENT VII. 

That to which 1 would wifh the philofopher to attend 
chiefly in this experiment, is the direaion and appearance 
of the two clcEtricities within the glafs tube, which is befi 
done when the elearic charge of the Leyden bottle is 

r too weak to force its whole contents fwiftly. 
the rarefied air, for, otherwife, the motion of the 
fo rapid, and its light fo refplendent, that tbe eye cannot 
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difiinQIy notice its operations, When you examine the 
appearances in the dark, at the moment the circuit is 
formed to pars the charge, you will difcover fome light 
within the tube, chiefly at each end of it. There lights 
are of contrary kinds of eleoricity, and agree with thc 
charged fide of the bottle, to which they are conneEtcd 
by metal. It may {ometimes be clearly perceived, when 
the charge is of a proper intenfity, that the two liihts 
have a manifeit tendency to meet near the middle of the 
refifling medium, (provided that the glafs tube be per- 
fe@y clean and dry) and thereby reftore the equilibrium 
to the fides of the bottle; but, in this cafe, the equili- 
brium i s  but partially refiored, becaufe the' two powers do 
not unite in Cufficient quantity to effeA it. 

I have frequently obferved the light within the exhaufied 
tube to be confiderably diminifhed in its fplendour where 
the two powers unite; and in air alfo, as we mentioned be?. 
fore, a dark fpot is obfervable near the middle of many 
eleCtrica1 {parks. There appearances are the confequence 
of union, and sught to be fo, becaufe in proportion as the 
two elearicities unite, and regain their 'natural itate, they 
lofe their light; for the eleEtrical Cubfiance is onlylumi- 
nous in a divided fiate, whether it be viewed in vacuo or 
in air. 

Tha t  thefe two remarkably difiinR powers fhould tend 
to re-unite near the middle of all refrfiing mediums is 
natural, becaufe there the two eleRricities meet with a 
greater refifiance than in any other part of the circuit, 
confequently there their whole f6rc;e will be exerted to 

overcome 
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ovorcoinc the refiftance, and, of courfe, will there bc- 
co'me mofi confpicuous in their &e&s. 

EXPERXMEWI' VIII. 

Similar effc&&s and appearances are obfer&d, and eafier 
performed, if the air-pump and glafs tube fcrewed to it 
be placed fo that an half-inch @ark from the prime con- 
duQor of an elenrical machine be made to flrike the upper 
cap of the glafs tube: and here alfo, in this mode of per- 
forming this experiment, the light fee11 within the tube 
confifis of contrary kinds of eleCtricity; for, if the elearic 
fpark communicated to  thi  upper cap of the'glds tube 
be of the negative kind, the cap and light within near to 
it  will be negative alfo, and the light within the tube at 
the lower end will be of the pofitive kind; and alfo the 
air-pump, and the: table it fiands upon, though uninfdlated, 
will give fuficient proof, if examined by a fenfible elearo- 
meter, of their being eleArified pofitively. 

There is another important appearance, which has been 
entirely overlooked, and which (I think) is not the leafi, 
to illuftrate and confirm the principles here advhnced, which 
will appear in thc moil confpicuous point of view if the 
glafs tube be placed in the following poiition, 

EXPERIMENT IX,  

Let the exhaufied tube be fufpended to the ceiling, pa- 
rallel to the horizon, by a filketi firing at each.end of it. 
o n e  end of the tube is to be placed fQ as to receive'an 
elearic fpark from the prime condu&or of the eleEtrical 

' 3  machine ; 
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machine; at the other end, a metallic communication with 
, the earth is to approach rwithin half an inch of the metallic 

cap of the tube. Things being thus adjufted, and motion 
@?en to the glafs cylinder, it is well known that the glafs 
tube will be filled with eleEtric light' io long as the, fupply 
of el&ricity, by the a€tion of the eleEtrical machine, is 
continued. 

Now I am certain, that it is not fo well known that at 
the inftant of time the fupply ceafes the lignt divides near 
the middle of the tube, and flies back to both ends of it j 
for, as before obferved, the light within the tube is mot all 
of one kind of eleEtricity; it includes both eleArioities in 
one appearance of light, and the moment the fupply Aops 
their progreave motion ceafes j therefore they' are not 
able to unite within the tube, and of courfe they gp out 
of the tube the fame way they went into it j one moiety 
returns to the prime conduaor, and the other to the earth 
from whence it came. 

I know, that elelkricians ih gener;il f ~ y ,  that air rarefied 
in a glafs tube, to a certain degree, permits the eleAric 
fluid to pals eafily through it. If this philofopby were 
true, it would follow, that the 'fame kind pf'eleEtricitx 
which entered the tube at one end, muft bq the Carrie all 
the way through, and fo come out at the other end of it, 
But it is not fo; that is to fay, that the eleflric light; 
within this exhaufied tube confiits of pofitive arid nega- 
rive light+, If. the operation be continued ever io long, 

and 

* It appears necerary here to obferve, drat the elcltrical effeAs of 
a$ erhauited glard tube, 1)avitig a metallic cap at one eaddf it, and 
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and even with a very great force, the fa& fiill remains the 
fame j for although a part of its eleEtri,city be drawn out 
by the a&on of the machine at one end of it, yet, enough 
always remains vifibly aEtive to meet a quantity of the 
pofitive kind, \khich, in this cafe, will vifbly rife out of 
the earth and enter the tube at the other end; and To both 
eleEtricities will again unite in it where their difunion fire 
began j hetice it is, that this kind of exhauited tubes never 
take the form of a chaqge with any concderable hrce. 

EXPERIMENT 4% 

T o  afcertain this matter beyond difpute,<wiz, that the 
light within this kind of cxhaufied tubes confifis of pofitive 
and negative light, notwithilanding it appears to the eye, by 
its rapid motion, to be but one uniform light, let the gla6 
tube remain fufpended, as in the preceding experiment, 
and place a Leyden bottle on glafs itands, at each endj in 
an horizontal poiition, and in a right liqe with the tube it- 
felf, (which will lengthen the apparatus without altering 
the rehlts) with their metallic knobs nearly in contaa with 
the metallic caps of the glafs tube. In this difpofition 
of the apparatus the coating of one bottle is to receive 
a fpark from the prime conduaor, and the coating of 
the other a fpark from metal, which, for this purpofe, 
mufi communicate with the earth. Turn  the $9 cylin- 

the other end hermetically fealed, differ confiderably from h f e  pf the 
tube defcrihed above.' T h e  elellricity, in this fort o f  tubes, aAo 
forcibly on the internal and external furface ,of the gl& and will 
take the fsrm of a charge, even fo powerfully ae to explode and 
perforate a hole through it, which how0 %its cle&rid Rote to be 
.that of a highly charged Leyden bottle. 

E 4  der 
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der and {parks will be perceived to8pafs in the four inter- 
vals of air, and, at the fame time, a luminous appearance 
within the glafs tube. Remove the bottles, and examine 
.their eleEtric charges, and they will be found to corrcfpond 
with the lights within the tube to which they were op- 
pofed. O n e  bottle will be found eleArified pofitively, and 
the other negatively. 

I am of opinion, that if a curious obferver were to 
examine this luminous appearance in a dark room, he 
would Coon think with me, that hq diitintlly perceived 
the light divide (whenever the fupply of eleEtricity ceafes) 
near the middle of the tube, and recede to its extremities. 
I imagine, howevcr, 'that its rapid motion would not admit 
of difiin0ion were it not for fomethiog peculiar to the 
infide furface .of the glafs tube, which may in Come fmd! 
degree retard the eleElric light in its' retreat. 

Perrons who are not thoroughly verfed in this branch 
ofphilofophy may fuppofe that the revera1 fa& exhibitcd 
in the ten preceding cxperi'ments are only of fmall confe- 
quenct. However fome may think of, or difregard them, 
with refppc& to myfelf, I am fully perfuaded, that the whole 
phenomena of lightning, as well as many phenomena of 
artificial elcEtricity, do-entirely depend upon tliem. Many 
of thefe experiments have been long known, aIt1:cugh 
their effeCts and appearances, as here remarked and applied, 
have the effea of novelty. Many books haw been written 
upon this branch of natural philofophy, but none of th&n 
have yet falle'n into my lyinds in which even thc lcaft 
hint of applying thefe experimcnts, in order to explain the 
phenomenon of lightning; has been attempted.-It does nc.t 

appcar 
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appcqr to havc been at all tlic objcLz of the writers. Some 
elc&ricians have, indeed, been curious eiio~lgh to attend 
to the diredim of CleBric light-1 wio: this obfcure par- 
ticular were bcttcr known. 

I conceive that though thc joining of the two eleEtri- 
cities in our experiments is but $aintly pcrccivcd, yet the 
fa& itfelf promifes fome elucidation of the grand difficulty 
refi'efling the vaft quantity of elearicity obfcrved during 
thunder itorms ; and the more immediate advantage of this 
cffcovery is, that it fuggefis the idea of a more e+ folu- 
tion of the phenomenon of lightning than has yet come 
to my knowledge, and i t  evidently deferves the moil 
minute examination. 

Laftly, thefe infiniflive experiments on eleflric light 
have not yet, perhaps, been explained to the fAfaEtion 
of the philofopher; be that as it may, if the d e  and re- 
marks 1 have hcrc made upon them hhould happen to be 
well founded, viz. that every flail: of lig$i&j confifts of 
pofitive and negative light, (not wholly of one of thefc 
kinds, as has been fuppofed) in  one apparent flafh, then 
'will that gencral amnzemcnt, :cfpetting the immcnfe quan- 
tity of the matter of lightning, that is ufually difpl'played in 
thunder-ftorms be alated, by conceiving that the earth 
does a&ually fupyly OBC moicty of every flab of lightning 
at the moment that the clouds and vapours fupply the other j 
but becaufe of their rapid niotionlthrough the air they can- 
pot be difiinguiflied by the cye as herc dcfcribed. 

CHAPTER 



f 58 1 

CHAPTER VII. 

Fgrther Overvations and Conjeflures on dhc 
Phenomena OJ Lkhtning. 

IT is not my intention, in this chapter, to defcribc 
the dreadful effeas of lightning which happen 1 in 

violent, thunder fiorms; but what I wiih to add on this 
head are chiefly opinions and conjeAurcs, fiill further 
concerning the amazing great quantity of ligh~ning ob- 
ferved in thunder fiorms, bccaufe it feems difficult to con- 
ccive how nature effeas it, 

However, I am perfaly fatisfied of the truth of w b t  
here already advanced on this fubjeEt (To far as it 
) concerning 'lightning obferved in the atmofphcrc, 
g of pofitive and negative light in one appearance; 
the light or flafh happens at  the moment of re- 

of the two powers, which approach one another with 
an unparallelcd velocity, the force of which is  derived from 
she mutual attraRion of each power, that ariCes from the 
denfity of one and rarity of the other, and is always in 
proportion to the quantity of eleAricity that has beai diE 
placed in a limited diitrih of the earth and atmofphere ; 
which ideas of the fubje8, I conceive, muQ lpffen con- 
fideriibiy the grand difficulty relative to the quantity of 
elearicity obferved in thunder fiorms; it is, therefor$, 
very probable that they have erre?, who have fupppfed 

that 
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that all, or exery part of lightning, is of one kind of elec- 
tricity, and that it all ifluad from a cloud or clouds. 

Yet, when I confider the account given from the North 
part of France, and from all tha South of England, of a 
tremendous thunder fiorm, which happened early in the 
morning of &e ~ 3 d  of December, 1790, it fhould feem 
$hat there is itill great fcope for further invefkigation. 
1 am bf opinion, that the immenfe quantity of lightning 
obferved during that fiorm, cannot be accumulated by 
ordinary or fimple caufes. On the contrary, the nume- 
rous vivid explofions of lightning which fucceeded one 
another fo rapidly, and nearly at m e  and the fame infiant, 
rather lead us to imagine, that a great part of the horizon 
and atmofphere are, during fuch fiorms, in a itate or con- 
dition capable of charging and difcharging themfelves very 
quick; and that the pwers  of nature are aAudly fo dif- 
pored, in the earth and atmofphere, as to caufe the elec- 
tricity to &end out of the earth, in a luminous body or 
flakes of lightning, fucceeding each other very rapidly, 
But how fo great apd extenfive a redundancy of eleEtricity 
in one, and deficiency of it in the other, is effeaed, is 
hard to determine; yet it is eafily perceived how nature 
operates to produce the fame effe&ts in a lefs degree, which 
has bken already (I pYefumk) clearly manifefied in the pre- 
ceding cbpter. 

Dr, Franklin, long ago, jufily obferved, 6' that wherher 
the direEtion of lightning afcend or defcend, thofe who arc 
verfed in eleEtric experiments will eafily conceive that 
the effeEtcs and appearances niufi bc nearly the fame in 
either cafe j the fame explofion and the fame flafh between 

one 
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one cloud and another, and between the earth and clouds, 
the fame rending of trees and walls which the eleAric 
fluid meets with in its paffage, and the fame fatal h o c k  to 
animal bodies." 

T h e  caufejof the tides is the firong attraaive power of 
the moon, and weaker influence of the iim, which attraLk 
all the water in the nearefi hcmiGhere, caufing the waters 
of the fea to fiand higher in one part than in another. 
This  wonder of nature, I conceiye, is not altogether void 
of analogy with that natural phenomenon of eleRrificd 
clouds, forcibly aEting on the elearicity of the earth. Fol; 
although the eleAric fluid be too fubtile to fiand on an 
heap like water, yet, when the eh5tricity of the earth be- 
comes redundant (or the dontrary) on any part of it, the 
czufe of that redundancy is not in the cqrth, but like that 
of the tide, is at a great height above it, in the atmof, 
phere, and the efficient caufe of both %s attrdion, 

T h e  earth is the grand refervoir of the matter of light-, 
ning, and may poffibly, in a limited difiriEt, bccomc ovcr- 
charged, fo as to throw off 'flaihes of light like an over- 
charged elearical, apparatus. I have abundant proof, that 
a limited part of the earth is fomctimes in an ele&i*ified 
fiate, becaufe the uninfiilated part of my atmofijheric appa- 
ratus is frequently eletlrified, but mofi fo during a thunder 
itorin. I therefore infer,(that when that part of the apparatus 
is eleEtrified negatively, the fluid is afcendiiig out of the 
earth into the atmofpherq the former having 1 4 s  than its 
natural quantity in my neighbourhood; and when the fame 
part of the apparatus is elearified pofitively, tha fluid of 
courfe is defceading into it, cohfequently a limited part of 
the earth may be highly e1,etlrified j yet, its being infenhhle 

to 
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to us, who even may Le on the elellrified part, is no proof 
of its non-exiftence, fince we ourfclves arc involved in i t  j 
for where all things are equally involved i n  an eleArical 
armofphere there can be no vifiblc Ggns of the prefence of 
the elearic fluid, For the fame reafon, if two or more 
perfons be ele&ified, itanding upon the fame i$uIation, 
they h o w  110 figns to each other of being elearified, be. 
the quantity of fluid they arc involvcd in ever fo great. 
Thc  fame fa& is obferved to take place in perfons, and 
things, ufiin/ufutcd, and will be particularly noticed by and 
by, with the mailtier of dcertaining it. ,:;L-*L%>~ . 71 

.e, .’ 

I beg leave here to obferve, that however furprizing it 
may appear to fome eleAricians, who perhaps have had 
no experience of an atmofphcric apparatus, that a metallic 
rod, which terminates dwp in the’earth, and its upper cnd 
nailed to a brick wall to give it Fupport, ihould, fo cir- 
cumflanced, exhibit figns of an cleEtrical charge, would 
be nothing wonderful, were it poflible for us to conceive 
what a vaft quantity of the fluid is at thofe times in motion 
in the earth; and that, whenever the phenomenon hap- 
pens on any part of the earth, there is slwaps over that 
part of it, concealed in the clouds and vapours, a propor- 
tional quantity of the eleEtricity, but of an oppofite kind 
to that on the earth; for, indeed, one elcEtric charge can- 
not exifl without the other. 

I have been of opinion, that as the brick wall is a lefs 
condurftor of eleQricity than metal or moift earth, i t  may 
on that account cantribute, in fome fmall degree, to the 
produaion of the phenomenon, but in this opinion I may 
be wrong 

Hiftory 
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Hifkory informs us, that large quafitities 6f lightning 
have been fekn to rpn along the ground, break into feveral 
parts, and produce feveral cxplokons at the fame time ; 
which clearly indicate that a part of the earth may be fo 
cirtuniflanced, that it does not always quickly drink it in, 
Now, if a limited diitrilt of the earth, where fuch fa& 
happen, were not previoufly furcharged with the fame 
kind of eleAricity with that feen diffufed upon it, how 
could fuch a phenomenon take place? 

Ohe of the bcit authenticatcd accounts of lightning 
fprcading itfelf upon the furface of the earth is that in 
Dr. I’rieitley’s excellent Hiitory of EleAricity, page 400, 
which I will here tranfcribb. 

‘c But the moit complete demonitration of t h k  real ulc 
of Dr. Franklin’s method of fecuring buildings from thd 
e f f i s  of lightning, is Mr. Kinnerfley’s account of what 
happened to thd houk of Mr. Weit, a merchant of Phi- 
ladelphia, in Pennfylvania, which was guarded by an appa- 
ratus, conitriiEred according to the direAions of Dr. Frank- 
lin. It confifled of an iron rod, which extended about 
nine feet and a hslf above a Aack of chimnies, to which it 
was fixed. I t  was more than half an inch in diameter 
in the thickefi part, and went tapering to the upper end, 
in which there was an hole that received ’ a  brafs wire 
about three lines thick and ten inches long, terminating 
in a very acute point. The lower part of the apparatus 
joined to an iron Aqke, driven four or five feet into the 
ground. 

‘‘ Mr. WeR judging, by the ,dreadful flaih of lightning 
and 
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311d inftant crack of thunder, that the conduaor had been 
Rruck, got i t  examined; when it appeared that tlie top of 
the pointed rod was melted, and the fmall brafs wire re- 
duced to feven inches and a half in length, with its top 
very blunt. T h e  flenderefi part of the wire he fufpeAed 
had been difipated in fmoke; but fomc of it, where the 
wire was a little thicker, being ocly melted by the light- 
ning, funk down (while in a fluid itate) and formed a 
rough irregalar cap, lower on one fide than on the other, 
round the upper end of what remained, and became inti- 
mately united with it. It is remarkable, that, notwith- 
ftanding the iron itake, in which the apparatus tcrminateci, 
was driven four or five feet into the ground, yet the 
enrth did not condull the lightning To fuJ, bur that, in 
thunder ftorms, the lightning would be j e n  dip@ near 
the flake two or three yard$ over the pazretncrrt, though at 
that time very .wet with rain.” 

Thefe effe‘eRs plainly fhow that thc earth does not d- 
ways with equal cafe abforh the clcAric fluid. Which I 
judge, as before faid, mufi arife from its ele&rical itate 
peculiar to a limited difiriA where fuch extraordinary 
phenomena happen; for the earth is always moifl. Bur  
to add to that, in the abbve cafe it is faid that the pave- 
ment was very wet with rain. This  conjeaurc of niiiie 
may at firit fight, I own, feem improbable; but the great 
quantity of eleLtricity obferved in fuch circumitances, 
rnuft have an adequate caufe, and I know of no other caufc 
capable of producing that eRe& 

In  the fame Hiftory of Eldiricity, page 394, I find that 
Pliny, in his fecond book of Narural liiftory, mentioned 

fo1ne , 
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fome luminous appearances, and tclls us, that thcy fctdcd 
not only upon the mails and other parts of the flips, but 
alfo upon men's heads, and on the b e a r s  of the foldicrs 
who kept wptch by night upon the ramparts. , Seneca in 
his natural quefiions takes notice of the fame phcnomenon. 
A itar fettled on the lance of GyIiypus, as he was failing 
to Syracufe: and /peurs bave feemcd to be on l ipe in the 
Roman camp. In the month of February, about the fecond 
watch of the night, there was a very extraordinary ap- 
pearance in the army of Cdar .  There fuddenly arofe a 
thick cloud, followed by a ihower of hail fioncs; and the 
fame night the points of the Spears belonging to the fifth 
legion fecmed ta take Jrf .  Livy, chap. 32. mciitions two 
fimilar f&s. It do not appear that the ancicnts had 
any proper ideas of thefe fafls and appearances ; for if they 
faw only one light it was termed I-Icicn, an ill omen; but 
if two lights appcarcc! they were called Cafior and Pollux, 
and wcre invoked as gods. 

It is now evident that thefe luininous appearances muft 
have been natural or fpontaneous elcktricity. And that,a 
limited part ,of the earth and atmofpherc muf€ when and 
where rhofe phenomena happened he highly ele&rical ; 
and alfo every fibfiance within the eleklrified difiriEt. 
For  thofe faas all happened without infulation, and wcre 
fimilar in that refpea to the fhAs obfervcd with my 'zm- 
infitaied metallic rod. A fimilar event happened to Mr. 
Loammi Baldwiri (related in the Phil.Tranf. vol. 72) who 
raifed an clearical kite in July 1771,  during the ap- 
proach of a revere thunder fiorrn, and obforved ,'lit/$y 1.0 

be furrounded by a rare medium of Jre, which, p s  the 
cloud rofc nearer the zenith, and the kite rofe highw, con- 

riniiod 
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Cinued to extend itfelf with fume gentle faintjujes. Mr. 
Oddwin fclt no' other effea than a general weaknefs in  
his joints and limbs, and a kind ,of lifilefs feeling; all 
which he obferves might poifibly be the effea of fur- 
pr&, though it  was fufficient to difcourage him from per. 
iifcjng in any farthcr attempt at that time. H e  therefore 
drew in his kite, and retired to a fliop till the fiorm was 
over, and then went to his houfe, where he found his 
parents and friends much more furprifed than he himfelf 
had been ; wlib, after exprefiing their afioniihment, in- 
formed him, that he appeared to them (during the time 
he was raifing the lcitc) to be in the midfi of a large bright 

j m e  ofjircL attended withjlafiivgs; and that they expcEt- 
ed every monient to fee him fall a facrifice to the purne. 
T h e  fame was obferved by Come of his neighbours, who 
lived'near the place where he ftood, 

I confider this event as the moit extraordinary infiance 
of the kind (where no injury was fufiained) that I have 
.yet been acquainted with. Tha t  a man fiould be To 
powerfully ele&rIfied, fi;tading 011 the grognu', as to be 
vifibly io to himfclf, and alfo to his friends at a confider- 
able diitance from him, aiid in day-light too, h e w s  the 
iinmenfe quantity of eleEtricity that he muit be involved 
in; and his fife efccape from danger to be little lefs than 
n miracle. Every one mufi be fatisficd (who reads this 
aitonilhing account) that Mr. l3aldwin was perma~iently 
eleLirified, though uninfulated. It alfo feems evident that 
the part of the earth whercon he Bood, and that adjoin- 
ing to it within a certain diftance, mufi have been in the 
fatnc clcarical fiate. T h e  principal difficulty that will 
here arife with many, will be the apparent want of infu- 

F lation 
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latim to Mr. Baldwin+. But when that is accurately COIP 

+ ? r e d ,  it will be foundt that the furrounding air per- 
formed that office by infulating two highly eleEtrified 
bodies, viz. the clouds above, and the furface of ,  the earth 
beneath himr which have in  fiich infiances the eEe& of 
coatings to. a plate of air, Gmilar to the coatings of a 

plate of glafs. Now it is well known, that the Leyden 
bottle retains its cieAric charge though one of its charged 
coathgs be uninfulated, or conne&c\ with the ground. 

It is in my power to fatisfy any one during a thunder 
florm, and fometimes even during the pafing of a black 
cloui over tny high pointed rod, that the earth is to Come 
limited difiance in my neighlourhood, fometimes in  a rc- 
dundant and fometimes in a deficient fiate of ele&ricity. 
One of my ways of proving it is rather diverting, when I 
have a company of perfons of fufficient courage to form a 

.circuit, by joining hands in the dual  manner, to receive the 
charge of the new Leyden bottle, as I term it. It is thus 
performed-The firfi perfon in the circuit is to touch with 
his finger the bel fof the atmofpheric apparatus which 
communicates with the earth, and the lait perfon in the 
circuit is ‘to approach with his finger the brafs balllwhich 
is infulated. T h e  confequence is that a denfe $ark of 
elc&ricity will iifue, and at the fame initant the whole 
company gives a fuddeii fpring, as if they had received the 
charge of tho common Leyden bottle. T h a t  the rod i’s 

difcharged by the operation is evident, becauk the pith- 
ball ele&rometer, which is conneAed with it, collapfes. 
If the finger of the firit perfon be continued on the bell, 

* I confider Mr. Bddwiii’s Gtuation to be Ginilar to that of thy 
worm a i d  fly in the charged Leyden bottle mcntioned p. 77,. 

\v 

and 
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and thc finger of .the lafi be remotred from the ball to 
give the\ rod time to charge again and again, (for which 
purpofe fometimes three or four feconds are enough,) the 
company may repeat thc experiment as often as they pleafe. 
But I have fometimes obferved, that eveil” elefiricians 
themrclvcs were too well fatisfied of the fa& to make a 
fecond trial. 

When  the circumflances which accompany this pheno- 
menon are well confidered, it may be difcovered by fome 
fenfible effcC-ts, that the force of an elearic charge does 
not depend at all 011 the ihape of the charged furface. 1 
conclude therefore, from this fact, as before. obferved, 
that a cloud over the rod, and the furface of the earth 
under it, may be confidered as the eleEtrified coatings to 
the itratutn of air between them j whfch, between the bell 
and brafs bal), is only two inches. This fmall portion of 
air is fometinies difplaced by a continued fiream of light- 
ning, very awful to a fpeCtator. 

Moreover, I infer, from well known eleRrical pheno- 
melta, that when two fuch highly clcflrified coatings are 
once well formed, and the attraElive force of their eluttric 
atmofpheres have entered even in a fmall degree into each 
other; it is not in  the power of the wind to feparate and 
difperfe them. For as the wind in its progrefive motion, 
carries the eleEtrified cloud forward, an equal elefiric 
charge, but of a contrary kind, in a ftate of aCtual opera- 
tion on the furface of the earth, will alfo move and keep 
an even pace with it; until either the ele&tric charges bc- 
come more augmented in the coatings of earth and va- 
pour, br they approach nearer and nearer towards each 
other, or in their path meet with fome coiiduttirig emi- 

F 2  Ilellce 
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iience capable of facilitating their re-union ; the conlea 
quence of which will be an exploficn of lightning and in- 
itant clap of thunder; if not Come damage tp aniinals, ve- 
getables, or buildings. 

Let a perfon's fituation be where i i  may, either in the 
houfe or open field, he is liable in any place to be involved 
in an elec'tric charge, whether it be ftationary or moving 
with the clouds. Aijd whe:: he is fo involved, he may 
know nothing a t  all of it, without proper initruments j for 
reafons before given. I once found myfelf fo involved, in 
a fmall degree, as I was walking in Hyde Park, I ob- 
ferved that the atmofphere began to airume p menacing 
appdarance, and a heavy black cloud being at no great 
diftance, I took, my pocket eleRrometer out of its cafe, 
and held it in my hand, and it initantly diverged mar one 
inch, Some drops of rain now fell, I therefore wcnt to 
my houfe, and I found my high pointed rod ftrongly 
charged and the bell of it ringing brikly. 

With regard to danger from the returning itroke out of 
or into a perfon, which happens at the initant a flaih of 
lightning takes place, I apprehend no painful fenfation 
cat1 follow. For, although a man naturally poffeffes a 
very great quantity of eleEtricity, and his natural portion 
we kngw may, be increafed or diminiihed, in a fmall de- 
gree, without harm to himfelf, yet the quality and quan- 
tity of his elec'trical itate will always have relation to 
the place he is in, If he ftood in the dire& path of a 
flab of lightning, mofi likely the event would be fatal; 
but if he happens to be clear of that, his natural quantity 
of elcAricity can undergo no greater change in its den- 
fity or rarity than the difiri& of earth he fiands ppon, 

and 
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and every thing elfe about him j which I fuppofe will be 
very hal l .  For infiance, thcre are but few; if any people, 
who have arrived to maturity, but have at one time or 
other been as it were involved in the very blaz; oflight- 
iiing, and have not only fuitaincd no harm, but have ac- 
tually had no fenfation at all of a returning firoke ; yet 
people fo circumflanced [are in the mofi proper fituatioii 
to feel a returning firoke. But the fcnfations and injury 
fufiained (abating fuutlden terror) is generally in the eyes, 
thc moft fenfible part af the body. T h e  confiant moif- 
ture of the eyes, perhaps, may contribute thyeto, by 
facilitating the paflagc of a greater quantity of fluid 
through them. I imagine, that if it were pofible to de- 
prive a man of his natural portion of elc&ricity, by a re- 
turning firoke, or in any other way, or even to fuper-add a 
double quantity of the fluid, though his body caniot break 
likc glafs, yet either way might be Eta1 to him: and 
thus I furpofe are people deprived of life by lightning. 
Mr. Baldwin's fenhtions feem to. imply thus much. Seu 
Page 64- 

I judge, from feveral fenfible eft;.&, that a certain in- 
tenfity of the eleCtric fluid eminently contributes to-the 
well being of animals and vegetables. And I conjeaurc 
that thc energy of the brain and nerves depends on a pro- 
per intenfity of eleoricityi as the a& of reQiiri11g health- 
fully depends on a proper intenfity of air. However, to 
give this conjeaure Come weight, I beg leave to tranf- 
cribe an obfervation on the nerves of the Torpedo, by MI-. 
John Hunter, F. R, S. read at the Royal Society July 1 3  

1773. (' The magnitude and the number of the nerves be- 
f l ~ w c d  on tliefc orpins, in proportion to their fize, mofi 011 

F 3  reAeCtiori 
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refleaion appear as extraordinary as the phenomena they 
afford. Nerves are givep to parts either for fenfation or 
atlion. Now, if we except the .more_ important fenfcs 
of feeing, hearing, fmelling, and taiting, which do not 
belong to the eleAric organs, there is no part even of the 
moit perfeA animals, which, in proportion to its h e ,  is 
Eo liberally fupplied with nerves j nor do the nerves feem 
neceffary for any fenfation which can *be fuppofed to be- 
long to the eletlric organs. And with refpea to aEtion, 
there is no part of any animal with which I am acquainted, 
however Arong and conitant its natural allions may be, 
which has fo great a proportion of nerves. 

‘6 If it be then, probable that thofe nerves are not no- 
ceffary for the purpofes of fenfation or aAion, may we riot 
conclude that they are fubfervient to the formation, col- 
leaion, or management of the eleAric fluid; efpecially as 
it appears evident, from Mr. Walh’s experiments, that 
the will of the animal does abfolutely controul the cleAric 
powers of its body, which mufi depend on the energy of 
the nerves. 

How far this may be conneEted with the power of 
the nerves in general, or how far it may lead to an ex+ 
planation of their operations, time and future difcovories 
alone Gin fully determine,” 

T h e  powers of the eleArica1 Eel, appear to be very 
much fuperior to thole of the Torpedo. I have feen his 
brilliant fparks in the day light, heard their happing noife? 
and felt his fhocks, which were, on forne occafions when 
he was much difturbed, very fcvere. 

But 
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But to pursue our remarks an the fuppofed danger 
fiom the returning firoke a little further. Befides the 
evidence of natural faas, Gmilar phenomcna attend arti- 
ficial ele&ricity. When we accumulate denfe eleEtric 
fparks, which itrike through air, from fixteen to twenty 
inches in length, I have felt ,at thofe times a motion of 
the air on my face, at the initant thofe explofions hap- 
pened, but I did not feel the return of the fluid into ~ I Y  

body, which I had been deprived of during the accumu- 
lation. Yet I Taw elearicity returning by the bell wire 
into the earth within lefs than two inches of its furface, 
and at  the diitance of eighty-three feet from the machinr. 
But in the roan next to that in which the explofions were 
made, about two yards of the bell wire, in the dark, 
feemcd to be on fire by thc returning elearicity, which 
was efieemed a fine fight by the fpeaators. Now, as no 
bodily fetifations were felt, it may be fuppofed by fome that 
no change of the natural quantity of Auid liud taken place 
on the company ; but that is by no means the confequence ; 
for the houfe idelf*, and every pcrfon and thing in it 
during the accumulation of thofe fparks are eleEtrified ne- 
gatively; which i s  eafily proved, by either placing per- 
6 n s  or things upon a good infulation, the moment before 
a n  explofion happens, as they will be found, on trial, 
elearified negatively; becaufe whatever ele&ric fiate 
they poffeffed at the infiant they became iafulated, tbc 
fame will remain when the explofion is over. 

Oh the 12th of March, 1781, by the favour of Richard 
Hen. Alex. .Bennet, Efq. F. R. S. F. A. S. and with his 

* Scc thc nad of Aupft, in the Journal for 1 7 8 p p ~ g c  t i 5  

F 4  hrgc 
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large 'eleArical apparatus, a iheep was killed by the elec- 
Uical'ihock, from a very large battery, in the prefence 
of many members of the Royal Society, affetnblcd t o p  
cther for the purpofe of viewing the operation. In this 
mode of employing a very great quantity of 'the cleRric 
fluid in one firoke, no fenfation of a returning Arokc was 
perceived by the company, who itood near to three fidcs 
of the table on which the iheep lay. It was thought 
necefiiry byMr. Hunter (who had the direEtion of the 
operation) that the brafi rod, which was to condu& thc 
eleEtric charge to the head of the animal, ihould be preffed 
ciofc to it, or the wool of it might obftru& the force of 
the charge: I readily acceeted the office, and, with a flick 
ghat itood near at hand, I preffed the metallic rod tight to 
i ts head; although my fituation in fo doing was judged 
dangerous yet I did not feel the lcaft fenhtion. 

Df, prieftley, and other perfons, put their hands,into 
the water, at the time that'the elearic charge of the bat- 
tery pajred over its furface; and they felt a fudden con- 
cufion in the'water, without pain to themklves. He held 
the bill af a robin red breafi, and after that the nofe of 
a moufe, near the ele'Etric cxploGon of a large battery, but 
they did not feem to be at all affeEted by it, I put into 
a large Leyden bottle a fly, and after that a worm, and 
then charged the bottle, during which I kept my eye on 
them,'and in thq dilcharge allo, but neither the charge 
nor difcharge had any vifible effFR upon them, 

I will here traqfcribe, in concluding this chapter, a few 
of the many remarks and obfervations made by that emi- 
nent ekcftrician Signior Beccaria, on lightning. 

(6 Confidering 
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bc Confidering the vail: quantity of elearic fluid that 
appears in  thc molt. limple thunder fiorms, he thought it 
impoGble that any cloud, or, numlwr of clouds, fl~oulp 
ever contain it all, fo as either to difcharge or rcceive it j 
bcfidcs, during the progrcfs and increak of the fiorm, 
though the lightnirig frequently firuck the ,earth, the fame 
clouds were the next moment rcady to makc a itill greater 
difcharge, and his apparatus continued to be as much afc 
fc&d as cver ; the cloCds mufi confiquently have received 
sr one place, the momcnt that a difcharge was made frow 
them in another.” 

(‘ T h e  extcnt of the clouds doth not leffen this difliculty j 
for, be it cver fo great, ftill the quantity ought to be lcl; 
fined by evcry difcharge.” 

G T h e  fiunc caufe which firft raifed a cloud fiom va- 
pours di@ifed in the atmofphere, draws to i t  thofe that 
are already *formed, and continues to form new ones, 411 
the whole collcaed mars extends Eo far as to rcach a part 
of the earth where thcrc is a deficiency of the elearic fluid j 
thither too will thofe clouds, replete with ele&ricity, be 
itrongly attraccted, and there will the eleQric matter dif- 
charge itfelf upon the earth. A channel of communi- 
cation being in this manner found, a frefli fupply of 
elc&ric mattcr will be raifed from thc over-loaded parr, 
and will continue to be conveyed by the medium of the 
Flouds till the equilibrium of the fluid between the two 
places of the earth be refiored.” 

T h e  fact., therefore, mufi be, that the elearic fluid 
is continually darting from the clouds in one placc, at the 

fame 
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fame time it  is difcharged from the earth in another; and 
it is a neceirary confequence from the wholc, that the 
clouds ferve as conduAors to convey the eleAric fluid from 
thofe places of thc earth which are overloaded with it, to 
rhofe which are exhaufted of it.” 

I am not certain whether Signior Beccaria was ever 
acquainted with that interefiing difcovery of Dit. PriEfiley 
on the Tourmalin, as mentioned in the beginning of this 
work; but I have often thought that that fa& of the 
Tourmalin gives aid to, or corroborates itroiigly, Sigllior 
Beccaria’s fcntiments of the elecCtrica1 itate of the earth 
during a thunder florm. 

As it is now a fdt ,  that fo finall a fubfiance as thc 
Tourmalin itone is, can exhibit at the farne time, and on 
thc famc flat fide, the two fiatcs of ele&ricity, why fhould 
it be thought impofiible for the cart11 to fuitain, for a few 
minutes, (which would be in fome thunder-gufis quite fuf- 
fieicnt) the two contrary fiates of the elc&rid fluid? and 
efpecially when they are only fuppofed to happen on the 
earth at the difiance of many miles;-perhaps in fomc 
thundet-gults not lefs than 30 or 40. 

I readily admit that the earth, even in its dry& ftate, 
is a better conduAor of ele6tricity than thc l’ourmalin; 
but when a mile of earth is oppofcd to every tweiitietli 
part of an inch of the flone, their diKercnce of capacity 
for condueing the eleEtric fluid is thereby confidcrably 
&minified. 
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T h e  only difficulty here arifcs from our want of con- 

ceiving how a quantity of eleAric fluid can lie condenfed 
in or near the furfacc of the earth, indone part of it, 
whilR its neighbouring fluid in another part is attenuatedj 
but when experiment is itrongly on one fide, and nothing 
but this difficulty of coiiceptioii appears on the other, thc 
latter ought to give way; and when thc thing is care- 
fully confidered, and experiments with appearances WE 

duly coinpared, pcr’haps the difliculty of conception may 
yaiiiih. 

CIIAPTER VIII. 

Begin to be afraid that perhaps, after having been con- I iidcred as a dry experimenter, I may be taken for a 
vifionary innovator of Dr. Franklin’s theory. Dr.  Frank- 
l i d s  difcoveries, rcluting citlicr to the nature of lightning, 
or to thc Lcyden bottle, are truly amazing, and much 
praifi: is juitly due to his ingenuity. But it is neceKu-y 
to obfcrve, that though many of Dr. Franklin’s admirers 
thought that he had exhaufied the whole fubjefl, he him- 
{elf was far from thinking To ; and the hifiory of eleEtricity, 
fince the date of his difcoveries, dcmoiiitrates that his 
bijicion was true. T ime  has brought to light a great 

number 
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pumber of incomplete as well as complete experiments, 
and perhaps more of thh former than of the latter; fo that, 
though we know much more than he did at that period, 
Wej at the fame time, know how much remains yet un- 
known, 

It has befn my endeavour, by the following experi- 
ments and obrervations, to afcertain in a concife manner, 
that every eleArica1 explofioti of the Leyden bottle is the 
conflux or meeting of two'oppofite powers, the pofitive 
and negative eleEtricities, ruihing into ugion from twQ 
oppofite direEtions; which I conceive muit arife from two 
caufes, that is to fay, from the ftrong tendency 'of the t w a s  
eleAricities to re+nite, which attra&t each other with equal 
force, and the refiflance oppofed thereto by the non- 
conduRjng quality of air. 

I conceive that there is only onc elcAric fluid in nature, 
But when the natural quantity of a body is divided into 
parts, and fome of i t  given to. another body having its 
whole quantity, we give diffcrent names to the eleEtrical 
f'tate of two bodies fo elearified, becaufo of their conk. 
quent different effeEts on each other, yet they are one in 
their nature and operation, T h e  Cufceptibility of the elec- 
tric fluid to fuffcr a divifion or change intits natural itate 
and fituation is manifefl in all eleLIrica1 experiments, but 
this change cannot be carried on beyond a certain degree 
without great force or violence, becaufe the divided parts 
unite their whole force againit the difuniting power, and 
will foon become equal to it; therefore it is, that in the 
charging of glafs the operation is limited and t h n  flops; 
viz, not becauic the negative fide is poffcfled of no d o r e  

elearicity, 
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elefiricity, but bccaufe the difuniting and the attraaing 
powers are then attually balanced, tonfcquently all further 
progi-efs niuft ceafe. 

I am thoroughly htisfied of the truth of this gencral 
conclufion, that every fubfiance in nature (except air) has 
naturally a certain quantity of eleRricity appropriated to 
it, which quantity m y  be diniiniflied, either natiirally or 
artificially, by drawing out a part, which thc body will 
again refume ; but its whole appropriated quantity can 
never wholly be drawn out of it. And by the byc, the want 
of attending to this circumftance has occafioned many 
jniilakes, for a fpnrk iffuing from a dimiiiiihed quantity is 
as real a fpark of thc cleEtric fubftance as the contrary; 
I therefore infer, that negative eleflr'icity mufi be equally 
as a&ive as pofitivc, and that it will urge its way through 
every refifting medium to meet the pofitive; for this reafon 
it  does not inafiively wait ;a i t 5  place until the pofitive 
elearicity has fupplied all its zumts. This  is, I prefume, 
manifcit, not only in the foregoing fcries of experiments 
on pofitive and negative light and fparks, but alfo in heir  
atmofI'hcres, tbe confideration of which would carry me 
too far for my original defign. 

I am aware, that the validity of thofe facts, and my 
reafoning upon them, militate I againtt the received theory 
of elearicity, becaufe Dr. Franklin, in his firit letter, 
afferts, and by way of inftance fays, (( Suppofe tbe com- 
mon quantity of electricity in each part of the bottle, ber 
fore the operation begins, is cqual to 20; and at every 
firoke of the tubt, fuppofc a quantity equal to I is thrown 
in, then, after the firit ilroke, the quantity contained 

wi thin 
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within the bottle will be 21, in the outfide 19. Afterdthc 
fecond, the infide will have 22, the outGde 18, and fo on 
until after.20 itrokes; the infide will have a quantityof 
eleElricity equal to 40, the outfide nom, and then the opc- 
ration ends. Here we have a bottle containing at the fame 
time a plenum of eletlricity, and a vuczitim of the fama 
fire, &c.” 

If ever Dr. Franklin wrotc his obfervations in haitej 
it was in this particular, without having fire well con- 
fidered the faas and appearances that itill  reinain, and 
which cannot be accounted for, on the fiippofition that 
ane fide of the bottle was exhaufied of all its eleltricity 3 
for, to the extent to which we are able to carry this experi- 
ment, the pofitive and negative powers of thc body are 
increafed and not diminiked by the operation. 13cfidcs, 
we will admit that his tube was able to force out of one 
fide of the bottle 20 negative fparks, and this we will fup- 
pore was the h i t  of its power, s t  a greater power would 
with eafe force out 20 more, if the condition and itrength ~ 

of the glafs would bear it. Bodies have no doubt a limited 
quantity of elearicity, which probably may be more or 
lets according to the nature of the fubfiancc; but we have 
never yet found this limit in any, otherwife than what the 
power employed creates, for when more power is applied 
a greater quantity of the ele&ric fluid will be found. 

T o  exhibit there effeEts as plain as poifiblc, and beyond 
the power of doubt, I would infulate the Leyden bottle 
as reprerented figure 5 (a contrivance opvious to every 
elel l r ich) .  A reprefents a glafs itand, which fupports 
the  Leyden’ bottle, in a focket turned out of the w c d  €1. 

C is 
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C is a metallic belt, with a female fcrew fittc’d to it, in 
order that metallic balls and points of different tcrmina- 
tions may be occafionally fcrcwed to it. A t  n conveniept 
diftance from the fide of the bottle is fixed an infulating 
pillar of glafs. A curved wire, with a knoh at the lower 
slid of it, is fcreived to the metnllic rod n, which rod 
is moveable at pleafurc in the head of the pillar, and is 
fixed tight in its place by the fcrew E. Place this inRru- 
tnent fo that the knob of thc bottle may be within a 
quarter of an inch of an equal knob proceeding froin 
the pofitive prime conduaor F ; the rod D is to be con- 
ne&ed by a wire with the negati<e prime conduCtor j the 
knob’on thc belt, and that on the curved wire, are alfo 
t~ be placed a quarter of an inch apart. Things being 
thus difpofed, and motion givcn to the ele&rical machine, 
the progrcfive charge of thc bottle may bc obkrved with 
eafe. T h c  mott firiking cffea of this apparatus is, that 
it vilihly dctermincs the quantity of power that any elec- 

’ trical machine is poKiffed of; and it alfo flows, in a clear 
manner, the fallacy of thore old do&rines, viz. (( that no 
more elekl.tric;\l fire can be thrown into the top of the 
bottle when all is driven out of the bottom,” a circum- 
fiance that never yet happened in the Leyden bottle ; for 
in all cafes the caufe of cefl’ation of elebtricity in charging 
it, is from thc clcEtrical machine itfelf, as will plainly 
appear from the threc following expcrimcnts. 

By managing the filk flap of the rubber of my machine 
I make the g1:ifs cylinder a& firongly or weakly at plea- 
fure. Having put it into a weak fiate of aaion, yet 
equdl to a machine of h a l l  power, and tbe apparatps be- 
ing adjuftcd as before dircficd, I turn the glds cylinder, 

and 
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and count the fparks which are forced into the bottle urltil 
I fee them itop, the number of which i n  this itate of the 
machine was 49, and of courfe 49 fparks were forced out 
af the negative fide of the botclc, I then increaied the 
excitation of the glafs cylinder, to repeat the experi- 
ment, the apparatus remaining i l s  bcforc. I again worked 
the maFhine and counted the $arks, which\ I found to be 
I I 2 before they ceafed, Laftly, I made the glafs cylinder 
a& briikly; the apparatus remaining as before, the ma- 
chine was now able to force into the bottle 155 fparks 
before there was a vifible itoph and at  the lame time, as 
if it were fpark for fpark, there was forced off the nega- 
tive fide of the bottle 155 fparks. This  quantity, great 
as it is, for a bottle whore coated furface on one iidc is 
only 80 fquare inches, is not, I fuppofe, the-one thou- 
fandth part of the eleblricity contained in a glafs of this 
dimenfion. Nor will glafs bear a total deprivation of its 
elec?ricity on either furface, this we know by 1;7d experi- 
ence, bccaufe it is fure to brcak long before that happcns ; 
however this laft &e& of my machine ieemed to be its 
utmoit power. 

From thcfe feveral fa&& we may fafely conclude (not- 
withftanding it has been affirmed, '' that one fide of charged 
glafi contains a plenum and the other a vacuum of elecd, 
tricity") that we are hot yet acquainted with the precife 
quantity of eIe&ricity contained in glais, or indeed in any 
other fubitance; nor do we yet know of any criterion 
whereby to determine a total deprivation. For the refult 
of there experiments, being io widely difI.'erent from what 
has been conitantly affirmed, concerning the negative fide 
of the Leyden bottle, is a clear proof, that tliofe con- 

clufions 
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clufions were formed too hafiily, having attributed to the 
power applied, what i t  was totally unable to effcll. 

T h e  common criterion5 of pofitivc and' negative 
eleliricity, on eleArified metallic points, are alfo exhi- 
bited in a very evident m:inner by this infirun~ent, by 
-only removing the knobs and &icing in their fiead four 
mctallic points: a little flattened at their ends with a finooth 
file, the other parts of the apparatus remaining as in thc 
three preceding experiments. As foon as the charge of 
the bottle begins, the ufual iigns of both cle&ricities will 
be viGble, illumiruting the points of the interrupted cir- 
tuit ,  The fign on the p i n t  connefied with the pofitive 
prime conduEtor will indicate poiitive elc&icity, and the 
iign on the point oppofitc to it in rlic knob of the bottle 
will be faintly negative. T h e  light on the point or cxtre- 
mity of the curved wire will be bright'and negative, and 
the fign exhibited on the pint  at the belt will be the pofi- 
tive ramified light. 

T h e  caufe of there conttary cffeRs fecms to arife from 
the repulfion of the eleEtric Auid in 'the firit cafe, and the 
reGfiance of the air in the fecond. For infiance, all the 
time thdt the bottle is charging pofitively the point on 
its knob exhibits the negative Ggn, contrary to the charge 
itfclf, which is eReRcd by the repulfive power of the poG- 
tively elearified oppofitc point, which kceps thc knob and 
point in a deficient fiate of cletlricity, and of courfe at- 
traEts the negative; but this repulfive power extends only 
to a very finall difiance, and its c f M  grows lefs and Jcfs 
as thc charge of the bottle advances, therefore thc fign 
on this point is a weak one. On the other fide of thc 

G bbt tlc, 
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bottle, as foot1 as chargiiig begins, the elearicity is driven 
out of the glafs into die coaling, and becomes condenfed 
on the point at the belt, cvcn fo powerfully as to exhibit 
the pofitive ramified light, though it iflies from a nega- 
tively charged body, which is certainly owing to the rcfifl- 
ahce of the air to the egrcfs of the fluid at that point, 
T h u s  we fee that metallic points, whether they are con- 
mated with a body elettrified pofitively or negatively, do 
iometimes exhibit eleEtric figns contrary to the kind or 
fource of eleArisity whence they proceed; yet thofe figns 
are certain critcrions of the kind on the points themklves. 

If the Leyden bottle be charged without a viGbleSpark, 
then, in that cafe, thy elearicity during the charging has 
but one direElion, viz. from the negative to the pofitive fide 
of the bottle; and in the difcharge of it, the contrary way. 
But if the charging or difcharging of it be made through 
the refifiing medium of air, confequently with a vifiblc 

/park, in that cafe the direc'tion of the elearic fluid is 
doubled, and the fpark or light feen cotififis of pofitive and 
negative light; as the foregoing experiments abundantly 
confirm. If the charge of the bottle be made at a nega- 
tive conduEtor (which is the one T generally d e )  the elec- 
tric light drawn out at the knob has the pofitive afpeEt, 
notwithitanding the bottle is akhally charging negatively ; 
and fo it affords an eleEtrica1 paradox. 

During the time thatsthis aaive agent is in a difiurbed 
itate, which cotnmences by an untiatural divifion of what 
naturally cxifis in bodies, no firiking phenomenon attends 
it that is inore evident than its conitant tendency to unite. 
'I'his tcndcncy is manifeft by the mutual attraition of the 

divided 
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divided parts, which is more confjicuous in this than in 
any other fluid ; infomuch, that. it does not only exhibit a 
reciprocal attradive force like a divided portion of water, 
quickfilver, &c. but it is poKeKcd of aaive power; ~ O C  

this fluid takes every proper means to facilitate 'its re- 
union, by drawing light bodies into the interrupted path, 
and crowding or condenfing itfelf at the prominent parts 
or extremities of all condudtors, whether they are blunt or 
pointed, even io forcibly that rach power will appear to 

Jfream f i r t h  from the conduEling f i i face till they,meet 
near the middle of the interrupted /pace. For there be- 
gins the re-union of the two cleCtricities, which fome- 
times ends in a full explofion of their whole divided 
quantities, and which is inltantly refilmed by thofe bodies 
that had been in fome h a l l  degree deprived of thefr natural 
portion of the elethic fluid;  after which, getierally, all 
iigns of elearicity ceafe. 

This  remarkable tendency of the divided parts of the 
fluid'to unite, is often perceived in a j i N  charged Leyden 
bottle; 'at the upper edge of thc outfide coating, and at 
the edge of the cork in the ncck of thc bottle: where 
ftrong efTorts of aAive light are Cecil. If the infide of the 
bottle be chargcd pofitively, thc light which is firft ken  
is generally the negative, 011 the outfide, darting upw;irdo 
h a l l  rays of eleEtric light from the edge of the coating, 
and foliciting, as we may By, an union with that of the 
infide. After this, we generally pcrceivc, as the charge, 
gocs on, bruflics of light iffiiing from the edges of the 
cork and outiide coating into the air (as if the fluid fpent 
itfelf therein, which cannQt be but by an a n  of violence, 

C 2 bewife 
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becaufe that would be to operate againft itfelf and its 
known tendency), Which Will vifibly incline towards 
each other's atmofphere, and thereby unite in fome fmall 
degree, and in proportion thereto flop the further pro- 
grefs of the.charge or their further difunion. But ihould 
the power applied be fuperior to the prefent intenfity of 
the charge, and the diminution occafioned by thofe efforts, 
the two powers wolild aflually form an external circuit, 
as reprefented at A, fig. 6, by means of their atmofpheres, 
which are already in poifefion of the adjacent humidity 
of the air, and unite in oppofite direflions in a fpontaneous 
explofion of their whole quantities. 

In  concluding this chapter I beg leave to  obferve that 
I have tometimes been curious enough to elearify a 

pair of infulated pith balls pofitively, and another pair 
negatively, with a view to afcertain the difference between 
their attraEting and Ariking difiance. It is well known 
that the attraRing difiance is confiderably greater than 
the flriking one. It was obferved to be nearly in the 
proportipn of twenty-fix to one. 'This was performed 
in a clofe room and dry air. But my ingenuous friend, 
Mr .  Gamble, of Bungay, informs me, that in the open 
field, from an eleRric kite which he had raifed, he found 

I the proportion between the length of the fpark at the 
metallic knob of the kite, and the attratling ditlance of 
light bodies from it, to be nearly as one hundred and 
feventy to one. 

A 1,ETI"R 
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DEAR SIR]  

1 THANK you for your very candid and obliging obfcr- 
vations in your letter on my manufcripta You fay 6‘ I 
write down in hafie the only circumftance that itrikes 
me as a real objeRion without having really confidered 
that, or any part of your work, with that attention or time 
it deferves, but which my manifold occupations will not 
allow.” When you have time, Sir, to read and re-con. 
fidcr thofc parts which fcem moit obfcure, and fliould ftill 
remain embarraffed, I will endeavour to clear them of 
entanglement, by repeating with you any of :he experi- 
ments, or make any new ones you ihall propofc, that y ~ u  
think may afford further light or, fatisfaEtion to either of 
us; in the mean while I hall take the liberty of making a 
few obfurvations on fome of your pafiges. 

You obfervc, If we: are to underitand pofitive and 
Ilegative eleEtrhity as only more or Iefs, I think your de- 
fcription feems to imply two diititiEt principles.” Then 
there mufi be fonic def& in my defcription. For a body 
having more or lefs than its natural gwinfity of elefilricity, 
is conipletely all I mcaii by its bcins pofitively or ncga- 

G 3  tivcly 
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tively elettrified. T h a t  there two different itates of one 
fluid, in their fcvcral cffeas and appearances, feem to in- 
dicate two diitiria $rinciples, I readily allow; w h i ch has 
been, I fuppofe, the occaGon of leading fome clettricians 
into a manifeit error *, Notwithitanding this we may, I 
think, reit fatisfied that thofe effeAs and appearances are 
already fufficiently hccountcd for by the theory of only 
one eleLZrica1 fluid. 

YOU add ‘6 that eleAricity is capable of difiurbing 
elcOricity through a plate of air, glhfs, &c. driving it off 
in proportion to its accumulation, I think I underitand. 
But if pofitive and negative meet in air and form the flak 
of lightning, thcy look‘to me like two principles.’’ Not 
lo, Sir, thcy are only two Rates of one fluid. For ipfiancc, 
if air be condenied it is fiill air, or if it be rarified it is no 
other. And that thc elcLkrica\ fluid is capable of con- 
dcnijtion and riireFaRion every expcrimcnt of elcaricky 
proves. I know of no exception to this general affertion, 
for tile rubber arid .the fubfiance rubbed always produce 
drnfe and .‘.we itates of this fluid. Confequently fuch 
different itatcs of one fluid muit afl‘ume,different appcar- 
aiices, and Imduce different cffcQs. Hence, let the ap- 
p?;;”’arices be what thcy may, they are all eleArica1; there- 
fore a negative f p r k  is as real a ipark of the elefiric fub- 
hi ice  as a pofitive OIE. W h y  their meeting in air 
fltould alter the cafe, or raife any difficulty, I cannat con- 
ccive. T h e  two clc&tricities niiiit meet and unite h n c -  
where, or clfe the etldilr iurn in natiire can ncver bc 

* This obf‘crvatio~i fwns juR by Dr. Peal t’s late Book U I I  Wet- 

reftorcd. 
tiicity. 
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reflored. Tha t  the two powers meet in air where the 
greatcfk obfiru&ion to their union lies, is evident, be- 
ciiufe otherwife they could not emit light or flafli. How- 
ever, at the moinent of h i k i n g  into each other, they can- 
tiot be difiinguifhcd to be two balls or two flaflies of 
light, becaufe of their rapid motion, which arifes from the 
rcciprocal attraRive force of both eleliricities. So that 
when they approach each other in air, tlieir powers and 
appearances are confiderably augmented, even to the ut- 
$noit efforts of their whole quantities. 

When  I place the two equal balls to the metallic 
curved rods (mentioned in the 5th Experioient on Light- 
ning, confiiting of pofitive and negative light) and exa- 
mine the explofive fparks which rapidly pab betwee0 
them, I diitinlily perceive the ufual figns of both eloc- 
trjcities in air, and the light in that part of the refifling 
medium where the two powers unite, to be lefs luminous 
than in any other part, which lofs of light is the natural 
cffe& of their re-union. 

Some philofophers, even at this time, conjcfiure that rhc 
deRric matter either is or contains phlogifion, T h e  elec- 
trical Cmell reiiiaining on the body Come time after the 
h o k e  is given (and which I have obtained alfo in vacuo) 
feems to confirm fuch ideas. Tha t  fome quality of at- 
cumulated eleErricity fliould forcibly at3 through glafs, 
which is impervious to the fluid itfelf, and repel its ns- 
turd eleEtricity on the oppofite fidc of the glafs, in the 
cafe of chargiiig the Leyden bottle, feems alfo to give aid 
to thofe conjcdiircs. Which are fa& that have long 
bccii admircd, and though moil, if not all the effeRs of 

(34 elefiricity 
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eleEtricity depend an  this property of the fluid, yet I 
think it  has never been very fatisfaRorily explained. 

1 am confident that you will clearly perceive, that 1 
have hitherto itriAly adhered to one fingle elearic fluid ; 
for 1 always' thought that the doArine of two juids,  viz. 
the vitreous and r$nous, were not founded in fa&, and it 
has been juitly exploded; becauk it would be quire un- 
philofophical to admit inore caufes of things than are 
fufficient to explain appearances. 

Y e t  it is itill true that negative cleQricity has very 
much puzzled moil writers on that fubjeEt. I think they 
have fometimes made choice of tefms too itrong to de- 
note a negative flate of the fluid, fuch as exhauyed vacuum, 

fuch terms may have occafioned the perplexity. For 
were i t  true that a body rendered negative (even to the 
highefi ,degree that art can effcA it) w a s  a&r.tally exhauit- 
cd of its natural quantity of cleEtricity, I acknowledge the 
difficulty to explain effetts and appearances would be 
totally infuliergble, Becaufe i t  is obferved, that as the 
fuppofwl exhauttlon advances the negative powers' increafe 

T i n  regular progrcfion with the pofitive. It is not an ea$ 
matter to illuttrate the propekqs of the eleEtric fluid by 
the powers and properties of any other, becaufe this fluid 
difhrs confidprably froim all other 'fluids. For althoubfi 
negative quantities of other elaftic- huids poffeb great 
powers at  the moment they are rendered negative, yet i t  
is but for ;I moment; whereas ncgativc elcRric powers arc 
perm;inent, You arc pleahl further to add- 

'( I have 
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I have read your inanufcript with pleafure and in- 

firulkion. It contains much new and interciting matter, 
but the inanner of writing in our ef&mihate age is inorc 
rccogiiizcd than the matter. 1 am forry to fay, in this 
particul;ir, your half and half philofophers will think 
your paniphlct not elegant enough; forry am I that truth 
ihould want embellifliment, but ‘lace and r u f e s  niuit now 
ornament every produdlion, or it will not go down. Yet 
i6 your mode of communicating your difcoveries and la- 
bours Gmple and eafy, fuch as works of that fort ought 
to be.’’ 

It is true, hifiory informs us that new difcoveries arc 
coqmonly flighted on their firfi being made public, be- 
caufe their real ufe and ,importance is not at  firfi per- 
ceived, therefore are thcy foon overlooked and laid afide 
for the prcfcnt. As a firiking infiance of the truth of 
this obfervation, and in this branch of fciencc too, I can- 
riot hclp exprefiing my furprize how flow fome hints of 
improvement have proceeded. Mr. Canton, in the year 
I 75 r ,  publilhed his difcovery of a confiderable improve- 
ment of the rubber, by applying Glk to it, on which 
he fprcad a finall quantity of an amalgama of mer- 
cury and titi. It does not appear to have been in general 
ufe for near twenty years afterwards. Dr. Prieitley’s 
Hiftory of Elearicity was printed in the year 1767, in 
which he @ews the mode of excitation that was then in 
common ufe, and alfo a great variety of eleCtrical ma- 
chines, not one of which is defcribed as having an amalg- 
m a  of mercljry and tin fpread upon a filk rubber. 

Another 
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Another infiance of the flow progrefs of knowledgc is, 
I think, that on the matter of lightning. It is now forty 
years fince that Dr.branklin proved the /;men$ of the 
, eleEtric matter with that of lightning, by charging the 
Leyden bottle at the key of his elearical kitc. Yet it is 
obi'etvable in the writings of Come modern pdilofophers, 
that they fiill retain the old form of do&rine on this Cub- 
jeA, viz. that lighrning confifts of a fudden kindling of 
nitraus and jxlphurtous exhalutions carried into the highcr 
regions of thc atmofphere. 

I am, Dear Sir, 
Your mofi obedicnt 

Humble Servant, 
J. READ. 

POSTSCRIPT. 

That  there is rich a fluid as conititutcs the matter of 
magnetifm is a truth not to be controverted any rnbre 
than its properties of attraAion and repullion. EffeAs 
can never fpring up in an invariable and fixed order witli- 
out the agency of Come caufe, whofe mode of operating is 
likavife regular and conitant. T h e  cauk of eleArical 
attraRion and repulGon feems widely different from that 
of magnetifm, becaufe there effe&s depend on bodies be- 
ing poffeffed of an unnatural quantity pf elearicity. For 
without this we know not whether the eleEtricity itfelf 
does either attraA or repel other matter. Hence a middle 
quantity feerns to poffeCs no powers. 

For infiance, infulate three bodies A, B, C, of equal 
dirnenfions, and of the kmc kind of Cubitance, we will fay 
three brafs rods, of courfe thcir natural quantity of clcc- 

trici ty 
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iricity will be nearly equal in  each of them. W e  will 
fuppofe that th,: quantity in each rod, before the operation 
begins, is equal to ten fmall fparks. Place the rods A and 
C in a itrait line, with their ends nearly in contao, hold 
an excited glafs tube over A, but at Come diitance from it, 
and an eleAric @ark naturally refident in this will be re- 
pelled into C, then increafe the diitance of the rods to 
prevent the return of the fpark, and remove the tube, and' 
'C will be found eletlrified pofitively, having eleven fparks, 
and A negatively, having only nine fparks; A and C will 
now exhibit the phenomena of attraaing and repelling 
light bodies j the middle or natural quantity in B having 
its original ten fparks undiffurbed, ~ O W S  no figns of clec 
tricity at all. T h e  eleRric charge in A and C confifis 
only of what was in them before, for their whole quantity 
of eleRricity is neither incrcafed nor diminifhcd by the 
operation, though a change has been made in its fituation. 
This will be evident if A and C are made to touch each 
other, by which the equilibrium will be refiored to both 
of them; A and C will now like B, exhibit no figns of 
elearicity. There eFe&s $ow mofi plainly that the 
cuujic of eleAric and magnetic attraition and repulfion is 
not the fame, 

T h e  magnetic virtue is termed a fluid; and it is faid 
that there are corpufcles of a peculiar form and energy, 
which continually circulate around and through a magnet. , 

That  the magnetip and ele&ic fluids pervade the pores 
of metallic matter with equal eafe is manifeft, the former 
that  of iron only, the latter of all metals. Though there 
are fcvcral effeAs which indicate a famenefs between there 
two fluids, yet I CufpcEt that there is hardly any other 

than 
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thatt the one (which can fcarcely be accounted one) men- 
tioned above. There is indeed another appearance in 
magnetifm which bears a itrong analogy to the eleEtrica1 
phenomenon, which takes place when two bodies dif- 
ferently eleltrified aro broqght yithin the fphere of aAion 
of each other. Th i s  may be obferved by bringing thc 
oppofite poles of two magnetic bars near to each other 
and fprinkling fome iron filings bctween their ends. 
W i t h  refpe&t tb their laws of attraAiop and repulfion they 
feem to me to have no analogy at all, any more than the 
caufe detenninirig thofe appearances. Bcfideq, we are not 
yet fure whether what we term elearic a t t r d i o n  and re- 
,pulfion comes from the eleRricity itfelf, or from the body 
eleRrificd, or from both. It appears moft probable that 
there effeEts are the combined force of both, a5 the elec- 
tric fluid is never known to a& alone. It is nor, therc- 
fore, the caufe that bodies approach or recede, that i s  ex- 
preffed by the words attraaioii and rcpulfion, but rnerc1,y 
the e&& itfelf. 

I 

T h e  late Mr. WiIfon, F. R. S. could not be perfuadcd 
that the eleEtric appearances of light, and others' of its 
h f i b l e  qualities, were parts 9f the elearical fubfiance:; 
but that they confifted of finial1 parts of grofs bodies 
thrown into ftrong agitations in the air by the force and 
aRion of this fluid pafiing from one body into another, 
by which they become decompofid, part with the light 
(that before lay hid within them) and their moft volatile 
particles, and To ihine and fmcll, and explode in pafin8 
through the air. I always confidered this as a bold affer- 
tion, void of proof; and his argdments in fupport of i t  
rather ingenious than Mid ,  

I con- 
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I coiiceive that the uniformity of the eleanic effeAs and 

appearances evinces the exifience of a regular dnd uniform 
caufe, doing the fame things and exhibiting the, fime ap- 
pearances under the fame circumfiances at all times. It 
therefore fecms not likely, that the fenGble qualities 
of the ele&ric fluid ihould only be adventitious. Such 
ideas which reduce tlie eleEtric phenomena into mere ac- 
cidental effe&s and appearances, pufhed fuddenly into CX- 

iftence for a moment, are unworthy of an clearician. 

In order to be Ltisfied in this matter, viz. that Mr. 
Wilfon’s’ rcafaiing, in this Farticular, docs not accord 
either with the philofopher himfclf, nor with the clefirical 
phenomena, we need only recur to the clcaric eFe.E\s 
and aiipearadces obfcrved in vacuo, where therc is iione of 
the fiippofed grofs matter for the eleEtric fubfinnce to opc- 
rate upon, and kindle into light and fmell; becaufe in that 
cafe, if his reafoning was well founded, we ought to cx- 
pe& but little or 110 light nor fmell in vacuo. But wc 
know, by experiment, that the cafe is far otherwife, for thc 
tinlc quantity of eleAricity exhibits far niorc light ‘ in  
vacuo than it does in air ; and I have obtained the FleQric 
Gnell in vacuo, by means of a convenient inftrument m;idc 
for the purpofi. T o  make it  itill more evident by an ex- 
pr iment  in air. It will appear by thc follo~ing very 
Iimple operation that eleAric light is fomctimcs produced 
without the fuppofcd agatition in the luminous body. ‘rake 
a itick of hard fcaling-wax and lightly rub it in the dark 
with a woollen cloth; then lay down the cloth and approach 
with the end of your finger the rubbed p a t  of the wax 
and eleAric light will be feen to iffue out of your finger, 
and fixcad itfilf on tlic furface of the wax in a beautiful 

mannrr, 
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manner; “‘‘his experiment needs no arguments of minc 
to inforce it; it is plain and full t o  the purpofe, that is to 
fay, that the light iifuing olrt of the finger is no extraneous 
ignited matter, and therefore luminous, but it is a part 
of the proper elearical fubfiancef iffuing out of the finger 
In the form of light, to fupply a deficiency of i t  in thc 
wax, occafioned by the tubbing, 

Dr. Prieftley oberves, in his firfi volume 6n different 
kinds of air, page 280--“ Tha t  the elearic matter in 
pafling through non-conduaing Cubfiances always emits 
light, This light I have been fometimcs inclined to fuf- 
p e a  might have been fupplied from the fubfiance through 
which i t  paffes. But I find that after the eieAric fpuk 
has diminifhed a quantity of air as tniich a! it pofibly can, 
$0 that i t  has no more vifible effeEt upon it, the elc&ric 
light in that air is not at all leffened. It is probnble, 
therefore, that clch’ric light comes Ji-om the eleL?r.ic ttutter’ 
i ~ $ ”  

REMARKS 
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REMARKS 

O N  

Dr,  Peart’s late Book o n  Elc8rici9. 

- -- 

INCE the abovc was writtcn Dr. I’eart’s ,onk on 
SEle&icity has been put into my hands. It contailis a 
liew theory of EleLtricity, (( pointing out” (as the DoAor 
obferves in the Titlc Page) (( thc i n c o n f i h c y  and fallacy 
of the doEttinc of ps/iiiwe and ncgntiw elc&ricity, and invef- 
tigating and explaining the true pri’)jc$h, CompOJirion, and 
properties of clcflric attnoJrpbercs.” 

NotwithRanding thefe matters have been noticed before 
in this work, I cannot, however, forbear cxprcfing my 
furprize on fevcral of the DoAor’s improper fiatcinents of 
experiments and arguments deduced therefrom, in which 
he mifiakes thc caufe of h n e  particular effc&s, and thus 
both himfelf and all his followers are put upon falfe pur- 
fuits. 

Do&or Peart obferves, in page 3, (c we have no right 
to Cay that any fiinple body is pofl‘cfl’ed of ele&ricity unleff 
it flicws fome figm of attra&ion when a light body is 
prcfented to it.” Th i s  is To abiiurd an infrii:gement of 
truth that it hardly defcrves to be noticcd. The DoAor 

miglit 
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might as juMy have raid that we have no right to fdy that 
a dry bone is poffeffed of kater, unlcfs it fhows fome figns 
of wet adhering to the touching body. Had it not been 
fop this peremptory manner of ipeakirig I know nor that 
I fhould have taken any notice here of his many tniftakes. 
However, contrary to the Dooor's aKcrtion, I think I 
have a good right to fay, that every f'bflmce I Ilavc tried, 
except air, (and which are very numcrous) is poffeffed of 
eleEtricity ; for although the iiatiirdl eleEtricity reiident in 
bodies, undifturbed, does not afford that kitid of proof the 
DoEtorrequires, yet other ~~r~ofs,equallydeciiivc, are always 
at  hand. I t  is io felf-evidcnt a truth, that I queflion whether 
it does not attend every experiment of eleAricity; for if 
I attempt to communicate eleLCtricity to a body, the natural 
quantity of eleEtriciry refidelit in that body, will be in- 
Aantly put in motion by the attempt, by which motion the 
body itfclf will become eleLfrified (without fri&tion) with 
its own elearicity, before what I intended to communicate 
enter it. This  fa& is well known, and the truth of this 
obfervation is of general acceptation. See p, go and 91. 

T h i s  fact is clearly manifefl in the eleAric charge af 
the Leyden bottle. Dr.  Franklin has fully dcmonftrated, 
beyond difpute, that the Leyden bottle has no niorc elec- 
tricity in i t  when charged than before, nor lefs when dif- 
charged, confequently its elethic charge confifts of the 
natural eleEtricity which was refident in thc bottle before 
the operatian begun. This  grand difcovery has flood the 
attacks of eminent philofophers for upwards of forty years, 
and will yet, no doubt, furvive the late attack of Dr. k a r t .  
Many cogent fa& might be adduced of the prefence of 
elearicity in common matter; an attention to brevity, 

however, 
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however, renders i t  necerary to forbear enlarging, I will 
therefore only add, that tho D&ar himfelf, in the fame 
third page, feems to allow the thing I contended for, in 
thefe words : “ All tharcan be inferred from hence, is, that 
there is a fubt i lc jdd ,  which, in its nuturulJute, poifeRks 
no properties by which i t  is evident to [IS ; but that, by the 
a&ion of the rubber upon the glafs, it’ becomes excited to 
form an atmof’here, around the glnfs, capable of attraaing 
light bodies to its furface ; this fluid, therefore, is coyfunfly 
and univcr$dly pr$nr, but is never elearic but in confed 
qucnce of a proper excitement,” 

Page 6, e‘ If filk will impart its clearicity, by being 
rubbed upon glafs, what is the reafon why it will not im- 
part it to every other body, by being rubbed againit it, if 
nll are, naturally, in an equal fiate of elearicity 2 ”  Who 
was it that hid it will not? For my part I am fdtisfied 
that it will impart its eleoricity to any body, as I am of 
opinion that every kind of friRion in bodies produces heat 
arid eleAricity ; but without infulation fornewhere (which 
cannot be h id  of rubbed glafs) the fluid of courfe mufi be 
invifible, One may fay in this, as a great perhiage faid 
in another cafe, 6‘ No biihops, no king.” No iidulation, 
no elefiricity, 

Perhaps the following experiment may be adequate to 
the D&or‘s quefiion. T o  a piece of wood in the wall 
of my room I fixed a fmooth iron poker, I then fieppcd 
upon a well infulated Aool, and with either filk or woollen 
in one hand rubbed the iron poker brifldy, at the h e  
time I touched with the other hand a fenfiblc el&ometer, 
and with pleafure Caw the gradual progrefs of the eleEtric 

N charge; 
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charge. I t  feeins therefore, from this cxperlment, that in, 
all cafes, and whatever is the nathre of the fubfiance, 
friRion always produces ele&ricity; and when the effeEt 
is not feniible, it is dnly becaufe the eleEtricity is loit as 
Coon as produced. T h e  produ&ion of eleLtricity, by mealis 
of friaion, is analogous to the produAion of heat by, the 
fame means. 

I do not admire the DoBor’s explanation of the Leyden 
bottle, and I think that his mode of experimenting with 
it is fiinciful rather than judicious. Iridecd his obfer- 
vations on it, in their prefent form, arc rathcr too vague 
to conititute any definire thing. Page 48. (c IFa jar, coated 
as ufual within and without, be placed upon a glafs itand.” 
W h y  will he place it upon a glafs itand? that is not the 
proper mode of charging it, except at the fame time he 
conne&s the outfide coating with the negative prime con- 
duttor. ‘( Its inrier coating” IIC continues ‘( conncEted 
by proper condueors with the prime conduaor, and then 
elearified pofitively, the inmr coating will acquire a final1 
charge of po/;tiue ele&tricity, which, adking through the 
glafs, will expel all the n a k r d  eleAric fluid from the out- 
fide coating.” This  I pofitively deny to be the fa&; and 
I plainly perceive, throughout his book, that he takes it 
for granted, that a body, rendered negative, is a&ually 
deprived of all its natural elearicity ; this I aGgn as one 
of the DoCtor’s principal miitakes. , I readily admit, thi\t 
fome authors, when treating on negative elettricitp have 
incidentally given too great occafion for fuch idcas ; and 
I am fure he has not dealt fparingly in the ufe of thcrn. 

Which he fays will therefore bc eleArified negutive+.- 
The queition then is, whether is the natural quantity oE 

the 
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tlie eleEtric fluid driven, which was expelled from the outer 
coating ?”-In the prefent cafe, as the circuit is but fmall, 
I hefitate not to anfwer, it is driven into the infide of the 
j*r.-Ac T h e  glafs itand, he adds, colrld not ronduA it  
away, yet, the oiltfide coating is, what they call con.pIet&ly 
negative.” Thefe particulars contain a manifefi contra- 
diAion ; for if his glafs itand be a good infulation, (of 
which I am in doubt) and therefore cuuld not conduEt 
eleEtricity, it is abfolutely impofible that the jarihould be- 
come negative on thc outfide, but jufi the reverfe ; for the 
eleEtricity will, fo circumfianced, aA upon the glafs jar as if 
it were made of brafs, or any other metal, and confequently 
both the infide and outfide, will be ele&rified uniformly the 
fame in kind with that ofthe prime condullor itfelf. If he 
wiflies to preclude every exception on the account of infula- 
tion, in this experiment,Iwould advife himtofu$end his glafs 
jar in dry air, to the prime conducrtor, then work the tna- 
chine, and I am fulie he will find the refult as here expreffed; 
probidedfhat he does not, an trying the fan, .approach the 
otigde coating with any thing but what is sperfenl,, 
i l f i l  In fed. 

With  regard to elcEtric atmofpheres, Fome have denied 
their exiitence, but Dr, Peart has found a double number 
of them, and which he fays (6 is too cvideiit to admit of 
a doubt about its veracity.” Wi th  refpea to myfclf, 
I concehe that elcAric atmofpheres confift of eleflricity, 
tiaturally rcfident in the humidity of tlie air, furrounding 
an eleEtrificd body to a certain diitance ; that excited glafs, 
for inflatice, repels the eleklric fluid from it, and confe- 
quently, beyond that diitance makes it more dede; whereas 
excited wax FttraCts thc elet‘rric fluid exifiing in thc aque- 

s i  2. OUS 
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ous matter, nearer to it, making i t  rarer than it was be- 
fore. 

EleAric atmofpheres evidently decreafe as the diAancc 
increafes from the elearified body, but in what ratio of the 
difiance feems not yet afcertained. I have been very care-. 
ful in repeating experiments of this kind on the two elec- 
tricities, and I find that this law obtains with both powers3 
had Dr, Peart been thoroughly acquainted with this law of 
eleAric atmofpheres, it might have Caved him a great deal 
of labour. 

But we will purfue his do&ine of double eleRric atmof- 
pheres in a more particular and experimental manner, be- 
caufe Dr. Peart roundly affirms, page 87,--“ In  ihort 
tlieii: principles, and this theory alone, can rationally ex- 
plain the phenomena of eleAricity, whiah never will be 
trnderitood unlefs they be admitted.” Hut, previous to the 
performance of experiments, we ought to confider atten- 
tively the fiate of our apparatus. And to be plain, I do 
not approve of the DoEtor’s ek&rometer to examine judi- 
cioufly things of this kind. He defcribes it as confiiting 
only of one pith bafl fixed to a filk qhread; this I think 
miiR be very unmanageable. My elcRrometers confifi 
of two pith balls, fufpended by filaments of combed flax 
fixed to metal, which is fupported by a glafs fiand, cQ- 
vered with hard fealing-wax. I have feveral of this fart 
by me, and of different magnitudes, of courfi different 
in fenfibibility. 

Dr.  Peart’s definitiorl ahd application of his double elec- 
$ric atmofpheres tukes up a lar& !part of his book, but 

for 
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for the fake of concifeneh I fhdl pa6 over many of his 
fmaller obfervations, and content myfclf with obferving, 
that the Doaor founds his principles of double eleEtric 
atmofpheres on two effoRs, commonly obferved in them ; 
uiz. that if a pi& ball be brought into the atmofppliere of 
an eleEtrified conduklor, at a remote difiance'from it, the 
ball is only attraaed without any change in its itate; but 
if the ball is made to approach nearer to it, the ball becomes 
tlc&rified. For the truth of this I beg leave to refer the 
candid reader to the 23d, and feveral of his following pages; 
but to an ele&rician, enough has been faid already to make 
it plainlyappear, that he builds his theory on a randy founc 
dation. 

That  an ele&trometer may be immerfcd in an ele&ic 
atmofphere, and withdrawn out of it unelearified-and that 
if it be plunged deeper into the fame atmofphere it will 
acquire an eleAric charge, is well known to be nothing 
more than the mere effea of the various intenfity, and that 
thofe effekls do not happen alike with any two eleaometers 
ofdifferent Cenfibilities, at the Came diitance from the elec- 
trified body, yet their eleEtric charge will be of the Came 
kind of eldlricity with that of the body, at every difiance 
in which they become eleEtrified, 

T h e  following conclufions appear to be deducible from 
thefe eKeAs: iR. A body is furrounded with an ele&tric 
atmofphere, whether it be eleEtrified pofitively or nega- 
tively; 2d. thefe atmofpheres decreafe in their intenfity 
8s the difiancc increafes from the clearified body, but are 
abfolutely formed of one kind of elektricity throughout, 
with that of the body itfelf; and 3d. hence it folbws, that 

H 3  the 
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the theory of internal and external eleAric atmobheres, has 
no foundation in nature. 

A5 the terms p g t i v e  and negative only denote more or 
kfs than the naturd quantity uthich a body may poffefs, 
of one ahd the fame individual fluid, and which terms 
are only applicable to it during its diftdrbed Aate, I fee no 
caufe to abate the ufe of them from any thing Dr. Peart 
ha5 faid on that head. Wi th  regard to his'favourite theory of 
;ether and phlogifion, I at once confign it to the fame grave 
with that wrote by Dr. Hoadly and Mr. Wilfon; by which 
theory they laboured hard to prove the identity of ether 
and eleEirrjcity. 

NoWithAanding ,my intention of being concife, I have 
already difcuffed more parts of Dr. Peart's book than I at  
firfi intended, but as it Ceems calculated to  challenge dif- 
cufion, it neither can nor o q h t  to pars unnoticed by elea- 
tricians, except they are all fallen into a deep fleep, info- 
much that even his eleRrical h o c k  cannot awake their 
mental, powers. 1 have not the leaft idea of making my- 
relf a principal in the difpute; my view in hying fome- 
thing about it is to ftimulate, if pofible, the attention of 
moreable philofophers, to a fuller difcuffion of this intereF? 
ing fubjeEt. 



A Meteorological yournal, principally relating to  
AtmoQhcrical Elelhicity ; Ktpt at Knightfbridge 
front the 9th OJ May, , .  1789, to  the 8th of May, 
179~.  By Mr.  John Read ; coinmzmicated by 
Richard Hcnry Alex. Bennct, EJ, I;. R. S. 

Read April 14, 1791. 

D E S C R I P T I O N  of the improved Rate af the In- 
firuments for colle8ing Atmofpherical EleAricity, 

ufed in the litter part of the following Journal*. 

Fig. I and 2 reprefents the Infirument. A A fig I, is 
a round deal rod, 20 feet long, two inches diameter at the 
lower, and one inch at the upper end: into the lower end 
of it is cemented a folid glafs pillar B, 22 inches long 5 the 
lower end of this glafs itands in a Cockat of wood C, which 
is fcrewed on the garret floor D, and fupports the whole. 
About feven feet above the floor, is firmly fixed to the 
wall a firong arm of wood E, which holds perpendicularly 
a ftrong glafs tube F, through which the rod is flided 
gently upwards, till the glafs pillar )3 may be lowered into 
the rocket C. It is thus fixed, and Rands 12 inches from 
the wall. T h e  tube F is of fufficiene width to admit a 
cafe of cork, which i s  faitened in the inlide of it, at the part 

* A rcprefintatioii with B dcfcription of my firR ItiRrumcnt for 
co11cEting Atmofpliericiil ElciStricity, nlay be feen in tlie Srit  vol. o f  
PIC Philufbphical TroiiiiAions, part ii. page Z I  2. 

* 4  where 
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where the tube is fuftained by the arm of wood E, To that 
the rod, when bent by the wind, cannot touch the tube, or 
break it. The  upper extremity of the i'od is terminated 
by feveral harp pointed wires G; two of them are of 
copper, each one-eighth of an inch thick; and, in order to 
itiffen the rod, as well as conduEt more readily the eleCtric 
fluid, one of them is twiited round the rod to the right 
hand, and the other to the left, as low down as the brak 
collar H, to which they are foldered, in order to render 
their contaa perf&. A little above the upper end of the 
glafs pillar By is placed a brace I I of folid glafs flicks, to 
keep Aeady that part of the rod. K is a hollow cylinder 
Q€ wood, 12 inches within, proceeding from the ceiling 
through the roof LL, above which there is a hollow tin 
cover My 24 inches within, fixed to the rod; which ferves 
to defend the open cylinder K from the weather. At  a 
convenient diftance from the foot of the rod is a hole bored 
throngh the flour and ceiling. This hole receives a glafg 
tube covered with Ceding-wax (as are all the ocher gldes. 
in this appuatus), through which a flrong brafs wire pro- 
ceeding from the rod is conveyed into the'room below, 
wherein, at a convenient ' heighth from the floor, it ter- 
minates with a two-inch braCs ball N, A ftrong ring of 
hafs is made to move eafy on the wire, and reits oil tho 
h a i l  ball; into this ring is hewed a brafs wire feven inl 
ches long, which keeps fufpended at its extremity a'pith 
ball eh&mneter 0. 

At two inches difiance of the above-mentioned hrafs 
ball N, a bell P is fupported by a ftrcmg wire, which 
pafling through a hole made in the wall, is made to com- 
mnunicate, by means of a good metallic continuation Q, 

with 
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with the moifi ground adjoining to the houfe. A brafs 
ball three-tenths of an inch in diameter, is fufpended 
between the bell P and ball N, by I filk thread fslilened tQ 

a nail R. This ball fcrves for a clapper, by Arikiiig bed 
tween the ball and bell, when the ele&rical charge of the 
rod is fufficiently ftrong. V gives neatly a fiont view of 
this part of the apparatus, 

S is a rial1 table fixed to the wall under the bell and 
ball, at a convenient hcight above the floor, upon which 
Leyden bottles and other apparatus are occaGonally 
placed, Any perfon veded in the fcience of eleliricity, 
will eafily undcrftand that this slppsratus is calculated to 
h o w  the various degrees of inteiifity of AtmoCpherical 
EIeEtricity; and at thc hrne time to avoid the pernicious 
effeEts which may be occafioned by thunder itorrns, or 
in fhort by any great quantity of elcatricity in the atmo- 
$here. 

T h e  whole perpendiculltr hcight of both parts of this 
apparatus taken together, from the moih earth to the 
point at the top of the rod, is 61 feet. If the infu- 
Intion could be corifiantly kept in due temperature, with 
refpea to heat and cold, I imagine it would always be 
cfefirified. But I fear that cannot be done, without t h t  
aid of common fire ; which in To large an apparatus would 
be very difficult, io that there might not be too much nor 
too little of it. I am inclined to this opinion, from the 
imcefs I have had in a number of experiments, in which 
the aid of common fire was applied to improve the infula- 
tion, as well as to colla& the eletftric fluid, 

3 Wheq 
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When I find that the moifiure in the air has i71 niricli 
injured the infulation of my high pointed rod, that it: 
will not retain a weak elearicity, in that cafe T makc 
ufe of my hand exploring rod, which is about rlic length 
;md thickneii pf a common fifhing-rod, with plenty of 
fmqll wire twined round it. from end to cnd. T h o  
method of ufing it is fiinple and eafy. A reprcfcntation 
of it rnay be difiinflly feen in fig. 2. Having firfi. 
warmed the glafs legs of the fiool, I place myfdf upon it, 
and raife the rod into a vertical pofition, keeping it fo for 
a minute or two ; I then with a finger of the other hand 
tpuch a fenfible eledkrometer, and if tlic threads open it is 
iiificient. But ihould the ele&rical ki te  of the atmo- 
fphere be too weak to produce that effekt, which feldom 
happens, then in that cafe I add to tire rod a lighted 
tpvch 'I-, and place i t  as remote I from my hand as the 
firength of the rod will bear, and repeat the experiment 
thus circumitanced, it has never yet failed nic. 

It will be neceffary juf t  to mention the method I have 
purfiied in fvrming the Journal of Atmofpherical Elec- 
tricity. This has been principally by means of the Ggns 
exhibited by the pith balls 0, connetlcd with the rod, ' 
When I find there clofed, and attra&ed on the approach 
of my finger, yet not fufficiently charged to repel each 
other, I write weak figns of elearicity. When I find thc 
balls open, and, on the approach of excited glars, thc 
balls clofe, I write they are eleArificd poiitivcly ; but, if 
the balls open widcr, I write they arc cleRrificd nega- 
tively; and the reverfe when 1 ufe haling-wax. When 
the balls diverge one inch and upwards, vifible fparktj 
may be drawn he the brafs ball N, Wben fparks are 

faid 
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Paid to have been ptrceived in any obfervation, I have 
generally on that account omitted to note the variable 
quantities of divergency in the pith balls. Their utrxoft 
limit of regular divergency feems to be about five or near 
fix inches: abovc that they are unfteztdy and diforderly. 
The pith balls are ncay two-tenths of an inch in diameter, 
fufpended by very fine flaxen threads [in the Rate it is in 
from the heckle) five inches long. When I inention the 
diitance of the balls in tenths of an inch, it is to be un- 
derltood as nearly fo as my eye can detcrminc. 

This apparatus requires a conftarit attention, efpccially 
during a diiturbed Rate of the atmofphere, From the 
room in which.the apparatus is placed I am fcldom ab& 
pne hour, excepting the time of flecp; but, when I leave 
it, the lait thing I do at night is to examine the ftate of 
the clcaricity, and, if I find the rod unelefirified, I theq 
place the Leyden bottle on the table S, with its knob 
n~ar ly  in contan with the ball N. The next morning, 
if I find this bot& charged, I write the kind of eletlricity 
it is charged with againit the day in the Journal, and add, 
by the night bottle, 

It is prefimed, that the table is fuficiently obvious, 
T h e  column for pofitive and negative FIeEtricity is ufed 
only for the firit obferyation of each day. I ufe FARBN- 
HEIT’S thermometer, fufpended on the north outfide of a 
bow-window. T h e  time of making the obfervation 
with it, and the barometer, and alfo of the direfiion of 
the wind, has ufually becn $qe o’clock i~i the morn- 
iilg, 
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LaRly, it  may be ufeful to obferve, that I have always 
found, when thc rod is highly elearified, th'e lower though 
pnir@ated part of the apparatus, viz, the metallic con- 
neAion of thc bell P with the moifi earth) to be in a con- 
trary fiatc of ele&icity to the upper and infulated part. 
See the azd of Augufi, 1789. 

Having made a memorandum of the Eeveral thunder- 
fiorms which have happerled in divers parts of this ifland, 
according to information by letters, and from newfpapers, 
I thought it ufeful to infert them in this Journal, in order 
to h o w  whether fome contemporaneous appearances in my 
apparatus might not be attributed to them, 



relating to AtmoJpherical Elc8ricitj. log. 

Inch. 
IW 30. 
iW 
E 
E 

E 

E 

S 
W 
v 
E 

3 
S 
S 
;E 
E 

z 

?E 
W 
W 
W 

S 
iW 

- 
4 - ;; 
-I 

- Ncg 
- Ncg - Ne8 . Neg 
. poi, 

- Pol . P O I  
Nel - Net - Nci - Ncl 

L Ne1 

- N C ~  
Pot 
Pol - Pol 
Nq 

- Ne1 - Ne1 - Pot 
s. Pol 

- 

- - 
- 

- POI 

s. Po 

MAY, 1789. 

,a l l6  open about thrcc-tenths of an inch. 
u t  vcr weak. 
:are1 h i c i c n t  to frparatc thc halls. 
'he Era day I have had viliblc fparkr, 

'lie wcathcr in the forrnoon a little hazy: 
in :he afternoon a thick fo . Four o'clock 
a littlc rain fcll; thc roi  now became 
high1 clc&triiicd politively ; and the bell 
rang {rikly : I now filled fevcral bot- 
tles with the fluid. This itrong charge in 
the rod did not laR morc than one hour, 
but it reinaincd char cd d i t ivc l  in alcli 
dcgree the rctt of i r  Lay. ' d e r c  was 
this day fomc liglitnin, and thunder at 
Salilbury, and to the wc% of it. 
Lalls opcn four-tenths of an inch., 
L.M.-And P.M. ncgativc 

Lalls open lix-tcnths of a n  inch. 
ialls o rn fvc-tenths of en inch. 
?.M. &rk hcavy wcathcr. 
l'hc rod has bccn clettrificd ncarly the 
wholc day. 
Yearly the fame as tlic prcccding day. 

JuR fufficicnt to indicate tlic kind. 
Scrcnc weather. 

o'clock A.M. 
drizzling rain, by which the rod bccainc 
clcariticd politivcly. 

4.M. 
4.M. Balls p cn thrcc-tenths of an inch. 
but vcry wcaK. 
h vcry cloudy morning, though at  too 
grcat a height for my rod : hut in the af. 
ternoon the clouds opproaclicd inuch 
nrarcr, m d  tlic rod 11ccame charyrd pretty 
Rrongly poiitivc, which continucd about 
one hour and a quarter. I charged lomc 
Lcydcn bottlcs with the fluid' , I onic o. 
fitive,othcrr ncgntive, for thcrc wcrc &I 
gradual changes of the clcaricity. 

Balls opcn half an ~ n c h .  
Nine o'clock A. M. a Iwavy fiower 0 1  
rain, b which the rod ~ C C U I ~ C  firbngl) 
chargc~! with negative cldkricity, all  thc 
titnc the lhowcr Ialtcd, which waa lhorl 
and hddcn. One hour altcrwnrcjs, the 
rletlricit changcd to a ttrong pofitivr 
thc Iiell flllddrnly began to ring, w d  con. 

wcathcr cloudy, hut fair. 

L.M.-Alld P.M. 

Soon aftcr a fog, with 
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June. 

tinucd to do fa fivrminutrs; the pit1 
balls then clofcd flowly, pnd opcncd ne. 
ativc, and continucd To thc re11 of thi 

9aY , At Edinburgh, fomc lightning ant 
thunder this day. 

A cloudy fhowery morning. Thc clcfirica 
opcrations i n  the rod havr bccn bcantifu 
thia day. I n  about fix hours tinic I ob. 
ferved frvru changes of ,the clettricit 
five of thefc changcs wcrc gradual. 'I& 
halls o encd froin 3 to qrrnchcs, and re. 
maincd'fo from 25 to eo minutes ract 
opening, then gradually c lokd;  thc other 
two chargcdflowly, butclolcd very quick, 

But wcak, 
A.M. 
A cool cloudy mornin . The rod h a  
bccn Rtongly elc&rific$i ful l  h e n  hourr 
the reit of thc day but wcakly fo. Therc 
werc IS  changes of the clcaricity, ai: 
gradual, cxcc t onc, which was infian. 
tancpus; thc, lairs fometimca cxhibitcd a 
wavm motton, and fometimcs Iuddcn 
jerks.$ 'hcrc wcrc feveral Ihowcriof rain, 
and two of hail; during the fall of hail 
thr rod wan nioit powcrfully elctlrificd, 
and the bcllrang very br ik ly ;  thccffcRi 
and appearanccswcrc b awful, that I kcpt 
at  a good diRaiice from thc rod. A rcat 
dcal of  lightning on thc cafi fide of Ficnt 
qnd EKcx t h i a  day. 
3alla opcn half an inch. 
L\.M.--And P.M. pofitivc. Thcre wcrc 
i'mall fparka cmittcd from the brafs ball N, 
and the pith halls continued clofin and 
o cnin man times, without any cffangc 
-ofkin$ for t i e  $ace of ,two holm. 

' 

Balls opcn fromonc to kvcn-tcnthsof an 
inch. 

Weak fgns, balls not opon. I al l3  open thrcc-tenths of an inch. 
Salln open five-tenths of an inch. 
,'cry cloud 
hright LO atfcR the rod powetfully. 
jails opcn full half an inch. 
lalls opcn near one inch. 
(.cn o'clock A.M. a fuddcn Ihowerof rain, 
by which thc rod bccnmc hi hly CICG 
ttificd pofitivcly, and continue5 to cmici 

wcathcr, but at too grcnt a 
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h a l l  fparks at the ball N, long aftcr the 
lhowcr was over, without any change of 
the clcCtricit . 
:he wrather i o w c r y  ; the rod prcttywcll 
ck6irifird. 
lalls open fix-tenths of an inch. 
Ncak 1igns; balls not opcn. 
['his morning livcral hcavy clouds pnNrd 
ovrr from the SW, b y  which thc rod br- 
cam'e rnodrrately clcttrificd ne ativcly; 
and fomcrain fcll, which incrcafcfits clrc- 
trice1 char e. In the nfternoon, the 
wind and cf.xds put on a more ominous 
apprarmce;  near fivv o'clock b r p i  n 
itorin pf wind, rain, l i  htnin , and thun- 
der ; but thc main wci t t o f  tRcLtorni did 
not come near m y  r o i  , Ita dire  cifckts 
muit bc cait of London : ncvcrthelel+ I 
had thofc ufual beautiful appcaraticca 
which nttcnd a itrong chargc in the rod. 
Thc itorin laltrd onc fu11 hour, during 
which tirnc tlicrc werc five l'uccciiivc 
changes of thc clctbicity, viz. four gra- 
dual attcndcd with fuddrn ' c r h  or 
lkarts, which oftcn diminilhed t i c  divrr- 
gcncy of the pith balls from 4 inchcs to 
D inchrs or  Icl's. At'tcr thofc jerks thc 
pith balls rccovcrcd thcir formrr drgrrc  
of divcrgcncy, fomctimcs fuddcnly, and 
at other timcs flowly. 'I'hc otlirr cliaiige 
ha pcncd initantancoufly, tlic pith balls 
coflapfin and oprnin lo quick that the 
eye c u u d  barely iicc t fc i r  itlotion, 'I'hrrc 
wcrc t w o  other inffaiitancoiis clolings and 
o cnings of thc balls, without a chat~gc of 
c l h r i c i t y .  Much lightning at (;ravel'- 
cnd to day. 
The rod has bccn rlcarifird a l l  this day. 
doll of the forenoon. Aftcrnuon l'onir rain 
fcll, and thc rod bccamc clcttrificd ne- 
gatively, and cndcd poftivcly. 
LM. 
i v r r y  thick cloudy morning. Thd clrRric 
chargc in the rod has bccn rnodcratrly 
itrong and veiy fine to-day. Thcrr wcrc 
five gradual chsng- ol thc rlcfiricity. 
LM. 
:old Ihowcry wcatlicr. Except fiinic ftnall 
intervals, tlic rod has bccn Itrongly elec- 
trilied all this day. 'I'hr brll  rang b r i k i  
for a fcw miiiutrr,ttIcn 1~ddrn1y  ~ o p p c z  . _- 
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nnd the pith balls clofcd and opcnrd nc. 
gatitcly, and continurd To t i l l  a littlc af- 
tcf ci ht o'clock P d M .  whrn thry changed 
to pojtivc, At Livelpool,, thy  day, B 
tremendous Rorm of ightning, thunder, 
hail, an4 rain. 

A vrry cold, lhowerymotning, and thc 
dro 3 of rain were vcr large. I'hc rod 
hasicenvery owrrf'ulYy clcLtrificd ncar 
~welvc  hours t k s  day, duriog which lime 
there happened clcvrn changcs of. the 
cle&ricitp a l l  radual but one. 'The ballr 
oftcn ex ibitc a waving pendulous mod 
tion, without aiiy dimunition in their di- 
yergency. Thcrc wcrc a l lb  a fcw of thofc 
crks beforc noticed on the sift init,. 

dhe bell rang br ikly:  there has bccn no 
change in the clettricity this day. 

Neatly all day. Weathcr fcrcnc and clear. 
An cvcn 

Weathrr fercnc, vcry hot, and a clcar fly. 
A.M.-,And P.M.  nc ativc. At Glal'gow, 
foine lightning and ttunder, 
Wcak figns. Balls not opcn. 
A heav dark atmofpherc, but fair. At  
Monkllvcr, near Uatti, inuch lightning. 
and thunder. 

Weak figns, balls not opcn, 
dark k y ,  but fair. 

fignsof clcRricity ; balls not opcn. 

n.M. 
4.M. 

A.M.-Aiid P. M. poiitivc, with fparl&. 
At Hcrcford,. this day, a itorm of rain, 
lightning, and thundcr. 

Wcak fi ns; balls not opcn. 
A.M.-Ind P. M. pohtivc, with bright 
f jyks .  At Strichcn, in Scotland, a heavy 
t under Rorm.. 
4all3 not open. At Edinhutgh, this day, 
fomc lightning and thunder. 

P.M. wtth finc +arks; but no changc of 
kind. At Glafgow and Hamilton, this day, 
lightning, thunder, hail and rain; and allb 
at Ncwcafilc, in Northuinbcrland, tlm 
ftorm was fevcre. 
Wcak figns; balls not opcn. 
P.M. 

Balla not apcn. i 
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'hrec o'clock P.M. I raw a thunder norm 
bpproaching. While thc ltorm rcmaincd 
at a confidcratrlc diltoncc, thr rod was 
very high1 charecd with negative elec. 
tricity, anH continucd in three quartera 
of an hour; during that time diitant thun- 
der WAS heard. The wind fiiddcnly lhift. 
cd to the SE, and a vcry hravy rain foon 
came on ; the elc&ricity now changed ta 
pofitive, and the bell rsng hr ik l  ; cvery 
appcarruoc (bodi within and wi&ont thc 
room was tremcndoufly awful. I there. 
fore r' cated myfrlf upon a Iar rc infuluted 

the apparatun. A Leyden bottlc was un. 
e I ncdly laccd with it's brals knob ncai 

to 'tT,c brnibal l  N. - This bottlc charged 
and fpontaneoirlly dilchargcd almofi a i  

uick as I could noticc thcm ; and i11 thc 
krnc time therc was a cnntinunl flalhing 
of dcnfc fparkr brtwccn thc bcll aiid braft 
hall. Thclc vcry grand apprarances onl) 
Ialkrd tcn minutca, and the lccne was tcr. 
minated by a clap of thundcr; hut  thc 
florin, and its clfcRn on thc rodd IaRcd 
ncar two hours. I faw no li  htning b u ~  
what was in thc apparatus. %herc wcrc 
ninc iadnal  clrnngcs of rlearicity. Thc 
pith Ei;lls cxhibitcd fuddcnlt?rtsor jcrks 
and Fomctimcs a waving motion. 

I had purpofely placed a large glafs bowl 
upon an infulatcd tablr, in the open air  
to  catch the falling r1cttrific.d rain, A, 
foon U t  thc bottoni o f  thc bowl was wcl 
covcred with thc rain watcn of thc nbovt 
itorin, to m y  htisfaCtion, a pair o 
linen threads TI% pl:icrd for the p i i I  
pok divergrd near two inches; thc watc 
rcmaincd clctbrilicd mar ,  trii miiiutc 
a(icr it was taken into the houfc. 

P.M. a littlc rain fell, and thc clekkricit] 
chan cd to politivc. At Edinburgh snc 
Bsinz', this day, tlierc was much light 
ning and thundcr. 

A vcry ltrong clcttvicity in the rotl all tht 
forcnootl. ra o'clock Ibmr rain frll, oi 

itool, whem I codd with fakty obfcrvc 

a 
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N z,,20 74 - P o t  
w 30. 66 6. Neg 
w ag,zo 75 - Nrg P.M.---A rcgular dark k y ,  with fmal. 

rain,which continued fourhours; fuch rains 
arc never elcarificd firongly. Air  is very 
moift. 

NW 2g.3~ 73 - Nrg Balls open fix-tenths of an  inch. 

$ $ 1 A heavy dark atmofphcrc, and ’a warm 

E 30, 6 ,  I -- amounts only to wcak figrrs, bdlv riot 
SE 30. 6s - - foft air. The  clc&ric ity thcfc fix day8 

E 19.79 66 - - 
SW 30. g 60 - - 
w 30.27 56 - Ncg P.M. 
w 30.24 $8 - Nt‘6 A’M 

E 30.17 60 - NCg A.M. 
E 30.20 66 - NC!4 A.M* 

30.16 58 s, pof, P.M.--A fine Ihowcrof rain, on which tsc 
rod bccamc prctty well rlrttrificd ; but 
foon changrd to a Rron ncgativr eleQri- 
city, whirh affordcd f n c  f arks at thc 
brafs ball N, Thc  pith ball! clofrd and 
o encd fcvcral timca, without any more 
cfangcs of kind. 

NE 30,20 66 - - Balls not open. 

, 

r? 30.14 60 s, A’M* 
NE 30,,3 (j2 - Poi. 
NE 30. 

A.M. balls o cn fevcn-tenths of an inch. 
59 s, poi. A.M.--e o ’ c t c k  P.M. a very black cloud 

palled ovcr thc t o d ,  I,y which I t  bccanic 
V C I Y  firongly clcnrificd for a fcw mi- 

< nutes on1 the bc11 rang brifltly. 
N 30,15 G2 S. po t  There h a s t k m  nrtich rain to-day, and the 

drops very large. Thr rod has bccn ir i  
high c’harqc y a t  p a r t  ot the day. The 
fparks at t lc irnfs >all N wrrc very pin- 
gent, llot only k), t y t  dCo t h c s  air i n  tlic 

* 
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Auguft. 

room, and thc uninhlatcd bcll, and othci 
things, lhcwcd that tlicy wcrc clcttrificd. 
The bcll raiig br ik l  at thrcc intervals o! 
tiiiic. This Itrong cxarge of tlic rod con. 
tinucd full Iour hours; and the clc&ri. 
city, during that time, changed in kind 
tcn timcs. Eight of them wcrc gradual, 
two oE them wcrc quick and attended 
with jcrks. I heard fomc rumbliiig ol 
thundcr at a great dikincr. At Dunwicli, 
in SulTolk, thin day, inuch lightning and 
thuiidcr. 
LM. 
hili opcn nine-tcntha of an inch. 1 Wcak figns ; balls not opcn. 
?our o'clock P,M. a b o n g  charge in the 
rod, but of h o r t  duration. 
:'hc rod was in high charge tcn hours this 
day, cxccpt a few finall intcrvals; thcre 
wcrc ninc gradiial changes of tlic clcc- 
tricity, from ne utivc to pofitivc, arid thc 
contrary. l'hc If)cll rang vcr brikly at  
thrcc dilfcrcnt timcs during tbat pcriod. 
Thcrc wcrc fcvcral fllowcrs of rain, and 
onc of hail i during the latter, thc clc&ric 
chargc i n  the rod was molt intcnfc ; the 
fpnrks darted bctwccii tlic ball and bcll 
extremely harp and quick. I found thc 
inoiiturc in thc air of thc room was now 
clcRrilicd, allo tlic bcll, und its metallic 
conncxion with tlic earth, and even \hc 
bricka in the wall LO which thc mctal ia  
hRcncd wcrc all clcRrified with un elec- 
tricity contrary to that in thc inliilatcd 

u t  of thc apparatus. An clettriciiin p' who had oltcn in vain cnllcd at myhoulc 
to fcc the ap laratus i n  hig1ichsrgc)placcd 
his Icl't hand on the bcll, and with his 
fin cr of the right hmJ a pioacticd the 
bal? N; a dcnle (park i i l h f t o  it, and hc 
rcccivcd a h a r t  h o c k  in his arms and 
brcait, likc tllat of tlic Lcydcn bottlc. 
We thcn joincd hands, and madc thc cir- 
cuit in thc diual way, Letwccn the bell 
arid ball, and W E  both rcceivrd a I'cvcrc 
Ihock. Much lightning and thundcr this 
day at Stirliqg and Dunitrics, in SCOC- 
land. 
..M.--And P.M. negative on P f p l l  of 
rillll. 

z 2  
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Augufl and September. 

ireat art of the day, 
LM. &ut very weak in the afternoon. 
! Weak figns; balls not open. j . ~ .  a ferene clear iky. 

’.M. from a Ihowcr of rain, the drop, oi 
which were very large. The elcttricity 
foon changed to pofitivc. Though every 
circumitance was favourable for a Rron 
elcnrification, yet the charge in the rod 
was but weak. My blpicion led nie to 
try the Itate of the uppermalt end of the 
rod, and 1 found it to be in a contrary 
Bate of elcaricit to that at the lower 
end of i t ;  the midble art of the rod wan 
iv its natural flatc, t la t  is, hewed no 
fignc of bcing eleEtrificd; therefore the 
rod was only (at this time) influentially 
elcBrified. 
L.M. 

P o’clock P.M. a Ihower of rain fell 
by which the charge in the rod became 

II the forenoon. One o’clork P.M. rofe 
a ltrong gale of wind, I now faw thunder 
clouds forming at a great height., Half  
after five o’clock appearances wcrc dread- 
ful; in five minutcs time the flrong gale 
of wind became a florm from SB,  ?’his 
florm of wind ([or there was but little 
rain carried the largc black clouds to the 
Nd, and there I raw abundance of‘ ked 
lightnin a little above the horizon, and 
I once %card a rumbling of thunder, 
The ele&tric Rate of  the rod before the 
florm was pofitivc, but by it was 
changed to ncgative, and continued Ib 
during the whole time, but oftcn varied 
in ltrength, fometimcs weak, fomctimcs 
irong. At Amcrham, in Buckingham- 
hire,  and at the fame time at the Earl 
pf A Jesf~rd’s park, near Packlngton, 
in drwicklh i re ,  was a moit trcmen- 
dous ftorm of hail, rain, lightning, and 
thunder from four to fix g’cfock P. M. 
’.M. There were four gradual changes of 
the elcttricity in two hours. 
’.M, There har been a little rain to- 

Only weak figns. 

IlCgatlVe. 

day. 1 



relating to AtmoSpherical Ble8ricity. I 2) 

Scptcmbcr and OBobcr. 

I n  thc forenoon, and ncar fun-fct ncgativc 

A,&. b the night hottlr, and likewifc bi 
1 

b lomc inial1 rain. 

thc r o l t h c  fnmc, but very wcak. 

Only wcak Ggns of clcBricity; balls no 
opcn. 

k y  the night bottlc. ' 
Weak figm; balls not opcn. A dark at. 

.M. Thcrc wrrc fcvcral hcavy cloud! 
paiTcd from the SW. by which the rod 
was highly chiirgcd with politivc rlcCtri. 
city. 'I'hc bell ran br ikly.  This chargc 
continued from a fittlc bcforc 11  o'clqck 
A . M .  to f'iill fix o'clock P.M. during 
that tinic thcrc werc four graduai changcr 
of clcaricit 

By the night {bttlc. 
A.M. a more tronficnt vifit of the clc&ric 
fluid I hcvcr bcforc law, oiily while a 
fmall black cloud pan'cd ovcr thc rod, 
and let, fall a fcw drops of rain; the 
wIiole timc of tlic chscgc was about foul 
minutes. 

A. M. by the ni ~ h t  bottlc. The clclFtrifi. 
cation of the ro3 very weak. 

Week Ggm; balls not opcn. 
A.M. 1) the night bottlc. ' Five o'clock 

P.M. t l e  rod was clc€trificd negatively. 
By the night bottlc, and thc rod alh.  
-l 

molpltcrc. 

Thc clcEtricp1 chargc in thc rod hat 
bccn very wcpk thclb ci ht days, 
only jult Zufiicicnt to iufiicatc the 

. kind, 

A X ,  by the night bottle, which was fuf. 
ficicntl chorgcd to 41vc a brrfilit f Rrk 
on mahn the circuit. At noon &in, 
rain frll, & which the rod hccanic clcc. 
trificd ncgattvcly, and vcry ttrong, wllich 
)aitcd full four hours; duriiil; h i t  timc, 
thc clettricity changed touI Limcli, which 
wcrc d l  gradual. 

A.M. Four o'clock P.M. the rod was elcc. 
trilicd pofitivcly, and aftcrwsrds ncga. 
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zg.50 53 
2 9 . 5 ~  56 
29.67 42 S. Poi. 
19.90 40 - Po[. 
~9 .67  5 2  -- 
29.79 50 
29.75 58 
29.89 53 - Pof. 
30. 4 50 -- 
$0- 7 53 
30.2 48 -- 

-- -- 

-- -- 

-- 
30.24 65 -- 
3 0 0 7  47  -- 

OEtobcr and Novcmbcr. 

tivel with Rrong fparks at thc brare 
ball E'. 

A.M.  but more intcnfcly iofitivc in thc 
af'tcrnoon ; thc bell lor a himt time rang 
br ikly,  after that fiintly, then flopped, 
and the clcRricity ctiangcd to  ncgatlvc, 
which continucd lo lome hours, thcn 'de. 
clined gradual1 to weak ligns only. 

A.M. by the n ig i t  boltlc. 
A.M.-And P.M. ne  ratlvc. 
A. M.-Three o ' c l o c ~  P.M. pofitivc, but 
much Itrongcr than in ttic morning.Thcre 
has becn to-day a cold h a l l  rait!. 'Ihe 
clcEtricity chan cd  four tlmrn in two 
hours. This  j ay ,  at Whitchavcn and 
LancaRcr, was much lightning arid thun- 
der, rain, hail, &c. 

A.M. b u t  in thc aitcrnoon a much ffrongcr 
pofitivc char6C. 

A.M. 
4.M. 

i . M .  juR iufficicnt to emit viliblc fparko, 
'.M. by mcana of a fog. 
',M. Balls open fix-tenths of an inch. 5 Wcak figns. Balls not open. 

Wcak fig116 of elcttricity; balls not 
O p C n .  Dai k, hazy wcathcr, and nloiik 
air, thclc ciyht days, 

3.M. by mcar.8 of a littlc cold rain. 
7.M. a vcry hrgh north wlnd. . 

On] weak figns of the clcllric fluid; 
ballb not open. A d u k  cloudy atmo- 
rpilcrc, 
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--- 
h.M: by a fhowcr of flcct, wliicli for a ,  
halt  t ime occafioncd thc rod to cmitI 
bright fparks at  thc ball N. ' I  

! A.M. by the night bottle. ~ 

L.M. by means of a fog.. 
L.M. 
',M, This was ohtaincd in the fnllowiny: 
manncr. 6oon after fun-frt 1 pcrcrivcd 
a liphf-colourcd dcwy vaponr aril'e PO or 
30 inchcs nbnvc tlie ground i n  tlir park ; 
the evening bcing fcrcncand fair, I Rood 
upon an iiifiilated Itool, and wavcd m y  
rxplorin rod among the dcwy  rnpdur, 
nnd w i d  m y  f i n p  touched a fcnliblr 
clcttromctcr, which inllantly opcncd 
with pofitive clrAricity*. As tlir rveii- 
ing advanced, a ltrong fug filled thc a i r ;  
whcn i t  wig of liifisicnt height for tlic 
hiFh or fixed rod, this alfo hecnmc clcc- 
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Novcpbcr and December. 

P . A.M. by means of a fog. 

1.M. by the night bottle, which I found 
well charged. 
Vcak figno only. 
Jo fignn. This is the fccond failure. A 

moilt atmofpherc, 
irom fog, vifible fparks wcre obtained 
during the greatcR art of the day. 
LM.  by mrans of a fog. 
k.M.-And P.M. with fine f arks, 
i t  break of day. Afterwar& poGtivc, by 
i l l  day, b a continurd fog. 
i l l  day. &he fog Rill continues. I havc 
obfcrved, during thcfe thrrr days and 
three nights (abating a littlc tinic for 
fleep, and which I curtailrd for To noble 
a purpofr) a fo gy vapour to br con. 
nantly eleorifir% pofitively 
balls diverged from a quartwrf;: ti::': 
quarters of an inch, cxcc t whrn the fog 
which was grnrrally mozcrace) fuddcnl 

brcamc thick and dark; then the bale 
would divrrqc near two inchrs ; at thofi 
times I received the clcRric fluid intr 
bottles. This fog began Itrongly ncga. 
t lVC. 
Vearly all da , The fog is entircly gone 
Weak figns; h s  not open. 
>.M. A moiil air to-day. 
111 day ( I  mean 16 hour8 out of r4), thc 
!weather foggy. 

Vn figns of clefiricity. Thc third failure 
A very moiil air. 

i.M.-A flight fog. 
'.M, 
LM. 
flrak ilgns : ball8 not open. 

and fair. 
Wrak figns. 
4.M. from a little rain. 
No fignr of elcCtricity. The fourth dayti 
failurc. 

P.M. a h i a l l  fall of how,  by which thc 
rod was Itrongly clcfirified. 

means of a fog. 

Weak figns : balla not opm. 

A.M.-And P.M. The weather fcrcnc 
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- No figns or elcffricity. The fifth day's 

'01; A.M. a fine fcrcnc morning. 
J c y  P.M. by fmall idin., Qn an incrcnfr of 

- Wcakfigns. - No l i p s  of elrffricity, Tlic fix111 d3y'r 

- No iifinu. ~ i c  fcvcnt7i clay's failurc. A 

fnilurc. 

lain, thc elcttricity changcd to pofitrvc. 

t d u r c .  A vcry tlain air. 

- 
Vtg 

.. - . _ _  -. . . 
. Wcdk figiis of rlcttricity 

At  cight o'clock, A.M, R f innl l  h o w r r  ol 
lain. which W J S  wcaklv rlrCti ificd IICPO- 
t i d y ;  as thc rain rnc;cafc:d, to did ihe 
intcnfity of tlic rlettric fluid, mid aftri I continninK lor two Iiouis, thry both dil. 
appcarcdyo rthcr. ' 

N;g A.M. by P /k;lwcr nf rain.: Trn o'cloch 
P.M. a fog Itiongly clcftiilicd pofitivcly, 

Pof. A.M. 

j Only wcak figns of clcnriiity. 

I W .  h t h  A.M. nnd P.M 

Pol. All tlic dav, by nicans of a fog. 
Po[. All thc d;y, with Lriglit { p i k a  at fcvcia 

Pol', ,111 tlic day, with finr l'paiks. 
Sol. A.M.  
1'01. A.M. wcnthcr dry and foggy. 

I'Of. A.M. ~la l la  I1 ) P I 1  IlCdl Otic i d l .  

POI. All  day. 

intrivals. 

1W. N C W I  d l  day 111 clraigc. 

iw. A.M.--t\nd IJ.M. 
Pol. P.M. 
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January and February. 

the othcr, and the rontrary. At tcr 
o’clock P.M. 1 rcccivcd bright fparks ai 
the ball N, 

Sewn o’clock A.M. I found the roc 
ele&tificd, Wicicntly Rrong tn emit vi. 
fible [parks, and oltcn aftcrwarda thi 

There waa a modcrate lhowrr of rain thi  
morning, by which thc rod was cleari. 
fed ncgativcly. 

A.M. ballsopcn fromtwoto frvcn tcnthl 
of an inch. 

A,. M.-At noon fell a fmnll rain, whici 
was void of,clc&ricit , Nrartcn o’clocC 
P. M. thcre was a fiddcn Ihowcr of rain 
ltrrmgly clcttrificd nraativcly. 

P. M.-A deli htful clcar fitir day, hut thc 
atmofphcric $c&riciLy was vcry wcdk til 
night came on. 

A. M.-and P. M. ncgativc 
7 

,“.a&. 

’ Balls open from onc to nine tcnthr of 11 
inch, wcathcr fair and fcicnc. 

Nith vifiblc fparks. 

+ Serene wcathcr Rill continues. 

Scar1 allthe day, with fine bright fpnrks. 
Bal l  opcn from two to fix tcntlis 01 an 

. M.-Smrll rain P. M. which did not 
occafion any change in thcclefiric fluid. 

1 Balls opcn half art inch, wcathcr nil1 fc- 

1. foggy day. 

inch. 

Balls opcn from onc to nine tenths of an t inch, wedther h 1 1  mild. 

’. M.-I bavc often obfervrd that impctu- 
out) wind8 lcffcn thc iritriifity of atmol- 
phcfic clcCtricity i n  clcdr wcatlrer, w h d l  

j 
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Fcbrunry nnd March. 

has bccn verified this da  ; for not the 
leaR h n of clcaricity coutb bc obtained 
froni 81, rod till after fun-ret, n t  which 
tiinc the high wrft wind having fuhfidcd, 
u littlc low va oui I'prnn ' up ;  I thcn rc- 
ccivcd the fliric! in 'grcat Ijenty, and of the 
Iwnc kind that it has continued to bc for 
twenty-fcvm days palt. 
1 Wcnk figns : bulls not opcn. 

A. M.-With vifiblc fparke. 

3 Very mild lcrcnc wcnthcr. 

A. M.-lVithvihblc I'parks. SLi11 no cllangc 
of kind. 

A. M. 
1'. M.--A Itrong gnlc of wind has bccn prc- 
doininant to day. 'rheatld'phc,-t is cx- 
lrctncly d ry ;  the fun appcarcd briglit a l l  
day. No atnidpheric clc&ricity could 
bc ohtaincd till IIP:IK tcn o'clock at night. 
Thia clay, P't HnIIifax, a fall of liiow, ttc- 
companica with il flulh of lightping and  P 
clap of thundcr. 

A.  .M. 

j 

A. M.-St i l l  nloderatc wcathcr. 
. M.-From niric o'clock 1'. M. to clevrn 

thcrc wna a niodentc  lhower of rain, 
Which w a s  clcttrilicd nrgativcly. I l i i vc  
no1 till thin pcrccivrd il ncgdtivc chnrgc in 
thc rod Iince January the 28th. 

A. M.-At Thurfii, inScotland, hail, light- 
nine. and thunder. 

P. M: 
A. M.--WirhviGblc fparks. 

A. M.-A vcrytlry atmofphcrc. J 
A. M.-Thcrc was an how frolt upon the 

A. M. 
grab this morning. 

A.  M.-Divcrgcncy of the pith balls 
Iiotri onc to n ~ n c  terilhs of an inch. 
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March and April. 

A. M.-From a fma!l Ihowerof rain. P. M. 
the clcaricity was pofitivc. 

P. M. 
P. M.-The a i r  a little foggy. 
A. M.-Not a bcarn of lun has appcarcd 

A. M.--Ualls half an inch open. 
A. M. 
A. M.-With vifiblc rparks. , 

this day. 

Balls open fiom one to fcvcn tcntha of an 
inch. 

Wcak ligna of ele&ricity. T h i s  ver) 
wcak ltatc of' atmolphcric clr&ricity has  
not hapfc,ncd fincc thc gift  of Ueccm- 
bcr. I icrc has bccn fin many days : 
ttrortg certcrly dry  wiod, which lccina 
hitherto nearly void of the clcttric flu. 

P. Ma-From a finc Ihowcr of rain. 
A. M.-'l'hc rain continues, lo docs its  nc. 
gativc Itate of clcttricity. 

A. M.-From a littlc fall of fnow. P. M 
fomc fnow mixed with rain, on which thc 
rod hccnmc charged much znorc ltrortgl 
folitivc. l'hc rod has been cltarged' i d  
our hours to-day. 

Wcak f i p . 9 ;  halls not o p t .  
A. M.-A niodcratc rain ,  but ftrongly clcc. 
trificd, and continued fo full two hours, 
1 hcrc WCIC two gradual change' oi clec. 
tricity. 

A. M.-But after fun-fct thc rod wae clctfri. 

Six o'clock A. M. a littlc rain fcll. Hall 
aftcr eight o'clock, a teat fall of fnow ~ 

the rod now, becatnc ftrongly clcttrified 
pofitivcly. Dcnfc fparks wercnow'rccciv. 
cd at the ball N ; halt' aftcr nine o'clock, 
thc clcaricity changcd to nrgativc. 

I caught fomc of thc h o w  in thc appaiatui 
mentioned thc 20th of trlyin this journal, 
ilnJ,I found it wcaklyc!cbtrificd. 

1 Divcrgcncy of thc pith balls wcrc from > a tenth to fcvcn tcnthsof aninch. l h c  1 fcrcnc wcathcr. , 

1 id. 

e .  

ficd politivcly. 

7 

J 
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iix o’clock, A. M. Eight o’clock it rained, 
the clcttricity now hccainc l h i g l y  nr ra- 
tivc, with $nc fpnrks nt the ball N. This 
Ihowcr Iiavingccakrl, anothcr loon follow- 
ed, which cleRrificc1 thc rod pofitivcly. 
The rod wns c h a r p l  7 hours to-day. 
Every appearance at tlic rod to-day wns 
near1 as during the preceding day. 

~ a l Y n  oprn from onc to fivc-tentha of an 

t April and May. 

f ’ 

arr thc ufiial cfatta of a very Rron 
and dry wdtcrly wind: and in gcncri  
let a jtron dry wind I?low frqm what 
point of $e colnpnrs it tnay, it is at- 
tcndcd with only weak fignu of clcltri- 
c1ty. 

T h e  above-menkoned eighth day of May completes this 
Journal of one whole year, which I give to the curious in 
Atmofpheric Elcaricity as a faithful ilarrative of faas, 
having never once deputed another perfon to make obfer.. 
Yations for me, J O H N  R E A D ,  

: 



L. ZB Meteorological Journat 

A Monthly Account of Elcflrical Sparks, an4 of Pojtive and 
Negative Eknricity, as indicated by the Pith-ball EleDro- 
meter, andjnictirnes by onb I;laxe.en ?breads without Balls 
to them, 

Niimhcr of days in tack 
month in which Sparks 
wcrc pcrccivcd. 

. Tiines Times Days. 
Q3 days May, 1789 }Pof. 17 Neg. 18 9 8 days May, 1790 

June  POT. 32 

J ~ I ~ Y  poi. 13 
Auguk Pof. ig 
September Pof. g 
Onober Pof. 17 
November Pof. 12 
Decembcr Pof. 12 
January Pof. 26 
February Pof. 26 
March Pof. 39 
April pol; 28 - 

941 

Ncg. 36 12 

Neg. 22 12 

'9 9 
NO& 23 7 
Neg* 7 7 

Ncg- 4 '3 

Ncg. 8 8 
Ncg. 6 7 

Ncg. o a 
Ncg. i 3 
Ncg. 1 8  8 
-I 

156 98 

I t  appears from this Journal, that thcrc were onlyjuen 
days *roughout the year in which no figns of elcaricity 
were perceived; zriz. the 15th and 23d of Novembcr, and 
the 6th, rsth, 17th, 21& and 22d of December. 

Remarks on the Phmomena exhibited by ths Rod on thr 
31J of Rug$ 

I was for a long time extremely puzzled to account for 
the rapid changcs which the pith-balls on Come days io 
frequently exhibited j being pofitive one minute, thcn ner 

gativrt 
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gative for another, and the next returning again to pofi- 
tive. F r o n  oftcn confidering this apparently whimfical 
changeablends in nature, I was at length induced to fur- 
pea, what indeed was afterwards confirincd by aBual 
experiment, viz. that fomc of thefe changcsarc only ap- 
parent, and not red, thcy being occafioncd not by thc ac- 
tual communication of a different fort of clcaricity, but 
mcrcly by the aEtion of,clcBrical atmoij)hcrcs; thus, whcii 
an elcfirified cloud comcs within a ccitain difiance of the 
rod, and before it comes near enough to impart to it finlo 
of its o \ n  eleEtricity, thc eleltrical atmofphcre of thc for- 
mer, agreeably to the well known laws of clcflricity, will 
difiurb the cleEtr,k fluid naturally belohging to tlic rod, a i d  
will confequently occaeon feveral apparent changcs in the 
&Etromcter ; which changcs 'an uncxperienccd obfcrvcr 
would attribute eiitircly to thc change of eleCtricity in the 
clouds. 

This  obfervation was evidently cqnfirmed by the phzno- 
mena obfcrved on thc 31fi of Augufi ; and thcncc it np- 
pears, that the real number of changes from pofitivc to 
ncgativc, or from negative to pofitivc elcEtricity, cannor 
be fo great as it is fliewri by the elcClrometer affixed to the 
rod. 

I beg leave to add, that I have not the leafi doubt but 
that cvcry cloud is in an elc&ic itate, at A11 times, atid in 
all the f ~ d o n s  of a ycar j and that the CleLtricity of the 
clouds is the principal caufc of thcir fufpcnfion in the at- 
mcfphere. For howcvcr varicd in kind thcir corpufcles 
play happen to be, of which thc clouds confifl., !*et, cvery 

particle 
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particle of thofe aerial meteors will attraA and abforb elec; 
triciry, and the eleAricity having no weight of its own, 
muit by its well known repulfive force tend to Cupport and 
keep up their rare fiate. When a oloud approaches my 
high pointed rod, which cloud we will fuppofe is elet- 
trified pofitively, the upper end of the rod will hecome 
eleArified negatively and the lower end pofitively, by it$ 
own ele&ricity, as before obferved ; and when the maii  
force of the cloud has paffed the zenith, a change of kind 
will take place, for the eleRric iigns in the rod will now 
be the reverfe of thofe on its approach to it; fo that jf ted 
iuch clouds fhould pars over the rod in the fpace of one day, 
the pith-balls affixed to it would indicate ten changes of the 
eleAricity, notwithitanding the eleEtric itate of the ten 
clouds was invariably of one kind. It is fcarcely needful 
to  ohferve, that if the ten clouds had been clcEtrificd ne- 
gatively, the Came number of apparent changes would have 
happened. 

I cannot help lamentisg with Signor BECCARIA, that 
there are fo few high pointed rods errded to accertain the 
eleErrica1 Rate of the earth and atmofphere at all timcs ; ' 
butbore particularly during thunder fiorms. If there had 
been pointed rods, for infiance, at Whitehaven and Land 
caiter on the 6th of OBober, and well attended to at the 
time of the itorm of lightning and thunder, which hap- 
pened at both places nearly at the fame time, it would then 
have been known, whether the apparatus nl'ight not be PO- 
fitivc at one place when it is negative at the othcr. 
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May. 

o emit fmall fparke: in half an hour’s 
ime there were four beautiful gradual che& 
’8 of cletlricity. Afterwards the rod re- 
nained negativetwo hours. Thrre o’c!ock - 
P. M. the elearicity changed, and continu- 
ad near three hours pofitive. After this a, 
ow black cloud paffed over the rod, and Id 
911 a few drops of rain mixed with hail) ; 
he rod wan now high1 chargrd pofitivel I 

while the elctlriciry changed to a Rrong 
ieFative; then it rang agaiq for about ten 
minutec, after which all figoa of clctlriclty 
:cafed in the rod. Afterwards the rod be- 
came rather Brongly charged for the fprce 
of two hour,, and chan e3 once in that 
time. During thili high &ar e of the rod, 
the bell; (which is connetled f y  metal with 
the moiR grobnd) was in a contrar $I@ of 
elenricity to that of the iqfulateB part of 
the apparatur; and alfo the air in the roam, 
the window-ihutter near& the bell, ind 
even the hricks in the wall, were all olec- 
trified fuufficieptl to indicate the kind, 
L. M. by the nigxt bottle, which had bcen 
charged while I flcpt. Four o’clock P.M. 
a low cloud approached the rod, and drop- 
ped a little rain, by which it became elcc- 
ttificd itrongl aegativc. This eletlrifica- 
tion of the r o l  laltcd near four hourr, and 
changed three times in  kind. 
1. M.-Qne o’clock P, M. wind S, a fmsll 
rain fell, and the air being very moiR, hac 
1eITened confiderably the infulatipn of the 
rod. 
The air iidry to-day, b i t  the cloudr arc very 
high. 
iix o’clock A. M. Nine o’clock fomc rain 
fell, which incrcafed the negative charge 
in the rod. The rain now falls more co I- 
oufly, and the balls clofe and open ralu- 
all with pofitive cletlricity, w h i s  waI 
ratxer Rrong for a lhort time. The ballr 
a ain gradual1 clofe and open, withou! 
cfange of kind: The rod ha1 been detlri. 
ficd near I hours this day: In  the morn- 
i n a o f  to.%, a t  Lewei in SulTex, much 
lig tnin an thunder. 

A. M. H moilt air, and wet morning, I 

A dark cloudy morning. Three o’clock 
P. M. on the soproach of a heavy drrh 

ind the bcllrangqb~iP&, but foon it0 pe h) , 

’ 
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I May md June. 

and on taking a fpark at 
all rdeivsd a fmanfhock 
and breath The wind 

Serene fine weather, thcfe live days, 
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. M. 
cloudy morning. RalE ahcr one o'clock 

P. M. the clcffric chaqein the rod became 
?e ative. In a horn time after, fome rain 
cf, and the elcttricity again became pofi- 
ivc, and very Brong; the bcll now rang 
now1 , and fmn Bopped; the pith t)alls 
:lofedrand opcncd ncg+tivc, and continucd 
lo a full  hour: the balla exhibited on fud- 
den jerk during that time. Tbis \attcr 
charge of the rod l a h d  two hours. During 
the paRaTagc of a cloud over the rod, in the 
morning of to-day, 1 found it inflbcntially 
clcffrificd. 

I Thc weather fcrene and clear. The elec- 
tricity var ing betweennull and thc balla 
fevcn-tan& of an inch open. 

*. 

Lfter a courfc of clear fcrcne wcather, thin 
day Has been dark, and hazy. Nine o'clbck 
P. M. wind S, a prodigious large cloud ap- 
proached the rod, and a little rain fell, yet 
thcrc were no Ggns of eleRricity in the rod. 
In a few minutes after this, I wasfurprifcd 
by hcarin the bell ring; I ran to thc appa. 
ratus, a n i  found it highly charged nega. 
tivcly. When the main bulk of thc cloud 
arrivcd over the rod, itsclehtricity chan ed 
to a fhong polltivc; and in a quarter ofan 
Hour, thc rain and slcRriclty all ccafcd to. 
gcther. This day, in the evening, at Wol. 
vcrhampton, fell a heavy rain, accompanied 
*ith lightning and thunder. 
5. Ma-and P. M. 
4 dark cloudy mornin The clcAricity 
pofitivc at five o'clock f M. 

Weather very hot, and a weak clcttricity, I thcfc two days. 
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I June and July. 

weathkr; and the fog mode- [ Fif%Ef%rified. 
. Ma-Ne ativc P. M. with h a l l  f rka. 

4. M. Haff after twelve o'clock !? M. a 
fuddcn guit of wind fprung up, followed 
by a hower of rain, which cle&t#ied the 
rod pofitively, fufficient to en$t fmall 
fparks; which foon iftcrwarda became ne- 

farge black cloud paffed over the rod, ana 
let fall a little rain mixed with hail, by 
which the rod became highly cleff ified ne- 
gatively: the bell now ran6 brilkiy, until1 
a flalh of lightning and tnllant crack of 
thunder happened, which occsfioneda fud. 
den chan e in the elcktricity to ofitive: 
then the %ell ftruck up again as $rifk an 
beforc. The rod har been charged ten houir 
without intermilrion thir day. 
A. M. A cloudy atmofphere, but fair. 
A. M. Dull heavy Weather. 
rhie day has been Ihowcry and 
turns. The rod has been rat 
cle&rified, and there have been 
dual ChangCS of elcftricity. 0 
laited full five houra, and the 

ative. Near four o'clock P. M, a ver 

alci of v'ind with rain, an 
eb ic i ty  there twoday,. 

A. M. 
A. M. A thick moiit air. 
A. M. Near five o'clock P. M. there wai 
a fine kowcr of rain, by which the rod 
firfi became elektrified negatively, Rnd after- 
wards pofitively, with fparks. Thefe two 
charger laRed five hours. 

Nalfafter ten o'clock A.M. Iargc'dqrk clopdc 
fre uently paffcdover therod, by which 
it %,cam, clcktrified ncgativclr .(When 
they paried lomewhat ncarcr,ad di miffed 
fomc large dro s of rain, the rod then be- 
came high1 cEargcd, ,and the bell rang 
brifkly, anicontinrlcd ita ringingncar hall 
an hour. The pith balls were very much 
asitated, iometimer with a pendulous mo. 
tion, then Baltcd clofer or wider afundei 
fevers1 timea. But the moR cxtraordinarg 
phonomenonof to-da is, thattherod con- 
tinued ten hours elcktriied ncgativcly, with. 
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July and AuguR; 

out change of kind: during that time th 
pith balla never clofed. 
'he operations in the rod to-day and yefier. 
day, when comparcd, ap ar to have buc 
litclc rcfombhncc. Thir $ theelc(5triaitj 
has chan ad four tirqcs, ad the bell ran 
brilkly !r a minutc or two between eacl 
changc of clettricity. 
rwo o'clock P. M. the wind S. A rudder 
Ihowa of rain fell, by which the rod be. 
camcelaEtrified ofitivcly, but loon chan a 
to negative. &e bcll now rang wcaflj 
one minutc, and then hop@ while thc 
clcftricity changed to pofitive, which looi 
chsn cd a g i n  to negative. The elcaricitj 
and &c weather have been much varied ta 
da At New-Mille, in Scotland, fomc 
ligttnin and thunder. 
rhe wa&r this da h u  been rather mon 
varied than yefierd)ry, with a continue4 
fucccflion of fhowerr and runlhinc: ant 
thc atmofpheric elcaricity has bcen con& 
dcrably more ifrtcnfc, and conitant. Then 
have bcen fivegradualchangra of clc€ttf.icity 
between four of thole changes, cha bel 
rnng brifkly. The pith balls a110 exhibitec 
fomeof their curious ogitations; one jerk ii 
particular was lo very quick and powerful 
thabtho ball8 were near Rrikin cacti otha 
I n  a few minutee after this, I !card\difiaa 
thunder. At Burwalh, in Sufix, thir drl 
a temp& of rain, lightning, and tliuiiden 

I The weather thck 19 da e has b m  c 
nerally moderate and &e cleRricity c 
the ntmof here has b a n  only what I 
common &r h c n c  weather, a t  no tim 
fufficicntly ittong tu afford vilibl 
fparku. 



I AgguR. 

A heavy cloudy mor ing, but 
aftcr one o'clock A,%. a fmar 

Serene weather, and a, weak elqRri 

Thcrc have been fcvcral, h a l l  fhhgwerslof 
ririn this day, fomc of them not1 fenfibly 
cle&rificd, others wqrc weakly pofitive, but 
which I could not diqin uilh from the 
common cle&ricity of P;ercnc weatbr, 
which ha8 prevailed 'a long time. 

Scrwe weather; divergwcpof thcpith brllr 
from qnc to fevcn-tcnyhs bf an inch. 

Dark cloud weather, an&, a dcry moi 
air, atten& with a weak ele&ricity. 

rhia day has b r a  ver [howfy, ypt o 
one mower wall Jtrongry elearihed. 
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t AuguR and Sept. I 790. 

Sercnc westhar, an4 o cor)itant dcctd- 
city thcfe five dryp. 

5 .  M. I n  thc sftcrnoon, therc w48 a thick 
dark Iky, with finall rain, and P itrong 
wind. On ap increaic of rain, thc clcc- 
tricity becnmp ncgativc, with h a l l  [parks. 
When the miu nbatcd, the clcltricity 
chnngcd to politive, npd continwd fo. 
A M. Near onc o’clqck P. 4.1. thc elcltric 

chargc in tlic rod I)ecnmc wcakcr and 
wcakcr, until it cnded 8s ilbrgan, nega- 
tive. This clcktric cbargc of the nod con- 
tinued ncar onc hour an4 a alf. 

A . M .  One o’clock, P. h$ wind NW. 
Thin whitc clouds Iipvc,bcpii palling over 
the rod ; but a difiinbt blwk on0 is now 
approaching, and fopc raip falls, m i v d  
with hail; thc rod if now highly chsrgcd 
with pofitivc elraricity; t.hc h l l  rings 
loud, and t~ long time; and k+ thc kower  
nbatcd, To did the J)rcqgt of tlic cleEtric 
chargc abatc in the rod. &s ctirrgc laft- 
cd near throc Iiours, witlwut change of 
kind. 

A quarter before thrcc o’clo k’P. M. fomc 
rain fell, by which Flic ro bccoinc ino- 
dcratcly chargrd ofitivc f Y,, but foon 
changed to a we&cx ncgalrve. There 
wctc twn more radpd p h a p p  ofcldtr i -  
city within t)ic &ICC ofpi\c hour. 

I‘hrrc u’clock P. M. h r p  dark clo~id 
paffrd over t’nc iod with drizzlip rain; 
I tb  riraricrt yyas ncptivc; the bctl r og 
wcakly. T i c  eldtric cliarw Ir tn $iis 
cloiid bcgau, contiiiucd, aph c & l ,  pe- 
gativc. 
A. M. by the sight bottlr. Two o’rlgrk 
P. M. a dark cloiid, w i t l t  drlzrliiig inin, 

\ 
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palled ovcr the rod, by which it wan clcc- 
trifie? pofitively, with {parks; and ended 
ncgativc. 

Modcratc fine wrathcr, and a wcak 
clcGricity, thcfq ievcn days. 

‘he rod has bccn clcEtrified pofitiveiy ncar- 
ly all thia day. At five o’clock P. M. am 
awful darkncfs covcrcd ,the hcavcns, until 
ncar fix o’clock, fuccccdd bysa drizzling 
rain, from which I c,ould not obtain (in 
m common way) any rlektric fluid: but 
wlcn the dark clond hccnme broken, and 
no rain fell, I thun ol,tairicd vifiblc fparks 
at thc ball N, which continued until I 
went to bed ; and fccmed to indicate that 
it would rcmain fo all qight, as the ni ht 
was pcrfcttly fcrcnc, and clear moonli$it. 
ive o’clock this inoriiinfi, I found thc rod 
chargcd ofitivc, but not quitc io bong 
08  when left it lafi night; and it gradu- 
ally went of1 by ninc o’clock, and rc- 
turned again into the rod at near four 
o’clock P. M. from which time thc clcc- 
tric fluid gradudlly increafed with the 
cool of the evening, until viiible fparks ap- 
penrcd at thc brafs ball N. In this ltatc 
of intcnfity I lcf‘t it at ncar clcvcn o’clock. 
:his morning, a little aftcr five o’clock, I 
found the rod rather fironger chargcd with 
thr fame kind of clcaricity than when I 
left it lalt night; and I havc no doubt but 
it has bcen cleCtrificd all night. The pith 
balls havc ncvcr clofcd this day : their di- 
vergency has bccn bctwccn half an inch 
and two iiichcs o cn. Wcathcr fercne. 
‘ivc o’clock A. kf I found the rod clcttri- 
iicd politively, and ncarly of thc I‘amc in. 
tcnfiry it w a s  in wllcil 1 left it lafi night; 
that i u  to fay, capablr ol‘ emitting f~na l l  
fparks. The atmol~ihcrc this morning i: 

Thew is a dcw, or low 
k g ,  ahout fivc or fix feet high, fprrad 
ovcr the ground in IJyde-park, very 
bcautilul to look u )on from a n  uppc~ 
window. For thc / p ~  of  two hours, 
thip vapour gradually iiicrralkd, and nl; 

crfektly hrenc. 
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1 September, 

cendcd hi her and hil;htr, until i t '  quite' 
~iitcrccph% the trccs trom my fight, and 
bccamc a pnlc wet fog1 which very inircli 
injurcc) the infillation of the rod : for dur- 
'ing its increafc in Iiciglit, the elcaricit of 
thc rcnl dccrcafcd, inloniuch, that I h d a l -  
n1oA roncludcd that thc 
each othcr. But during %is lhort Iidpcnfc 
the ' F h  rafc hi hcr, and diminifhcd the 
fogvcry raft; ani? the clcericity in tlic m i  
liion fncrcatcd to its former ltrcngth; and 
fo continued a l l  day. 

Five a'elock, A.M. I found the rod clcc- 
trificd "pofitivcly, but rather wrakcr tlian 
whcn I lcft it lait night. Tlic weatlicr this 
day has bccn ncarly thc fame with tlint OC 
the prctcding o w ;  only thp. fag be an 
later, and continued Ion rr. Ihc  rod 8,s 
becu cle&rificd all this f a  . 

Ncar fix o'clock, A. M. P found tlir rod 
elc&rified, hut vcry wcak, barely Cutlicicnt 
to indicate thc kind, and it rcnlaiiicd Ib 
till near thrcc o'clock 1'. M, Thc. pith 
balls now clofcd (which I fiippok has not 
happened bcforc during the fpacc of 9s 
hours) and oprncd negative. A hcavy 
cloud froin thr NNW now approachcs tlic 
rod, and 3 littlc rain h l l q  by which tlic 
rod is highly rlcRrilied nr tivcly, and tlic 
brll rings brilkly; the p i t !  balls divcrjic 
to thcir utrnok limit, and exhibit thcir 
'waving rndulous motion : thcfc opera- 
tions t o o t  up about oilc hour. Thc rod 
continued clcCtrificd ncgativcly illq ii Ici's 
dcgrec thc rclt of ttic day. - 

3y thc ni ht bottle. Tlrc cleAricit), in tot 
rod Iinrcfy I'cnGblc. 
rhc pith balls have not clofed this day. 
T I ~ C  wcathct t'crctlc, 
I'his niorning, a quar'tcr bcfut.c fix o'clock, 
I friund thc cldtr ic  ellarge in thc r o d  
much wcakrr than whcn I I d t  it l aR  
tiiglit ; which I aftrrwnrds louiid had 
brc-n occafioncd b lpidcr fixinp its 
wrb from t ~ l c  ,roX to ttic wall ot tlic 
h u f r  I lor wlicn tlir wcl; w ; ~  rrinovcd, 
t l ~ c  intrnlity. of thc clctlrical chargc was 
/i>on incrrai'cd. 

Dark cloudy wcnther, and a b o n g  wind 

ill1 balls touched ' 

thcfe two duys. 

M a  
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September and OBobcr, 

ctwccn fix and fcvcn o‘clock thin mom- 
ing, I found thc pith halls quitc clofcd 8 
nor would thay even Rick to my finget 
when I touchcd them. At this inffrint 
thcre was a vifiblc dcw vapout fprcad 
over thc ground in Hylc-park: I cxae 
mined it with my hand exploring rod, 
and quickly charFcd an clettromctcr fuf- 
fioicnt to afccttain thc kind, which wai 
politivc. I now FufpcCtcd my dailv cnc- 
mica thc f idcrs; I thcrcforc wcnt’upon 
thc roof o&he houlc with my long broom 
in my hand, and gently fwept the rod 
down; on cxaminin thc broom, I found 
a fpidcr’s web cntan&d in thc feathen, 1 
then went down to the apparatus, and 
found the pith balls a quattcr of an inck 
opcn pofitive, which gradually irkmafed, 
cvcn to vifiblc fparks. 
;ix o’cloqk, A. M. I found thc clsErrir 
char c in thc rod much weaker than whcr 
I left i t  iait flight. evcrthclcfr, wher 
the fun rot up a littlc s o v c  thr horizon 
thc rodkccamc itrorr cr clettrified. Thc 
g t h  balls nevcr clofe$ thir day. 

e operations of the rod to-day havc beel 
nearly the hmc with the prcccding one. 
rhia m ming, a little before fix o’clock, 
found k c  pith ball6 clofcd. Atmof hdrii 
clcttricity has been morc variablt &rlnl 
a large part of thin day than for many 
i‘omctimcr quitc null, thcnwcak, ar ffronl 
by turns, until threc o’clock P. M. whci 
it again bccamc conffant during thc re 
maindcr of thc day. 
six o’clock, A. M. I found the pith ball 
opcn full thrcc quartcra of an inch pofi 
tivc,.and thc continucd opcn all day 
Thcir lcait &CrgCnCy (as uiual) abou 
mid-day. The wcathcr i t i l l  thick anc 
dark in t lk  forenoon4 and clcar fercnl 
wcathcr in thc aftcrnoon. 

Six o’clock, A. M. I found the pith ball 
o cncd near onc inch and a quarter; dnc 
t fcy ncvcr clofcd this day. Thcir leaf 
divergency, as ufual, was about mid-day 
and thcir grcatcff was mar midnight 
Wcathcr fcrcnc. 

Six o’clock, A.M. I found the pith balk 
ncail clol‘cd, and thc Itatc of the air moil 
and Lggy. Half after fcvco o’clock, th 



I 

1 

a 
'L 

6 

6 

ii 
9 

I O  
I t  
t P  

'3 

c 

qq c9 ._ 

-- . 
Inch. o 

SE 09.80 6: 

NE 09.90 6(  

sw 00. 0 51 

I ORober, 

balls opened a litlld wider, and continucd , 
to incrcaic in Itren& Fo that bctwocn 
clrvcn and twclvc o'clock, their diver- 
gcncy wns ful l  thrcc inches. I raw no- 
thing in particiilur to occabon it ; and I 
thought it was abovc thc intrnfity ofcom- 
moil fcrenc wcrthcri I fa-# indcrd a dark 
Cloud, but it waa a t  u vcry grcat liei lit. 
Iiowcvcr, this dlcttric chargc continue8 iu 
the rod iurtil Ilvcn o'clock 1'. M. whcn a 
lhower of rain fell, and th? pith L a l l ~  now 
clol'ed, and opened ncCI:itivc: a fa& that 
had not hnppriicd for eight days. Aftcr 
tho rain had ccafcd, the clcktricity agrln 
bccrmc politive. 
1 wet morning, thc air molfi, and e, weak 
clcttricity. 
1 very rnoifi air, Half after ten o'clock, 
fell H very hravy rain, wliicli continued 
thrcc Iiniirs. l t u  clcCtricity was pobtivc, 
tiut not ftrong:. 
B foggy damp mornin . Thc rod hos 
bcrn rlcEtrilirtl nriirly iifi day. 
i hcnv ~Io i idy  mornin Two o'clock 
P. hi[. t l c  clouds float in 8;c air lower than 
in the morning; end tltc rod is clcCtriiicd 
nrgntivcly. Fanr o'clock, a hcavy black 
cloud paflbrl the rod, hy which it was 
ftrongly clottrilicd, but 1l111 nrt;nlivc, and 
continucd fo t i i l l  haw. During this 
tiinc thcrc wctc li.vcrii1 fud(lcn jcrks ex- 
Iribitcd by the pith balli. Nnar fun-ret, 
tlic balls clofcd, and opcncd potitivc, and 
rctnaincd To, In thc cillt p r t  of Kcnt, 
romc Iightnin .I and thnndct this day. 

A.M. the weather mild and fair. 
By tlic night hottlc :-by the rod pofiiive. 
A. M. Pcrfcttly finc wcathcr. 
rhe elcfiricity trinlt:int this day. 
I'hc rod rlektrified a l l  this da 
A litllc after tix o'c-~ocb, A. 2 I found tlic 
rod clcCtrilicd, h i t  rsthrr wcakcr than 
when I Icl't i t  la11 night. 'I'hc wcathrr 
cloud with a thick iiioifi tiit.. One 
o ' c ~ o c .  P. M. t c ~  a ( ~ d d c n  f iowcr of rain; 
tlic clcktricity IIOW cllatlgcd to ncgativr, 
with final1 f p u r k ~ .  

h little aftrr lix o'clock A.M. I found tlic 
rod elcChilicd plitivcly. A wiirni mix- 
zling rain and inoilt iiir. 'I'cn o'clock 
P. M. balls open two inchca. 
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IX o'clock A4M. brllc onen half an inch 
pofitivc. .. M. Fair wcathcr, and itrong galea of 
wind. 
ix o'clock A.M. balls three-tcntha of an 
inch o en. Thc ith balls have not bccn 
unclcdhicd this say. 
luring a continuance of modcratc wcather, 
I have fre ucntly obfcrvcd that the atmo- 
fphcrical QcEtricity has periods of increafc 
and dccrcafc of quantity, which arc tolcra- 
bly regular: I h a l l  thercforc bc accurate 
in my account of thin da 'a variation, a8 it 
may rcWc for an exampi  of refcrence to 
many other da s whcn fimilar a 
took placc. W[ch I left the r o % g g $  
the pith balls were one inch open, pofi- 
tivc.- Six o'clock this morning, I found 
them threc-tenths of an inch open, pofitivc, 
and foon aftcr this I perccivcd them to 
open wider and wider, io that a little bc- 
forc ninc o'clock, the pith ballr wcrc fta- 
tionary at near two inches open. But a8 
the fun advanced towardr thc meridian, 
the clcEtric charge in the rod dccreafed; 
and it was onlypolklrcd of various de- 
gree, of a weak intcnfity until four o'clock 
, M. : thc pith balls wcrc then only two- 

tenths of an inch o cn. Half an hour after 
four o'clock, thcyecgan to incrcafc their 
divergency, which gradually held on till 
a little aftcr levcn o'clock, whrn thcy again 
became itationary st full two inchca open3 
a little aftcr eight o'clock, thcy began to 
dccrcafc, ninc o'clock, thc wcic onc inch 
and a quarter open: near cYcvcn'o'clock, 1 
lcft them at a bare inch opcn, 
Iix o'clock, pith balls two-tcnths of an inch 
open, pofitivc. A dark cloud morning, 
0nc.o'clock P. M. fomc rain hl, yct the 
cleRric charge in thc rod was pofitivc. 
Near threc o'clock, thc fall of rairr fuddcn- 
1 incrcalcd, io did the elc&ric charge in 
tLc rod; and at the h c  time changed to 
negative, with fparks; and after this end- ,. 

cd pofitivc. . 
rile rod llas not been unclcCtrificd this 
day: and the faas and appearancca haw 
bccn ncarly like thofc of the 17th  in- 
ftant. 

~ 

' 

-I 
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Dark moik air, but fair, and fomc b r i k  
gales of wind, thcic four days. 

thick caficrly wind is now ovcr-ruled 
by a clear northrrl onc; and thr clcari- 
fication of the roc! this day has been of 
the pcriodical kind. The pith balls ncver 
clofcd. 

Near fix o'clock A. M. I found tlic pith 
balls opcn one inch and a quartcr, poli- 
tivc; which is rather leis than when I 
loft thein laR night. Half an hour after 
tCrl o'clock, fcll a hrav Ihowrr of rain: 
thc pith balls nowcloIrr(and foon opciied 
negative, whlcli, wlth thc rain, continued 
the relt or thc day. 

1'. M. fair wcathrr.. 
Froin a coiitinucd rain of four hours. 
Nearly a l l  'lay, but Itrongefi nftcr lii~lct. 
A.M.-Und P. M., A cloudy atlnofphcre. 
'rhc rle&ricity of the iitmofphcrc this day 

has beell FO weak, thjit 1 I!WC beell O- 

bligc<\ tc, content nlylclf with obtaining 
the kind h a pair of flaxen tlircads. 
witliout ball's to tiicni. -*rlie wcntlicr 
warm arid Ihowery. u 
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KdLlVC. 
Ncg By tlu: night battlc. Half an hour aftei 

two o’clock P. M. icll foinc d i n ,  and the 
rod bccamc clcCtiificd ncgativcly. At 
Cilltock, in  Cornwall, ‘in the cvcnjng 
of this day, much lightnjng aqd thun- 
der. 

fcll a moderate 
ihowcr of roin, a t tcnzd  with a great 
dorkncfs. The rod npw becdrqc ratber 
firongly clcetrificd negatively ; and thc 
bell rartg wcakly. Thcrc wcre aftcr this 
fcvcral Ihowcrs, which only gave a weak 
pofitive clcQricity ; cxccpt onc, which fcll 
at tcn o’clock at  night; this indccd Was 
ikrongly pofitivc. At  clcvcn o’clock this  
night, both at London and Portlinouth, 
thcre was much Irghtiiing and ethundcr. 
And a l k ~ ,  a t  the Lnic timc, at Sdldbury, 
where it ilppcarcd to roll along thcgroud 
like a body of liquid Iirc. 

Ncg Half an hour after mid-ds 

Nc A.M. The wcathcr ihowcry. 
I).M. A togg moia air, 

Pof. A.M. and P.  &. 
Ncg P, M. Wcatlicr Ihowery. 
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I November and December. 

NW 09.58 61 Pof. ‘1 SE 30.1~ lawa. Thc weather vcry Ihild. hl 3O.55 39 ” 
35 S. Pot  

N a a . 7 ~  RB s. POT., ’rom a fall of how.  

30.no 36 - 1 has been govcrncd gy its pcnodical Atmofphcric clcklricit , there four days, 
Inch’ 

I’ SI n9.95 j, - poi. sg 30. 7 97 .-. PO(. 
SW 29.88 48 S. Ncg Thcrc has bcen a coriffsdt drizzlidg rain, 

with a ftrbng gale of wind, froni  carly in I 
thc rtrorning to fcvcn o’cluck P. M. ; the 
wind thcn became a Itorin. The rod 

I liad Lccn null to this timc, biit how pdvci 
figns ofa ncgativccharl;c, which contiiitted 
incrcafinlt until near nine o’clock; a t  this 
timc thc ftorm fetmed to bc at its height, 
when the wind fuddcnly fiiftcd trom’ 
S W  to N : cvcr a pcnrailcc is now aw-  
ful: the pith bnrls c!ivcrgc to tltcir utmoft 
limits, and are vcry much at;it.itcd; and 
thc bcll rang a b o h  halt‘ a iditlute. 
an hdUr after nine o’clock, the florin 
rcafcd; and the chqrgc in thc rod bccainc 
Vcry wcak. Durihg thc f dce of two 
hours, tlic cleQiicity changcafix titncs. 

n ltorm of wind and rain. 
cit changcd onZe only. 

Wait ; 

w Sg.gi 3 - poi. A.M.  
W 09.40 4 8  S Ncg From fivc to eight o’clock A. M. therc was; 

Thc cle8ri- 

S m.11!1~ -/NcRIP. d. A fhowcrv d w .  

. . . . . -. . . . 
S Q9.54’83 S. Pof.’Bctwecn clcven and twelve o’clock A.M. 

N 
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bo N 89.93 3%'- Poi. Nearly all da . Divergency three+ar-/ 

tats of an i n d .  Weather lcrenc. 
SI SW sggo 46 e Pol. Tho air i r  extremely moifi; and fomc 

imall rain fcll fcvcral timer this day, 
which was almoB void of the ele6taic 
fluid; for I could not obtain it in quantit 
fufficient to afcertain tht  kind, until f 
added a L I O H T B D  rxTcH T O R C H  to my 
hand ex loring-rod. See fig, a. 

$0 W 80. 6 $37 - Poi. Thc pith%alle half an inch open newly all 
dav. 

I 

2g.80 44 POT. Pivi 'o'clock this mornin6 a molt tremen- 
doua Borm of wind, ram, lighming, and 
thunder, vifitcd London and other parta. 
I, being not weI1, and in bed, did not 
get up to make obfervations. I thought 
I heard the bell #in : however, tho rod 
wao but weakly elc&tified the relk of the 
day. The high wind continucd, withont 
rain. all dav. 



Vcry m&xa& weather, and a WC 
clcWkity4 w c  faur (lays. 
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29.80'47 + PoC 
985'43 - Pol: 
30.10 40 - POT. 
19.88 68 -- POI 

29-35 30 - POT, 
29.40 37 s. POf, 

I February and March. 1 
c --. - _ _  

Fine mild wcather, with a unltant clec- 
tricity, thcfc five daya. 

Five o'clock, a dark cloudy morning, with, 
fome fmall rain; by which the rod bc- 
came rather Arongly ele&rifird, 
During thc paffa[jc of fome low cyt$$k ' 
eleatric charge in the rod changed five 
timcs; all of which changes, I have reafon 
to think, were only influentially effettcd. 

I n  the oftcr- 
poon the charge in thc rod became ncga- 
tive, and remained fo full three houra, 
without change of kind. 

'I 

A.M. Rainy dark weather. 

I Ddrk rainy weather, and a vcry weak 
clearicit y. 

+here hns happened this day a continucd 
rain, mixqd with how. The rad has bccn 
fevcral time8 ftrongly char ed i  and the 
elcOricity gradually changrcf four time&. 

Thc wcnthcr and thc ekbtrification of the 
rodJiavc berri nearly the fame no in thc 
prcccding dily. 

1 he wcaihcr and the operations of the rod 
have bccn ncarly thc fame aa in the two, 
Nrecediqg days. i 
Thc pcarhcr has bqcn foggy thcfe three 
4SYb 

Scrmc fair wcatlier thcfc fcventcrn days; 
2nd the nights wcrc gcncrall frotty. - TIic cleancity of thc atmofppKctr has 
t).ccn conRRnt1 .but .too weak to albr& 
vifiblc fpaiks. 
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* March. 

This morning fcll a warm drizeling rain; 
which fccms to havc aBcd like a c h a m  
on thr late confiant clcttrrfication of the 
rtmof hcrc : for I find it fo weakly elcc- 
trificafincc thc rain fcll, that I havc bccn 
obliged to connctt, with the rod, A 
L l C H T L D  T O R C H ,  to aicertain the kind: 

Four o'clock this morning, a fcvcre ftorm 
of wind and rain, driving full againit m, 
bed-room window, induccd mc to t i 8  
from my bcd to fee the Itate of the 
rod ; which I lound hi hly elcbrificd, 

This wind J d  not ohate itr 
FoGtively* orce till fun-(it. Four o'clock P.M. fomc 
rain fcll, mixed with fnow, which la tcd 
nrm one hour. Durin this timc, the rod 
waa mofi powcrfully chr i f icd ,  politivc- 
ly:  I counted fcvcntccn f ontancoua ex- 
plolions between thc b r a g  ball and bell, 
notwithRandin thc bell waa ringing all 
thc timc. Hal!an hour after five o'clock, 
came a iccond lhowcr of rain, hail, and 
fnow, which laficd half BII hour, attended. 
with uncommon dsrkncfa : about half of 
this rime, the c!cttric charge in the rod 
wan ns fitrang as it  could offibly be4 for 
the flnid nlmolt Rrcamcf between the 
brafp ball and bcll : I counted ncrr two 
hundred very brilliant ex lofions between 
the ball and bcll. The :ell rang all the 1 

timc. This latter ver hi h char e, wai 
fir& negativei attcnde{wit% four &angca 
of elctlrrgty, but a11 gradual. 

Thc difpofition of tho atmof h c p  h u  
bccn mild and regular thcfc &ur dayd; 
and the lbtc of atmofpheric cletlricity 
copfiant and pcriodical. 

Half ap hour aftcr ninc o'clock, A. M. fcll 
fomc rain, by which the rod becnmc elec- 
trificd, ncgatively. Soon afterwards the 
wiqd became N, and attended with howerr 
qf rain thc rrlt of tho day: a l l  e1 them 
modcratcly elcttrificd, iiegativcl y. 





n .  

April and May. 
I L  

I_ - ---- - 
Inch. 0 

of the rod changed, and cndcd a* it h d  
bc un, nogatire. A kirtle after fin d'ctbck 

: f c d  a heavy lhowcr o f  d o ,  and L hand  
Rrong charge in the rod Ilrccceded, attend- 
cd with three grdud chaagw of k i d .  

Ihowcr of rain, by which thc rod became 
moderrtcly cleEtnticd, negatively. The 
bell rang weakly. Thio charge in the god 

, continucd fmr*bouni without change d 
kind. w 89.84 51 S. ,Pol. A.M. Three o'clock, P. M. fdl r lhowcr 
of rain, which was rather Brongly de&- 

> fied, ne rtivcly, attcnded with three 
changci 5 kind. 

w pg.31 ;54 s. Neg 'A little after two o'clock, P. M. fcq a ' 

, 

TORCH, to afcertain thc kiud of elc&i- 1 

c1ty. 

1 



He/eoroZogicat 3ozcmat 

A Monthly Account of Sparks, and of Po/"lt;.c and N p  
tiwe Eleti'ricity, as indz'cated by tbe Pith-ball Elenroome- 
fer, connei'rd with the rod; excepthg afew times, in very 
my weuther, in which it was obtained by the hand explot-' 
ing-rod, with a lighted TORCH to it, See fig. 2. 

Spark8 drawn, 
Timco Timcs Day#. 

a days May, '75)0) Po{. 40 Neg. 27' 13 

June Par. 46 Neg. 22 6 
July Pof. 36 Neg. 23 8 
Augufi Pof. 33 Neg. 6 3 
Scptcmber Poi. 39 Neg. 1 1  19  
OEtober Poi. 37 Neg. 7 211 

November POT. 30 Neg. 8 i i  

December Pof. 36 Meg. ii 6 
January POT. 28 Ncg. 8 3 
February POL 36 Ncg. 12 6 
March Pof. 34 Ncg. 8 a 
April Pof. 30 Ncg. 14 8 

423 157 106 

8 Jays May, 1791 

- -- 
It appears, by comparing the monthly account of this' 

year with that of the preceding, that thorc has been a con- 
fiderable difproportion in the eleQrical pofitive fiate of the 
atrnofphere ; but which, when duly'weighcd, will not a+ 
pear io great as it now does. For when it is confidered, 
that in the preceding ye& there were 73 days in which 
weak figns only of the eieEtric Auid were obferved; that: 
feven days were deftitute of cleRric figns; and that that 
kind of weather in which very wcak figns of. atmofpherical 
eleEtricity could be obtained, is now found, by a more 
fenfible elehometer than was at that time ufed, to be al- 

ways 
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ways pofitively eleEtrified, it will, I prehmc, diminifh tha 
apparent difproportionr e n d  as for the remaining d i t  
ference, I alfo attribute a good deal of it to the accuracy 
6f my prefent mode of obtaining atmofl3herical elearicity, 
with a more complete apparatus; by which I have been 
able to collea the eletlric h i d ,  in fufficient quantity to 
dfcertain the kind which predominates in the atmofphere, 
even in its weakefi hate, I have, therefore, found it an 
eafy matter to fix the kind of eleRricity that the aqueous 
vapours in the air were charged with in each day through- 
out theyearb 

From repeated obfervationq and long experience, I am 
perfeAl y fatisfied that the aqueous vapours, fufpended in 
the air, are confiantly eledrified ; requiring only the aid 
of a proper colletlor, to rcndcr the effeEts of their eleori- 
city at  all times fenfible. And for this reafon, thcre may 
be jufily raid * to bo an elohrical atmofphere within our 

aerial atmoiphere, 

During n courfc of mbdcratc weather9 the eleflricity of 
the atmofphere is invariably pofitive; and exhibits a flux 
and rdux ,  which generally caufes it to increafe and d b  
creafe twice in every twenty-four hours, T h e  morn6nts 
of its grcateil force are %bout two or three hours lifter the 
riGng, and fomq time before and after the fitting, of the 
fun; thore when it is weakeft, are from mid-day to about 
four o’clock+ T h e  periozcal cleRricity of the attnofphere 
kerns to be manifeftly influenced by heat and cold. HCIICG 
it plainly appears, why uye always find warin ftnalk rain to 

0 be 
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be but weakly ele&rified ; whe? cold rain; which falls id 
large dropsy is tho moa intenkly eleEtrified of any. 

T h e  abovementioned eighth day of Mayr completes my 
fecond year's Journal; which, agreeable to my promife, I 
have now the honour of preknting to the Royal Society, 
with a dcfcription of the improved atmdpheric apparatus, 
which has been ukd for the foi'egoing obkrvations. 

1 muit now clofe that regular account whish9 for the 
lait two years, has daily occupied my attention. Should 
any very remarkable appearances, however, in future take 
place, during. a long mwfe of frofiy weathcr, which is the 
only itate of the atmofi)here that I have not pet expesi- 
enced *, as my apparabus will continue in order,. I kall 
carefully note them9 and p r c h t  them to the Royal So- 
ciety : hoping that hme mora able philofopher may bc in& 
duced to take his fliare of labour in this interefiitlg and 
grornifing field, in order to inveftigate, as far as pofible, 
the nature of fo aktive, univerfal, and, in all probability, 
important an agent, as the atmofpherical elelkricity ieerns 
to be ; and to purfuc the CubjerSt, with that diligence, and 
unppjudiced accuracy, which has been niy principal ob- 
je& in the coude of my obfenations. 

* Afi do not remember that tliere havc becn twenty-four hoW f#f 
llnrd f d t  during thc lult two wintcrs, 
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Though the nature and confined limits of the plan of 

the preceding Journals, did not admit of much variety of 
obfervation, .or a formal enumeration of evcry particular 
fa& ; yet few things, I hope, of ufe and importance have 
been omitted. But, I wifh, in a more particular manner, 
to invite the philofophic reader to the invefiigation of tho 
threc following eKeLCts, which arc in themfclves, I thiik, 
the muit peculiar; and havc already bcen kortly noticed, 
wlieii they happencd to take place in the rod, in feveral 
parts of the journals; and which I beg leave to do, for tho 
fike of coii;cifcilefs, by way of interrogation. 

Firit, Whcn the high pointed rod is intenfclyele&?ri.. 
fied, and the pith-balls annexed to it, diverging five or fix 
iiu;hes, why ihould they exhibir a waving pendulous mo- 
tion, vlithout any diminution of their divergency, but vi, 
brate as if the thrcads and balls were one coli4 and inflcxi- 
~ I C  fubfiance ? 

Secondly, By what means, and in what manner arc the 
elcfiricities of the earth and atmoiiihere a&d upon, fo as 
to’ caufc the pith bails to exhibit very quick jerks, by a 
fpJdcn lofs of intciifity, from five to three, two, or ever1 
ope inch pperture, while yet the bdls as qyickly recover 
their former intcnfitp, and fometiines recover it but flowly ? 
Thcfc fudrlen jcrks are ncver attcudcd with a chmge of 

clefiricity, but thc facts thca~fclvcs 1iiq)pcn in both kinds. 

‘Thirdly, Tn what manner do the pocvcrs of iiatiire cRt& 
3 total dikhargc of thc highly elcklrified rod, in an initant 
ef time, and thc next inilant rcndcr it highly cleQrificd 

0 2  as 
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& at the firfi, and either with or withaut a change of elec.. 
tricity? Thefe firiking effe&s and appearances, I own, 
are attended with confiderable difficulties ; of which' I 
cannot, at preient, give a folution fatisfaLtory to myielf, nor 
can I even imitate them by artificial ele&ricity, T h e  fol, 
lowing circumitance$, however, are clear, that there effees 
qcver happen with a weak eleklrificatioo of the rod, noy 
dways with a firong one ; but they are always more or lefs 
diiplaycd, when a fl4 of lightning happens in the neigh, 
bourhond of the rod, or i s  firongly preiumed to have hap, 
pened at rlo great difiance from it. As there effeAs ap? 
pear to .be immediately connetted with an explofion of 
lightning, they may pofibly ferve as a clue to the more 
coinplcte jnvcfiigation of that phenomenon j and area 
therefore, worthy of the regard, and the moft minute ex&,, 
titination of thc philofopher, 



The following Objirvationr are chiejy/ee&Ted from ibe Worn& 
ofMr. ACHARD and Mr, CAVALLO, 

Mr. A C I i A R p  obferves, on the imperfeaion of Meteore 
logy, that little progrcfs will be made in it, fo long as bit- 
rometrical, thermometrical, and hygromctrical obferva- 
$ions are not accompanied with the regular obfcrvations of 
the ele&ricity of the atmofphere, of the cle6ricity of rain, 
bail, filows, miits, and aqueous meteors in geIicral, As it 
i s  now clearly afcertained, that ele&ricity is a caufe of va- 
rious meteorological phenomena, it is rather furprifing that 
philofophers have not perceived the abfolute necefiity of 
joining an infirument, by which obfervations may be mada 
on the ele&ricity of the atmofphere, to thofe which indicatu 
i ts weight? heat, and humidity, 

Without c d d e r i n g ,  in this place, the different proofs 
of the illflUeJlCC of ele&ricity on meteors, it will be fuffi, 
cicqt to rgnark, that We cannot attain to an adequate 

knowledge 
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knowledge of any phenom&on occafioned by the concur- 
rence of various cauies, without being acquainted with 
thw all ; for, if any one is neglelted, it will be abfolutely 
impoflible thorouglily to explain the phenomenon. If 
eleffricity is not the fole caufe of fcveral meteorologicd 
appearances, it is undoubtedly concerned more or lek in 
thcir formation and elevation ; lo that by neglefAing to ob- 
&ye it, as well as the barometer, &c. we loore the fruic of 
other, even very e a &  meteorological obfervations. 

The influence of ele&ricity on vegetation, is proved by 
a fet of obfervations made by differcht philohphers j but 
it evidently appears, that the botanic meteorological obfer- 
vations alone will iiever be Co ufeful a$ might be expcocd, 
till we unite thofc made by an infirument; yhich will in- 
dicate the elcAric itate of the atmdfptiere to thofe ma& 
with other infiruments. I t  is owing to this calk,  perhapst 
that it is impoffible to draw any conclufion from the bo- 
hnical nieteorological obfcrvaticyis of ' Meffrs. Gautier 
-piid Duhamel, which were continued fi-om I 75 I to I 769. 

I It is remarkable, that in thofe days in which he obferved 
no cleflricity in the air, there was no dew at night; while,. 
on the other nights, it fell in greater or lefs qctantities. Mr, 
AcHARn does not think thofe obfervations fuficient ta 
determine that dew isoccafioned by eleAricity ; but it may, 
hc thinks, be fairly inferred, that thc elevation and fall of 
the dew is obfiruacd, or proniotcd Ly the cleflricity of thc 

',air. 

As 
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As elearicity is often, if not always, the mufe of dew, 
ho one will doubt the necefiity of attending to it in the bo&- 
nicnl meteorologyt as every one is acquainted with dx i i l r  

fluence of dew on the growth of vegetables; 

Having endeavoured to prove the necefiity of combining 
obkrvations on die eleBricity bf the attnofphere, with other 
meteorological obfervations, Mr. ACHARD proceeds to de- 
fcribe the propertios requifite in  a good atn~ofphcrical cicc- 
trometer, the want, of which accounts for the ncgleQ m d  
ftyineneis of philofophers on this fubje A. 

Mr, CAVALLO, on this fiibjeA, f ~ y s  it appears, from tbe 
obfervations which have been made on the cleklricity of 
the atmo$hcre, that nature inakes great ufe of this fluid in 
promoting vegetation, 

rlt. In the fpring, when plants begin to grow,. then. 
temporary cleBrica1 olouds bcgin to appcar, arid pour forth 
cleAric rain. The eleLStricity of the clouds ;uid of the rain 
continues to increafe till that p u t  of the autumn in which 
the laA fruits are gathered. 

’ 2dly, It i s  this fluid which fupplics coininon fire with 
that moiiture j by thc help of which, it aRuates and ani- 
mates vegetation ; it is the agent that collctts thc vapours,’ 
forms the clouds, and is tlicn employed to condenfc them 
into rain, 
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gdly, &From the fame principle may be explained t 

provenb, that no watering gives the countryfiJm2ing a lo  
as-rain. T h e  clouds which bring the rain, by cxtendii 
their eleAric atmofphere to the plants, difpofe the por 
of the latter to receive, with greater facility the wat 
which is impregnated with this penetrating and dilatii 
fluid. Befides, it is narural to fuppofe, that the poiiti 
elkfiricky which continually prevails in ferene weathr 
will contribute to promote vegetation, fince this has bc 
found to be the cffeA even of artificial elearicity, 
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