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PREFACE.

———

$% WHAT CAN WE REASON BUT FROM WHAT WE KNOw "
POPRE,

Every effort towards the elucidation of an im.
portant phenomenon, carries its apology along
with it; otherwife I fhould be fearful of offend-
ing that critical nicety, which in our age lays fo
much ftrefs upon words more than matter. Pur.
fuits in Ele€ricity have of late been more languid
than formerly—not that the fubjeét is exhaufted,
but that other matters have engaged the philofo-
phic world. If I prefume to renew the enquiry,
and add a few plain fafls in a plain way, I hope it
will be forgiven,

Atmofpherical Eleétricity has, in my opinion,
been much lefs an obje€t of philofophic enquiry
than it deferves ; but more particularly fo, as it
rclates to Botanical Meteorology. Though we
have been tolerably infirutted in the identity of
lightning and cleftricity, and ¢xhibit in our ex-
periments, many {triking analogies; yet the per-
petuity of Atmofpherical Eleétricity, has not to
my knowledge been afcertained by any writer on
elelricity before. Obfervations on this pro-

perty
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perty have been my ftudy and amufement for
fome years'; and, I hope the fimple narrative I
have given of them in the following work, will
have novelty in it at leaft.

The Eleéirical Experiments on Combuftion, I
alfo prefume to think are new : théy have to me
thrown confiderable light on that controverted
fubjedt, the rife of vapour, as well as on the fup-
pofed affinity between elcéiricity and culinary
fire,

The Doubler of Ele&ricity has made its ap-
pearance in the Philofophical Tranfattions; it is
an inftrument of great curiofity. I have taken
fome pains to improve this inftrument, but con-
fiderably more with a view to afcertain its real
powers and properties, and have applied them
fuccefsfully in explaining various phenomena re-
fpetling Atmofpherical Eleétricity.

Spontaneous Eleftricity is no new difcovery ;
many eminent Elefricians have in their works
juft touched upon it, without forming any defi-
nite opinion, -or applying their obfervations to
clucidate the phenomenon of Lightning. I have
called in its aid, or rather fixed it as a bafis,
whereon to eftablifh the following Theory on
Lightning; and which, I truft, will afford fome
relief, efpecially with refpeét to the vaft quantity
of it.

Atmofpherical
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Atmofpherical Ele&tricity will be found, when
purfued experimentally, a field full of pleafing
objefts, and which arife from caufes feemmgly
the flighteft imaginable. ~ Scenes like thefe, in
which we fee a gradual rife and progrefs in things,
always exhibit a pleaﬁrig fpe@tacle to the human
mind, Nature, in all her dcllghtful walks,
abounds with fuch views.

As to myfelf I find it abfolutely impoffible to
produce a work on this fubjet that fhall be any
thing like complete. My original defign of mak-
ing experiments and memorandums, was only fot
my own inftruftion and amufement; nor had I
the leaft idea ‘of communicating any part of them
to the public. But feveral perfons converfant
in ele@ricity, have expreffed a wifh, that the fol-
lowing Effay might be preferved. From a ge~
nuine love of fcience, 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 foolifhly affe@
to be above the failings of humanity, will not be
mortified, when it is proved that he is but a man;
this will ever be the cafe in the progrefs of natu-
ral fcience, fo long as the works.of God are like
himfelf, infinite and inexhauftible : how few fteps
we take therein before we approach that veil of
nature which man cannot remove.

I cannot



I cannot help befpeaking the Reader’s candour
with regard to my own inability, 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 dxfcover,
and ‘kmdly corre€t them for himfelf, Permit
me, therefore, to conclude this Preface, with tﬁat
humble requeft of the illuftrious Sir Ifaac Newton,
which, although in him it might well have been
fpared ; yct a mor¢ modeft one cannot well be
exhibited for the moft defe@ive performance,
even for this of mine.

« heartily beg that what I have here done,
‘ may be read with candour; and, that the de.
« felts I have been guilty of, upon this difficult
“ {ubjet, may be not fo much reprehended as
“ kindly fupplied, and inveftigated by new en,
“ deavours of my readers*.”

* Preface to his Principia,
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Spontaneous Ele&ricity.

CHAPTER L

Containing a Summary View of Spontaneous
Eledricity.

' XPERIMENTS to produce eledricity, without the

aid of . on’m of late yearsy been diverfified and
combined in almoﬁ every method poffible; a particular
nocount of all the. circumftances which have attended
thefe experiments would be too prolix end tedious. I
fhall therefore content myfelf with a fhort recital of
feven or eight of the main ones; and then make a
few concife obfervations, that will maturally arife, and
which: 1 cannot do better than by writing the narrative
nearly in the order of time i which tbe appearances
occurred.

ExPERIMENT XemeBy-warming the elairicel know of

none prior to thofe made with the Tourmalin, The clec-
B tricity



2 Spontaneous Elelricity.

tricity of this ftone is excited by heating it, and is fo,fen-
fible, that Mt. Wilfon found- that removing the Tour-
~malin from one room to another, in which there was fome
difference of heat, was fufficient to excite it. Mr. Can-
ton, obferved, that the Tourmalin emits and abforbs the
eleftric fluid only by the increafe or diminution of its
heat.

Notwithftanding the care and attention given to this
flone, by thefe two eminent eletricians; yet, one of its
properties efcaped their obfervation, and was referved for
the penetrating fagacity of Dr. Prieftley, which is this,
« that the fame flat fide of the ftone, would often be
« ftrongly pofitive and negative at the fame time%.”
Confequently the middle part of that fide of the Tour-

malin, between the two eleéricities, muft be in its natural
fiate,

Experivent 1L.<By the liquifattion of eleciric fubflances.
—Mr, Wilke melted fulphur in an earthen veffel; then,
letting it cool, he took out the fulphur; and found. it-
ftrongly eleétricals - He theri melted fulphur in glafs vef-
fels, whereby they both acquired a ftrong eleétricity; the
glafs was always pofitive, and the fulphur negative,

ExpPERIMENT IIL.—By'the evaporation of water.—The
methods ufed by Mr. Volta;and other electricians, toturn
water into vapour, in order to excite and examine.its elec -
tricity, have been various. Several years fince, I faw

* See Dr. Priettley’s Hiftory of ‘Elericity, page 712.
Mz



Spontaneous Elelricity. 3

Mr. Volta obtain a very fmall quantity of ‘ele@ricityy
from the fumes of a mixture of water, oil of vitrioly and
filings of iron.

ExperiMENT IV.—From a hint received from Mr.
Volta, I made the following fimple experiment, which any
body may repeat with  eafe, who has glafs or wax to infulate
a veflel. I colle@ed into an earthen vefle] about a. pint
of red-hot cinders, which was placed upon a glafs ftands
acrofs the top of the veflel wis laid a brafs wire, with two
fine linen threads fufpended at one end of ity which were
to ferve for an eleGtrometer; a tea~cup full of water was
then thrown on the red-hot cinders, and the threads in-
ftantly diverged ¢wo inches with negative ele€tricity.

The method of performing this fine experiment, by the
Reverend Mr. Bennety, F. R\ S, is much more neat and
elegant. His gold leaf eleftrometer being well adapted
to .the performance of experiments of this kind. He
places a metallic ¢up upon the cap of his ele&trometer,
with one or two red-hot cinders in it, and then lets fall
a fpoonfull of water upon the hot cinders, and the gold
leaves foon open with negative eletricity.

"ExperiMeNT V.—Butthefetwo methods of performing
the fame experiment, only extend to the ftite in which
the. apparatus is at the time when the vapours afcend, and
‘then it is always found eletrified negatively. Confequently
it.was natural to conjecture, that the afcending vapours
muft bave abforbed, while they were forming, a quantity
of the eleétric uid, and therefore muft be jn a pofitive
ftate; which has fince been verified by my own cxperi-

B 2 ments.



4 Spontancous Eletlricity.

ments. The method I purfue to verify it is, by infulating
4 large hollow tin cone, containing about four fheets «of
tin plates, with many yards of fmall 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 very fenfible eletro-
meter. ‘The cone and wire colle&t and coudenfe the af-
cending eletrified vapour, as it quits the infulated veffel
placed under it, which always ele&@rifies the eleGrometer
connected with the cone, pofitively; and the other ele@fo-
meter, which was connefted with the veflel whence the
vapours arofey negatively.

ExPERIMENT V1. By combuftion.~This may be con-
fidered as an evaporation of the higheft degree, That
bodies pafling from a folid or fluid flate, into vapour, give
unequivocal proofs of pofitive or negative elericity being
combined with them in that ftate, is now evident. I have
burnt feveral different fubftances in infulated vefitls, under
the tin cone defcribed in the preceding experiment. "The
confequence was that the cone became perceptibly. elec-
trified.. One of the fubftances confumed in the aforefaid
manner, was dry wheat ftraw, by which tue cone became
weakly ele&rified, pofitively.

EXPERIMENT VII.—Having by me a quantity of rofin
and bees wax melted together, but in what proportion to
eachwother 1have entirely forgotten, I placed about half

2 pound of it in an iron ladle, 2nd made it fmoaking hot on
a coal fire: the ladle was then taken from the fire; and
placed on the glafs ftand under the cone, anda piece of
lighted paper was thrown into it, which put the {moaking

hot
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hot compound in 2 blaze ; which foon gave evident figns
of the prefence .of the ele@ric fluid. « The ele@rometer
connected with the cone, was eleGrified negatively; the,
threads opening near two-tenths of an inch. The force
of. the fire having ceafed, and the cone cooling pretty faft,
I'was agreeably furprized to obferve the threads opening
ftill wider, fo that in a few minutes, they. were-ftationary
at near half an inch apart.

Experiment VIII,—About a quarter of apound of
fhellac, was placed in the iron ladle, and. made fmoaking
hot on the fire; the ladle wasthen takenfromit, and placed
on the glafs ﬁand under the cone, and the hot lac was
put in a blaze with lighted paper, the threads opened nega-
tively by the eleftrometer conneéted with the cone,

ExreriMENT IX. A brownearthendifh was placed on
the glafs ftand, under the cone;- 5 in the dith was laid a hand-
ful of dry hay, and inflamed by means’ of Tighted paper,
then more hay was thrown in, to keep up the flame a little
longer; which caufed the threads of the ele€trometer, con-
nelted with the dith, to epen pofitively; but that con-
nected with the cone thowed no figns of elefricity. In
this, and the preceding two experimengs, the charge in-
creafed quickeft immediately after the blaze had ceafed.

ExprriMENT Xi—A chafing-difh filled with blazing
coals, was placed on the. glafs ftand under the cone, and the
fire was raifed by means of a pair of bellows; thé elec-
trometer connefted with the chafing-dith was electrified
politively, and that with the conc was juft fenfibly nega-
give. T then repeated this experiment, to fatisfy myfelf

n 3 ‘mor,



6 Spontaneous Elelricity.

more perfetly, but with lefs fuccefs than before, for nio
eleétricity appeared in the cone, and fcarce any in the
chafing-difh, which however feemed to be pofitive.

Exreriment XI.—Everypartof theapparatus remain-
ing as in the preceding experiment, and the embers in the
<hafing-dith being red-hot, a lump of fulphur was dropped
into them, but I quickly found the noxious effluvia too
fuffocating to allow me to attend to the operation. When
they were a little fubfided, I approached near enough to
make an obfervation, and found that both eleGtrometers
thowed figns of negative ele&ricity.

Howevcr copious the difcharge of the eleétric fluid may
be, by combuftion, the quantity obferved in the precedmg
experiments is very fmall. I conjeture that it may.be
owing to an intimate union arifing from a ftrong affinity
that there is between flame, and the elc&nc fluid; dnd
that the portion of fluid detached from the burning bedy
in our experiments, is not at all fufficiently condenfed
to quit a better conduttor for a worfe.  As to the finoke,
which is unavoidably raifed by combuftion, it can by no
means affe& the experiments, becaufe fmoke near the
burning body, fgcxbly refifts the paffage of the eleétric
fluid. Flame on the contrary greedily abforbs ity and
carries it away; and thercfore, "how any, even the fmalleft
quantity of the electric fluid, fhould be detained by. the
apparatus, is to me very unaccountable. And to obtain
even that little portion, which it is poffible to collect from
the ﬂamc of the combuftible fub{’cance, depends more upon
the goodncfs of the infulation of the apparatus, than upon
any other citcumftance whatever. The two followmg
experiments evince thefe affertions on flame and fmoke.

lun
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1ft. 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 it by
the metallic rod, and pafs it with a quick motion through
a column of flame, raifed from any combuftible fubftance.
The confequence is, that the ele&rical equilibrium of the
bottle will be'as completely reftored: by the flame as'if -it
had been plunged into water.

2d. Vary the experiment, ‘by paffing the ‘charged bot-
tle through 2 column of fmoke, inftead: of “flame; and
it will come out of the fmoke with its eleétric charge
undiminifhed.

It is neceflary in'bdth experimerits, to’ pafs the bottle
with aquick motion. - In'the former, to prevent the bottle
from\breakiﬁg;" and'in the latter; to avoid as much as pofs
fible the foot of fmoke from fixing itfelf on the uncoated
part of the bottle, which would defeat-the experiment,
becaufe fiot" feparated from fmoke, is a condutfor of elec-
tricity.

Tliéfe falts feem to ‘have fome connexion with-another
mentioned by Sir William Hamilton, ' in i accurate and
circumftantial defcription”of .the eruptionof Vefuvius in
5779." “Which eruption was evidently accompanied witlt
great quantities of -eleftricity, which flathed among the
flames, and in the loweft partof the fimoke of the burhing
mountain, but could not penetrate ‘the column of fmoke
(ufpended over the flames, and thereby afcend into - the
higher and cloudy a¢mofphere. He defcribes it thus:

B4 « Puffs
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« Puffs of black fmoke fucceeded one another haftily,
and accompanied. the red-hot, tranfparent, and liquid lava,
within which fimoke I perceiveda bright, but pale, ele&ric
firey ‘brifkly playing abouf, in-zig-zag lines. ‘This black
cloud’ of fmoke ~was charged in its courfe with eleétrical
mattes,. which . darted in firong and bright zig-zags, juft
like thofe deferibed: by Pliny the younger in his- letter to
Tacitus, This volcanic lightning, however, very rarely
quitted the cloud, but ufually returned to the great column
of ﬁr;f towsrds the genter of the.volcano, from whence it
eriginally. came.”

Sir William Hamilton might eafily imagine: that ‘the
voleanic lightning was conne€ted with the lower furface
of -the column of fmoke, becaufe there the greateft efforts
of the highly elefrified flames. woyld be exerted, in order
to penetrate and pafs, through it; confequently its operations
muft be there moft confpicuous.

ExPERIMENT XL Hotair isnot a conductor of elelri-
city~It is inconteftibly proved, that glafs heated beyonda
certain degree, is a conductor of ele&r:c:ty« But it has
not yet been. difcovered in what manner heat in'glafs.con-
tributes ‘to that cffect. It has been alfo commonly faid,
that Aot air conduéts ele@ricity. - With a view to afcer-
tain this matter the following. experiments were made.
To one end of a long piece of wood (which ferved as a
handle) was fixed a glafs  rod, fifteen inches long; to the
remote end of the glafs was fixed a pith-ball eleGrometer.
Having eleGrified the balls, I held them by the woodhandle,
and projefted them. into a large oven, immediately after
the fire was drawn out of it; the confequence was, that
when I performed the operation flowly, the balls loft their

elefiricity
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cle&ncxty, but that 'when. done quick,” with as little dclay
as poffible, 'their'¢le&tric charge was notdiminifhed.: The
lofs of éledtricity in the firft cafe was fourid t6 have ¢f-
¢aped along the glafs into the wooden handle, and fo to the
carth, owing to the great heat the glafs rod had acquired,
by which it became a conduor of the ‘Auid; . for until it
had cooled a lietle the balls could not be charged againi

1 fhall lay before the reader one circumftance more,
becaufe it may tend to throw light on 'what degrec of heat
the oven was in, at the time the obfervatlons were made.
The baker having pointed out to'me the hotteﬁ part of the
oven; witha quick motion in and. out, I plqued the elec-
tnﬁcd balls into, that part of ity by whxch one thread and
ball was burnt oﬂ’, but the remammg ball fhewed that it
fhill retained its eleCtric charge, becaule it was ftrongly
attracted on the approach of my ﬁnger. I did not choofe
to hazard Farcnhc!t’s thermomqter, to afcertain the heat
of theair in the hotteft part of the oven, but being placed
near its mouth it rofeto 102°,

An apparatus for colleéting the eleCtrigity. of the atmof-
phere, in order to afcertdin its ftate, and the quantity of
fluidy'in all forts of weather, by day-or byriighty Twhich
generally confifts of: high:pointed:and infulated canducting
rods, -conneted 'with an ele@rometeridee:) muny juftly -be
confidered as aninftrument’daily:producing fpontancous
ele@ricity, ‘which it fimply ‘receives from'the aguedub va-
pours fufpenéled in'the atmofphcrc "The defign of itsfirft
contrivérs was principally to collettito bottles f5me light-
ning, durmg thunder ﬁorms, but they feemed tb *have had
no idea of there being fomo cletricity, conftantly prefent

in the aqueous vapours. ,
The
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The:.common. and - revolving doubler of  eletricity,
always produces. the elefric fluid without friction or pre-
vious communication.. Thence it is that fuch productions
are termed fpontaneous. : The great powersof the revolving
doubler. are. apparcnt, which. from its peculxar manner of

city,,even to Viﬁble fparks; fecms toaftonifh the beholder,

Atmofpherical eledricity, fimply confidered, is ftrictly
fpontancoéus, as fome of the forcgomg expénments and
obfervatxons tend to 1IIuﬁrate and confirm. I now find no
diffculty in the obtammg of it at all times, as it i$ always
obfervablé, ‘more or lefs, even durmg tempex‘ate weather,.
where no feemmg 1rregu1amy reigns in the atmofphere, fuch
as conflitutés’ thunder~guﬂs, which fhall by and by be
bneffjf ‘confidered. The difficulty’ accompanymg the m-
vcﬁ1gano[1 of atmof'phef:é elefricity, was formerly owing
in fome degrce to the want "of ‘méans fufﬁcmnt to obtain
the ele&nénty in certatm forts of Weathcr, “this is now re-
moved; and the myeans, and manner of dcﬁng ity is her¢
I truft, made plam and eafy to the reader.

During moderage weather, the aqueous vapours.fufpended

in the:airy argi generally: found by, experiment, to be in a
ftate of pofitive: eleSirification, to the height my pointed
sod: reaches ;- which 'is. fixty-one; feet; how: much higher.
the pofitive;, ftate of rthe eleétric fluid extends, I am not,
certain,.. ‘The- intenfity of -the -ele@rified - vapour within
this height, gradually decreafes as it approaches nearer the
furfage; of. the earth.: Yet I doubt, whether this is a real
fatt .or, only a, cxrcumﬂantxal effedt, For in this cafe jt
may be that the nearer all things approach to an equal in-
tenfity, the ufual figns of. the prefence of the cletric fluid
mufl
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muft of courfe grow lefs, and become extin¢t. However,
I have fometimes found the eletrified vapour, within fix
inches or lefs of the earth’s furfacc, negative; when at the
fame time, at a confiderable greater height, it was poﬁth.
But at what height the neutral or rather natural ftate of
the vapour happens to be between the two cle&ncxtnes, fo
circumffanced, is fo nice a point, that I could never accu=
rately determme it. At other times, when the vapour is
rather more than commonly electrified, its po,ﬁtwe frate
feems to take place on the furface of the earth itfelf; but
in this cafe alfo, the intenfity of the fluid increafes as its
diftance from the earth increafes.

CHAPTER 1L

Experiments and Obfervations on 'Heat.

E confider the fun as the primary fource of heat
- upon the furface of the earth, and the atmofphere;
without this, all the bodies upon our globe would doubt-
lefs grow rigid, lifelefs, and fixed. Hencel confider heat
to be the immediate caufe of motion to the electric fluid,
contained: in,the earth and waters; by agitating the cor-
pufcles of natura) bodies, and continually ftirring or ex-
<iting. fuch,a degree of motion in the fnall particles of
matter-as is {uflicient. to excite their natural. electricity.
The truth  of this remark is eftablifhed upon various
effedts, -and I think, by the before-mentioned experi-
ments, on fpontancous eleflricity.

Whether



12 Spontaneous Elellricity,

Whether we confider heat as folar or fubterraneous, ‘&r
%oth, as relative to- ﬁlc elc&rmiﬂmd, it matters‘not, Be-
caufe it appears both by nature'and art, that generally a
certain degree of heat is neceffary to diffodge the elettric
fuid contained ‘in the pores of bodies.” It'is ‘well known
‘that heat als more powerfully on water, than o air; and
many 6ther natural ‘bodies, « for that the fame ‘degree of
Theat, w‘h;ch rarifies air two-thirds, will rarify water near
Tourteen thoufand tnmes* » “Thus in winter when the atmof-
pbere appears cold o our bbdzes, it ftill contains a degree
of hieat Tufficient to changc watcrinto vapour, though that
degree of heat can fearcely affet air.

Heat communicated to water, caufes a feparation beyond
the fphere of corpufcular attraction, by which means the’
volatile particles willifly offat the furface, in the form of
vapour: when by heat the particles are feparated from their
contady their: repulfive force. grows ftronger, being alfo
aided in their rife when in air, by the well known repulﬁve
force of the elefric Awid; which T fuppofe, has even no
'welght atall,and which is naturally conneéted with every

' pamcle of water, fo that 'the fame fhould be expanded into
4 "Very Tage Ypace; ‘by-becoming elerified  vapour, may
'poﬁib]y ‘take up more than ten thoufand times the room it
did in the Form of water; having thus become fpecifically
Tighter than air,* muft neceffarily be ‘buoyed up into" the
atmofphere, and there forin the clouds, &c.  If the vapour
in its egrefs, be at all vifible, and having attained the
height of five -or fix inches of infulation in ait, ‘it will
evince by “proper -inftruments ‘that it is permanently
ele@rified,

* Philofophical Tranfaft.ons, N° 407,
Ie
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It has already been faid, that .the yapours fufpendeéd in
the air, are generally found to be in moderate weather,
electrified pofitively. If it be juft to transfer. the-applica-
tion of the fa&ts, which arife from artificial vapoury raifed
by means of fire, to vapour raifed naturally, we cannot
avoid concluding, that natural vapour muft be in a pofitive
ftate the moment it quits the earth and waters; as the
experiments on cvaporation of water abundantly confirm.

Moreover heat and water are. condu@ors of ele@ricity.
And their being always combined ia vapour, mu&,ixmtcafg‘
their capacity for retaining ele&ricity, fo that water in its
rarified ftate, requires, and will abforb more of the elec-
tric fluid, than when in its denfe ftate as water: and the
vapour by rifing into cooler air, will be gradually con-
denfed more and more, which -muft neceflarily fncreafe
the intenfity of its pofitive charge, ' Thus we fee, how
heat and cold may be confidered as a general, if not
the “fole; ‘caufe,why:we: almoft: ‘always find by experi-
ment, the vapours fufpended inn the: -atmafphere, ‘¢le@rified
pofitively.

That heat, by its power of penetrating and expanding
all grofs bodies, and thercby weakening the attractive
force of their component particles, muft by its mode of
vibration amongft the conftituent parts of matter, move
or excite the eleétric fluid, lodged within them; nature,
as-well as art, feems to afford fufficient proof. ' "Elfe why
more lightning in fummer than in winter?  Are not thé
different degrees of heat between thofe feafons, anes: 4
not the main caufe? That heat fimply confidered -is pofr
fefled of the power of conduéting the eleétric fuid, . Dr.

Pricftley
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Prieftley obferves. ¢« From thefe experiments; (viz. on
heat) and thofe on ice, I concluded, that fluidity, as fuchy:
contributes nothing to the conduéting power of fubftances,
feparate from the heat which makes them fluid.” As
may be feen more at large in his excellent Hiftory of
Ele&ricity, Szcrion IV, on the Condu&ing Power of
Subftances, page 60g.

Dr. Prieftley obferved, ¢ that a2 red hot poker placed
between two brafs knobs, one communicating with the
infide, and the other with the outfide of the charged bat-
tery, promoted the difcharge at about twice the ufual
diftance. Both fides of the hot poker were marked with
an imperfet circle,

« He brought the flame of a candle between the two brafs
knobs, and obferved, that as the flame advanced towards
them, it began to be put into a quivering motion, exceed-
ingly quick, and was ftrongly drawn both ways towards
each knob, leaving the wick bare at the top; and as foon
as the flame was quite between the knobs, the battery difi
charged at once, at the diftance of three inches and an
half.”  He further adds that, ¢ this is avery fine experi~
ment. ‘The interpofition of the flame between the twa
 brafs knobs is like putting 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 decifive of
two oppofite currents, running into one another, in the
middle of the interrupted {pace, within the circuit of coma

munication
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munication, between the fides of the battery, which how-
ever, I fhall endeavour to' difcufs more fully in the fixth
chapter.

That heat fimply confidered, adts immediately on the
natural ele&ricity of the Tourmalin (and a variety of other
genis) is well attefted in the Hiftory of Eleélricity; and
has been noticed in the firft_page of this work. That it
becomes elc@rified, merely by, heating and cooling, with-
out frition, has been ‘verified by feveral eminent ele&ri-
cians. ‘I have obferved in the ele&ricity of fogs, that
when a fog fuddenly became thick and dark, the intenfity
of its eleftric charge was fuddenly increafed alfo; on the
other hand, when a fog begins fuddenly to fubfide and
clear up, -the eleftric ftate- of its remains is but’ weak.
But I never obferved the eleétricity of a fog change in
kind. T 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 elec-
tricity, gencrally reminded me of Mr. Canton’s following
obfervation on the Tourmalin viz. That the eleétric power
of the Tourmalin does not depend on any-particular de~
gree of heat, but that the circumftance of changing its
degree of heat, gives eletricity to this ffone,

Heat aéts upon the ele&ricity of bodies artificially elec..
trified. - Mr. Canton, procured fome thin glafs balls, of
about an inch and 2 half diameter, with ftems or tubes
of eight or nine inches in length, and eleGrified: them,
fome pofitively on the infide, and others’ negat’ivcly,’iani{
then fealed them hermetically. -Soon after he applied the
naked balls to his eleftrometer, and could net difbover the

leaft
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leatt fign of their being electrified; but holding them
before the fire, at the diftance of five or fix inches, they
became ftrongly elecrical; and more fo- when' they were
cooling. Heating them frequently, he found, would fen~
fibly diminiflt their power ; but keeping one of them under
water 2 week, did not appear in the leaft to impair it.
Some of his balls retained their virtue upwards of fix
years, but in a lefs degree.

I have fucceeded in the fame experiments, or I would
not have mentioned them here. Becaufe Dr. Prieftley
failed in his attempt. to repeat them after Mr. Canton.
The Doctor’s failure was owing, as be himfelf juftly fup-
pofed, to his glafs balls being too thick. There is, how-
ever, one circumftance worth mentioning, which accom-~
panies thefe experiments, and which Mr. Canton feems
to have overlooked, as he has not mentioned it, viz, that
the eleéricity produced by heat, on the outfide of the
glafs balls, is always the fame in kind with that within
them. Confequently, frequent heating the balls, muft
leflen their ele@ric charge; and is a ftriking proof of the.
permeability of thin warm glafs to the eleftric fuid.

I thall add only this onc experiment more on heat. The
indefinitely fmall remains of elecricity, in a difcharged
Leyden bottle, are put in motion by the heat of the hand
only. It was difcovercd in the following manner. I was
fhowing a gentleman the power, and utility, of Volta’s
Condenfer of Eleétticity. In order to which a Leyden
bottle- was charged and then' difcharged, by touching its
coated fides. with a difcharging rod. It now appeared to

be deprived of all jts elericity; yet if I held it by the
coating,
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coating; and touched with the knob of it the metal plate
of the condenfer (placed upon an imperfeét conductor} -
and held them in contaét a few feconds of time; then re=
moved the bottle, and took up the metal plate by its infu-
lating handle, and prefented it to a fenfible eleGrometer,
the electricity was. firong enough to enable me to afcertain
its quality. But thefe beautiful effe&ts diminithed by repe-
tition; and I repeatcd the experiment until no eleéric figns
appeared in the condenfer. However, while we were talk-
ing the matter over, I flill held the bottle in. my fiand ;
and after a long interval of time, from our laft trial; I re-
peated the operation once miore; and; to our aftoriifhment,
we found the bottle ftill firongly ele@ricali  This new
revival of the eleGricity we could attribute to nothing
but the diffufive warmth of my hand; acting oni the elec-
tricity of the bottle. This fet us to work againy and to
try the bottle by turns in 4 warm and cold flate; and we
found that our conjeCture of the caufe was confirmed by
repeated trials:

1 now fet by the botile all night, in its prefent ftate
of elericity, and next morning I repeated the opcration
with it in a cold ftate, and could not difcover the leaft
fign of its being eletrified; 1 then grafped it in feveral
places on the coating with my hands; till it became warm;
and then fepeated the experiment in the ufual way; and on
prefenting the plate of the condenfer to an ele&trometer,
it charged it pretty firongly. 1 repeated thefe trials, with
the fame bottle, but without any additional charge, three
fueceflive mornings, and the effect was nearly the fame,

c CHAPTER



CHAPTER 1L

Contmining fome general Laws arifing from Expe-
riments  and  Obfervations on  Atmofpherical
Eleclricity.

S8 THE elecricity of the atmofphere is invariably of

the pofitive kind in moderate weather, both in
fummer and winter, day and night, during the funthine,
or in gloomy weather. It fhould feem, therefore, that
the ele@ricity of the atmofphere is effentially pofitive.

2. In foggy or thick weather, without clouds, if the
air is at the fame time fharp or frofty, the clectricity of
the atmofphere is generally vigorous; but fog accompa-
nied with warm air, and going to refolve into fmall rain,
is fure to afford none, or but very weak figns of ecle€tri-
city, yet they are gencrally pofitive.

3. Warm moift air is never ftrongly ele&rical.. But
the quantity of ecleéricity is by no means proportional
to the quantity of moifture in the air, and it is often the
contrary.  An intenfe eleCricity depends morc on the
quality, than on the quantity of moifture.

4 In dark cloudy weather, without rain or ftrong winds,
atmofpheric eleétricity, is generally governed by the fame
laws, as in more clear ferene weather, and is therefore
pofitive,

5. Rain
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5. Rain after a continued fucceflfion of moderate wea-
ther is always eleCtrified negatively; and very intenfely
fo, if the fhower be heavy, and its drops large. Such
a fhower 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. QOther rains are not fo regular.

6. When rain falls plentifully without a ftorm, 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 fnow, are always very intenfely clectrified.
But the intenfity of the elefricity during fuch ftorms
is variable. Thus in ftormy weather we fec the ele&ricity
ftrong, then weak, and in a moment after rife to its former
ftrength ; one inftant pofitive, and the next negative. I
have fecn thefe changes fucceed fo rapidly, that I had
fcarcely time enough between the intervals to note them
down.

8. The atmofphere is generally but weakly elecrified
during high winds with a clear fky; and during ftrong
cafterly winds with or without a clear fky. Strong gales
of wind fimply confidered, always diminifh the intenfity
of atmofpherical cletricity let them blow from what point
of the compafs they may.

9. The intenfity of atmofpheric cle€lricity is augmented
by cold.  This is very eafily obferved in foggy weathers
And from the numerous obfervations which I have made

€ 2 on



20 Sponianeous Eleclricity.

on this fubje@; I am led to a belicf; that this increafe of
eleiricity by cold; and the contrarys is a general law, and
takes place in almoft all the atmofpherical phenomenas
fo that there is an increafing progreffion from the fmalleft
figns of clefiricity, ufually obferved in warm fmall rain,
to rain with largé drops, and fo on to fnow and hail; for
hail fhowers of all others are the moft intenfely ele&rified.
There are, however, feveral other circumftances which
concur to the produétion of thefe effefts, fuch perhaps as
the height whence the meteors defcend, &c.

10, During a courfe of ferene weather, it is eafily ob-
ferved that atmofpherical eletricity is fubjeft to a flux
and reflux, which caufes it to increafe and decreafe twice
in every twenty-four hours. . The moments of its greateft
ftrength are generally after the rifing, and a little before
and after the fetting of the fun, and thofe of its greateft
weaknefs are from mid-day to about four o’clock, and
midnight.

The caufe of this periodical flux feems obvious; for as
foon as the fun warms the earth where the obfervation
is made, and in proportion as it rifes above the horizon,
the atmofpheric eleftricity augments, becaufe the vapours
which then rife carry the elefiric fluid from the eatth
into the atmofphere; but when the fun has attained the
meridian, the heat increafes in a greater proportion  than
the cvaporation, the air becomes dry, and will therefore
hardly tranfmit the eleéiricity. The high pointed rod will
now exhibit weaker figns of eleftricity, there being but
little moifture in the lower region of the atmofphere.
But when the fun is near fetting, the air grows cool, be-

comes
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comes humid, and tranfinits more abundantly the ele&ricity
of the earth, which gradually increafes in its intenfity;
the eleftrification of the rod will now rife again with the
evening dew, till two, three, and fometimes four hours
after fun-fet; and then, as I fuppofe, it muft gradually
diminifh to the next morning *. - But is never quite de-
ftroyed if the infulation of the rod is not injured by the
moif} night air,

In purfuing the confideration of this fubjeét it appears
that the ele&ricity of the atmofphere (the conftant exift -
‘ence of which has been abundantly proved by experi-
ments) and its flu€tuations, are principally depending.on
the viciffitudes of heat and cold, and upon the aqueous
vapours; but there are feveral other phenomena concerned
in it. Thus the regular' rotation of the heat occafioned
by the diurnal motion of the earth, the drynefs or moifture
of the atmofphere in particular feafons, and various other
phenomena, muft naturally affeét its periods of increafe
-and diminution.  And though thofe periods are fubjet to
fome variety in point of time, yet upon the whole the fals
mentioned above arc indifputable,

The elericity rifes invifibly from the earth, concealed
in the aqueous vapour; and as the vapour afcends higher
and higher into cooler air, it becomes more condenfed;
by which the ele@ricity which it contains will become

®. ] have faid I fuppole,” becaufe I never quite fat ul;l all night
to prove it ; but from a great number of obfetvations 1 have more
reafon to fuppofe it muft be fo than the contrary,

€3 mera
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more condenfed alfo*, in fo much that it will now dif.
play its energy, and in whatever direflion it moves it is
fure to move aflively, animated with a penetrating and
expanfive force; for in this ftate proper inftruments

will eafily accumulate and detain ity fo as to render it
vifible,

I have no idea, much lefs fuppofe, that any, even the
leaft quantity of ele€@ricity does ever come from air itfelf;
for there is reafon to think, that air as air, independent
of the other fubftances, is unable to furnifh any particle
of this fluid; and I conjefture that pure air and elec-
tricity are aftually incapable of uniting; and therefore it
is that air is never known to attraf, abforb, nor conduét
eleflricity, but in proportion to the conduéting fubftances
with which it happens to be occafionally mixed: nor is air
excitable of elefiricity by any means that is yet known;
therefore air does not appear to be either an elefiric or
a conduéting body.

It is in confequence of thefe peculiar properties of air
that it is found to infulate the elefiric fluid more perfeélly
than any other fubftance; that is to fay, air in even that
ftatc of purity which is common to it in dry ferene wea-
ther. Had not air poffefled thefe properties the exiftence
of the eletricity could never have been difcovered. Hence

“ Tt is well known, that if equal quantities of eletricity be
imparted to two unequal infulated condullors, the eleétricity on the
leaft furface will become more intenfe than on the 1argcﬂ. ‘Eledtrified

vapour is alfo fubjeét to this law,

it
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it is alfo manifeft, that the phenomena of lightning and
thundér could not have happened in nature.

In the inveftigation of thefe matters it is almoft im-
poffible for a man to attend every moment to them, Itis’
therefore neceffary to deduce the law from the general cor-
refpondence of falls, and upon thefe grounds I hope that
the affertion of the perpetuity of atmofpherical - ele€iri-’

city may not be confidered as too precipitate and unwar-
rantable. ‘ :

Artificial eleftricity is foon produced, and it is as foon
diffipated and loft. But natural or atmofpherical eleiriv
city is univerfal and conftant, and is incapable of being
diffipated or deftroyed. For, when ever I fcrutinize this
matter, whether I do it by day or by night, I always find
a quantity of eleftricity fufficient to afcertain the kind
which at any time is predominant in the atmofphere; and
which for its conftancy and univerfality may properly be
deemed an eleétrical atmofphere within our aerial atmof~’
phere, It is probable that thefe two extremely fubtile and
elaftic fluids may have fome unknown dependence on each
other, either for their own formation, or their general bene~ -
ficial properties to the reft of all created beings.

I beg leave here to relate, in concluding this chapter,
an obfervation I have made upon the ele€tricity of winds
which have (by the public at large) been deemed unbeal.
thy, My enquiry was only whether fuch winds contained
much or but little of elefricity. My attention and re-
marks on this matter have been repeated with care.

c 4 A wind
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A wind prevailed during the latter end of March, and
the greateft part of the month of April 1790, which was
univerfully deemed by the people to be unhealthy. This
wind was eafterly, ‘and blew with a brifk fteady gale,
rather fharp and piercing. It contained but very little
ele&nmty ; the quantity was even fo fmall that I was often,
obliged to exert my utmoft, abilities to obtain enough
of it to afcertam the kind, which I often coyld not do.
exccpt I added to my exploring rod a hghted torch% The
people were generally more {ickly than at other times,
and their malady was attributed to the unwholefome caft
wind. Even. vegetables, durmg this wmd, did not grow
but feemed to be in a fickly dymg condition. 1 think
there is fufficient reafon to conclude, that dry eafterly
ftrong, winds' are more barren of the ele@ricity. than any
other,

Thére were within the courfe of the above mentioned
month of April, about eight fmall fhowers of rain, and
two of fnow; all of which were moderately cletrificd.

# Flame exceeds abundantly fharp painted wires in the powers
of co’llc&mg atmofpheucal cle&mxty, it has never yet failed me,
and I find that its colle€ting powers increafe with an increafed quan.
tity of flame,

CHAPTER



CHAPTER 1V.

A Defeription of the Spectacle Doubler, which, by the
‘turning of & winch produces fpontancoufly, without
Sfrition, the two flates of Elelricity.

THE figures 3 and 4 reprefent the inftrument in every
particular a fourth part of the dimenfions of the ori-
ginal. Fig. 3 reprefents the inftrument fupported on a
glafs pillar. It confifts of the following parts: Two
fixed plates of glafs (or of any other fubftance) A and C,
are feparately infylated and difpofed in the fame plane, fo
that a revol\'riégr ate ghfs B may pafs very near without
touching them. Each of thefe plates has a fmall hole
drilled in the middle, with a diamond drill, in‘which pieces
of brafs are riveted, tapt with a female fcrew on their back
part, which receives fcrews made with rifing knob heads,
by which the plates are fcrewed in their places. The
other parts may be diftinCtly feen in fig. 4 The fhaded
parts reprefent metal, and the white reprefent glafs covered
with fealing-wax, except the plates ABC. ON is a
brafs axis, that carries the revolving plate B, paffing
through the piece M, which laft fuftains the plates A and
C. .At one extremity there is a brafs ball D, and the
other is prolonged by the addition of a cylinder of folid
glas, which fuftains ‘the handle L, and the piece G H,
which is feparately infulated, The handle L, befides the
purppfe of moving the axis, ferves alfo as a counterpoife
to the revolving plate, and thereby enables the axis o re-
main



26 Spontaneous Eletiricity.

main at reft in any pofition. E F are pins rifing from the
metal of the fixed plates A and C. 'The 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 colle&ting wires twined round the crofs
piece G H with their ends fpread outwards.

The touching wires are fo adjufted, by bending, that
when the revolving plate B is immediatcly oppofite the
fixed plate A, the crofs piece G.H conneéls the two fixed
plates ;“at the fame time that the wire and pinat I form a
communication between the revolving plate and the ball
D. On the other hand, when the revolving plate is im-
mediately oppofite the fixed plate C, the ball becomes
connefted with this laft 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 perfeétly unconneéted
with each 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, poflefling the farhe eledric ftate; and the re-
volving plate B, together with the ball D, will conftitute
another continued body, poflefling the contrary eleftric
ftate. For all the experiments yet made concur to prove
that thefe two feparate bodies will not poflefs the fame
electric ftate; but that with refpet to one another their
tleéricities will b,e‘poﬁtive and negative, Thercfore the

plates
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plates will always take the form of a charge, if in their
approximation they do not atually touch one another.
The rotation, by ‘deftroying the contalls, preferves this
unequal diftribution, and carries B from -A to Cat the
fame time that the wire K conneéts the ball'D with the
plate C, the eleétricity in B will now a& upon that in C,
and leave it with its firft clefric ftate augmented; and
reftores B to its firft fituation oppofite A, Here, if we
attend to the effeft of the whole revolution, we fhall find
that the elefiric ftates of the refpeflive feparate bodies
muft have been greatly increafed. A fecond rotation will,
of courfe, produce a proportional augmentation of thefe
increafed quantities; and 2 continuance of the operation
will foon bring the intenfities to their maximum, which
is limited by an explofion between the plates. '

If one of the parts be connefted with a fenfible elecw .
trometer, thefe effefls will be very clearly feen. The
fpark is ufually produced by a number of turns between
fifteen and twenty, and the ecleftrometer is fenfibly elec~
trified by much fewer. When one of the parts is occa-
fionally connefted with the earth, or when the adjuftment
of the plates is altered, there are fome variations in the
cffeéts, not difficult to. be reduced to the general prin-
ciples, but fufficiently curious to excite the meditations
of perfons the moft experienced in this branch of natural
philofophy.  An attention to brevity, however, renders it
neceflary to forbear enlarging upon them ¥

’ ' ‘ Since

* Glafs globes, or cylinders, often meet with accidents, Query,

would not a doubler of eletricity, proycr\y mounted with large brafs
i plates,
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Since the time in which Mr., Canton made his pith-
ball clefirometer for -exhibiting very fmall quantities of
elefiricity, the importance of fuch inftruments has oc-’
curred to many eleétricians; and many curious and well
contrived eleftrometers bave been made, which by gra-
dually advancing in their fenfibility, have at length pro-
duced that very ingenious and moft fenfible inftrument
the Ele&rical Doubler. This inftrument feems to be
the laft effort of genius; and its eleélrical powers are
truly admirable. But the origin of its remarkable effeéts
has been attributed to fome fmall quantity of ele&tricity,
generally adhering to its plates and other parts. 'To this,
however, 1 could never give my affent.

I'have therefore been curious enough to fearch into the
laws by which it afls, and the fource whence its elec-
tricity is derived; and the more fo, becaufc the fponta-
neaus eletricity of the doubler was desmed a defedd,
even fo great, that the inftrument would be rendered ufelefs
if that could not be removed. For this reafon I deter-
mined to try fets of plates made of various forts of fub-
ftance, in hopes of attaining fome fubftance whofe fup.
pofed adhefive eleétricity would not influence the procefs,
by the approximation of its parallel plates.

~To make this matter eafy to myfelf, my doubler is fo
contrived that each plate is fixed in its place with ong

plates, anfwer all the purpofes of the moft powerful eleétrical ma.
chines? I think I can conceive how it may be done. It will no
doubt be difficult to make the revolvmg plate gradually recede pro~
portionally as the charge advances,

fcrew,
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fetew, by whichi I can quickly take-off a fet of plates, and
eafily replace others: and to give the plates a confider-
ahly more extended infulation than that made by Mr,
Nicholfon, without augmenting the fize of the inftrument,
the fixed plates are élevated above the ‘axis that carries
the revolving plate, by bending the glaffes which fupport
them in the middle to a right angle, which gives the in~
ftrument, with its glafs plates, the afpe&t of a pair of {pec-
tcles inverted, and which has occafioned it to be named
the Specincle Doubler.

T have carefully tepedted many ekperimerits with fets
of plates made of different forts of metal, and of wood,
horn, leather, gypfum, fal-ammoniae, -fal-prunella, alum,
and glafs; all of which, upon trial; produced fpontaneous
cledtricity of the fame kind; and nearly of equal intenfity,
a circumftantial account of which, for the fake of con~
gifenefs T pafs over, and content myfelf with obferving,
that the fpontaneous eleétric charge'of the doubler, and
that of my high pointed rod; were generally of the
fame kind of ele@ricity within the room in which the
lower end of my high rod terminates, though placed at the
greateft poflible diftance from each other. Butif at any
time, they varied, it ‘was an eafy matter to account for it.
I therefore conclude, that the rod and doubler acquire their
fpontaneous eletricities from one and the fame common
fourcey viz, the eleflrified vapour fufpended in the: at-
mofphere,

The obfervation that when the doubler was mounted
with glafs plates its effefts were precifely the fame as
when plates of brafs or other fubftance were ufed; is very

much
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much in favour of the above-mentioned conclufion, ‘which
I had drawn from ngmemus experiments; becaufe fmooth
glafs by the ufual treatments never produced negative
electricity; whereas by the operation of this inftrument,
fmooth glafs becomes eletrified negatively or pofitively, juft
as the ‘aerial vapour happens to be elefrified with cither
kind.

"1 have, indeed, two or three. times obferved, that when
the elettric ftate of the rod was rather weak, and a change
of kind happened in fuch weak flate, 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 eleétrified vapour without, and

the doubler from that within the room, and that the va-

pour within a clofe room could not change its clectric
ftate 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 expeéted effet, for on trial the
doubler became charged with the fame kind of ele&ricity
with that of the rod itfelf. ~ On the other hand, when the
rod is more intenfely eleftrified, its ele€tric charge will
fometimes  induce in the air of a clofe room a contrary
ftate of eleétricity to that of its own. In this inftance
alfo the doubler and rod will vary, for their electric charges
will not be of the fame kind, nor ought it fo to be accord-
to the conclufion I have made. The doubler thus cir-
cumftanced will become ftrongly eleétrified by one revo-
lution only.

There ‘is one very great difficulty attending the ufe of

the eleCrical doubler, and which, doubtlefs, will ocoafion
many
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many miftakes, unlefs great care be taken. -On this ac-
count we have not, as yet, any criterion whereby to know
when the doubler is in a neutral or unlefrified ftate,
Thhis difficulty arifes from the perfection of this inftru-
ment, by which it is able to be a teft to all others, but no
onc can be a teft for it. It is thercfore certain, that com-
municated electricity muft 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 electricity, I am cautious
not to carry on the doubling procefs too highs becaufe I
find that a weak charge is more eafily got rid of thana
ftrong one. If it is only. the kind of ‘eleétricity that one
wants a few revolutions will be fufficient for the pur-
‘pofe.

I beg leave, however, here to relate, that in my two
years journal on atmofpherical eleéiricity, which is placed
at the end of this work, there is not one obfervation taker
by means of the doubler. For although I am fatisfied that
the fpontaneous’ electricity of the doubler is as really at-
mofpheric as that of my high pointed rod, yet as that matter
is not generally admitted, I could not venture to force my
opinion upon the public. However, for the fatisfaction of
the curious, I thall here infert an Eleftrico- Meteorolegical
ournaly taken by means of the doubler of electricity,
mounted with glafs plates, in three different ftations, viz,
Firft, The doubler was placed on a ftone pavement, on.
the north fide of my houfe; Secondly, on the wood hand-
rail of a bow window, 27 feet high over the pavement;
and Thirdly, in the room wherein the lower end of the

high
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high rod terminates, The firft column fhews the cono
temporaneous kind of eletricity indicated by the high
pointed rod. The time of making the obfervations was
nine v’clock in the morning.

High Bow ‘ High Bow
;Jgo. Rod!{Gr. | W. |[Roo |Wea. Rod] Gr.| W. |Roo. [Wea,
ov.

27, Pof, {Neg.iPof. |Pof. fog 12.{ Pof. | Pol. | Pof. | Pof, | fair
28, Pof. (Neg. Pof. |Pof. (foggy]| 13.Null.| Pof.|Pof, | Pof. {rains
29, Pol. Pof. |Pof. |Pof. |clear || 14.8Signs|Neg.|Pof. |Pof. |rains
80| Pof. |[Pof. |Pof. |Pof, ifnows|| 15.\Null.\Ncg.|Neg.iNeg. | raina
De.1|Null.(Neg. i Pol. |Pof. | fair || 16, Neg.|Neg.|Neg. Neg. | rains
2./8igns Neg. NCF. Neg./|clear || 17.|Null.| Pot. [Pof. | Pol. [foggy
3| Pof. lNc .;Pol, |Pof. | fog 18.|Ncg.|Neg.|Neg.|Neg. lgloomy
4|5igna Pol. |Neg. |Pof, lclear || 19./Signs|Neg.|Neg.| Neg. [raing
§48igns|Neg.Neg. (Pof, [clear || 20, Signs| Pof. |Pof. |{Pof. | fair
2. Null.iNeg.|Neg. [Pof, rains || 21.|Null.| Pof,|Pof, |Pof, | fair
| Pof. INeg.|Neg. |Pof. | fair 22.[Null| Pof. | Pof, {Pof. | fair
Z. Null.|[Pof. |Pol. |Neg.Imild{] 23.[Signs|Pof.{Pof, {Pef, foggy
¢9.{Sigria|Neg. | Neg. Nc‘g. mildi| 24.|Neg.|Neg.|Neg.|Nef. [ raing
10.18igns | Pof. {Pof. [Pof, | fair 25.|Neg. INeg Neg.[Neg, | faig
11| Pof. [Neg.iPof, |Pof. | fair {| 26.| Pol. [Neg.|Pof, [Pof. | fog

I fearcely need obferve that this journal of thirty days,
only includes that part of each day in which the obfervas

tions were made, and which was generally completed in
fefs than half an hour.

“The conflrudtion of eleGrometers has been varied ac-
cording to the purpofes for which they have been defigned,
and the different degrees of eleftricity intended to be
ghewn by them. When we are inveftigating the nature of
atmofpheric eleétricity we réquire the moft fonfible elec-
trometer poflible, that it may indicate the leaft perceptible
portion of it exifting in the humidity of the air,

1 have
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- T hdve ufed, for this purpofe, very fmall filver wirey
gold leaf, filver leaf, fine flaxen threads, &c. T'o the laft
of which, I now give the preference; becaufe I think they-
poflefs the greateft fenfibility, and are leaft liable to acci~
dents.

The threads are made thus: T take flax as it comes
from the heckle, or flax comb, and T firft fplit the threads
fo fine that they will almoft float in air; I then make a loop
at one end, and fufpend them by it from a metallic hook
or ring, after which I dip the point of a fmall pin in hot
glue, and thus join one pin to the lower end of each
thread.  They, by their weight, will keep the threads
ftraight; and that they may remain fo, when the pins are
cut off, I wet my finger and thumb with glue fize, 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 fufficiently ftraight. I make them of
various lengths, fome withy others without balls to them j
inclofed in glafs cylinders; for without the glafs the
threads would be fo agitated by the leaft motion of the air,
that they would be entirely ufelefs, The threads of my
moft {enfible ele@rometer are eleven inches longs

In order to fucceed well in eletrical experiments, much
depends’on, having a good infulation to our cle@rometérs.
I have tried various fubftances with a defign to improve

~the infulating power of glafs, viz. by coating glafs with
hard red fealing-wax, fhell lac, copal, amber, &c. But I
cannot determine which of thefe fubftances (when laid on
glafs) is poflefled of the greateft infulating power, = -But

D this
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thisis evident, that their infulating quality is confiderably
increafed by only warming them before the. fire. At~
mofpherical eleftricity is fometimes fo circumftanced, that
it would be in vain to attempt to colle& it, if the in-
ftruments were not previoufly warmed.

CHAPTER _ V.

Containing fome general Obfervations on Lightning.

IT is faid that lightning happens almoft daily in fome
hot climates; both with and without ftorms; even in
the moft 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 paft the meri-
dian, than otherwife..

Whether we contemplate the matter of lightning as it
refpects atmofpheric or artificial electricity, the fubftance
is precifely the fame; in both cafes, the fluid is retained,
and its effets tranfmitted by the famemediums ; thanwhich
thére is not, perhaps, a furer criterion to determine the
identity of this fubtile matter.

I con-
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T confider lightning to be fpontaneous elericity in the
higheft degree. I am therefore under a kind of neceflity
in writing this eflay, to deliver my thoughts on this intri-
cate fubje&t. An clefrician 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 clectric fluid, in the earth and atmofphere, is
produced. Which fpontaneoufly becomes perhaps the moft
formidable and irrefiftible agent in the univerfe. Not-
withftanding this, it appears, from various faéts and ex-
periments, that the matter of lightning in moderate quan-
tity, is not only perfectly inoffenfive, but abfolutely necef-
* fary, for the well-being of animals and vegetables, fuch
as is conftantly found conneéted with moderate hail, fnow,
rain, fog, and dew,* Which diftribution of the fluid,
may be confidered as nature equipt in her beft attire; cir-
culating this wonderful and extremely fubtile and elaftic
fluid, to the all wife beneficial purpofes, for which it was
originally defigned, by the Author of Nature. ButI con-
fider fuch a difpofition of the elements, as conftitute
thunder-gufts, to be nature in a ftate of apparent dif-
order,

The fame kind of diftin&tion may be applied between
moderate wind, and hurricanes of wind; between mode-
rate rain, and inundations.

A fort of lightning is fometimes feen in this climate in
R fummer’s evening, playing among the clouds. ‘This

* See the Journal for July 20, and Nov. 12, 1783,
D2 kind
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kind of lightning, generally happens in warm ferene wea-

ther, and feems quite harmlefs; and is never attended with

thunder. Thefe circumftances plainly fhow, that fome

caufe or circumftance is wanting, to produce mifchievous

effeéts, I conccive that caufe to confift, chicefly, in the

diftance of the phenomenon from the earth; which is too

great for the eleétrical at'mofphcrcs of fuch clouds to difturb

the eleétricity of the earth. And is probably nothing more -
than the concourfe of two or more oppofitely elerified

clouds, darting their ele@rical charges into each other.

When 1 have been able to obferve the direction of this
kind -of lightning, it was generally obferved to be.hori-

zontal, or nearly fo; 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

garth, Nor have I ever obferved my high pointed rod,

to be more than ordinarily eleCrified, during fuch light-

ning,

Before 1 confider that fort of lightning, which often
produces dreadful effefls, 1 beg leave firft, to corrett
two or three common errors, which feem to have fprung
from the prejudice of education in fome perfons, and from
too little attention in others.

Firft, there is no harm in, confequently no caufe of
fear, to be apprehended (however fenfibly it may affect
fome) from the rumbling noife of thunder; becaufe it
confifts only in a fudden concuffion of the air, occaﬁoned
by the rapid and violent paffing of lightning through it.
The damage to be apprehended is abfolutely from the

lightning
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lightning itfelf. "Thetefore thofe vulgar notions which are
ftill retained by fome, of thunder-bolts, hurling deftruétion
whereever they are faid to fall, are all delufive dreams ;.
which ideas, I am of opinion, originally fprung from hea-.
then mythology. Becaufe Jupiter is faid to be the god of
thunder; 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.

The fecond, regards the direGion of lightning. Itis
an idea mentioned in many books, and entertained by
almoft every perfon, with whom I have converfed on this
fubjet, that all the lightning we fee defcends from the
clouds. This fentiment feems to have been the effet of
inattention.  For when the immenfe quantity of lightning,
which is ufually feen difplayed even in common thunder-
ftorms, is ferioufly tonfidered, I fhould imagine that it
would ftagger any one to think that the clouds could
ever contain it all; and the more fo, when it is further
confidered, that the earth itfelf is the grand fource of
lightning, .and that none can defcend from the clouds but
what firft afcended from the earth, Yet the quantity of
it which quits the carth in fettled moderate weather, is
fo remarkably fmall, as to be juft fufficient to determine
the aqueous vapours to be ele@rified pofitively. But that
quant:tv, be it great or fmall, muft neceflarily render the
carth in proportion thereto eleGrical in the oppofite ftate,
Thus arty is only an bhappy imitation of nature, By
which, we indifputably know, that when an infulated body
(as is thé cafe of a cloud) is rendered elerical in one
kind, an uninfulated body near it, will alfo thereby become
eleétrical of the contrary kind.

D3 But
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But to what height the daily electricity afeends into the
atmolphere is quite uncertain. We are fure that the elec-
tric fluid often returns to the earth more copiouﬂy,, con-
cealed in' the bofom of fuow, baily, and rain, which muft
in fome degree compenfate for the lofs, daily fuftained by
the earthj and fo recruits and keeps up the perpetual cir-
culation of this wonderful agent.* Now, fhould the filent,
and invifible defcent of the eleétricity, 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 ftorms, and
which is fometimes continued during fome hours ?

It is a common notion, and generally adopted in the
defcription of thunder ftorms, 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 ele@ric fluid, proceeds from the earth and
goes to the clouds, But this will be difcufled more fully
in the two following chapters,

Thirdly, a great variety of terms are commonly ufed
in defcribing the appearances, and cffecls of lightning,

* T have received the falling rain, hail, and fnow, into an infu
Jated veffel which was fometimes found to be clectrified ; efpecially
fo when my high-pointed rod indicated .an intenfe eleftricity in the
falling metgors. - The manner of doing this may be feen in the
journal for the aoth of July, 1784, ’

which
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which are very indefinite, and do rather miflead than in-
form the reader. Such as flath, vivid dart, forked, zig~
zag, ball of fire, cable of light, and a fheet 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 direétion. 'Therefore we ought not to fuppofe,
when we fee a body of eleric light in its paffage between
two conduétors, that it does actually fill at the fame inftant
of time, the whole tra’t it paffes through. But thefe,
though the beft arguments which the fenfes can furnith,
of the courfe of lightning, are but faint reprefentations,
when “it is confidered that the velocity of lightning has
been found, by experiment, to be nearly inftantaneous,

CHAPTER VI,

Containing Experiments and Obfervations, tending
“to prove that every Flafh of Lightning confifts of
pofitive and negative Light ; and which ru/k into

Union _from two oppofite Diretions.

Am not certain, that the following ideas, on the two
cle@ricities, ¢ver entered into the mind of thofe elec-
tricians who have been ftrenuous advocates for the doc-
trine of two elestric fluids. They fuppofed, indeed, that
D4 there
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there were two ele@ricities, which had a firong chymical
affinity with each other, at the fame time ‘that the par-
ticles of each have a ftrong repulfion amongft themfelyes;
and that thefe two ele€ricities were equally attrated by
all bodies exifting in intimate union in their pores; and
while they continyed in this union they exhibited no marks
of their exiftence. They alfo obferved, that every electric
fpark confifts of both eleétricities ruthing contrary ways,
and making a double‘current,. But this doétrine feems
now to be intirely fupplanted by the more natural theory,
of one eletric_fluid; which is fimple and eafily conceived,
' and every way fufficient to explain cffects and appearances,
"T'o which I fubfcribe, and from which I have not inten
tionally deviated throughout this narrative,

The greateft difficulty attending the contemplation of
the phenomenon of lightning, is the vaft quantity of the
matter of lightning, which ufually appears during great
thunder ftorms. The perplexity attending the confidera-
tion of this fact, will (I prefume) be confiderably dimi-
nifhed, if the refults of 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
their fubflance a certain quantity of the eledric ﬁui&,
which is termed their patural quantity: and while this
equable diftribution continues undifturbed, their cletricity
is in all refpeéts invifible, But if the balance of this dif-
fufion, be by any means deftroyed, either in the earth
or atmofphere, then it becomes vifible in proportion to

that
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that difturbance. Hence the terms pofitive and nega-
tive, denfity and rarity, redundancy and deficiency, &c.
are only applicable to the electric fluid during its difturbed
ftate,

This being premifed, we will now fuppofe a thunder
cloud coming already highly charged with the eleétric
fluid, which cloud, in its paffage through the atmofphere,
fecms to hover-over a high tree.  The tree, and the earth
to a limited diftance around it, will become thereby elec-
trified; byt of an oppofite kind of elericity to that in
the cloud.*  The elericitics of the earth and cloud, be-
ing thus circumftanced, and their atmofpheres approach-
ing nearer and nearer, muft necéffarily act with very great
attractive force on cach other, One body being highly
pofitive, and the other of courfe as highly negative, will
urge their way with great violence through.the refifting
air, which intervenes between them. Now fhould the
'atmof'phcric condu&ling matter, which lics between the
two powers, be equally difpofed and in fome fmall degree
able to condu the eleflricity of the earth above the tree,
the explofive flafh of lightning, will take place in the air,
over the tree, at the ftriking diftance between the two
powers; and at the fame time reftore the equilibrium of
the eletric fluid, to the carth and cloud.

" Now any perfon, percciving the flath of lightning, and
judging by the appearance, would no doubt readily con-

* It is dangerdus, therefore, to take fhelter under a tree during a
thunder fform. It has been fatal to many, both men and beafts.
It is fafer to be in the open field, becaufe wet clothes tend to prevent
harm fram a flath of lightning,

» Cludc,
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clude, that it all iffued from that black cloud; whereas
ene.hlf of fuch flath of lightning, muft immediately
afcend out of the earth, and the other defcend from the
cloud.

If the intervening air which lies between the two powers,
thould happen to be dry, and therefore not able to elevate
the eleflricity of the earth above the tree, the explofion
‘muft in this cafe, take place in or near the tree, which it
is very probable, would be fhattered to pieces, by the
force or impetuofity, whereby the two eletricities unite,
But in the former cafe, the tree might fuftain no injury.
“The fame réafoning will hold good if the maft of a fhip,
or lofty building, were to be a part of the conduéting me-
dium between the two eleéricities,

That the main force of lightning, muft happen nearly
in the middle of all refifting mediums, which lie between
the two ele@iricities; and that when the explofion takes
place, the light feen is made up of pofitive and ncgative,
in one appearance of light, as above afferted, I fhall endea-
vour -to illuftrate and confirm, by feleéfling a few experi-
ments and obfervations,

The reader will eafily perceive, that I confider the
ftate of the ele€lric fluid, during a thunder ftorm, to be
fituated in the earth and atmofphere, fimilar to the experi-
ment of a charged Leyden bottle. I perceive no material
difference between them, but what relates to quantity,
except this; and without this, I fee not how the pheno-
menon of lightning could ever happen in nature, It is

this
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this: the ele&ric charge of the Leyden bottle princi-
pally adheres to the furface of the glafs, and not to its
coating; but when a plate of air is faid to be ele@rified,
thc charge always adheres to the coating; that is to fay,
to. the clouds or aqueous vapours fufpended in it. This
nice diftinétion (which nature obliges the philofopher to
notice) does not arife from the great thicknefs or quantity
of air, which, in thunder ftorms, may occafionally happen
to be between the cletrified portion of carth and clouds;
but it arifes from the refiftance of air to the ele&ric fluid, .
I find by the operation of the electrical doubler, that the’
Leyden experiment is perfectly 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 feems to be the moft
perfe& non-conductor of clc&rnc;ty) when fimply con-
fidered, it feems to be originally void of elefricity (which
is comman to all other matter ), and thatair, as air,isadtually
incapable of abforbing or retaining it, but in proportion
to the foreign matter mixt with it. And that the per-
megxbility of air to the ele@ric fluid, is owing to its
fluidity and extreme elafticity, which caufes it to yield to
the leaft partial preflure. It was neceflary that air fhould
poflefs thefe properties, in order that the two elefricities

" might manifeft themfelves by thofe appearances which we
term lightning., Confequently, during a thunder ftorm,
the earth and clouds operate as coatings to the plate of
air that lies betwcen 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 fhock like that
of the Leyden bottle.

EXPERIMENT
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EXPERIMENT 1.

The eleétric charge of the Leyden bottle is limited by
the compact texture and thicknefs of the glafs; for if the
charge be urged too high, the eleétricities will force a hole
through it, and the tinfoil coating will be rent up in a
bur, onr both fides of the glafs; and will fometimes be
melted. Which fhows plaiuly, that where the pofitive’
and negative ele&ricities' re-unite, there the greateft effort
is exerted. In this experiment, the two electricitics feem
to meet in the middle of the thicknefs of the glafs.
Which is ftrongly indicated by the bur being protruded
from the middle of the glafs. Similar effefts will take
‘place, if the circuit be “interrupted by feveral folds of
péper, for a hole will be made through them, and each
leaf will be protruded by the two elcétricities, from the
middle towards the outward leaves,

EXPERIMENT II

With a jar highly charged, containing nearly f{ix
fquare feet of coated glafs, I have melted fmall iron wire
into globules of metal. This fine experiment is attended
with fome difficulty, for if the charge of the jar thould
happen to be too ftrong, 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
wire into fine globules. When this furprifing effed
happens, I have often obferved the wire to be of a more
pale red heat in the middle than at its extremities, and the,
melting of it to begin there; leaving a part at each end

/ unmelted,
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unmelted, At other times (though lefs frequent).the wire
was obferved to be of a more glowing heat in two parts of
ity than in the reft, which generally happened to be a little
above and below the middle cf it. "T'hefe effets clearly thow
that the pofitive and negative electricities of the charged jar
muft have met in great force near the middle of the wire,
where the refiftance to their union was greateft.

EXPERIMENT 11L.—By Lightning.

Dr. Franklin, in his account of the effets of lightning,
“on the church of Newbury, in New England, obferves
« that a wire, not bigger than a common knitting ncedle,
did in falt conduét a flath of lightning, without injuring
any part of the building as far as it went; though the
force of it was {o great thaty from the termination of the
wirc down to the ground, the fteeple was exéecdingly
rent and damaged; fome of the ftones, even in the foun-
dation, being torn out, and thrown to the diftance of
wwenty feet. No part of the wire, however, could be
found, except about two inches at each cxtremity, the
reft being exploded.”

Fiom the circumftance of two inches of the wire be-
ing found to remain intire, at each extremity, 1 infer, that
the pofitive and negative cle@ricities muft have met at
about midway between the two extremities, and there the
reftoration of the electrical equilibtium, muft have taken
place between the earth and cloud. If the wire had
been extended to the earth, poflibly no damage might
have happened to the building.. Thefe inferences feem to
- be juft, from the circumftances of the cafe; and are alfo
con-
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confirmed by the well known effefls of large elefirical
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 refiftance to the re-
union of the two powers, yet in all cafes, whether the
wire be melted or exploded, the eleftrical equilibrium of
the battery is always, without® exception, found reftored
by the explofion.

* We will now take a view of this matter, as it appears
in the ele€trical fpark, which, I am perfuaded, when care-
fully examined, will be found to confift of both eleétrici-
ties, ftretching or extending themfelves beyond the con-
duéting furface, in order to leflen the leap through the
refifting medium of air to their union. For every mo~
ment during their difunion they are conftantly endeavour-
ing to unite, (which endeavour, or mode of ation, is uni-
form and reciprocal,) and prefs into, or attraét each other,
like the north and fouth poles of two magnets ¥,

EXPERIMENT IV.

My eleétrical machine has two prime conduélors, made
of copper, each containing about 300 fquare inches of
‘furface, both well infulated. This machine, when placed
on the ground, having a brafs ball of two inches and a half

% The law of eleftrical attradlion feems not yet afcertained, never.
thelefs, it is fufficiently evident, thiat equal quantities of. both elec-
tricities, feparately infulated, a€t with equal force upon each other ;
and that their force increafes as they approach to, and decreafes as
they recede from, one another ; but it is not yet known whether this
attraction follows any regular proportion,

diameter,
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diameter, fufpended from each conduétor, by bent brafs
rods, fo that the balls approach within one inch of the
furface of the earth; the apparatus being thus difpofed,
and motion given to the glafs cylinder, it is beautiful to
obferve how exaétly the two eleétricitics ftrike at the fame
inftant of time. The negative fpark iflucs immediately
out of the earth, and the pofitive fpark ftrikes into it, and
thereby reftores the equilibrium of the eleftric fluid to
the carth, which had been difturbed by the aélion of the
machine,

EXPERIMENT V.

The {ame apparatus affords another very fine experiment,
by only elevating the metallic balls and curved rods, fo as
to form an arch over the glafs cylinder; but as the two
eletiricities, in this experiment, inftantly dart into each
other in air, the brafs balls need not be placed nearer to
one another than three or four inches, for on every revo-
lution of the glafs cylinder a denfe fpark will explode be-
tween them ; it is even fo ftrong, that if it be taken pro-
perly, it gives the Leyden fenfation. This fpark rhay be
confidered as a kind of ocular demonfltration, that when
pofitive and negative eleflricity are accumulated in, and
made to mect in air, their light and force feem to be
apparently doubled. If a curious obferver examines this
light in the dark, he may diftin€ly perceive the ufual figns
of both eleftricities within the refifting medium of air, and
alfo where they unite, for their place of re-union is notice-
able by being much lefs luminous, which is the natural
effeft of union; for there, in that particular part of the
fpark, the two eleftricities become again one; there the

terms
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terms pofitive and negative ceafe, and there the ele@ric
light vanifhes.

We know that the eleftricity is in matter, but its pro-
perties in that ftate of union, are, I think, altogether un-
known. It has been, however, improperly faid, that the
pofitive and negative elericities deftroy one another, be-
caufe, when united, their vifible effeéls ceafe. At is not,
therefore, the caufe determining thofe effecls, that is ex-
prefled by the word deftroyed, but the effzé7 itfelf.

I beg lcave, moreover, to remark, that this experiment
affords a {triking inftance of the vaft quantity of eletlri-
city that is naturally contained in the pores of metal; for,
in the fourth experiment, the fupply of cleftricity was
immediately from the earth, but in this the fupply is
wholly from the infulated metallic conduétors.

EXPERIMENT VI.

This experiment was made by Mr. Nicholfon, with 2
more powerful eleftrical machine than mine. A delinea-
tion of his feven eleftric fparks is given in the Philofoph,
Tranf. vol. 79. Spark third. « When the one ball was
eleétrified p/us, and the other minus, the figns of both elec-
tricities appeared. If the interval was not too great, the
long zig-zag fpark of the plus ball ftruck to the ftrait
flame of the minus bally ufually at the diftance of about
one-third of the length of the latter from its point, render-
ing the other two-thirds very bright.”

This
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This is an undoubted fa&t with me, though noticed by
very few eleftricians. Mr. Nicholfon’s defcription of this.
fpark evidently exhibits, in one point of view, the pofitive
and negative eleCricitics, yniting in air, ‘and rufhing into
each other in oppofite direétions. 1 think, however, that.
Mr. Nicholfon, in his narrative, feems to be.a little em- -
barrafféd with the old do@rine on this fubject, .which, in=
deed, thould never be invaded on flight evidence; I'admire
his tendernefs in this refpeét; but- why the luminous ap-
pearances in his fig. 6, thould differ fo widely from thofe
of fig. 3, is to me unaccountable, for the ufual figns of
both clecricities are plainly obferved in all his experi-
ments, and delineated in fig. 1, 2, 455, 6, amd 7, though
not quite fo confpicuous as thofe of fig, 3.

- Tt is well known to clecricians that the appearance of
eleftric fparks, taken in.air, is fubjet to many variations,
which are occafidned by the change even of the moft
trifling circumftance; yet there are. certain criterions
" peculiar, to each kind of elericity, which evidently thow
that cvery fpark muft confift of both eleétricities, one end
of which always exhibits the pofitive, and the other the
negative figns. For inftance, if the negative part of a

fpark be fimall, or ayhat has been ufually termed a lumi~
nous globule, then the middle part of it is generally of
a purplith colour, When ramified- rays iffue from the
pofitive part, then the negative part is more extended,
ftretching out towards the pofitive; and when the pofitive
and negative parts ftrike into each other in denfe light in
various parts of the intermediate fpace, then' their exat
place of union is. generally obfervable by a dark fpot.
Hence 1 infer, as before obferved, the lofs of light, whether
E total
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total or partial, that may happen in ahy part of an elefric
fpark, to be the immediate effet, and conftant fign, of
the re-union of the two eleCricities. It is further to be
obferved, that whether the negative light affumes 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 poffible dire&tions. I find, as Mr. Nicholfon has
determined, « that the effe&t of a pofitive furface appears
toextend farther than that of a negative.”

As the middle part of an ele@ric fpark often appears of
a dilite purplifh colour, and its ends more’ vivid and white,
it has been ‘conjetured by fome to' arife probably from
‘the fluid meeting with'the greateft refiftance at its entrance
and exit. I imagine, however, .that this idea was fug-
gefted (for I'know of no faét in the fcience of elericity
itfelf to prove it) by the refiftanice and refraction which
the rays of light fuffer in paffing from' one fubftance into
another. But it will appear-with 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 ele@rical explofions confift
of both eleétricities rufhing into union from oppofite
dire&ions.

“We fhall now proceed to examine the appearances of
the two kinds of ele@ricity which take placein vacuo.

I think it was'in the year 1776 that I was employed
by John Walfh, Efq. F. R. 8. to procure fome double
barometer glafs tubes, or long bent tubes of glafs, and to
affift Mr. De Luc to boil carefully the mercury within

them,
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thém, in order to obtain a perfect vacuum in the atch above
the mercury. One of them being completed, trial was
made to pafs the elefric charge of the Leyden bottle
.through the vacuum, but it could not be' done; nor was
‘there any luminous appearance perceived in this baro-
‘meter.- Perhaps the ele@ric fluid is not capable, hy its
.own expanfive power, of extending itfelf into fpaces void
of all matter.

I mounted a glafs tube three feet feven inches long, of
-about one inch bore, with brafs caps; one of the caps
was fitted to the plate of an air-pump; a brafs wire and
ball extended a little farther within the tube than the caps
did on the outfide of it. This tube was ferewed 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 perfect vacuum. - But if the air-pump was worked for
a fhort time, fo that the air within the glafs tube might
be confiderably rarefiéd, then the charge of the Leyden
‘bottle would eafily pafs through the rarefied air, and fill
the whole capacity of the tube with eleGric light. ‘

EXPERIMENT VII

That to which I would wifh the philofopher to attend
chiefly in this experiment, is the direflion and appearance
of the two cleétricities within the glafs tube, which is beft
done when the electric charge of the Leyden bottle is
rather too weak to force its whole contents {wiftly. through
the rarefied air, for, Otherwxfe, the motion of the fluld is
fo rapid; and its light fo refplendent, that the eye cannot

B2 diftinétly
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diftin&ly notice its operations, "When you examine the
appearances in the dark, at the moment the circuit is
formed to pafs the charge, you will difcover fome light
within the tube, chiefly at cach end of it. ~ Thefe lights
are of contrary kinds of elefiricity, and agree with the
charged fide of the bottle, to which they are connefted
by metal. It may fometimes be clearly perceived, when
the charge is of a proper intenfity, that the two lights
have a manifeft tendency to meet near the middle of the
refifting medium, (provided that the glafs tube be per-
fe@ly clean and dry) and thereby rcftore the equilibrium
to the fides of the bottle; but, in this cafe, the equili-
brium is but partially reftored, becaufe the two powers do
not unite in fufficient quantity to effect it,

I have frequently obferved the light within the exhaufted
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
electrical fparks. ‘Thefe appearances are the confequence
of union, and ought to be fo, becaufe in proportion as the
two ele@ricities unite, and regain their ‘natural ftate, they
lofe their light; for the eleirical fubftance is only lumi-
nous in 2 divided ftate, whether it be viewed in vacuo or
in air.

That thefe two remarkably diftinét powers fhould tend
to re-unite near the middle of all refifting mediums is
natural, becaufe there the two elefiricities meet with a
greater refiftance than in any other part of the circuit,
confequently there their whole force will be exerted to

overcome



Pofitive and Negative Light, 53

overcome the refiftance, and, of courfe, will there be-
come moft confpicuous in their effecls.:

EXPERIMENT VIII.

Similar effe@ts and appearances are obferved; and eafier.
performed, if the air-pump and glafs tube fcrewed to it
be placed fo that an half-inch fpark from the prime con-
duttor of an eleftrical machine be made to ftrike the upper
cap of the glafs tube: and here alfo,. in this mode of per-
forming this experiment, the light feen within the tube
confifts of contrary kinds of eleftricity; for, if the elefric
fpark ‘communicated to the upper cap of the “glafs tube
be of the negative kind, the cap and light within near to
* it will be négativc 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 ftands upon, though uninfulated,
will give fufficient proof, if examined by a fenfible eletro-
meter, of their being eletrified pofitively.

There is another important appearance, which has been
entirely overlooked, and which (I think) is not the leaft,
toilluftrate and confirm the principles here advanced, which
will appear in the moft confpicuous point of view if the
glafs tube be placed in the following pofition,

EXPERIMENT IX,

Let the exhaufted tube be fufpended to the ceiling, pa-
rallel to the horizon, by a filken ftring at each end of it.
One end of the tube is to be placed {o as to receive an
ele@ric fpark from the prime conductor of the electrical

E 3 machine ;
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machine;’ at the other end, a metallic communication, with
, the-earth is to approach within half an inch of the metallic
cap of the tube. Thmgs bemg thus adjufted, and motion
gu/en to the glafs cylinder, it is well known that the glafs
tube will be filled with ele@ric light fo long as the fupply
of ele@tricity, by the aftion of the ele€rical machine, is
continued,

Now I am certain, that it is not fo well known that at
the inftant of time the fupply ceafes the light divides near
the middle of the tube, and flies back to both ends of it;
for, as before obferved, the light within the tube is not all
of one kind of elefiricity; it includes both ele@ricities in
one appearance of light, and the moment the fupply ftops
their progrefive motion ceafes; therefore they are not
able to unite within the tube, and of courfe they go out
of the tube the fame way they went into it; one moiety
returns to the prime conductor, and the other to the earth
from whence it came,

1 know, that eleétricians it general fay, that air rarefied
in a glafs tube, to a certain degree, permits the eleétric
fluid to pafs ‘eafily through it. If this philofophy were
true, it would follow, that the fame kind of ele@ricity
which entered the tube at one end, muft be the fame 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 exhaufted tube confifts of pofitive aud nega~
tive lxght* If- the operation be coptinued ever fo long,

and

* It appears neceflary here to obferve, that the ele@rical effeéts of

ap exhavfted glafs tube, having a metallic cap at one end-of it, and
the
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and even with a very great force, the faét ftill remains the
fame; for although a part of its eleflricity be drawn-out
by the action of the machine at one end of ity yet, enough
always remains vifibly aétive to meet a quantity of the:
pofitive kind, which, in this cafe, will vifibly rife out of
the earth and enter the tube at the other end; and fo both
ele@ricities will again unite in it where their difunion firft
began; hence it is, that this kind of eihau{’:ed tubes-never
take the form of a change with any confiderable force.

EXPERIMENT X.

To afcertain this matter beyond difpute, wiz, that the
light within this kind of exhaufted tubes confifts of pofitive
and negative light, notwithftanding it appears to the eye, by

" its rapid motion, to be but one uniform light, let the glafs
tube remain fufpended, as in.the preceding experiment,
and place a Leyden bottle on glafs ftands, at each end, in
an horizontal pofition, and in a right line with the tube it~
felfy (which will lengthen the apparatus without altering
the refults) with their metallic knobs nearly in contaét 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 conduétor, and the coating of
the other a fpark from metal, which, for -this purpofe,
muft communicate with the carth, . Turn the glafs cylin-

the other end hermeticaily fealed, differ conﬁderably from thofe of the
tube deferibed above.’ The eledtricity, in this fort “of tubes, afls
forcibly on the internal and external furface of the glafs, and will
take the form of a charge; even fo' powerfully as to explode and
perforute a hole through it, which fhows<its eleftrical flate to be.
.that of a highly charged Leyden bottle.

E 4 der
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der and {parks will be perceived to. pafs 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 eleftric charges, and they will be found to correfpond
with the lights within the tube to which they were op-
pofed.  One bottle will be found ele@rified pofitively, and
the other negatively.

I am of opinion, that if a curious dbferver were to
examine this luminous appearance in a dark room, he
would foon think with me, that he diftiné&ly perceived
the light divide (whenever the fupply of electricity ceafes)
near the middle of the tube, and recede to its extremities.
I imagine, however, that its rapid motion would not admit
of .diftinétion were it not for fomething peculiar to the
infide furface of the glafs tube, which may in fome fmall
degree retard the ele€tric light in its retreat.

Perfons who are not thoroughly verfed in this branch
of philofophy may fuppofe that the feveral faéts exhibitcd
in the ten preceding experiments, are only of fmall confe-
quenceé, However fome may think of, or difregard them,
with refpect to myfelf, I am fully perfuaded, that the whole
phenomena of lightning, as well as many phenomena of
artificial ele€tricity, do entirely depend upon them. Many
of thefe experiments have been long known, althcugh
their effects and appearances, as here remarked and applied,
have the effe€ of novelty. Many books have been written
upon this branch of natural ph:lofophy, but none of them
have yet fallen into my, lunds in which even thc leaft
hint of applying thefe experiments, in order.to.explain thg
phenomenon of lightning;-has been attempted.—It docs nct

appcay
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appear to have been at all the objet of the writers. Some
cle@ricians have, indeed, been curious enough to attend
to the direction of ¢le@ric light—I wifh this obfcure par-
ticular were better known.

I conceive that though the joining of the two eleéiris
cities in our experiments is but faintly perceived, yet the
faét itfelf promifes fome clucidation of the grand difficulty
refpe€ling the vaft quantity of elefiricity obferved during
thunder ftorms ; and the more immediate advantage of this
Jifcovery is, that it fuggefts the idea of a more eafy folu-
tion of the phenomenon’ of lightning than has yet come
to my knowledge, and it evidently deferves the moft
minute examination,

Laftly, thefe inftruflive experiments on ele€iric light
have not yet, perhaps, been explained to the fatisfation
of the philofopher;: be that as it may, if the ufe and re-
marks 1 have here made upon them {hould thpen to be
well founded, viz. that every flafh of llghtmg confifts of
poﬁtwc and negative light, (not wholly of one of thefe
kinds, as has been fuppofed) in one apparent flath, then
“will that gencral amazement, refpecting the immenfe quan-~
tity of the matter of lightning, that is ufually difplayed in
thunder-ftorms be abated, by conceiving that the earth
does actually fupply one moicty of every flath of lightning
at the moment that the clouds and vapours fupply the other;
but becaufe of their rapid motion through the air they cana
not be diftinguithed by the cye as here defcribed.

CHAPTER



[ 58 1]

CHAPTER VIL

Further Obfervations and Conjeltures on the
Phenomena of Lightning.

IT, is not my intention, in this chapter, to defcribe

the dreadful effe@ts of lightning which happen: in
viblenq thunder ftorms; but what I wifh to add on this
head are chiefly opinions and conjeftures, fill further
concerning the amazing great quantity of lightning -ob-
ferved in thunder ftorms, becaufe it feems difficult to con~
ccive how nature effeéls it,

However, I am perfoéily fatisfied of the truth of what

I have here already advanced on this fub}eé‘t (fo far as it
thcnds) concerning lightning obferved in the atmofphcre,
conﬁﬂmg of pofitive and negative light in one appearance;
and that the light or flafh happens at the moment of re-
umon of the two powers, which approach one another with
an unparalleled velocity, the force of which is derived from
the mutual attrattion of each power, that arifes from the
denfity of one and rarity of ‘the other, and is always in
proportion to the quantity. of elericity that has beei dif-
placed in a limited diftri& of the earth and. atmofphere ;
which ideas of the fubjeél, 1 conceive, muft leflen con-
ﬁderably the grand dxﬂiculty relative to the quantity of
ele&ncxty obferved in thunder ftorms; it is, therefore,
very probable that they have erred, who have fuppofed
that
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that all, or every part of lightning, is of oné kind of elec.
tricity, and that it all iffued from a cloud or clouds.

Yet, when I ¢onfider the account giveh from the North
part of France, and from all the South of England, of 3
tremendous thunder ftorm, which happened carly in the
morning of the 23d of December, 1790, it fhould feem
that there is ftill great fcope for further mveﬁngatxon.
I am of opinion, that the immenfe quantity of lightning
obferved during that ftorm, 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 one and the fame inftant,
rather lead us to imagine, that a great part of the horizon
and atmofphere are, during fuch ftorms, in a ftate or con-
dition capable of charging and difcharging themfelves very
quick; and that the powers of nature are aétually fo dif-
pofed, in the earth and atmofphere, as to caufe the elec~
tricity to afcend out of the earth, in a luminous body or
flafhes of lightning, fucceeding each other very rapidly.
But how fo great and extenfive a redundancy of eleétricity
in one, and deficiency of it in the other, is effetted is
hard to determine ; yet it is eafily perceived how nature
operates to produce the fame effects in a lefs degree, which
has been already (I prefume) clearly manifefted in the pre-
ceding chapter,

Dr, Franklin, long ago, juftly obferved, ¢ that whether
the direétion of lightning afcend or defcend, thofe who are
verfed in eleétric experiments will eafily conceive that
the effe@ts and appearances muft be nearly the. fame in
cither cafe; the fame explofion and the fame flafh between

one
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one-cloud and another, and between the earth 9nd clouds,
the fame rending. of trees and walls which the' eleétric
fluid meets with in its paflage, and the fame fatal thock to
animal bodies.”

The caufeof the tides is the ftrong attraflive power of
the moon, and weaker influence of the fun, which attraét
all the water in the neareft hemifphere, caufing the waters
of the fea to ftand higher in one part than in another.
This wonder of nature, I conceive, is not altogether void
of analogy with that natural phenomenon of eleétrificd
clouds, forcibly acting on the electricity of the earth. For,
although the cleétric fluid be too fubtile to ftand on an
heap like water, - yet, when the ele@ricity of the earth be-
comes redundant (or the contrary) on any part of it, the
caufe of that redundancy is not in the earth, but like that
of the tide, is at a great height above it, in the atmofs
phere, and the efficient caufe of bath is attraction,

The carth is the grand refervoir of the matter of light-
ning, and may poffibly, in a limited diftrié&, become over-
charged, o as to throw off flathes of light like an over-
charged eleétrical apparatus. I have abundant proof, that
2 limited part of ‘the earth is fomctimes inan ele@rified
ftate, becaufe the uninfulated part of my atmofpheric appa-
ratus is frequently elecrified, but moft fo during a thunder
ftorm. ] therefore infer,that when that part of the apparatus
is ele@rified negatively, the fluid is afcending out of the
earth into the atmofphere, the former having lefs than ts
‘matural quantity in my neighbourhood; and when the fame
part of the apparatus is cle@rified pofitively, the fluid of
courfe is defcending into it, confequently a limited part of
the carth may be highly ele@rified; yet, its being infenfible

. to -
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to us; who even may be on the eleétrified part, is no proof
of its non-exiftence, fince we ourfelves are involved in it}
for where all things are equally involved in an eleétrical
atmofphere there can be no vifible {igns of the prefence of
the ele@ric fluid. For the fame reafon, if two or more
perfons be ele@rified, ftanding upon the fame #nfulation,
they fhow no figns to ecach other of being elecrified; be.
the quantity of fluid they are involved in ever fo great.
The fame faét is obferved to take place in perfons, and
things, uninfulated, and will be particularly ﬁoticed by and
by, with the manner of afcertaining it. ,,‘ P ﬁnuyr

I beg leave here to obferve, that however furprizing it
may appear to fome eleétricians, -who perhaps. have had
no experience of an atmofpheric apparatus, that a metallic
rod, which terminates deep in the’earth, and its upper end .
nailed to a brick wall to give it fupport, thould, fo cir-
cumftanced, exhibit figns of an clefirical charge, would
be nothing wonderful, were it poffible 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.always over that
part of ity concealed in the clouds and vapours, a propor-
tional quantity of the eleCtricity, but of an oppofite kind
to that on the earth; for, indeed, one ele&ric charge can-
not exift without the other.

I have been of opinion, that as the brick wall is a lefs
conduétor of elefiricity than metal or moift earth, it may
on that account contribute, in fome fmall degree, to the’
produétion of the phenomenon, but in this opinion I may
be wrong.

Hiftory
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Hiftory informs us, that large quantities of lightning
“have been feén to run along the ground, break into feveral
parts, and produce feveral explofions at the fame time;
which clearly indicate-that a part of the earth may be fo
circumftanced, that it does not always quickly drink it in.
Now, if a limited diftri& of the earth, where fuch fafts
-happen, were not previoufly furcharged with the fame
kind of cle&ricity with that feen diffufed upon it, how
could fuch a phenomenon take place?

Ohe of the beft authenticated accounts of lightning
fpreading itfelf upon the furface of the earth is that in
Dr. Prieftley’s excellent Hiftory of Ele&ricity, page 400,
which I will here tranferibe.

« But the moft complete demonftration of the real ufe
of Dr. Franklin’s method of fecuring buildings from' the
effedts of lightning, is Mr. Kinnerfley’s account of what
happened to thé houfe of Mr. Weft, a merchant of Phi-
ladelphia, in Pennfylvania, which was guarded by an appa-~
ratus, conftruéted according to the direétions of Dr. Frank-
lin. It confifted of an iron rod, which extended about
nine feet and a half above a ftack of chimnies, to which it
was fixed. It was more than half an-inch in diameter
“in the thickeft 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 ftzke, driven four or five feet into the
ground.

¢« Mr. Weft judging, by the dreadful flath of lightning
and
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and inftant crack of thunder, that the condufor had been
ftruck, got it examined; when it appeared that the 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. - The flendereft part of the wire he fufpected
had been diffipated in fmoke; but fome of it, where the
wire was a little thicker, being only melted by the light-
ning, funk down (while in a fluid ftate) and formed a
rough irregular 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 ftake, in which the apparatus terminated,
was driven four or five fect into the ground, yet the
¢arth did not conduél the lightning fo fa/, but that, in
thunder ftorms, the lightning would be feen diffufed near
the ftake two or three yards over the pavement, though at
that time very awet with rain,”

Thefe effeéts plainly fthow that the earth does not al-
ways with equal eafe abforb the ele@ric fluid. Which I
judge, as before faid, muft arife from its ele@rical flate
peculiar to a limited dithi® where fuch extraordinary
phenomena happen; for the earth is always moift. But '
to add to that, in the abbve cafe it is faid that the pave~
ment was very wet with rain. This conjefure of mine
may at firft fight, I own, feem improbable; but the' great
quantity of eleétricity obferved in fuch circumftances,
muft have an adequate caufe, and I know of no other caufe
capable of producing that effeét.

In the fame Hiftory of Elericity, page 394, I find that
Pliny, in his fecond book of Natural Hiftory, mentioned
fompe ,
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fome luminous appearances, and tclls us, that they fettted
not only upon the mafts and other parts of the fhips, but
alfo upon men’s heads, and on the fpears of the foldicrs
who kept watch by night upon the ramparts. . Seneca in
his natural queftions takes notice of the fame phenomenon.
A ftar fetﬂc,d on the lance of Gyiippus, as he was failing
to Syracufe:- and ]};eam have feemed to be on fire 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 Caefar. There fuddenly arofe a
thick cloud, followed by a fhower of hail ftoncs; and the
fame night the }oz’rzt; of the fpears belonging to the fifth
legion feemed to take fire. Livy, chap. 32. mentions two
fimilar faéls. It does not.appear that the ancients had
any proper-ideas of thefe fafls and appearances; for if they:
faw only one light it was termed Helen, an ill omen; but
if two lights appeared they were called Caftor and Pollux,
and were invoked as gods.

It is now evident that thefe luminous appearances muft
have been natural or fpontaneous eleéiricity. And thata
limited part of the earth and atmofphere muft when and
where thofe phenomena happened be highly eletrical ;
and alfo every fubftance within the eleélrified diftriét.

- For thofe faéls all happened without infulation, and were
fimilar in that refpe@ to the fafts obferved with my ‘wn-
infulated metallic rod. A fimilar event happened to Mr.
Loammi Baldwin (related in the Phil, T'ranf. vol. 72) who
raifed an cletrical kite in July 1771, during the ap-
proach of a fevere thunder ftorm, and obferved Aimfelf to,
be furrounded by a rare medium of fire, which, as the
cloud rofe neager the zenith, and the kite rofe higher, con-

tinued
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tinued to extend itfelf with fome gentle faint flafbes:. Mr.
Baldwin felt. no' other effect than a general weaknefs in
his joints and limbs, and a kind ,of liftles feeling; all
which he obferves might poflibly be the effe@t of fur-
prife, though it was fufficient to difcourage him from pera
fifting in any farther attempt at that time. He therefore
drew in his kite, and retired to a thop till the ftorm was
over, and then went to his houfe, where he. found his
parents and friends much more furprifed than he himfelf
had been; whb, after exprefling their aftonifhment, in-
formed him, that he appeared to them (during the time
he was raifing the kite) to be in the midft of a large bright
Jlame of fire, attended with flafbings; and that they expeét-
ed every moment to fee him fall a facrifice to the flame,
The fame was obferved by fome of his neighbours, who
lived near the place where he ftood,

I confider this event as the moft extraordinary inftance
of the kind (where no injury was fuftained) that I have
yet been acquainted with. That a man fhould be fo
powerfully cleétrified, ftanding on the ground, as to be
vifibly fo to himfelfy and alfo to his friends at a confider-
able diftance from him, and in day-light too, fhews the
immenfe quantity of elefiricity that he muft be involved
in; and his fafe cfcape from danger to be little lefs than
a miracle, Every one muft be fatisficd (who reads this
aftonithing account) that Mr. Baldwin was permanently
eleérified, though uninfulated. It alfo feems evident that
the part of the carth whercon he ftood, and that adjoin-
ing to it within a certain diftance, muft have been in the
fame elefirical ftate. The principal difficulty that will
here arife with many, will be thc apparent want of infu.

F lation
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lation to Mr. Baldwin*, But when thatis accuratcly con~
fidered, it will be founds that the furrounding air per-
formed that office by infulating two highly ele€irified
bodies, viz. the clouds above, and the furface of .the earth
beneath himy which have in fuch inftances the effeft of
coatings to.a plate of air, fimilar to the coatings of a
plate of glafs. Now it is well known, that the Leyden
bottle retains its elecric charge though one of its charged
coatings be uninfulated, or connected with the ground.

It is in my power to fatisfy any one during a thunder
{torm, and fometimes even during the paffing of a black
cloud over my high pointed rod, that the earth is to fome
limited diftance in my ncighbourhood, fometimes in a re-
dundant and fometimes in a deficient ftate of cleétricity.
One of my ways of proving it is rather divertingy when I
have a company of perfons of fufficient courage to form a
.circuit, by joining hands in the ufual manner, to receive the
charge of the new Leyden bottley as I term it. It is thus
performed—The fir{t perfon in the circuit is to touch with
his finger the bell"of the atmofpheric apparatus which
communicates with the earth, and the laft perfon in the
circuit is “to approach with his finger the brafs ball/whxch
is infulated. The confequence is that a denfe fpark of
ele&tricity will iflue, and at the fame inftant the whole
company gives a fudden {pring, as if they had received the
charge of the common Leyden bottle. That the rod is
difcharged by the operation is evident, becaufe the pith-
ball ele@rometer, which is conne@ed with it, collapfes.
If the finger of the firft perfon be continued on the bell,

# I confider Mr, Buldwin’s fituation to be fimilar to that of the

worm and fly in the charged Leyden bottle mentioned p. 72,
' and
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and the finger of the laft be removed from the ball to
give the*rod time to charge again and again, (for which
purpofe fometimes thrée or four feconds are enough,) the
company may repeat the experiment as often as they pleafe.
But I have fometimes obferved, that even’ cletricians
themlelves were too well fatisfied of the fa&t to make a
fecond trial.

When the circumftances which accompany this pheno~
menon are well confidered, it may be difcovered by fome
fenfible effeéts, that the force of an ele&ric charge does
not depend at all on the thape of the charged furface. I
conclude therefore, from this fac, as before obferved,
that a cloud over the rody and the furface of the earth
‘under it, may be confidered as the eleétrified coatings to
the ftratum of air between them; which, between the bell
and-brafs ball; is only two inches. T his fmall portion of
air is fometimes difplaced by a continued ftream of light-
ning, very awful to a {pettator.

Moreover, I infer, from well known'elefrical pheno-
metiay that when two fuch highly cleélrified coatings are
once well formed, and the attrallive force of their eleéiric
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 progreffive motion,
carries the eleCirified cloud forward, an equal eleftric
charge, but of a contrary kind, in a ftate of attual opera-
tion on the furface of the earth, will alfo move and keep
an even pace with it; until either the eleftric charges be-
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 conduéling emi-

F 2 nence
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nence capable of fa\cilitating‘ their re-union; the confe~
quence of which will be an exploficn of lightning' and in-
ftant clap of thunder; if not fome damage to animals, ve~
getables, or buildings.

Let a perfon’s fituation be where it may, either in the
houfe or open field, he is liable in any place to be involved
in an eleétric charge, whether it be ftationary or' moving
with the clouds. And when he is fo involved, he may
know nothing at all of it, without proper inftruments; 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 afflume a menacing
appearance, and a heavy black cloud being at no great
diftance, I took:my pocket eleétrometer out of its cafe,
and held it in my hand, and it inftantly diverged near one
inch. Some drops of rain now fell, I thercfore went to
my houle, and ‘I found my high pointéd rod ftrongly
charged and the bell of it ringing brifkly.

With regard to danger from the returning ftroke out of
or into a perfon, which happens at the inftant a flath of
lightning takes place, I apprehend no painful fenfation
can follow. For, although a man naturally poflefles a
vcry‘ great quantity of cle@ricity, and his natural portion
we kngw may,be increafed or diminifhed, in a fmall de-
gree, without harm to himfelf, yet the quality and quan-
tity of his cletrical ftate will always have relation to
the place he is in. If he ftood in the dire® path of a
flath of lightning, moft likely the event would be fatal;
but if he happens to be clear of that, his natural quantity
of eleflricity can undergo no greater change in its den-
fity or rarity than the diftrict of carth he ftands upon,

and
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and every thing elfe about him; which I fuppofe will be
very fmall. For inftance, there 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 blaze of light-
ning, and have not only fuftained no harm, but have ac-
tually had no fenfation at all of a returning ftroke 5 yet
people fo circumftanced jare in the moft proper fituation
‘to feel a returning ftroke. But the fenfations and injury
fuftained (abating fudden terror) is generally in the eyes,
the moft fenfible part of the body. The conftant moif-
ture of the cyes, perhaps, may contribute thercto, by
facilitating the paflage of a greater quantity of fluid
through them. I imagine, that if it were poffible to de-
prive a man of his patural portion of eleétricity, by a re-
turning ftroke, or in any other way, or even to fuper-add a
double quantity of the fluid, though his body cannot break
like glafs, yet either way might be fatal to him: and
thus I fuppofe are people deprived of life by lightning,.
Mr. Baldwin’s fenfations feem to. imply thus much. See

page 04.

I judge, from feveral fenfible effels, that a certain in-
tenfity of the eleGric fluid eminently contributes to the
well being of animals and vegetables.  And I conjecture
that the energy of the brain and nerves depends on a pro-
per intenfity of ele€lricity; as the act of refpiring health-
fully depends on a proper intenfity of air, - However, to
give this conjeCture fome weight, I beg leave to tranf-
cribe an obfervation on the nerves of the Torpedo, by Mr.
John Hunter, F.R,S. read at the Royal Society July 1,
1773 « The magnitude and the number of the nerves be-
ftowed on thefe organs, in proportion to their fize, muft on

F3 reflection
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refle&ion appear as extraordinary as the phenomena they
-afford.  Nerves are given to parts either for fenfation or
altion. Now, if we except the more important fenfes
of feeing, hearing, fmelling, and tafting, which do not
belong to the eleCric organs, there is no part even of the
moft perfe&t animals, which, in proportion to 1ts fize, is
fo liberally fupplied with nerves; nor do the nerves feem
neceflary for any fenfation which can ‘be fuppofed to be-
long to the electric organs, And with refpect to aétion,
there is no part of any animal with which I am acquainted,
however ftrong and conftant its natural ations may be,
which has fo great a proportion of nerves.

« If it be then, probable that thofe nerves are not ne-
ceflary for the purpofes of fenfation or acion, may we not
conclude that they are fubfervient to the formation, col-
le@ion, or management of the ele&ric fluid; efpecially as
it appears evident, from Mr. Walfh’s experiments, that
the will of the animal does abfolutely controul the cletric
powers of its body, which muft depend on the cnergy of
the nerves.

« How far this may be connefted with the power of
the nerves in general, or how far it may lead to an ex-
planation of their operations, time and future difcoveries
alone can fully determine,”

The powers of the ele@rical Eel, appear to be very
much fuperior to thafe of the Torpedo. I have feen his
brilliant fparks in the day light, heard their fhapping noife,
and felt his fhocks, which were, on fome occafions when
he was much difturped, very fevere,

But
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But to purfue our remarks on the fuppofed danger
from the returning ftroke a little further. Befides the
evidence of natural faéls, fimilar phenomena attend arti-
ficial eleftricity. When we accumulate denfe eleétric
fparks, which ftrike 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 inftant thofe explofions hap=~
pened, but I did not feel the return of the fluid into my
body, which I had been deprived of during the acoumu-
lation, Yet I faw ele@ricity returning by the bell wire
into the earth within lefs than two inches of its furface,
and at the diftance of eighty-three feet from the machincs
But in the room next to that in which the explofions were
made, about two yards of the bell wire, in the dark,
feemed to be on fire: by the returning elefricity, which
was efteemed a fine fight by the {peétators. Now, as no
bodily fenfations were felt, it may be fuppofed by fome that.
no change of the natural quantity of fluid had taken place

on the company ; but that is by no means the confequence ;
for the houfe itfelf*, and every perfon and thing in it

during the accumulation of thofe fparks are ele€trified ne-
gatively; which is eafily proved, by either placing per-
fons or things upon a good infulation, the moment before
an explofion happens, as they will be found, on trial,
cle@rified negatively; becaufe whatever eleéiric ftate
they poffeffed at the inftant they became infulated, the
fame will remain when the explofion is over.

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

* See the aad of Augult, in the Journal for 178g—page 115,
F 4 large
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large ‘eleflrical apparatus, a fheep was killed by the elec-
trical Thock, from a very large battery, in the prefence
of many members of the Royal Society, aflembled toge-
‘ther for the purpofe of viewing the operation. In this
mode of employing a very great quantity of ‘the cleric
fluid in one ftroke, no fenfation of a returning ftroke was
perceived by the company, who ftood near to three fides
of the table on which the fheep lay. It was thought
neceflary by Mr. Hunter (who had the direftion of the
operation) that the brafs rod, which was to conduét the
eleétric charge to the head of the animal, thould be prefled
¢lofe to ity or the wool of it might obftruét the force of
the charge: I readily accepted the office, and, with a ftick
that ftood near at hand, I prefled the metallic rod tight ta
its head; although my fituation in fo doing was Judgcd
«dangerous ygt I did not feel the leaft fenfation.

Dr, Prieftley, and othexj,perfons, put theu' hands into
the water, zt the time that the eleflric charge of the bat-
tery pafled over jts furface; and they felt a fudden con-
cuffion in the water, without pain to themflves. He held
the bill of a robin red breaft, and after that the nofe of
a moufe, near the ele@iric explofion of a large battery, but
they did not feem to be at all affeéted by it. I put into
a large Leyden bottle a fly, and after. that a worm, and
then charged the bottle, during which 1 kept my eye on
them, ‘and in the difcharge alfo, but neither the charge
nor difcharge had any vifible effe& upon them.

I will here tranfcribe, in concluding this chapter, a few
of the many remarks and obfervations made by that cmi-
nent elerician Signior Becearia, on lightning.

« Confidering
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& Confidering the vaft quantity of ele@ric fluid that
appears in the moft fimple thunder ftorms, he. thought it
lmpoﬂiblc that any cloud, or, number of clouds, fhould
ever contain it all, fo as either to difcharge or rcceive it;
befides, during the progrefs and increafe of the ftorm,
though the lightning frequently ftruck the earth, the fame
clouds were the next moment ready to make a ftill greater
dxfcharge, and his apparatus continued to be as much af-.
feéted as ever; the clouds muft confequently have received
at one place, the moment that a difcharge was made from
them in another,”

« The extent of the clouds doth not leflen this diﬂi_éulty;
fory be it ever fo great, ftill the quantity ought to be lef
fened by every difcharge,”’

¢« The fame caufe which firft raifed a cloud from va-
pours difperfed in the atmofphere, draws to it thofe that
are already formed, and continucs' to form new ones, till
the whole colleCted mafs extends fo far as to reach a part
of the earth where therc is deficiency of the electric fluid;
thither too will thofe clouds, replete with ele&ricity, be
ftrongly attracted, and there will the eleéric matter dif-
charge itfelf upon the earth. A channel of communi-
cation: being in this manner found, a frefh fupply of
ele@ric matter will be raifed from the over-loaded part,
and will continue to. be conveyed by the medium of the
clouds till the equilibrium of the fluid between the two
places of the earth be reftored.”

« The faél, therefore, muft'bc, that the ele&tric ﬂuid
is continually darting from the clouds in one place, at the
fame
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fame time it is difcharged from the earth in another; and
‘it is a neceffary confequence from the whole, that the
clouds ferve as conductors to convey the eleéric fluid from
thofe places of the earth which are overloaded with it, to
thofe which are exhaufted of it.”

I am not certain whether Signior Beccaria was ever
acquainted with that interefting difcovery of Du. Prieftley
on the Tourmalin, as mentioned in the beginning of this
work ; but I have often thought that that fact of the
Tourmalin gives aid to, or corroborates ftrongly, Signior
Beccaria’s fentiments of the ecleftrical ftate of the carth
during a thunder ftorm.

As it is now a fad, that fo fimall a fubftance as the
Tourmalin ftone is, can exhibit at the fame tinie, and on
the fame flat fide, the two ftates of ele@ricity, why thould
it be thought impofiible for the carth to fuftain, for a few
minutes, (which would be in fome thunder-gufts quite fuf-
ficient) the two contrary fhates of the eleftric fluid? and
efpecially when they arc only fuppofed to happen on the
earth at the diftance of many miles;—perhaps in fome
thunder-gufts not lefs than 30 or 40.

I readily admit that the carth, even in its dryeft ftate,
is a better conduélor of eleélricity than the Tourmalin;
but when a mile of earth is oppofed to every twentieth
part of an'inch of the flone, their difference of capacity
for condufling the ele@ric fluid is thereby confiderably
diminithed,

The
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"The only difficulty here arifes from our want of con-
ceiving how a quantity of eleric fluid can lie condenfed
in or near the furface of the carth, inasone part of it,
whilft its neighbouring fluid in another part is attenuated;
but when experiment is ftrongly on one fide, and nothing
but this difficulty of conception appears on the other, the
latter ought to give way; and when the thing is care-
fully confidered, and experiments with appearances are
duly compared, perhaps the difficulty of conception may
yanifh,

CHAPTER VIIIL

Containing fome Experiments and: Obfervations on
the Leyden Bottle.

I Begin to be afraid that perhaps, after having been con-
fidered as a dry experimenter, I may be taken for a
vifionary innovator of Dr. Franklin’s theory. Dr, Frank-
lin’s difcoveries, relating cither to the nature of lightning,
or to the Leyden bottle, are truly amazing, and much
praife is juftly due to his ingenuity., But it is neceflary
to obferve, that though many of Dr. Franklin’s admirers
thought that he had exhaufted the whole fubjeét, he him-
felf was far from thinking fo; and the hiftory of elericity,
fince the date of his difcoveries, demonftrates that his
fufpicion was true. Time has brought to light a great

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

It has beén my endeavour, by the following experi-
ments and obfervations, to afcertain in a concife manner,
that every eleftrical explofion of the Leyden bottle is the

~conflux or meeting of two oppofite powers, the pofitive
and negative elefiricities, rufhing into union from two
oppofite directions; which I conceive mufl arife from two
caufes, that is to fay, from the ftrong tendency of the twa_
eleéricitics to re-unite, which attrat each other with equal
force, and the refiftance oppofed thereto by the non-
conducting quality of air.

I conceive that there is only one cleliric fluid in nature,
But when the natural quantity of a body is divided into
parts, and fome of it given to- another body having its
whole quantity, we give different names to the eletrical
ftate of twao bodies fo cleflrified, becaufo of their confex
quent different effeéls on each other, yet they are one in
their nature and operation, The fufceptibility of the elec-
tric fluid to fuffer a divifion or change in-its natural ftate
and fituation is manifeft in all ele&rical 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 againft the difuniting power, and
will foon become equal to it; therefore it is, that in the
charging of glafs the operation is limited and foon ftops;
viz, not becaufc the negative fide is poflefled of no more

' elettricity,
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eleiricity, but becaufe the difuniting and the attraling
‘powers are then aftually balanced, ¢onfequently all further
progtefs muft ceale.

I am thoroughly fatisfied of the truth of this general
conclufion, that every fubftance in nature (except air) has
naturally a cerwin quantity of cle€lricity appropriated to
it, which quantity may be diminifhed, cither naturally or
artificially, by drawing out a part, which the body will
again refume; but its whole appropriated quantity can
never wholly be drawn out of it. And by the bye, the want
of attending to this circumftance has occafioned many
miftakes, for a fpark iffuing from a diminifhed quantity is
as real a fpark of the eleétric fubftance as the contrary;
I therefore infer, that negative ele@ficity muft be equally
as active as pofitive, and that it will urge its way through
cvery refifting medium to meet the pofitive ; for this reafon
it does not inaffively wait in its place until the pofitive
cle&ricity has fupplied all its wants. This is, I prefume,
manifeft, not only in the foregoing feries of experiments
on pofitive and negative light and fparks, but alfo in their
atmofpheres, the confideration of which would carry me
too far for my original defign.

I am aware that the validity of thofe falls, and my
reafoning upon them, militate: againft the received theory
of eletricity, becaufe Dr. Franklin, in his firft letter,
afferts, and by way of inftance fays, ¢ Suppofe the com-
mon quantity of electricity in each part of the bottle, be=
fore the operation begins, is equal to 20; and at every
ftroke of the tube, fuppofe a quantity equal to 1 is thrown
in, then, after the firft firoke, the quantity contained

within
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within the bottle will be 21, in the outfide 19.  After the
fecond, the infide will have 22, the outfide 18, -and fo on
until after 20 ftrokes; the infide will have a quantity of
ele@iricity equal to 40, the outfide 7ons, and then the ope-
ration ends. Here we have a bottle containing at the fame
time a plenum of elericity, and a vacuum of the fame
fire, &c.”

If ever Dr. Franklin wrote his obfervations in hafte,
it was in this particular, without having firft well con-
fidered the faéls and appearances that ftill remain, and
which cannot be accounted for, on the fuppofition that
one fide of the bottle was exhaufted of all its eleétricity ;
for, to the extent to which we are able to carry this experi-
ment, the pofitive and negative powers of the body are
increafed and not diminithed by the operation. Befidcs,
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-
pofe was the limit of its power, ygta greater power would
with eafe force out 20 more, if the condition and ftrength.
of the glafs would bear it.- Bodies have no doubt a limited
.quantity of elefricity, which probably may be more or
lefs according to the nature of the fubftance; 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 elefiric fluid will be found.

To exhibit thefe effefts as plain as poffible, and beyond
the power of doubt, I would infulate the Leyden bottle
as reprefented figure § (a contrivance obvious to every
eletlrician), A’ reprefents a glafs ftand, which fupports
the Leyden bottle, in a focket turned out of the wood B.

Cis
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Cis a metallic belt, with a female fcrew fitted to ity in
order that metallic balls and points of different termina«
tions may be occafionally ferewed to it. At a conveniept
diftance from the fide of the bottle is fixed an infulating
pillar of glafs. A curved wire, with a knob at the lower
end of it, is ferewed to the metallic rod ID, which rod
is moveable at pleafure in the head of the pillar, and is
fixed tight in its place by the fcrew E.  Place this inftru-
ment fo that the knob of the bottle may be within a
quarter of an jnch of an equal knob procecding from
the pofitive prime conductor F; the rod D is to be con-
nected by a wire with the negative prime condudtor ; the
knob on the belt, and that on the curved wire, are afo
to be placed a quarter of an inch apart. Things being
thus difpofed, and motion given to the ele@rical machine,
the progreflive charge of the bottle may be obferved with
eafe. The moft ftriking effet of this apparatus is, that
it vifibly determines the quantity of power that any elec-
"trical machine is poflefled of ; and it alfo thows, in a clear
manner, the fallacy of thofe old doétrines, viz. « that no
more eleflrical fire can be thrown into the top of the
bottle when all is driven out of the bottom,” a circum-~
ftance that never yet happened in the Leyden bottle; for
in all cafes the caufe of ceffation of eleétricity in charging
it, is from the eleéirical machine itfelf, as will plainly
appear from the three following experiments.

By managing the filk flap of the rubber of my machine

1 make the glafs cylinder a& ftrongly or weakly at plea-
fure. Having put it into a weak ftate of altion, yet
equal to a machine of fmall power, and the apparatus be-
ing adjufted as before direfled, I turn the glafs cylinder,
and



8o Experiments and Obfervations

and count the fparks which are forced into the bottle unti
I fee them ftop, the number of which in this ftate of the
machine was 49, and of courfe 49 fparks were forced out
of the negative fide of the bottles I then increafed the
excitation of the glafs cylinder, to repeat the experi~
ment, the apparatus remaining &s before. I again worked
the machine and counted the fparks, which I found to be
112 before they ceafed.  Laftly, I made the glafs cylinder
at brifkly; the apparatus remaining as before, the ma-
chine was now able to force into the bottle 155 fparks
before there was a vifible ftops and at the fame 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 whofe coated furface on oné fide is
only 8o fquare inches, is not, I fuppofe, the-one thou-
fandth part of the eleftricity contained in a glafs of this
dimenfion. Nor will glafs bear a total deprivation of its
ele@iricity on either furface, this we know by fad experi-
ence, becaufe it is fure to break long before that happens ;
however this laft effeft of my machine fcemed to be its
utmoft power.

From thefe feveral falts we may fafely conclude (not-
withftanding it has been affirmed, ¢ that one fide of charged
glafs contains a plenum and the other a vacuum of elec-
tricity”’) that we are fot yet acquainted with the precife
quantity of cletricity contained in glafs, or indeed in any
other fubftance; nor do we yet know of any criterion
whereby to determine a total deprivation. For the refult
of thefe experiments, being fo widely different from what
has been conftantly affirmed, concerning the negative fide

of the Leyden bottle, is a clear proof, that thofe con~
clufions
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clufions were formed too haftily, having attributed to the
powar applied, what it was totally unable to effect.

The common criterions .of pofitive and™ negative
electricity, on eleftrified metallic points, are alfo exhi-
‘bited in a very evident manner by this inftrument, by
conly removing the knobs and placing in their ftead four
metallic points} a little flattenéd at their ends with a finooth
file, the other parts of the apparatus remaining as in the
three preceding experiments. As foon as the charge of
the bottle begins, the ufual figns of both elettricities will
be vifible, illuminating the points of the interrupted cir-
¢uit, The fign on the point conneéted with the pofitive
prime conduétor will indicate pofitive elefiricity, and the
fign on the point oppofite to it in the knob of the bottle
will be faintly negative. 'The light on the point or extre-
mity of the curved wire will be bright‘and negative, and
the fign exhibited on the point at the belt will be the pofi-
tive ramified light.

"The caufe of thele contfary effefts feems to arife from
the repulfion of the eleftric fuid in'the firlt cafe, and the
refiftance of the air in the fecond. For inftance, all the
time that the bottle is charging pofitively the point on
its knob exhibits the negative fign, contrary to the charge
itfelf, which is effefled by the repulfive power of the pofi-
tively clefirified oppofite point, which kceps the knob and
point in a deficient ftate of eleétricity, and of courfe at-
trafls the negative; but this repulfive power extends only
to a very finall diftance, and its effett grows lefs and lefs
as the charge of the bottle advances, therefore the fign
on this point is a weak one. On the other fide of the

G béttle,
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bottle, as foon as charging begins, the eleflricity is driven
out of the glafs into the coating, and becomes condenfed
on the point at the belt, even fo powerfully as to exhibit
the pofitive ramified light, though it iffues from a nega~
tively charged body, which is certainly owing to the refift-
ance of the air to the egrefs of the fluid at that point.
Thus we fee that metallic points, whether they are cone
nctled with a body eleélrified pofitively or negatively, do
fometimes exhibit eleflric figns contrary to the kind or
fource of ele€lricity whence they proceed; yet thofe figns
are certain eriterions of the kind on the points themfelves.

If the Leyden bottle be charged without a vifible fpark,
then, in that cafe, the eleiricity during the charging has
but one direflion, 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 refifting medium’ of air, confequently with a vifible
Jpark, in that cafe the direction of the clefiric fluid is
doubled, and the fpark or light feen confifts of pofitive and
negative light; as the foregoing experiments abundantly
confirm. If the charge of the bottle be made at a nega-
tive conduétor (which is the one I generally ufe) the elec-
tric light drawn out at the knob has the pofitive afpeét,
notwithftanding the bottle is aflually charging negatively;
and fo it affords an eleftrical paradox.

During the time that this a&tive agent is in a difturbed
ftate, ‘which commences by an unnatural divifion of what
naturally exifts in bodies, no ftriking phenomenon attends
it that is more cvident than its conftant tendency to unite.
"I'his tendency is manifeft by the mutual attraction of the

divided
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divided parts, which is more confpicuous in this than in
any other fluid; infomuch, that it does not only exhibit a
reciprocal attraltive force like a divided portion of water,
quickfilver, &c. but it is poflefled of active power; for,
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 conductors, whether they are blunt or
pointed; even fo forcibly that each power will appear to
Siream forth from the conduéling furface till they meet
near the middle of the interrupted fpace. For there be-
gins the re-union of the two cletricities, which fome-
times ends in a full explofion of their whole divided
quantities; and which is inftantly refumed by thofe bodies
that had been in fome fmall degree deprived of their natural
portion of the eletric fluid; after which, generally, all
figns of elefiricity ceafe.

This remarkable tendency of the divided parts of the
fluidto unite, is often perceived in a full charged Leyden
bottle; at the upper edge of the outfide coating, and at
the edge of the cork in the neck of the bottle: where
ftrong efforts of active light are feen.  If the infide of the
bottle be charged pofitively, the light which is firft feen
is generally the negative, on the outfide, darting upwards
fmall rays of elecric light from the edge of the coating,
and foliciting, as we may fay, an union with that of the
infide. - After this, we gencrally perceive, as the charge,
gots on, brufhes of light iffuing from the edges of the
cork and outfide coating into the air (as if the fluid fpent
itfelf thercin, which ‘cannoet be but by an a&t of violence,

G2 becaufe
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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 ftop the further pro-
grefs of the'charge or their further difunion. But fhould
the power applied be fupcrior to the prefent intenfity of
the charge, and the diminution occafioned by thofe efforts,
the two powers would afually form an external circuit,
as reprefented at A, fig, 6, by means of their atmofpheres,
- which are already in pofleflion of the adjacent humidity
of the air, and unite in oppofite dire€lions in a fpontancous
explofion of their whole quantities,

In concluding this chapter I beg leave to obferve that

I have fometimes been curious enough to eleirify a
pair of infulated pith balls pofitively, and another pair
negatively, with a view to afcertain the difference between
their attralting and ftriking diftance, It is well known
that the attralling diftance is confiderably greater than
the ftriking one. It was obferved to be nearly in the
proportign 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 eleflric kite which he had raifed, he found
. the proportion between the length of the fpark at the
metallic knob of the kite, and the attrafling diftance of
light bodies from it, to be nearly as one hundred and

feventy to one.

A LETTER
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A LETTER

TO
Mr. 4. WALKER,

LECTURER ON EXPERIMENTAL PHILOSOPHY,

DEear Sir,

I ruANk you for your very candid and obliging obfer~
vations ‘in your letter on my manufcript,  You fay « 1
write down in hafte the only circumftance that ftrikes
me as a real objeftion 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-
fider thofe parts which feem moft obfcure, and fhould ftill
remain embarrafled, I will endeavour to clear them of
entanglement, by repeating' with you any of the experi-
ments, or make any new ones you fhall propofe, that you
think may afford further light or fatisfation to either of
us; in the mean while I fhall take the liberty of making a
few obfervations on fome of your paflages.

You obferve, ¥ If we are to underftand pofitive and
negative ele@iricity as only more or lefs, I think your de-
feription feems to imply two diftinét principles.”  Then
there muft be fome defe@t in my defeription,  For a body
having more or lefs than its natural quantity of clefiricity,
is completely all T mean by its being pofitively or nega-

G 3 tively
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tively eletrified. That thefe two different flates of one
fluid, in their feveral cffefts and appearances, feem to in-
dicate two diftin€t principles, I readily allow; which has
been, I fuppofe, the occafion of leading fome eletricians
into a manifeft crror %, Notwithftanding this we may, [
think, reft fatisfied that thofe effeéts and appearances arc
already fufficiently accounted for by the theory of only
one cleCtrical fluid.

You add « that cleéricity is capable of difturbing
elettricity through a plate of air, glafs, &c. dnvmg it off
in proportion to its accumu]at:on, I think T underftand,
But if pofitive and negative meet in air and form the flafh
of lightning, they look to me like two principles.”” Not
fo, Sir, they are only two [tates of one fluid. For mftancc,
if air be condenfed it is ftill air, or if it be rarified it is no
other. And that the eleétrical fluid is capable of con-
dcn{utxon and rarcfaftion every experiment of elc&rxcxty
proves. I know of no exception to this general affertion,
for the rubber and .the fubftance rubbed always producc
denfe and sare ftates of this Auid. Confequently {uch
different ftates of one fluid muft affume different appear-
ances, and producc different cﬂc&s Hence, let the ap-
pearances be what they may, they are all ele@rical; there-
fore a negative fpark is as real a fpark of the elettric fub-
flance as a pofitive one. Why their meeting in air
fhould alter the cafe, or raife any difficulty, I cannot con-
ccive.  The two cleélricities muft meet and unite fome-
where, or colfe the equilibrium in nature can ncver be

*# This obfervation feems juft by Dr, Peart’s late Book on Elecs
ticity.
reftored,
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reftored. That the two powers meet in air where the
greateft obftrudtion to their union lies, is evident, be-
caufe otherwife they could not emit light or flath, How-
ever, at the moment of ftriking into cach other, they can-
not be diftinguifhed to be two balls or two flathes of
light, becaufe of their rapid motion, which arifes from the
reciprocal attrative force of both eleltricities. So that
when they approach each other in air, their powers and
appearances are confiderably augmented, cven to the ut-
moft efforts of their whole quantities.

When I place the two equal balls to the metallic
curved rods (mentioned in the 5th Experiment on Light-
ning, confifting of pofitive and negative light) and exa-
mine the explofive fparks which rapidly pafs between
them, I diftinGly perceive the ufual figns of both elec-
tricities in air, and the light in that part of the refifting
medium where the two powers unite, to be lefs luminous
than in any other part, which lofs of light is the natural
effect of their re-union.

Some philofophers, even at this time, conjcfture that the
cle€tric matter cither is or contains phlogifton, The elec-
trical fmell remaining on the body fome time after the
ftroke is given (and which I have obtained alfo in vacuo)
feems to confirm fuch ideas. That fome quality of at-
cumulated ele€lricity fhould forcibly adt through glafs,
which is impervious to the fluid itfelf, and repel its na-
tural eleflricity on the oppofite fide of the glafs, in the
cafe of charging the Leyden bottle, feems alfo to give aid
to thofe conjeures, Which are facls that have long
been admired, and though moft, if not all the effeéls of

G 4 eleCricity
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elefiricity depend on this property of the fluid, yet I
think it has never been very fatisfattorily ’explained.

I am confident that you will clearly perceive, that I
have hitherto ftriétly adhered to one fingle eleétric fluid;
for T always thought that the do@rine of two fluids, viz.
the witreous and refinous, were not founded in fad, and it
has been juftly exploded; becaufe it would be quite un-
philofophical to admit more caufes of things than are
fufficient to explain appearances,

Yet' it is ftill true that negative elefricity has very
much puzzled moft writers on that fubje&t. 1 think they
have fometimes made choice of tefms too ftrong to de-
note 2 negative ftate of the fluid, fuch as exbazﬁed vacuum,
&e. fuch terms may have occafioned the perplexnty For
were it true that a body ‘rendered negatxve (eved to the
higheft degree that art can effeét it) was aétually exhauft.
ed of its natural quantity of clc&rncxty, I acknowledge the
difficulty to explain effetts and appearances would be
totally mfugerable. Becaufe it is obferved, that as the
fuppofed ¢ exhauftion advances the negative powers increafe
in regular progrt.ﬂion wnth the pofitive. It is not an ea{fr
matter to illuftrate the propertxqs of the eleftric fluid by
the powers and propertxcs of. any other, becaufe this fuid
differs confiderably from all other Auids. - For although
negative quantities of other elaftic- fluids poflefs great
powers at the moment they are rendered negative, yet it
3s but for 2 moment; whcreas negative clefiric powers are
permanent, You are pleafed fulthcr to add—

« I have
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« 1 have read your manufcript with pleafure and in-
ftruction. It contains much new and interefting matter,
‘but the manner of writing in our effeminate age is more
recognized than the matter. 1 am forry to fay, in this:
particular, your half and half philofophers will think
your pamphlet not elegant enongh; forry am I that truth
thould want embellifhment, but lace and rues muft now
ornament every produdtion, or it will not go down. Yet
is your mode of communicating your difcoveries and la-
bours fimple and eafy, fuch as works of that fort ought
to be.”

It is true, hiftory informs us thaf new difcoveries are
commonly {lighted on their firft bemg made public, be-
caufe their real ufe and _importance is not at firft per-
ceived, thercfore are they foon overlooked and laid afide
for the prefent.  As a ftriking inftance of the truth of
this obfervation, and in this branch of fcience too, I can- .
not help exprefling my furprize how flow fome hints of
improvement have proceeded. MTr. Canton, in the year
1751, publifhed his difcovery of a confiderable improve-
ment of the yubber, by applying filk to it, on which
he fpread a fimall quantity of an amalgama of mer-
cury and tin. It does not appear to have been in general
ufe for near twenty years afterwards. Dr. Prieftley's
Hiftory of Ele€ricity was printed in the year 1767, in
which he fhews the mode of excitation thdt was then in
common ufe, and alfo a great variety of cleftrical ma-
chines, not one of which is defcribed as having an amalg;,
ama of mercyry and tin fpread upon a filk rubber,

Another
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Another inftance of the flow progrefs of knowledge is,
I think, that on the matter of lightning. It is now forty
years fince that Dr.\‘Franklin proved the fumenefs of the
.elefiric matter with that of lightning, by charging the
Leyden bottle at the key of his eleéirical kitc.‘ Yet it js
obfervable in the writings of fome modern philofophers,
that they ftill retain the old form of doftrine on this fub-
je&, viz, that lightning confifts of a fudden kindling of
nitrous and fulphureous exhalations carried into the higher
regions of the atmofphere.

' 1 am?' Dear Sir,

Your moft obedient
Humble Servant,

J. Reap.

POSTSCRIPT.
 That there is fuch a fluid as conftitutes the matter of
magnetifm is a truth not to be controverted any more
than its properties of attraCtion and repulfion. Effedts
can never fpring up in an invariable and fixed order with-
out the agency of fome caufe, whofe mode of operating is
likewife regular and conftant, The caufe of eleftrical
attrattion and repulfion feems widely different from that
of magnetifm, becaufe thefe effefts depend on bodies be-
ing poffefled of an unnatural quantity of eleétricity. For
without this we know not whether the elefiricity itfelf
does cither attraét or repel other matter. Hence'a middle
quantity feems to poflefs no powers,

For inftance, infulate three bodies A, B, C, of equal
dimenfions, and of the fame kind of fubftance, we will fay

three brafs rods, of courfe their natural quantity of clec-
tricity
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wricity will be nearly equal in each of them. We will
fuppofe that the quantity in each rod, before the operation
begins, is equal to ten fmall fparks. Place the rods A and
C in a ftrait line, with their ends nearly in contaft, hold
an excited glafs tube over A, but at fome diftance from it,
and an eleétric fpark naturally refident in this will be re-
pelled into C, then increafe the diftance of the rods to_
prevent the return of the fpark, and remove the tube, and
C will be found ele@rified pofitively, having eleven fparks,
and A negatively, having only nine fparks; A and C will
now exhibit the phenomena of attrafling and repelling
light bodies ; the middle or natural quantity in B having
its original ten fparks undifturbed, thows no figns of elec .
tricity at all.  ‘The ele&ric charge in A and C confifts
only of what was in them before, for their whole quantity
of elericity is neithér increafed nor diminifhed by the
operation, though a change has been made in its fituation.
Thhis will be evident if A and C are made to touch each
other, by which the equilibrium will be reftored to both
of them; A and C will now like B, exhibit no figns of
electricity. Thefe effefls fhow moft plainly that the
caufe of clelric and magnetic attrattion and repulfion is
not the fame,

The 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 magnetic and ele@ric 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 feveral effe@ts which indicate a famenefs between thefe
two fluids, yet I fufpe€t that there is hardly any other

than
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than the one (which can fearcely be accounted one) men--
tioned above. There ig indeed another appearance in
magnetifim which bears a ftrong analogy to the eletrical
phenomenon, which takes place when two bodies dif-
ferently eleftrified are brought within the {phere of adtion
of each other. This may be obferved by bringing the
oppofite poles of two magnetic bars near to each other
and fprinkling fome iron filings between their ends.
‘With refpect to their laws of attraction and repulfion they
feem to me to have no analogy at all, any more than the
caufe determining thofe appearances.  Befides, we are not
yet fure whether what we term eleétric attra&xon and re-
pulfion comes from the eleétricity itfelf, or from the body
eleélrificd, or from both. It appears moft probable that
thefe effects are the combined force of both, as the elec-
tric fluid is never known to act alone, It is nor, there-
fore, the caufe that bodies approach or recede, that is ex-
prefled by the words attraction and repulfion, but mercly
the effeét itfelf.

The late Mr. Wilfon, F.R.S. could not be perfuaded
that the elefiric appearances of light, and others™ of its
fenfible qualities, were parts of the eleétrical fubftance;:
but that they confifted of fmall parts of grofs bodies
thrown into ftrong agitations 'in the air by the force and
action of this fluid pafling from one body into another,
by which they become decompofed, part with the light
(that before lay hid within them) and their moft volatile
particles, and fo fhine and fmell, and explode in paffing
through the air. I always confidered this as a bold afler-
tion, void of proof; and his arguments in fupport of it
rather ingenious than felid.

I con-
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I conceive that the uniformity of the eleéinic effets and
appearances evinces the exiftence of a regular dnd uniform
caufe, doing the fame things and exhibiting the: fame ap-
pearances under the fame circumftances at all times. It
therefore feems not likely, that the fenfible qualitics
of the eleftric fluid thould only be adventitious. Such
ideas which reduce the ele@ric phenomena into mere ac-
cidental effe@ls and appearances, pufhed fuddenly into ex-
iftence for a moment, are unworthy of an cle&rician.

In order to be fatisfied in this matter, viz. that Mr.
“Wilfon’s’ reafoning, in this particular, does not accord
either with the philofopher himfelf, nor with the elerical
phenomena, we nced only recur to the eleiric effefls
and appeararices obferved in vacuo, where there is none of
the fuppofed grofs matter for the eleftric fubftance to ope-
rate upon, and kindle into light and fmell; becaufe in that
cafe, if his reafoning was well founded, we ought to ex.
peét but little or no light nor finell in vacuo. But we
know, by experiment, that the cafe is far otherwife, for the
fame quantity of elefiricity exhibits far morc light 'in
vacuo than it does in air; and I have obtained the eletric
fmell in vacuo, by means of a convenient inflrument made
for the purpofe. 'To make it ftill more evident by an ex-
periment in air. It will appear by the following very
fimple operation that elefric light is fometimes produced
without the fuppofed agatition in the luminous body. Take
a ftick of hard fealing-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 part of the wax
and eleétric light will be feen to iflue out of your finger,
and fpread itelf on the furface of the wax in a beautiful
manner,
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manner: This experiment needs no arguments of mine
to inforce it; it is plain and full to the purpofe, that is to.
fay; that the light iffuing out of the finger is no extraneous
ignited matter; and therefore luminous, but it is a part
of the proper eleétrical fubftanceyifluing out of the finger
in the form of lighty to fupply a deficiency of it in the
wax, occafioned by the rubbing,

Dr. Prieftley oberves, in his firft volume on different
kinds of air, page 280—¢« That the cleflric matter in
pafling through non-conduéling fubftances always cmits
light. This light I have been fometimes inclined to fuf-
pe&t might have been fupplied from the fubftance through
which it pafles. But I find that after the electric fpark
has diminifhed a quantity of air as much as it poflibly can,
1o that it has no more vifible effeét upon it, the cletric.
light in that air is not at all leflened. It is probable,
therefore, that elellric light comes from the eleclric matter

i{/‘”!f:”
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REMARKS

ON

Dr. Peart’s late Book on Elcélriciiy,

INCE the above was written Dr. Peart’s book on

Eleftricity has been put into my hands. It contains a
new theory of Ele&ricity, ¢ pointing out” (as the Doctor
obferves in the Title Page) ¢« the inconfiftency and fallacy
of the dofirine of pgfitive and negative eletricity, and invefl
tigating and explaining the true principles, compofition, and
properties of eleétric atmofpheres.”

Notwithftanding thefe matters have been noticed before
in this work, I cannot, however, forbear exprefling my
furprize on feveral of the DoGor’s improper ftatements of
experiments and arguments deduced therefrom, in which
‘he miftakes the caufe of fome particular effects, and thus
both himfelf and all his followers are put upon falfe pur-
fuits.

Do&or Peart obferves, in page 3, © we have no right
to fay that any fimple body is poflefled of eletricity unle(s
it fhews fome figns of attraftion when a light body is
prefented to it.””  This is fo abfurd an infringement of
truth that it hardly deferves to be noticed, The Doctor

might
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might as juftly have faid that we have no right to fay that
a dry bone is poflefled of water, unlefs it fhows fome figns
of wet adhering to the touching body. Had it not been
fot this peremptory manner of fpeaking I know not that
I fhould have taken any notice here of his many miftakes.
However, contrary to the Door’s aflertion, I think I
have a good right to fay, that every fubftance I have tried,
except air, (and which are very numcrous) is pofleffed of
eleéiricity ; for although the natural ele@ricity refident in
bodies, undifturbed, does not afford that kind of proof the
Doétorrequires, yetother proofs, equally decifive, are always
at hand. It is fo felf-evidenta truth, that T queftion whether
it does not attend every experiment of eleétricity; for if
I attempt to communicate elecricity to a body, the natural
quantity of elefiricity refident in that body, will be in-
ftantly put in motion by the attempt, by which motion the
‘body itfelf will become eleétrified (without friction) with
its own eleiricity, before what I intended to communicate
enter it. ‘This faét is well known, and the truth of this
obfervation is of general acceptation. Sce p, §o and g1.

This fa&t is clearly manifeft in the ele@ric charge of
the Leyden bottle. Dr. Franklin has fully demonttrated,
beyond difpute, that the Leyden pottle has no more elec-
tricity in it when charged than before, nor lefs when dif-
charged, confequently its eleélric charge confifts of the
natural elef@ricity which was refident in the bottle before
the operation begun. This grand difcovery has ftood the
attacks of eminent philofophers for upwards of forty years,
and will yet, no doubt, furvive the late attack of Dr. Peart,
Many cogent falts might be adduced of the prefence of

eleflricity in common matter; an attention to brevity,
’ “however,
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however, renders it neceffary to forbear enlarging, I will
therefore only add, that the Doétor himfelf, in the fame
third page, feems to allow the thing I contended for, in
thefe words: ¢ All that'can be inferred from hence, is, that
there is a fubtile fluidy whichy in its natural flate, poflefies
no properties by which it is evident to us; but that, by the
- a&kion of the rubber upon the glafs, it becomes excited to
form an atmofphere, around the glafs, capable of attralting
light bodies to its furface; this fluid, therefore, is conflantly
and univerfally prefent, but is never eleétric but in confes
quence of a proper excitement,” ‘

Page 6. « If filk will impart its eleftricity, by being
tubbed upon glafs, what is the reafon why it will not im-
part it to every other body, by being rubbed againtt it, if
all are; naturally, in an equal ftate of eleétricity?”” Who
was it that faid it will not? For my part I am fatisfied
that it will impart its cleétricity to any body, as I am of
opinion that every kind of fri€tion in bodies produces heat
and eleCricity ; but without infulation fomewhere (which
cannot be faid of rubbed glafs) the fluid of courfe muft be
invifible, One may fay in this, as a great perfonage faid
in another cafe, « No bifhops, no king.”” No infulation,
no elefiricity. ‘

Perhaps the following experiment may be adequate to
the Doétor’s queftion. To a piece of wood in the wall
of my room 1 fixed a fmooth iron poker, I then ftepped
upon a well infulated ftool, and with either filk or woollen
in onc hand rubbed the iron poker brifkly, at the fame
time I touched with the other hand a fenfible cleCtrometer,

and with pleafure faw the gradual progrefs of the eleétric
H charge;
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charge. It feems therefore, from this experiment, that in’
all cafes, and whatever is the nature of the fubftance,
friftion always produces elefricity; and when the effeét
is not fenfible, it is ¢nly becaufe the eleélricity is loft as
foon as produced. The production of eleétricity, by means
of fri¢ion, is analogous to the production of heat by, the
fame means.

I do not admire the Door’s explanation of the Leyden
bottle, and I think that his mode of experimenting with
it is fanciful rather than judicious. Indeed his obfer-.
vations on ity in their prefent form, arc rather too vague
to conftitute any definité thing, Page 48. «Ifa jar, coated
as ufual within and without, be placed upon a glafs ftand.”
Why will he place it upon a glafs ftand? that is not the
proper mode of charging it, except at the fame time he
connels the outfide coating with the negative prime con-
duftor. «Its innfer coating” he continues ¢ connected
by proper conducors with the prime conduor, and then
eleftrified pofitively, the inner coating will acquire a fmall
charge of pofitive eletricity, which, a&i'ng, through the
glafs, will expe/ all the natural ele@ric Auid from the out-
fide coating.”. This 1 pofitively deny to be the fa&t; and
I plainly perceive, throughout his book, that he takes jt.
for granted, that a body, rendered negative, is actually
deprived of all its natural cleétricity ; this I affign as one
of the Dottor’s principal miftakes. . I readily admit, that
fome authors, when treating on negatwe eleétricity,- have
incidentally given too great occafion for fuch ideas; and:
I am fure he has not dealt fparingly in the ufe of them.
¢ Which he fays will therefore be elefirified negatively.—
The queftion then is, whether is the natural quantity of

the
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thie eletric fluid driven, which was expelled from the outer
coating ?”’—In the prefent cafe, as the circuit is but fmall,
T hefitate not to anfwer, it is driven into the infide of the
jar=<¢ The glafs ftand, he ‘adds, could not conduét it
away, yet, the outfide coating is, what they call completely
negative””  Thefe particulars contain a manifeft contra-
diction; for if his glafs ftand be a good infulation, (of
which I am in doubt) and therefore could not condu&t
elefiricity, itis abfolutely impoffible that the jar fhould be-
come negative on the outfide, but juft the reverfe; for the
eledtricity will, fo circumftanced, aét upon the glafs jar as if
it were made of brafs, or any other metal, and confequently
both the infide and outfide, will be elerified uniformly the
fame in kind with that of the prime conduétor itfelf. Ifhe
withes to preclude every exceptionon the account of infula-
tion, in this experiment, Iwould advife himtofufpend his glafs
jar in dry air, to the prime conduétor, then work the ma-
chine; and I am fure he willfind the refult as here exprefled ;
provided that he does noty on trying the falty approach the
outfide coating ‘with any thing but what is perfeitly
infulated.

With regard to elcétric atmofpheres, fome have denied
their exiftence, but Dr. Peart has found a double number
of them, and which he fays ¢ is too evident to admit of
a doubt about its veracity,” With refpedt to myfeclf,
1 conceive that eledtric atmofpheres confift of eleftricity,
naturally refident in the humidity of the air, furrounding
an eleftrified body to a certain diftance; that ;xcited glafs,
for inftance, repels the ele@iric fluid from it, ';u)d confe-
quently;beyond that diftance makes it more denfe; whereas

excited wax attraéts the eleCtric fluid exifting in the aque-
' H 2 ous
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ous matter, nearer to it, making it rarer than it was be«
fore.

Eleélric atmofpheres evidently decreafe as the diftance
increafes from the eleftrified body, but in what ratio of the
diftance 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 powers;
had Dr. Peart been thoroughly acquainted with this law of
cleric atmofpheres, it might have faved him a great deal
of labour.

But we will purfue his do&rine of double eletric atmof-
pheres in a more particular and experimental manner, be-
caufe Dr. Peart roundly affirms, page 87,—«1In fhort
thefe principles, and this theory alone, can rationally ex-
plain the phenomena of eletricity, which never will be
underftood unlefs they be admitted.”” But, previous to the
performance of experiments, we ought to confider atten-
tively the ftate of our apparatus, And to be plain, I do
not approve of the Doétor’s cle¢trometer to examine judi-
cioufly things of this kind. He deferibes it as confifting
only of one pith ball fixed to a filk thread; this I think
muft be very unmanageable. My eleétromcters confift
of two pith balls; fufpended by filaments of combed flax
fixed to metal, which is fupported by a glafs ftand, co-
vered with hard fealing-wax. I have feveral of this fort
by me, and of different magnitudes, of courf¢ different
in fenfibility.

Dr. Peart’s definitiont and application of his double elec-
tric atmofpheres takes up a large part of his book, but
' for



on Eleltricity. 104

for the fake of concifenefs I fhall pafs over many of his
fmaller obfervations, and content myfelf with obferving,
that the Dofor founds his principles of double elettric
atmofpheres on two effefts, commonly obferved in them;
viz. that if a pith ball be brough into the atmofphere of
an eletrified condufior, at a remote diftance from it, the
ball is only attrafted without any change in its ftate; but
if the ball is made to approach nearer to it, the ball becomes
ele@trified.  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 eleétrician, enough has been faid already to make
it plainly appear, that he builds his theory on a fandy foun~
dation.

That an eleftrometer may be immerfed in an eleric
atmofphere, and withdrawn out of itunelectrified~—and that
if it be plunged deeper into the fame atmofphere it will
acquire an eleétric charge, is well known to be nothing
more than the mere effe&t of the various intenfity, and that
thofe effeéts do not happen alike with any two eleCtometers
of different fenfibilities, at the fame diftance from the elec-
trified body, yet their elefiric charge will be of the fame
kind of eletricity with that of the body, at cvery diftance
in which they become eleétrified.

The following conclufions appear to be deducible from
thefe effefls: 1ft. A body is furrounded with an eleétric
atmofphere, whether it be eleétrified pofitively or nega-
tively; 2d. thefe atmofpheres decreafe in their intenfity
as the diftance increafes from the electrified body, but are
abfolutely formed of one kind of eleéiricity throughout,
with that of the bedy itfelf; and 3d. hence it follows, that

H 3 the
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the theory of internal and external ele@ric atmofpheres, has
rio foundation in nature.

As the terms pofitive and negative only denote more or
lefs than the natural quantity which a body may poflefs,
of one and the (ame individual fluid, and which terms
are only applicable to it during its difturbed ftate, I fee no
caufe to abate the ufe of them from any thing Dr. Peart’
has faid on that head, With regard to his favourite theory of
zther and phlogifton, 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 ather
and clefiricity.

Notwithftanding .my intention of being concife, I have
already difcuffed morc parts of Dr. Peart’s book than I at
firft intended, but as it feems calculated to challenge dif-
cuffion, it neither can nor ought to pafs unnoticgd by elec-
tricians, except they are all fallen into a deep fleep, info~
much that even his clerical thock cannot awake their .
mental powers. 1 have not the leaft idea of making my-
felf a principal in the difpute; my view in faying fome-
thing about it is to ftimulate, if poffible, the attention of
more able philofophers, to a fuller difcuffion of this interefts
ing fubjeét,
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A Meteorological Fournal, principally relating to
Atmofpherical Electricity; kept at Knight{bridge
Srom the gth of May, 1789, to the 8th of May,
179C. By Mr. John Read;: communicated by
Richard Henry Alex. Bennet, Efgs F.R.S.

Read April 14, 1791.

A DESCRIPTION of the improved flate of the In-

ftruments for co]le&ing Atmofpherical Ele&tricity,
ufed in the latter part of the following Journal *,

Fig. 1and 2 reprefents the Inftrument. - A A fig. 1, 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; the
lower end of this glafs ftands in a focket 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 ftrong arm of wood E, which holds perpendicularly
a ftrong glafs tube F, through which the rod is flided
gently upwards, till the glafs pillar B may be lowered into
the focket C, It is thus fixed, and ftands 12 inches from
the wall. The tube F is of fufficient width to admit a
cafe of cork, which is faftened in the infide of it, at the part

* A reprefentation with a defeription of my firft Inftrument for
eolletting Atmolpherical Ele&tricity, may be feen in-the 8zt vol. of
the Philufophical Tranfuftions, part ii. page 212,

H 4 where
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where the tube.js fuftained by the arm of wood E, fo that
the rod, when bent by the wind, cannot touch the tube or
break it. ‘The upper extremity of the rod is terminated
by feveral fharp pointed wires G; two of them are of
copper, each one-eighth of an inch thick ; and, in order to
ftiffen the rod, as well as conduét more readily the eleétric
fluid, one of them is twifted round the rod to the right
hand, and the other to the left, as low down as the brafs
collar H, to which they are foldered, in order to render
their contalt perfe@. A little above the upper end of the’
glafs pillar B, is placed a brace I'T of folid glafs fticks, to
keep fteady that part of the rod. K is a hollow cylinder
of woed, 12 inches within, proceeding from the ceiling
through the roof LL, above which there is a hollow tin.
cover M, 24 inches within, fixed to the rod; which ferves
to defend the open cylinder K from the weather. Ata
convenient diftance from the foot of the rod is a hole bored
through the floor and ceiling. This hole receives a glafs
tube covered with fealing-wax (as are all the other glafles.
in this apparatus), through which a ftrong 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 brafs ball N. A ftrong ring of
brafs is made to move cafy on the wire, and refts on the
brafs ball; into this ring is ferewed a brafs wire feven in-
ches long, which keeps fufpended at its extremity a'pithw
ball eleétrometer O.

At two inches diftance of the above-mentioned brafs
ball N, a bell P is fupported by a ftrong wire, which
pafling through a hole made in the wall, is made to com-
‘municate, by means of a good metallic continuation Q,

with
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with- the moift 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 a filk thread faftened to
anail R, This ball ferves for a clapper, by ftriking bes
tween the ball and bell, when the ele€trical charge of the
rod is fufficiently ftrong. V gives nearly a front view of
this part of the apparatus, '

S is a fmall table fixed to the wall under the bell and:
ball, at a convenient height above the floor, upon which.
Leyden bottles and other apparatus are occafionally
placed. Any perfon verfed in the fcience of ele@ricity,
will eafily underftand that this apparatus is calculated to
fhow the various degrees of intenfity of Atmofpherical
Eleétricity; and at the fame time to avoid the pernicious
effefis which may be occafioned by thunder ftorms, or
in fhort by any great quantity of ele€tricity in the atmo-
fphere.

The whole perpendiculdr height of both parts of this
apparatus taken together, from the moift earth to the
point at the top of the rod, is 61 feet. If the infu-
Jation could be conflantly kept in due temperature, with
refpeét to heat and cold, I imagine it would always be
clefirified, But I fear that cannot be done, without the
aid of common fire ; which in fo large an apparatus would -
be very difficult, fo that there might not be too much nor
too little of it. I am inclined to this opinion, from the
fuccefs I have had in a number of experiments, in which
the aid of common fire was applied to improve the infulae
tion, as well as to colleét the eleétric fluid,

3 When
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When I find that the moifture in the air has fo much
injured the infulation of my high pointed rod, that it
will not retain a weak eleétricity, in that cafe T make
ufe of my hand exploring rod, which is about the length
~and thicknefs of 2 common fithing-rody with plenty of
fmall wire twined round it. from end to end.. The
method of ufing it is fimple and eafy. A reprelentation
of it may be diftinflly feen in fig. 2. Having firfk
warmed the glafs legs of the ftool, I place myfelf upon it,
and raife the rod into a vertical pofition, keeping it fo for
a minute or two; ‘1 then with a finger of the other hand
touch.a feafible eletrometer, and if the threads open it is
fufficient,. But fhould the eleérical ftate of the atmo-
fphere be too weak to produce that effett, which feldom
happens, then in that. cafe I add to the rod a lighted
torch 'T'y and place it as remote.from my hand as the
frrength of the rod will bear, and repeat the experiment;
thus circumftanced, it has never yet failed me.

It will be neceffary juft to mention the method I have
purfued in forming the: Journal of Atmofpherical Elec-
tricity. ‘This has been principally by means of the figns |
exhibited by the pith balls O, connefled with the rod.
‘When 1 find thefe clofed, and attraéted on the approach
of my finger, yet not fufficiently charged to repel each
other, I write weak figns of eletricity,. When I find the
balls open, and, on the approach of excited glafs, the
balls clofe, I write they are cletrified pofitively; but, if
the balls open wider, I write they arc clefirificd nega.
iivély, and the reverfe when 1 ufe fealing-wax. . When
the balls diverge one inch and upwards, vifible fparks
may be drawn at the brafs ball N, When fparks are

faid
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faid to have been perceived in any obfervation, I have
generally on that. account omitted to note the variable
quantities of divergency in the pith balls. Their utmoft
limit of regular divergency feems to be about five or near
fix inches; above that they are unftexdy and diforderly.
The pith balls are near two-tenths of an inch in diameter,
fufpended by very fine. flaxen threads (in the ftate it is in
from the heckle) five inches long. When I mention the
diftance of the balls in tenths of an inch, it is to be un-
derftood as nearly fo as my cye can determine,

"T'his -apparatus requires a conftant attentlon, efpecially
during a difturbed ftate of the atmofphere. From the
room in which- the apparatus is placed I am feldom abfent
pne hour, excepting the time of fleep; but, when I leave
it the laft thing I do at night is to examine the ftate of
the cleétricity, and, if I find the rod uneleétrified, I then
place the Leyden bottle on the table S, with its knob
ngarly in conta& with the ball N. The next morning,
if I find this bottle charged, I write the kind of eleiricity
it is charged with againft the day in the Journal, and add,
by the night bottle,

It is prefumed, that the table is fufficiently obvious.
The column for pofitive and negative gleiricity is ufed
only for the firft obferyation of each day. I ufe FAREN- .
HEIT’S thermometer, fufpended on the north outfide of a
bow-window. The time of making the obfervation
with it, and the barometer, and alfo of the direflion of
the wind, has ufually been pine o’clock in the morn-

gy

Laﬁly,
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Laftly, it may be ufeful to obferve, that I have always
found, when the rod is highly eleéirified, the lower though
uninfulated part of the apparatus, wiz. the metallic con-
ne&ion of the bell P with the moift earth) to be in a con-
trary flate of electricity to the upper and infulated part,
See the 22d of Auguft, 1789, '

Having made a memorandum of the feveral thunder~
ftorms which have happened 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 fhow whether fome contemporancous appearances in my
apparatus might not be attributed to them,
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o | B A

2 Sl g (8 g B May, 1789,

18| & |[Fla]

. Inch.{ ©

9 (INW{go. |63 —| Ncg|Balls open about threc-tenths of an inch,

10 [SW | 30.15 | 60 |—| Neg} But vcr}' weak,

11| E |30.24 |61 [—| Neg|Barely {ufficient to feparate the balls,

12 | E |[29.91 (60 |5.] Neg| The firft dsy I have had vifible fparksy
weather cloudy, but fair.

13| E |29.91 |61 |5.! Pof, | The weather in the forenoon a little hazys

. ' in the afternoon a thick fog. Four o’clock
a little rain fell; the rod now became
highl{’ cleétrified pofitively ; and the bell
rang brilkly: I now filled feveral bot-
tles with the fluid, This ftrong charge in
the rod did not laft more than enc hour,
but it remained charged pofitively in alels
degree the reft of the day. There was
this day fome lightning and thunder at
Salifbury, and to the welt of it.

14| SE | 30. |56 |—| Pof.|Balls open four-tenths of an inch,

15| E |29.66 | 5815. | Pof.| A M..~And P.M. negative

16| SE | 29.83 | 61 |—| Neg| A.M.—And P.M.

17! S |29.91 | 58 | —| Neg| Balls open fix-tenths of an inch,

18| 8W!29.91 | 57 [—| Neg| Balls open five-tenths of an inch.

19| N | 80.20} 54 |—{ Neg| P.M. dark hcavy weather,

20| SE | 30.15 | 56 |S.| Neg{+The rod has been clefrified nearly the
whole day.

21| E 30.8n 53 —| Neg| Nearly the fame as the preceding day.

22| § |29.89 |58 — Do Juft {ufficient to indicate the kind

23] 8 |29.90 |59 [~ Pol. 3 ’ :

,22 SE 2335 68 —| Pof. Screne weather,
25| E |29.68 |62 |—| Neg|8ix o'clock A.M. Soon after a fog with
. drizzling rain, by which the rod became

- cle@rified pofitively.

26 | NE|29.64 |61 |—|Neg| A.M, .

27 | §W| 29.65 |60 {—| Neg | A.M. Balls oEcn three-tenths of an inch.

28 | SW| 29.86 | 60 || Pof, | But very weak. i

29| W |29.72 |61 |8.| Pof.| A very cloudy morning, though at too
great a height formy rod; butin the afs
ternoon the clouds approached 1uch
nearer,and the rod became charged pretty
ftrongly pofitive, which continued about
one hour and a quarter. 1 charged fome
Leyden bottles with the fluid, fome po-

L fitive, others negative, for there were four
. gradual changes of the eleéiricity.

80| S {29.70|56 || Pof.| Balls open half an inch,

31 |SW| 29.57|581S.| Pof.| Nine o’clock A. M. a heavy fhower of
rain, by which the rod becume firougly
charged with negative clelricity, all the
time the {hower lafted, which was thort
and fudden. Onue hour afterwards, the
cleftricity changed to a ftrong pofitive,
the bell fuddenly began to ring, and con-

0
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tinued to do fo five minutes; the pith

balls then clofed flowly, and opencd ne-
ative, and continued ‘fo the reft of the
ay. At Edinburgh, fome lightning and

thunder this day.

1| 8W i29.7¢|5q 8 ' Pof, | A cloudy fhowery morning. The eleétrical

9-71153, 'y b4 4 :

: - | operations in the rod have been beautiful |
this day. In about fix hours time I ob-
ferved feven changes of the cleétricity;
five of thefe changes were gradual. The }
balls opencd from 3to ginches, and re~
mained fo from 15 to 20 minutes cach
opening, then gradually clofed ; the other
two charged flowly, but clofed very quick.

2| SW !29.85:63 — . Pof. | But weak,
3| SW 129.92: 62 — Pol. |A.M. i
4] W l29.42/52: 5§ Pol. [A cool cloudy morpmg. The rod has
been frongly ele@rified full feven hours ;
the reft of the day but weakly fo, There
were 13 changes of the cleétricity, all
gradual, exccpt one, which was inftan-
tancous ; the balls fometimes exhibited a
waving motion, and fometimes fudden
jerks, gl‘hcrc were feveral fhowers of rain,
and two of hail; during the fall of hail
the rod was moit powerfully elcétrified,
and the bellrang very brifkly; theeffeéls
and appearances were fo awful, that I kept
at a good diftance from therod. A great
deal of lightning on the caft fide of Kent
3nd Effex this day,
5|NW 29.501 5 — ! Neg{Balls open half aninch. .
6] W |eg.78'531 §|Neg|A,M.—And P.M. pofitive.  There were
imall fparks emitted from the brafs ball N, ¢
, and the pith balls continued clofing and
Ofcnin many times, without any change
} of kind, for the fpace of two hours.
7|NW2g.9215a|~Neg| ) gy onon from one to feven-tenths of an:
8/NW 30,18 50— | Neg inch®
g|NW 30.12357 — | Neg
:? ﬁ\% gg'fgigg - ‘g Weak figns, balls not open.
‘(12| E I30.e5"56 |~ {Pof, | Balls open three-tenths of an inch.

Pof, | Balls open five-tenths of an inch.

Neg|{Very -cloudy weather, but at too great a

height to affe@ the rod powerfully, :

Neg ! Balls open full half an inch.

Neg | Balls open near one inch,

Pof, [ Ten o’clock A.M, a fudden fhower of rain,

by which the rod became highly eleo

trificd pofitively, and cominuc% to cmit

¥

131 E  30.28 54
14/ NE 30.1g 51

15/ E '30. 4 55
16f E  29.90 60
17] § 29.81 G2

11

w




relating to Atmofpherical Eletlricity. 111

TS E (=2 g
g\.alg ik June.
8lB 12 R & i

Inch,

' fmall fparks at the ball N, long after the|.
fhower was over, without any change of
the cleftricity.
18| SE 29,89 60 S. Pof, The weather fhowery; the rod pretty well
o P cleétrified, }
19'SW 29.88 56 — Neg 'Balls open fix-tenths of an inch.
20' SW 29.65 63 — = Wecak ligns; balls not open, )
21{SW 29.71 56 S. Neg|This morning feveral heavy clouds paffed
over from the SW, by which the rod be-
came moderately eleflrified negatively;
and fomerain fell, which increafed its clec-
trical charge. In the afternoon, the
wind and clouds put on a inorc ominous |’
appearance; near five o’clock began a
ftorm of wind, rain, lightning, and thun-
der; but the main weight of the ftorm did
not come uear my rog. Its dire efie@ls |,
mufl be caft of London: neverthelefs, I
had thofe ufual beautiful ‘appearances
whicli attend a firong charge in the rod,
The florm lafted onc {ull hour, during
which time there were five fucceflive
changes of the cleftricity, viz. four gra-
dual " attended ‘with fudden jerks or
ftarts, which often diminithed the diver-
gency of the pith balls from 4 inches to
2 inches or lefs.  After thofe jerks the
pith balls recovered their former degree
of divergency, fometimes {uddenly, and
at other times flowly. The other change
hanchd inftantancoufly, the pith balls
collapfing and opening fo quiek that the
eye could barely fee their motion, There
were two other inflantancous clofings and
openings of the balls, without a change of
cle@tricity.  Much lightning at Gravet-
end to day.

22|SW 129.49'56 8. Pof, |The rod has been cle@rificd all this day,
23! SW 29,54 57 S.: Pol, |Moftof the forencon. Afternoon fome rain
fell, and the rod became ele@rified ne-
_gatively, and ended pofitively,
24|SW '29.60 61 — Neg [AM. . ‘ .
a5 NW 29,64 55 S. Neg |Averythick cloudy morning. The eleétric
i charge in the rod has been moderately
{trong and very finc to-day, There were
five gradual changes of the cleéricity,

M

26/ W 29.80'53 — Neg |AM.
27| W 129.96 ga S. Pof. [Cold thowery weather. Except fome fimall
intervals, the rod has been firongly eleca
trificd all this day. The bell rang brifkl

for a few minutes, then {fuddenly flopped,
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28 W |29.70 50 8
r

tg9| W |29.90|51|8
30 NWig0.10(53'—
1. N l29.9 72 -
2! llg 30. 3176 —
130, 2/79.—

i’ N go. 2 ég s.
I NE l29.19]74 —

(=05,
2z
=
©
w
-
~
~
©
v

! NE l29.16/69 —
NE’ag.’ sg‘—-
9 NEl2g.40|72,—

10 NE 29.20|72:—

11! E j2g.1674 —

iz| E |agag 7&

72

13 W j29. 5

14 SW |29, 6,69 —
:éNWzg.B A

16!W 30. |60 —
19, 8SW [29.10 65 S,

18 SW |2g.15 —
xg‘l w ’2g.xo.gg’__

l Kind. |

June and July.

and the pith balls clofed and opencd ne-
gatively, and continued fo till a little af=
tet cight o’clock P.M. when they changed
to politive. At Liverpool, this day, a
tremendous ftorm of lightning, thunder;
hail, and rain,

A _very cold, fhowery morning, and the
drops of rain were verylarge. The rod
nas beenvery powerfully elcéirified near
twelve hours this day, during which time
there happened cleven changes of. the
cle&iricity, all gradual but pne. The balls
often exhibited a waving pendulous mo-
tion, without any dimunition in their di<
vergency, There were alfo a few of thofe

'I!crka before noticed on the 21t inft, .
he bell rang brifkly ¢ there has been no
change in the elefricity this day.

Nearly all day. Weather ferenc and clear.

Weak figns, balls not open, An cven
dark {ky, but fair,

Weather ferene, very hot, and a clear {ky.

A.M.~And P.M. negative, At Glafgow,
fome lightning and thunder.

Weak figns, Balls not open.

A heavy dark atmofphere, but fair, At
Monkfilver, near Bath, much lightning
and thunder.

-Weak figns of elc€lricity ; balls notopen.

AM,

‘AM.

! Balla not open, {

AM.—And P. M. pofitive, with fparks.
At Hereford,, this day, a ftorm of rain,
lightning, and thunder.

Weak figns ; balls not open.

AM.—And P. M. pofitive, with bright
fparks. At Strichen, in Scotland, a heavy
tgundcr fiorm. .

Balls not open. - At Edinburgh, this day,
fome lightningand thunder.

P.M, with finc fparks; but no change of
kind, At Glafgow and Hamilton, this day,
lightning, thunder, hail and rain; and alio
at’ Newcaftle, in Northumberland, the
{torm was {evere., :

! Weak figns; balls not.open,

Neg

iP.M. | J
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I Wind ]

NW

W

sw

l Barom|
| Ther.

Inch,
29,10} 54

29-15| 52

29.10| 61

} Sparks|

S.

l Kind.

Neg

Neg

July.

Thrée o’clock P.M. I faw a thunder ftorm
approaching, While the ftorm remained
at a confiderable diftance, the rod was
very highly charged with negative elec-
tricity, and continued fo three quarters
of an’hour; during that time diftant thun-
der was heard, The wind fuddenly fhift-
ed to the SE, .and a very heavy rain foon
came on; the ele@ricity now changed to
pofitive, and the bell rang brifkly; cvery
appearance (both within and without the
room) was tremendoufly awful. I there-
fore {cated myfelf upon a large infulated
fool, where I could with fatety obferve
the apparatus, A Leyden bottle was un
defignedly placed with its brafs knob necar
to the brn(js)baﬂ N.- This bottle charged
and {poataneouflly difcharged almoft” as
uick as I could notice them; and ag the
ame time there was a continual flathing
of denfe fparks between the bell and brafs
ball, Thefe very grand appearances only
lafted ten minutes, and the {cene was tera
minated by a clap of thunder; but the
florin, and its effeéts on the rodd lafted
near two hours. I faw no. lightning but
what was in the apparatus, There were
ninc gradual changes of eleftricity, The
pith balls exhibited fudden ftartsor jerks,
and fomctimes a waving motion,

I had purpofely placed a large glafs bowl,
upon an wnfulated table, in the open air,
to catch the falling eleétrified rain, As
foon us the bottom of the bowl was well
covered with the rain water of the above
florm, to my great lutisfattion, a pair of
linen threads 1 had placed for the pur-
pofe diverged near two inches; the water
remained cle€lrified ncar ten minutes
after it was taken into the houfc,

P.M. a little rain fell, and the clefricity

changed to pofitives At Edinburgh and

Bz\mﬁ‘, this day, there was much light-
ning and thunder,

A very ftrong clettricity in the rod all the
forenoon, 32 o’clock fome rain fell, on
which the rod becume highly charged
pofitively, the bell rang wea IK for a long
time, it then flopped, and the balls clofe
and opened negative, and continued {o

 §
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£3z= zggs g

mimmgSanngdg

L
NE
NE

29.20
go.

29.30
29,20

29:79

[30.12

30.
30. 5§
29-79
30- 9
3027
30.24
30.20
30.17
30.20
30.16

30.14
30.13
30. 9

30.15

o | Ther.

5t
71
71
64

74
56

73
75

60
59

62

| Sparks

o e

!

el plirtrntt

2 July and Auguft,

B
full three hours, This day, near Shrewf-
bury, a florm of rain, lightning, and
thunder.

Pof. | Both A.M, and P.M. and cnded negative
as the preceding day.

Neg | AM.---And P, M, pofitive, .

——| § Weak figns; balls not open. An'univer-

——| § fal cloudy dark {ky,

Neg | Four o’clock P. M. happened a fudden and
fhort ftorm of wind and rain, by'which -
the rod became powerfully eleftrified, the
bell rang for 20 minutes, then ftopped,
and the eleftricity became pofitive, and
ftrong. At Cambridﬁc, this day, a tre.
mendous ftorm of lightning and thunder.

Pof, | A.M. balls open five-tenths of an inch.

Ne, M.

Ncg Balls open fix~tenths of an inch.

Neg P.M.---A regular dark {ky, with fmall
rain,which continued four hours; fuchrains
are never ele€@rified firongly. Air is very
moift.

—|) A heavy dark atmofphere, and 'a warm

—|( foft air. The cleftricity thefe fix days

| amounts only to weak figns, balls not

—1| ) open,

Neg P.M.

Neg | A.

Neg {A.M.

Neg |A.M.

| Balls not open. .

Pof, | P.M.-—-A finc {hower of rain, on which the
rod became pretty well elefrified; but
foon changed to a ftrong negative eledri-
city, which afforded finc fparks at the
brafs ball N, The pith balls clofed and
opencd feveral times, without any more
changes of kind.,

Pof, |A.M.

Pof. | A.M. balls open feven-tenths of an inch.

Pof, |A.M.-—2 o’clock P.M. a very hlack cloud
paffed over the rod, by which it became
very ftrongly cleblrified for a few mi-

' nutes only; the bell rang brifkly, ;

Pofl, | There has ¥)ccn much rain to-day, and the
drops very large.  The rod has been in
high charge great part of the day. The
fparks at t 1cﬁ1rafs Eall N were very pun-
gent, not only fo, hut alfo the air in the
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room, and the uninfulated bell, and other |
things, thewed that they were eleétrified,
The bell rang brifkly at three intervals of
time, This ftrong charge of the rod con-
tinued full four hours; and the cleétri-
city, during that time, changed in kind
ten times.  Eight of them were gradual,
two of them were quick and attended
with jerks, I heard fome rumbling of |
thunder at a great diftance. At Dunwach,
in Suffolk, this day, much lightning and
thunder,
7| NE 30.26 61]8S. Neg AM. ' s
NE |30.32 |61 || Neg | Bulls open nine-tenths of an incl,
NE (go.a5/60{~— Weak figns; balls not open,
E 129.95/03)
SE |29.75|63

8.|Neg | Four o'clock P,M. a firong charge in the
rod, but of fhort duration.
S.[Neg | The rod was in high charge ten hours this
day, except a few {mall intervals; there
were ninc gradual changes of the elec.
tricity, from negative to politive, und the
contrary, The t{)cll rang very brifkly at
three different times during that period,
There were {eyeral fhowers of rainyand -
one of haily during the latter, the eleélric
charge in the rod was moft intenfe; the
fparks darted between the ball and bell
extremely fharp and quick. 1 found the
moifture in the air of the room was now
cle@rified, alfo the bell, and its metallic
connexion with the carth, and even the
bricks in the wall to which the metal is
faltened werce all eleétrified with an elec-
tricity contrary to that in the infulated
art of the apparatus, An clefrician
wha had often’in vain called at my houle
to fce the apparatus in highcharge)placed
his left hand on the bell, and with his
finger of the right hand approached the
baﬁ N; adenfe fpark iffued to it, und he
received @ fmart fhock in his arms and |
breaft, like that of the Leyden bottle,
We then joined hands, and made the ciy.
cuit in the ulual way, between the bell
and ball, and we both received a fevere
thock. Much lightning and thunder this
day at Stirling and Dumirics, in Scot-
land,
W |29.94/52] g [Pof. {A-M.-~And P.M: ncgative on a fall of
rain.

W [29.75{56

12
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e oop
24 NW 30,15 58 S. Pol. | Great part of the day, ‘
25'SW 30.19 60,— Pof. | A\M. but very weak in the afterncons
:6 S}G’ gg;‘g gg':__ Weak figns; balls not open,
zg SW 30. 354 = Pof. | A.M. a ferene clear ky.
20l SE ‘56, -
ag S\I;:V :g g go 1| { Only weak figns.
81 [ NW|29.75 62|~ Neg | .M. from a fhower of rain, the drops of
which were very large. The eleétricity
foon changed to pofitive, Though every
circumflance was favourable for a ftron
eleirification, yet the charge in the ro
was but weak. = My fulpicion led me to
try the flate of the uppermoft end of the
rod, and 1 found it to be in a contrary
ftate of eleflricity to that at the lower
end of it; the middle part of the rod was
in its natural flate, that is, fhewed no
figns of being eleétrified; therefore the
rod was only (at this time) influcntially

elefirified,

1| SE |ag.y2|58|—|Ne M,
29.60{66] 8.| Pol. | A.M, 2 o'clock P,M, a fhower of rain fell
by which the charge in the rod became
negative,
8] S |29.50]69{8.|Pof. [In the forenocon, One o’clock P.M, rofe
a ftrong gale of wind, I now faw thunder
clouds forming at a great height, Half
after five o’clock appearances were dread-
ful; in five minutes time the ftrong gale
of wind became a ftorm from SE. This
florm of wind (for there was but little
rain) carried the large black clouds to the
NW, and there 1 faw abundance of ¥ed
lightning a little above the horizon, and
1 once %)card a rumbling of thunder,
The cle@ric flate of the rod before the
florm  was pofitive, but by it wag
changed to negative, and continued fo
during the whole .timc, but often varied
in ftrength, fometimes weak, fometimes
firong. At Amerfham, in Buckingham.
fhire, and at the fame time at the Earl
of Aylesford’s park, near Packington,
in Warwickfhire, was a moft tremen-
dous florm of hail, rain, lightning, and
thunder from four to fix ¢’clock P. M.
4| SE |ag.50 68] 8, Neg |P.M, There were four gradual changes of
the eleélricity in two hours,
§W 30, [6g}8, Neg PéM. There” has becn a little rain to-
ay. /

»
w

(<]
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6 SW -29.95 59| 5. Pof.

|

7,SW | g0 3‘,65 — Pof,
8)5W 30,15 67—
9| SW 30,15 68 ~~|—mm
10| SW 30,1268~ |~
1| N n9.95.‘61i’-— —
13| N 130,10 54 ~|Pof.
13} W (30,10 541———-——-
14]SW |29.8560) < jmem
15| W 129.82148) |
16| SW (29.74148/S (Ncg
xg NWi20.92|44|—|Neg
1B NW|2g.61]59/~— Neg
19| W [29.40|48|—|Neg
20( W 120.40/60| |
21| W |29.40/60|S. |Neg
22 (NW30. g/51{—Neg
23|NW 30, 2151|~— Neg
24{NW|30.29i61|— Ncg
25| N'W |40.26|49|~| Ncg
26| S (30.26{49|—!Neg
27| SW [go. 31 [——|Neg
e8{ W |30, |51]—|Neg
2g9] 8§ [29.71158]—INeg
30| S [29. 1|48 —|Necg
1l W {ag.aa|58} 8, | Pot,
2{ SW |29.28[47| 5. | Neg

Scptember and O&ober.,

In the forenoon, and near fun-fet negative
by {ome {mall rain,

A.M. by the night hottle, and likewife by
the rod the fame, but very weak,

Only weak figns of clericity; balls not
open.

y the night bottle,

Weak figns; balls not open. A durk dt-
mofphere.

.M. There were feveral heavy clouds
pafled from the SW. by which the rod
was highly charged with politive cleéiri-
city. 'The bell rang brifkly, This charge
continued from a little before 11 o’clock
A.M, to full fix o’clock P.M. during
that time there were four gradual changes
of ele@tricity,

By the night ¥)otllc.

AM. a more tranfient vifit of the cleftric
fluid I never before faw, only while a
fmall black cloud paffed over the rod,
and let fall a few drops of rain; the
whole time of the charge was about four
minutes, . ‘

A. M. by the night bottle, The eleftrifi-
cation of the ml& very weak,

Weak figns; balls not open.

A.M. by the night bottle, ' Five o’clock
P.M. tg’c rod was cleétrified negatively.

By the night bottle, and the rod alfo,

The ele@rical charge in the rod has
been very weak thefe 'eigbt days,
only juft’ fufficicnt to indicate the
kind, ’

, |A.M, by the night bottle, which was fuf-

ficiently charged to give a bright fpark
on malin the circutt. At noon fome
rain fell, Ey which the rod became clec-
trified negatively, and very ftrong, which
lafted full four hours; during that time,
the eleétricity changed four umes, which
were all gradual,
AM, Four o'clock P,M, the rod was elec.
trified pofitively, and afterwards negae
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29.11

20,40
29-53
29.50

29.27

20.20
29.29
20. 50
29.80
20.46
20,50
29.50
29. 52
29.67
29.090
29.67
2979
29:75
29.89
39 4
Sorng
30.2§
308y
30.27

30.30°

3013
29.92

.180.32

29-59
29.19
29 3
20.9

28.82

| Ther.

51
45
56

45

48
46
45
49
153
163
53
56
42
40
52
50
58
53
50
53
48
55
47
45
40
46
40
40
38
46
3

1!
50
48

5
FI .
5|8 O&ober and November,

gl.8

A
tively, with ftrong fparks at the brafs
ball KJ 8 °®

5.|Pof. |[A.M. but more intenfely pofitive in the
afternoon ; the bell for a fhort time rang
brifkly, after that faintly, then flopped,
and the cleéricity changed to negative,
which continued fo fome hours, then dee
clined gradually to weak figus only.

~|Pof. |A.M, by the nigi’n bottle,

S.|Pof, [A.M.—And P.M. negative.

S./Pof, |A. M.—Three o'clock P.M. pofitive, but
much fironger than in the morning. There
has been to-day a cold fmall rain, The
clefiricity changed four times in two
hours. This fay, at Whitchaven and
Lancafter, was much lightning and thun-
der, rain, hail, &c. . '

S.|Pof. |A.M. but in the aftcrnoon a much ftronger
pofitive charge,

—|Pof. |A.M. ’

—|Pof.|A.M.

~—IPof.{A.M,

~|Pof.|AM,

—|——|( Weak figns; ball not open. Dark, hazy |

—i——1( weather,

5.{Pof.|A.M. juft fufficient to emit vifible fparke.

~—|Pof. |P.M, by mcans of a fog,

~—|~——P.M. Balls open fix-tenths of an ingh.

o g Weak figns, Balls not open,

—{Pof, |AM. :

T | Weak figns of elellricity; balls not

_— open,  Dark, hazy weather, and moift

| { air, thefe cight days.

—|Pof. [P, M. by means of a little cold rain,

— Pof. P.M., a very high north wind. |

- Only weak figns of the ele@tric Muid;

i balls not open, & dark cloudy atmo-

. {phere, .
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E g 1 2 E & _'g November,

R 2R

h7 W {28.90143( 8. | Neg|A. M. by a fhower of fleet, which for a

fhart time' occafioned the rod to emit
bright fparks at the ball N, ’

8| NW {29. g|40|—|Ne .

9| W 23.23 ;0 - Ncﬁ gA.M. by the night bottle,
10} W 129.90|37| 8.} PoliAM. by means of a fog.
11| W la9.93 139} 8

< NegiA.M.

Po}. P.M. This was obtained in the following
manner, Soon after fun-fet 1 perecived
a light-coloured dewy vapour arife 20 or
30 inches above the ground in the park;
the evening being ferene and fair, 1 ftood
upon an infulated ftool, and waved my
exploring rod among the dewy vapdur,
and_with my finger touched a fenfible
cle@trometer, which inftantly opened
with pofitive cleftricity®.  As the even—
ing advanced, a ftrong fog filled the air;
when it was_ of fuffigient height for the
A high or fixed rod, this alfo became clee-
trified with the fame kind of eleftricity
which I had rcceived neur the carth’s
{urface,

13| SW |29.70 45

13| W [e9.73[40
14} SW 129.63(46

z Weak figns only; balls not open.
151 SW 29,42 {47

L1

~——|Notwithftanding all my care and atten~
tion to’ my pointed rod, it has this day
been iutirely frullrated; for 1 have not
erceived any figns of the cleétric fluid,
- However, it is the firft day that it has
wholly failed me. A noilt air has pre-
vailed’ for many days; and there have
been fix hours” drizzling rain to-day,
which muft leflen the exaétnefs of the in.
fulation of the rod, and air allo,
16 SW |29.43 |43 | —|——|Weak figns; balls not open.
17{ 8. |a9.54[47| S:| Neg|A.M. fmall {parks were obtained from the
rod, the greateft part of this day.

# When I find that the moifture in the air has fo far injured the in-
fulation of my high-pointcd rod, that it will not retain & weak elec,
tricity; in that cafe, I make ufe of a fmall rod which I hold in'my
hand, and which I fometimes proje@ through an upper window ;
having firft warmed the ftool legs, T place myfclfupon it, &c. 1find
this method to be a good {ubflitute in damp weather, A reprefentation
of the rod, and mode of ufing it, may be feenin fig. o, '
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N g1 2 _E\ .:‘L ’_'é November and December.
A1 Z 14 |r|a| ¥
ol s Inch. Pot
1 2g.51140,— | Yol.
19] S 23,29 23'—— Pof, | & A.M, by means of a fog.
20| W l26.65/47{—Pof. . .
21|NWig.86| 44— | Neg | AM. by the night bottle, which I found
N yclicﬁargcd,
P 26.8 ~ J——| Weak figns only. )
23| NE 33,2 23 —~—{——|No figns. This is the fecond failure, A
moift atmofphere, .
24) NE |g0.29{41 § | Pof. | From fog, vifible fparks were abtained
' during the greateft part of the day.
251 N I30.20]37]~—|Pof. | A.M. by mrans ofaFog.
6 N 30.40{87 S | Pof, {A.M.—And BP.M, with fine fparks,
271 SE (30.45/30|— | Neg | At break of day.  Afterwards pofitive, by
w means gf a fog. i ]
. —~| Pof, | All day, a continued fog.
:g NW gggg gg S | Pof, | All da;. %‘hc fog ftill cor‘lgtinucn. I have
- obferved, during thefe three days and
three nights (abating a little time for
fleep, and which I curtailed for fo noble
a purpofe) a foggy vapour to be cons
flantly ele@rified pofitively. The pith
‘balls diverged from a quarter to three
quarters of an inch, except when the fog
{which was generally moderate) fuddenl
became thick and dark; then the balls
would diverge near two inches; at thofe
times I received the eleftric fluid into
bottles. This fog began ftrongly nega-
tive,
S 1a0.10]a8|~|Pof, | Nearly all day. The fog is entircly gone,
3? SE 29‘7, gg — Weak}ﬁgns; Zalls not ogcn. Ve 4
2} S l2g.75|50|—|Pof, P.M. A moift air to-day.
3| 8 |29.90|39| S |FPof. All day (I mean 16 hours out of g4), the
;o weather foggy. ‘
4 q§” Bg.tg gg 1| ¢ Weak figns ; balls not open,
2 swW 30.20 48|—|——|No figns of cle@ricity. The third failure,
AAnzcryAmai{;axfr.
SW |30.49|42!~~| Pof.| A.M,—A {light fog,
A blsw i35 30/ | por. | P M,
9 SWwW 30.55134 — Pof, [A. M,
16! W [g0.52 39 '—|——| Weak figns; balls not open,
11| SW |30.54 42 — | Pof. EA.M.—-'And P.M. ' The weather ferene
12| SW |30.41 | 44'—| Pof. and fair.
13 sw 80.30/47 | Weak ﬁgns'
S a4 ——|Neg | AM. from a little rain
14) S l20.92 44 eg : rain,
15, SW 28,95 45— |~ I\}o_lﬁgm of eleftricity. The fourth day’s
ailure.
16| SW |29.40! 40 S |Pof, |P.M. a fmall fall of fnow, by which the
rod was firongly cleétrified.
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SwW
SW

sSW

45

2= % l Wind.

l Barom

Inch,
29,15

30
29.58

20.72
49.78

29.60

29.78
29.27

20441

29.89
29.80
29.88
29.75
24.76
29.73
29.90
30.30
29.98
30.20

30.25
30.19
30.40
3045
30.2

30.24
8011
30.20
3034
29-95
29.91
29.95

49
52

45
41
41
46
36
39
41

45

i

42!
19,
43
42

3048140
30.20'39
30:13 33 —
30.8.4° 3% S,
30.42131
30.38135 3.

plelfllill= =

| w

wmun

BRRRE

S
S,

l | Kind.

.1 Pof,

Neg

.[Neg

<]
<

iPof.
Pof.
Pof,
Pof,
Pof,

. |All day.
.| All the day, by means of a fog.
. [All the day, with bright fparks at feveral

L [ All the day, with fine {parks.
AM

LA, weather dry and foggy.
. | Nearly.all day in chargc.ggy
. A.M.{

1A M.—Aund P.M.

LA M.

5 | A.M. by means of a fmall rain,
JAM.

. [A.M. weather very mild and fair.
L AM.

v

December—And January 17g0.

No figns of ele&ricity.  The ffth day’s
failure. | . ]
A.M, a finc ferenc morning.

PM. by fmajl rain.; Qn an increale of}
rain, the ele&ricity changed to pofitive.
Weak figns.

No figns of cle@ricity. The fxth day’s
failure, A very damp air,

No figns. The feventh ‘day’s failure, A
moift air, - -

Weuk figns of ele@ricity..

At cight o’clock, A.M. a finall fhower of
tain, which was weakly cle@rified nega-
tively; as the rain increafed, fo did the
intenfity of the eleftric fluid, and after
continuing for two hpurs, they both dil-
appearcd together. ;

A M. by a fhower of rain, Ten o’clock
'API.\II}’[. a fog firongly cle@ritied pofitively.

Weak figns.
P.M. from a very thin fog.

Only weak figns of clericity. :
Both AM. and P.M

intervals,

alls UYCH neav onc inch.

P.M.,
Weak figne.

A.M. in the afternoon, the fame,

AM,

A M.

A.M. in the afternoon, the fame,

Al the day, from a fog. The ftrength of
the cletivic charge in the rod was much

governed by the occafional intenfity of the
tog; far as onc abated in firength fo did

K



Meteorological Fournal

ZF

nsE

January and February.

| Sparks
l Kind.

the otlicr, and -the contrary, At ten
o’clock P.M. I rcceived bright fparks at
the ball N, .

30.33[40{S. | Pof. {Seven o’clock A.M. 1 found the  rod
ele@rified, fufficiently firong to emit vi.
fible fparks, and often afterwards this

i day.
30.16{46| S- | Pof. | A. lzl ‘
30.11 42| 8- |Neg | There was a moderate hower of rain this
morning, by which the rod was cleri-
fied negatively. ‘

Barom
o | Ther.

Inch

30, 2;40|—|Pof. g A, M. balls open fromtwoto feven tenths
29,30 42|—|Pol. | § of an inch, .
29.50|44| S¢|Pof. | A, M.—~At noon_fell a fmall rain, which
. wasg void of cleétricity. Ncarten o’clock |
P. M, there was a fudden fhower of rain,
1 firongly cleélrificd negatively. ]
29.26| 40| Pof, [P. M.—A delightful clear finc day, but the

atmofpheric cle€tricity was very weak til}
night came on, :

20.50141 Pof. | A. M.—and P. M. ncgative

20,68{46 || Pof,

29.8740[—{Pofl.

30,10l g0} Pof. | ' .

?o.go ‘% _ go? Balls open from onc to nine tenths of an

33‘6? 23 — I’gf inch, ‘weather fair and ferene,

30.63|44|— | Pof.

30.35139|— | Pol.,

go.az2i36|~—iPol )

30. 5140 S.Pof, | With vxﬁblc fparks.

30. #148|—|Pol. .

30.20{41(—|Pof, | ¢ Serenc weather flill continues.

go.20l45|—|Pof. . .

30.34]42 5. [ Pof. Ncarl?' allthe day, with finc bright fparks,

30.15/44|—{Pof. | ) Balls- open from two to fix tenths of an

go.e240|~—|Pol. inch. . . .

29.95|44 [ |Pof. |A. M.—Small rain P. M. which did not
occafion any change in theeleftric fluid.

gg:z 22 - II:gi{" Balls open half an inch, weather fill fe-

30.48 45|—IPol. [§ Teme

30.42/40] 8. |Pofl. |A, M.—A foggy day.

30.38]42 |—|Pof. |

30.43143|—|Pof | { g,y open from onc to nine tenths of an

29.97(46\—|Pof. | >0 b Bcather il mild.

30.15144|—[Pol. [ | 4

29.99 |51 |=~|Pol. .

29.88 51 |—| Pol. |P. M.—1 have often obferved that impetu-

ous winds leflen the intenfity of atmof-
phefic cleétricity in clear weather, which
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| Days.

0 © ~
OW . 0~ AT 1B = ST

Py

11

13

,'é’ e _'2 I's 'g Fcbruary and March,
Bla lH&| M
Inch.{ ° )

has been verified this day; for not the |
leaft fign of cleftricity could be obtained
from the rod till after fun-fet, at which
time the high weft wind having fubfided,
u little low vapour fprung up; I then rce
ceived the fluid in great plenty, and of the
fame kind that it has continued to be for
twenty-feven days patt.

Nv\‘}rv gg:z ﬁ — ! Weak figns : balls not open,

N (30.32 47‘—- Pol. 1A. M. . .
NW |30.49[50,5. | Pol | A. M.—With vifible fparks.
N 130.43149!—|Pof, '

NW 30,27 |40)—|Pofl. .

NE {30.31 [48|—|Pol. Very mild f{erenc weather,

NW {g0.47 {40{~Pol. | |

NW 50,45 42— Pol! |J T .

SW 30,44 42| 5| Pol. A.‘_I\lf..-—(-i\Vuhvxﬁblc fparks. Still no change ¥
of Kind, ’

SW !gg.20|41~|Pol. |A. M., .

SW i2g.90[46{—Pol. {P. M.—A ftrong gale of wind hasbeen pre- |
dominant to day. Theatmolphere is ex-
tremely dry; the fun appeared bright all
day. No ‘atmofpheric eleétricity could

* be obtained till near ten o'clock at night,
This day, at Hallifax, 2 fall of {now, ae-
companied with a flath of lightping and a
clap of thunder,

sg)v ?g-?‘;’ 2: - gg:: A. M.—Still moderate weather.

SwW go.go 41— Pof, {A. M.—From nine o’clock P. M. to eleven
there was a moderate fhower of rain,
which was eletrified negatively. T have
not till this perceived a negative charge in
the vod fince January the 28th. g

NW|g0.50(49[—{Pof. [A. M.—At Thurlo, inScatlend, hail, light-

N Pning, and thunder., .
X 1|~[Pof, | P. M.
N gggg io S. | Pof. [ A. M.—Withvifible fparks.
NE |40.60!40}—|Pof,
NE [go.50!45!— Pof. | ¢ A. Mi~A verydry atmolphere,
E |30.55!44|—| Pof. .
E 3044'43‘-—- Pof. | A. M,—There was an hoar Iroft upon the
\ grafs this morning.
E lg930/44{=[Pol. |A. M,
E 30,15 ‘4'.’, — P()f.

Sw 2g.81 A}G | Pof, . .

5 |eg.8olg1}=|Pol.| | A. M.—Divergency of the pith balls
from one to mac tenths of an inch,

NW |g0. [46{—|Dof,

E {90, 4148|~| Lol
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0. E ol - .

LB 5 ogldl g March and April.

QB A kG

Inch." °
q29) E [g0. . |46 ,—|Neg |A. M.—From a {mall howerof rain. P. M.

N I the cleflricity was pofitive,

28| NE |20.98 44 |—|Pof. [P. M,

291 N 130, (48— Pof. |P. M.~~The air a little foggy.

30| E [29.95 44{—Pof, A.h‘M.é-—Not a beam of {un has appeared

1. ‘ this day.
31| E ‘g9.93147 —| Pof, | A. M.——-’i&alls half an inch open.
1] E |30 5 45|—|Pof. |A. M.
2| E 13020 41|S |Pof, {A. M.—With vifible fparks,
8| E {3025/ 40— Pol. 1)
4 4] E 13019 40|—|Pol. | ( Balls open from one to feven tenths of an
5| NE |go.23'47|—] Pof. inch. ‘ .

6! E |e9.95 36|~ Pof.

Weak figns of eleftricity.  This very
. weak ftate of atmofpheric cle&ricity has
E {209 — not happencd fince the g1t of Decem-
(7; F 29' 9‘45 —|__ ber. There has been for many daysa
‘. |#9-75,52)— ftrong cafterly dry wind, which fecms
l- b(ilthcrto nearly void of theelelric flu-
id. ‘

9| E |29.57 66|S.|Neg{P. M.—From a fine fhower of rain,

10/ E {29.50]40|8.|Neg {A, M.—The rain continues, fo does its ne~

) N gative ftate of elcélricity.

11| E 129.361351S. | Pof. [A. M.—TFrom a little fall-of fnow. P, M.

’ fome fnow mixed with rain, on which the
_vud became charged much more frongl
pofitive.  The rod has been charged lul)I
{'our hours to-day.
120 B 129.35|89|—|——|Weak figns; balls not open, o
J1a] E [29.70 38|S.|Neg |'A. M—A moderate rain, but ftrongly clec-
] trified, and continued fo full two hours,
There were two gradual changes of clec-
tricity. ) .
14| NE [29.81 | 41 [—[ Neg | A. M.—Butafter fun-fet the rod was cleéiri-
; ficd pofitively. '

151 E [29.68]4518.] Neg [Six o’clock A. M, a little rain fell, Half
after eight o'clock, a great fall of fuow;
the rod now became ftrongly cleétrified
pofitively. "Denfe fparks wercnow receiv-
cd at the ball N; half after nine o’clock,
the cleftricity changed to negative.

I caught fome of the fiiow in the apparatus
mentioned the 20th of l]ulyin this journal,
, and'I found it weakly cleétrified,

16/ NE {29.85|41 || Pof —1 )

171 N 29.28 42— Pof. | 5 .

18| NE {29.80| 40|—| Pol, Divergency of the pith balls were frf;m

19| NE|20.69 |41}~ Pol. a tenth to {even tenthsof aninch,  Fine

20| SE|[30.26 45— Do, I ferene weather., |
d2t] & [30.23!47!—|Pof. J
lee! 8 |29.94|51 —|Pof.
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| Days.

4

26 ‘NE

a7l N
a8l W
291 SW
3o S

NE
SE

)

l Barom

Inch.
20.70
29:55
29.60

29.85

20.98
29.80
29.6
29:5
29:75

30.22
29.85
23.63
29,73

29:75

0.10
29.84

o | Ther.

55
5
51

5@

56
50

] Sparks

w»l |

wl il

vl

Pof.

Pol.
Pof,
Pol,
Yol.
Pof.

Paof.
Pol.
Pof,
Pof,

Neg

Pof,
Pof.

April and May.

. |A. M.
. |A. M.—And P. M. negative from {mall rain.
. {Half {aﬂ: nine o'clock A, M. A diftin&

black cloud approached the rod, and fomce
heavy drope OF rain fell; the ele@Tricity of
the rod then changed to negative,  About
half pait three o'clock P, M. avery low
cloud pafled averthe rod, and raincd a lit-
tle, by which the rod became ftrongly
clc&rilYmd pofitively,
A. M. Fiveo’clock P. M, fell fome rain by
which the rod was charged negatively.

The divergency of the balls from two to
fix tenths of an inch, Serene fine wea-
ther.,

Nine o'clock A. M. a thower of rni?x; the
cle€lricity now becameuegative,  The rod
has heen cle@trified to-day tfrom fix o’clock
A.M. to ten o'clock P, M, and I fuppofe
continued fo all night.

Divergency of the pith balls from three
to feven tenths of an inch.

.M,

Six o'clock, A, M. Eight o’clock it rained,
the eleétricity now became flrongly nega.
tive, with fine fparks at the ball N, This
fhower havingcealed, another {oon follow-
ed, which eleétrified the rod pofitively,
The rod was charged 4 hours to-day.

Every appearance at the rod to~-day was
nearly as during the preceding day.

Bnln open from one to five-tenths of an
inch, ~ Such weak figns of cleétricity,
as have been ob(hrv(:t!\;forthclb two days
arc the ufual cffoéts of a very ﬂronﬁ
and dry wefterly wind; and in genera
let a ftrong dry wind blow from what
point of the compafls itmay, it is at
tended with only weak figns of eleétri-

city.

The above-mentioned eighth day of May completes this
Journal of one whole year, which I give to the curious in
Atmofpheric Ele@ricity as a faithful narrative of faéls,
having never once deputed another perfon to make obfer-

yations for me.

JOHN READ,
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A Monthly dccount of Elellrical Sparksy, and of Pofitive and
Negative Eleclricity, as indicated by the Pith-ball Elettro-
metery and fometimes by only Flaxen Threads without Balls

1o them,

Times

23 days May, 17897 p
8 days May: 1760 Pof. 17

June Pol. g2
July  Pof. 13
Auguft Pol. 19
September Pof. ¢
Ol&ober  Pof. 17
November Pof, 12
December Pof, 12
January  Pof, 26
February  Pof, 26
March . Pol. go
April Pof, 28

S—

241

Number of days in each
month in which Sparke
were pereeived,

Times Days.

Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.

" Neg.

Neg.
Neg.
Necg.
Neg.

[

156

18
36
22
19
23

O > Y BN

1
12

9

12

[
»

-
W W Wy NI 9O

98

It appears from this Journal, that there were only feven
days throughout the year in which no figns of electricity
were perceived; viz. the 15th and 23d of November, and
the 6th, 15th, 17th, 21ft, and 22d of December,

Remark:‘ on the Phanomena exhibited by the Rod on the
3ut of Auguft.

T was for a long time extremely puzzled to account for
the rapid changes which the pith-balls on fome days fo
frequently exhibited; being pofitive one minute, then ne-

gative
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gative for another, and the next returning again to pofi-
tive. From often confidering this apparently whimfical
changeablenéfs in nature, I was at length induced to fuf-
pedt, what indeed was afterwards confirmed by atual
cxpcritﬁcnt, viz. that fome of thefe changes-are only ap-
parent, and not real, they being occafioned not by the ac-
- tual communication of a different fort of eleClricity, but
merely by the attion of clectrical atmofpheres; thus, when
an cle@rified cloud comes within a certain diftance of the
rod, and before it comes near enough to impart to it fome
of its own eletricity, the eleétrical atmofphere of the for-
mer, agreeably to the well known laws of clericity, will
difturb the cleéiric fluid naturally belonging to the rod, and
will confequently occafion feveral apparent changes in the
eleftrometer; which changes-an unexperienced obferver
would attribute entirely to the change of cleétricity in the
clouds.

Thhis obfervation was evidently confirmed by the pheno-
mena obferved on the 31ft of Auguft; and thence it ap-
pears, that the real number of changes from pofitive to
negative, or from negative to pofitive elcélricity, cannot
be fo great as it is fhewn by the elefirometer affixed to the
rod. '

I beg leave to add, that I have not the leaft doubt but
that every cloud is inan elecric ftate, t all times, and in
all the feafons of a year ; and that the clelricity of the
clouds is the principal caufe of their fufpenfion in the at-
mofphere.  For however varied in kind their corpufcles
may happen to be, of which the clouds confift, yet, cvery

particle
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particle of thofe aerial meteors will attrac and abforb elecs
tricity, and the eleétricity having no weight of its own,
mutt by its well known repulfive force tend to fupport and
keep up their rare ftate.  'Whena cloud approaches my
high pointed rod, which cloud we will fuppofe is elec-
trified pofitively, the upper end of the rod will hecome
_eleétrified negatively and the lower end pofitively, by its
own cletricity, as before obferved; and when the main
force of the cloud has pafled the zenith, a change of kind
will take place, for the elefiric figns in the rod will now
be the reverfe of thofe on its approach to it; fo that if ten
fuch cl6uds thould pafs over the rod in the fpace of one day;
the pith-balls affixed to it would indicate ten changes of the
eleétricity, notwithftanding the elefiric flate of the ten
clouds was invariably of one kind. It is fcarcely needful
to obferve, that if the ten clouds had been cle@rified ne-
gatively, the fame number of apparent changes would have
happened.

I cannot help lamentigg with Signor BECCAR1A, that
there are fo few high pointed rods ercéled to afcertain the:
ele@irical ftate of the carth and atmofphere at all times;
but'more particularly during thunder ftorms. If there had
been pointed rods, for inftance, at Whitechaven and Lan-
cafter on the 6th of O&ober, and well attended to at the
time of the ftorm of lightning and thunder, which hap-
pened at both places nearly at the fame time, it would then
have been known, whether the apparatus might not be po-
fitive at one place when it is negative at the other,

The
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The Second Year’s Fournal, condinued from the end
of the Firfl. Read before the Royal Socicty,
ArriL 26, 1792,

- ]
NERR: cl*‘ g
= .8 glal| g May, 14g0.
BlE|& 8|3 &
[y Py Bl B e
Inch, | @
"g| N {eg.14|67|S.|Pol.|A clear fine moming, One o'clock P. M.

a fudden fhower of rain fell; the pithballs
Q, connclted with the lower end of the
. rod, were now charged negatively,.and in.
. creafed in frength asithe rain came onj in
a (hort time the'ele@ricity cliangedito pofi-
tive. Five o’clbek, the cletricity changed
againto negative, I then heard fome diftant
Wt rumbling of thunder; This day there was
i  {ome. liﬁ(ming at Hertford,
30 |NE [2g.18 [66 A, M. lky very cloudy; and fome {mall
rain falls.

Neg

Pof.|As M. weather ferene.
PofllA. M. a clear{ky. Somelightningat Bifhop-
Stortford,
.| Pof, [Half after ninero’clock A, M, fell a little
‘ rain; as it increafed fo did the eleétric
charge inthe rod, infomuch that itftreamed,
. ) forth.fromithic brafs:ball' N for a fhort time.
18 SW. | 29.90 | 5041$. | Pol. |Six o'tlock A.. Mi—One o’clock P. M. a
. . low black-fky; by which the charge in'the
. ' rod became negative, with {parks; after
) . ,continuing fo one hour,. the cle&ricity
changed again to pofitive. The rod has been
. in charge' 16-hours this day; how mych
) ‘ "“more I cannot fay. . ’
19]. 8 |20.20]65) 5. | Neg|A. Mi—At four o'clock: P! M. fell 2 mild
i . \ rain,. void of the eletric fluid¥, At:five
; : o ,o’clock the rain fell.more copioufly, and it
o i Pl was {trongly charged with negative eletri.
. : _city,
20| & |20.14:/064] S. | Ne ,Enrr tliis morning 1 found the hymidity of
| o4 ) 4 ‘& thciir cleftrified negatively. Atten o’clyock

; ; L the cleflricity became more intenfe, fo a8
¥ My meaning, is “void!" of: elelric: figns'by. fuch means a3 were then

employed,to. obtain it; for rain is never-totally void of elediricity.
L

15| N |29 5|65
16 |NE ag. al§y

t1} E [go. 5{64|—|Pol. -
12| E |29.14|70]=|Pof.{( Strong.gales of wind; and a weak eleétri-
13) E |29, % 72— PoliC city.

14|NE 30. 9| 72|~ Pol.

17} § |20, 858

T
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to cmit fmall fparks: in half an hour's
time there were four beautiful gradial chang-
es of ele@ricity. Afterwards the rod re-
; ) - mained negativetwo hours. Three o'clock}-
. P, M. the cle€tricity changed, and continus]’
" ed near three hours pofitive, After thisa}
Jow black cloud paffed over the rod, and let
fill a féw drops of rain mixed with hajl;
the rod was now highly charged poﬁtiyclx,
and the bellrang brifkly, but {oon ftopped,
while the eleétricity changed to a ftrong
negative; then it rang again for about ten
“minutes, after which all figns of elericity
ceafed in the rod,  Afterwards the rod be-
came rather firongly charged for the fpace
of two hours, and changed once. in that
time. During this high c argc of 'the rod,
the bell, (which is cannetted by metal with
the moift,ground) was in a contrary flate of
elelricity to that of the  infulatéd part of
4 the apparatus; and alfo the air in the Toatn,
‘the window-fhutter neareft the ‘bell, and
even the bricks in the wall, were all olec-
trified fufficieptly to indicate the kind, -
{a1{SW |29.98[58| S{Pof. | A. M. by the night bottle, which had been
charged while I'flept.  Four o’clock P.M.
’ “a low cloud approached therod, and drop-
ped a little rain, by which it became elec-
“trified ftrongly negative, This elefirifica-
‘ tion of the rod lafted near four hours, and
1 1 ‘changed three times in kind.
23|’ E |29.10|56 —{ Pof. | A. M,~One o’clock P, M, wind §, a fmall
- “|' rain fell, and the air being very moift, has
leffened confiderably the infulation of the

e —

) rod. .
fa3) 4 £9.90 |56 —| Pof, 'Iggc }a:ir isdry to-day, but the clouds arc very

, igh.
{24/ NE |29.10{69] S| Neg Sixgo’clock A. M. Nine o’clock fome rain
. } 7| fell, which incrcafed the negative charge
in therod. The rain now falls more copi-
oufly, and the balls clofe and open gradu-
ally’ with pofitive eleftricity, which was
ratlcr ftrong for a fhort time. The balls
~again gradually clofe and open, without
cgangc of kind. The rod has been eleétri-
fied near 14 hours this day. In the morn-
ing of to-day, at Lewes in Suffex, much
lightning and thunder.
Neg |A. M. A moift air, and wet morning, -
Pol. |A dark cloudy morning. Three o'clock
| “|'P. M. on the approach of a hicavy dark

85 NE |29. 4{7
26} E {29.9516

% 0
“l
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May and June.

cloud, a few drops of rain fell; by which
the rod became eleélrified pofitively; the
gith balls foon opened full four inches, and
and b thc}gcll began to ring flowly.
w0 gentlemen fortunately being prefent, |
and much delighted with the fight} by my
defire joined hands with me to make the
cir¢uit between the bell and brafs ball N,
and of taking a fpark at the brafs ball, m,e
all received o fmart fhock through our arrhs
and breafts, - The wind is now 8, witha
heavy fall of rain; and the bell (as ufual
ceafes to ring while the elericity -chan,
to’ygfga.\kivic;,,thcn rings againbrifkly. - The
cleétricity gradually changed twice after
this, and ended ncgative.” Thefe feveral
phznomena took up the fpace of gne hour.
A. M, with {mall rajn. . In the afterndon
pofitive. Near midnight London was vifi-
ted by vivid darts of Jightning, and repeated
clips ‘of thunder, extremely awful and ter-
rific at that time of night. * I was in bed,
and awgked oyt of flecp byit. =
Bsy the ﬂith‘bottlc. A heavy thick air,
even o'clock P, M. politive with fmall
fparks. Nine p’clock, fell a heavy fhower
of rain; its Slcﬁricity wagnegative,

A M.~—and P, | o
At feven o'clock A. M. the weather thowery
and the cleétricity rather ftrong, but oftén
“changing in_kind. Seven o'clock ‘P, M.
one uniform black cloud ;darkens the!air
‘ (yetthe fun fhines in the welt;) by and by
a heavy rainfell, by which the rod became
vcrr ftrongly cleétrificd pofitively, and the
bell rings brifkly, and ‘the pith:balls:are
agitated with fudden jerks; the fain foon
'i%a;éd, and its eleftricity became negas
tive, Thefe' operations of nature lafled]
onl 34’t minutes; during that time, .the
eletricily was four times pofitive, and five
times negative; and thefe {everal changes
were all gradual. o
The weather, and the ele€iricity of the at«
mofphere have been this day ncarly the
fame asonthe preceding one, '

1

»Serene fine weather,” thefe five dnyi.

J .
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19! 8

20| SW
g1] SW

30.

30.21 7
80-35 7

) B oeldl g
B8 g PAERN: June.
AlE | A& Bi&d
: Inch. ®? ‘ :
6| N |g0.16 6a|— Pof. |A. M. Twoo’clock P. M, theiky ftillclear;
yet the cledtricity of the rod became nega-
tive, and continued fo two hours, DurmE
thistime, the rod was only eleétrified wit
its own clefricity, or what has been termed
influentially cle@rified ; for Ifound by try-
ing both extremitics of the rod, that they
werc in contrary ftates of cle€tricity.
W {30, '62|—[Pof.[A, M. Awarm moift air.
% SW |2g.91 66|—|Pof, |A. M. Some mizzling rain,
gl S |29.65 64|—|Pol. |A. M. .
10| SW |26.60 65| S.|Pof. | A cloudy morning. Half after one o’clack
P, M. the ele€tric chargein the rod became
negative. In a fhort time after, fome rain
fell, and the elefricity again became pofi-
tive, and very ftrong; the bell now rang
flowly, and {oon flopped; the pith balls
| clofed and opened ncgative, and continued
. fo afull hour: the balls exhibited onql fud-
den jerk during that time, This latter
charge of the rod lafted two hours, During
the paffage of a cloud ower the rod, in the
: " morning of to-day, I found it influentially
B A cleftrified,
11{ N {29-90 65/—Pof. ’]
12| N g0 "59|—|Pol.| | The weather ferene and clear. The elec
13| NE|30-29 6o|—| P "? - tricity varying between null and the balls;
14| NE|go.3o 64|~—| Pol, feven-tentlis of an inchiopen:
15| NE [go-30 69{—{ Pof, . .
16| N lgo-23 54|—|Pol. .
171 E |go-10 61]5.iNeg Aftera courfe of clear ferene weather, thiy
day has been dark, and hazy. Nine o’clbck:
{ P.M. wind S,a prodigious large cloud ap-
proached the rod, and 4 little rain fell, yet
_ there were no figns of ele€lricity in the rod,
) " Ina few minutes after this, I wasfurprifed
W

18| NW!s9.91 62 —|Pol. ] A. M.—and P, M.
16 |—|Neg|A dark cloudy morning. The ele@lricity]

z; It

~arrived over the rod, itscleftricity changed|
' to a ftrong pofitive; and in-a quarter of an)

_ gether.  This day, in the evening, at Wol-

by hearing the bell ring; 1 ran to the appa-
ratus, and found it: highly charged nega-]
tively. When the main bulk of the cloudd .

Hour, the rain and ele&ricity all ceafeditow
vethampton, fell a heavy rain, accompanicd’

with lightning and thunder,

pofitive at five o’clock P. M. .
Weather very hot, and a weak elcétricity,
thele two days, .
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| Days.
Wind. }

<]

BT 18T
e |& k] June.
5 I8 E

Inch.| o I

30:90}79,— Yol |A, M. Serenc hot weather. Near fiin.fet
the wind W, whire heavy black clouds were
forming, their uglpcr barder abdut g5 de-
rees above the horizon, The lightning
afhed antong thefe weftern clouds from
nine to eleven o'clock, But thére beiny
neither ¢cloud$ nor low vapour near the réd,
it was not affe&cd thercby. Inthé eveningf
of this day st Sulifbury, fell a vedy feveref
. form of haily rain, lightning) and thundet.
o, (98|~ Pof, 1A M, } .
go. 238 | Pof, [A. M.—The {ky has be¢n dvercaft all day,
and two or thrce times fell-a little rain,
driven by a firong wind, which afforded a
weak ele@ricity. .
10.90|681 8, | Pof. | At fix a’clack A, M. Ndar eleveno'clock a
fhower of rdinfell, firongly negative, At
the fame time, ina LOWER STRATUM oOf
air, the hand' eéxploring rod was eleétrified
rosiTiveLy. Abundance of fmall white
clouds paiffed over the rod, which kept the
pith baﬁs continually cloﬁng;and optning,
with negative’ cleétricity. Eight o'clock:
P. M. fome heavy drops of rainifell; the
. rod now became very ftropgly cleéirified;
. the bell rang flowly, and' foon ftopyed,
wlhile the ele@ricity changed to a Xron
ofitive, then rang egaih more brifkly an
4 ora longer time, After this there were]
. two more gradual changes of cleétricity.
29.90(63! S.|Pof. | The weather, and atmofpheric- ele@ricity,
| hive beenthivday nearly the fame as on'the
preceding onie} only the dperations'in the
- rod have Been more powerful,  For duringf
- one charge of the rod to-day, 1 counted
: about: fortz denfe fparKs, which fpontane~
i oufly ftruck between the bell and -brafs ball
" Nin' quick fuecefflon:  Thefe fparks were
: : about two inches long, )
9g.g6{61 | Si|Pof, | A: M. Four o’clock” P. M. I fiw heavy
: , - clouds forming; and as they cathe neirer
and nearer, the rod: betanic mote power-
filly elefirified with riegative elettricity,
It now begah to rain, by which the rodibe.
) ' came intenfely eleftri ed! indeed ; many
N +| denfe fparks now ftrutk through the air,
. between the bell ard brafsball N, witha
loud report for fo frhall an'opening of twu
' inches only. Theré were {ix changes of
cleftricity in'two hours,
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NW
Sw

SW
sw

NwW

£3g2 . | wind

'29.72
29-40

29.70
'30.10
30.

29.86
29:90

£9.60

Sparks
Kind.

June and July.

29666

~F Ch
D3R o] Ther.

wo || ]

66
63

70
64

65
63

67
61

61

Pof,
Pof,
Pof,
Pof,
1 Pof,

Pol.
Neg

«f I

Ne
Nc:g
Pof,
Ne,
Pof.

wlll]

S.|Neg

Pof, | A

rately elcétrified.

. M.—Negative P, M. with fmall fparks.
A. M. Half after twelve o'clock P, M, a

§Mild fo‘qugt we'athér; and thie fog mode-
¢

by a fhower of rain, which elefrified the

fparks; which foon aftcrwards became ne-
ative. Near four o'clock P. M, a veér

which the rod became highly clc&;xﬂcd ne-
gatively : the bell now rfang brifk

thunder happened, which occafioned 4 fud-

- den change in the eleélricity to pofitive}
-then the bell fruck up again as brifk as

- before, The rod has been charged ten hours

- without intermiffion this day. :

« M. A cloudy atmofphere, but fair.

A, M, Dull heavy weather. : .

‘This day hus been fhowery and funfhine by
turns. The rod has been rather ftrongly
cleélrified, and there have been four gra-
dual changes of clefiricity. One charge
lafted full five hours, and the bell rang
brifkly.

Strong %alcl of wind with rain, anda
weak cle€ricity thefe'two days,

A M. , .

A. M, A thick moift air.

A, M., Near five o'clock P, M. there was
a fine fhower of rain, by which the rod
firflt became cletrified negatively, and after-
wards pofitively, with fparks, ~ Thefe two’
charges lafted five hours. .

Halfafter ten o'clock A, M. large dark clouds
frequently pafled over the'rod, by which

it became’ cleétrified ncgatively.  .When

. they pafled, fomewhat nearer,and difiifled

- fome large droi)]a of rain, the rod then be~’
came highly charged, ,and the bell rang
brifkly, and continued its ringing near half!
an hour. ‘The pith balls were véry much]
agitated, fometimes with a' pendulous mo~
tion, then flarted clofer or wider afunder

. feveral times, But the moft extraordinary
_phznomenon of to-day s, that thé rod cons|

tinued ten hours eletrititd negatively, withd!

fudden guft of wind: fprung up, followed}.
rod pofitively, fufficient to enfit fmall}
arge black cloud pafled over the rod, and}
let fall a little rain mixed with hail, by}

ys untillf
a flath of lightning and inftant crack of|
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Days. ]

4,

v

| Kind.:

July and Auguft:

Wind.
J Barom
o'} Ther.

Inch.|

N [s9.70 463 S,

W |29,63|64]8

NWi89.57|87{ S

NWi29.78|60
NW1s9.05 63
0.1
w go.xg gg
8Wigo. 5!6.
SW|s9.7 62
W 129.78)63
NWigo. 5!61
SW 1g0. 6%
W lgo. |6

SW. | go.;
w go.}’?

3| 8 30.10‘69-‘ Paf.
N l2g.65!57 ~| Pol.
Bo NW,i 29.65 60,—

SW:lng.55 63 —

SW._a9.95

——

BEEREEEE
g

SW |30.12]6¢ || Pof,
e

29'9“'29 -!;- Pol.
61 S.

Neg

Pof.

Neg

!Pof.
Pol,

Ol
'Pol.

il

out change of kind: during that time- the
pith balls never clofed.

The operations in the rod to-dayand yefter-
day, when compared, ap‘i)car to have but
litle refomblance. This dyy the eleiricity

- has changed four times, and the bell ran
brifkly for a- mjnute ortwo between eac
change of cle&ricity. -

Two o’clock P. M: the wind S. A fudden

- thower of rain fell, by ‘which the rod be-
camcc]e&riﬁ:f\r%oﬁtively, but (oon changed|
to negative. e bell now rang wcaily

: one minute, and' then ftopped while the

: ele@ricity changed to pofitive, which foon

- changed again to negative. The ele&ricity

. and the weather have beewr much varied to-
day. At New-Mills, in Scotland, fome
lightning and thunder.

The we@ﬁwr this. day has been. rather more
varied than yefterday, with: a.continued}

“fucceflion of Thowers and funfhine: and
the atmofpheric eleétricity has been confie|
derably more intenfe, and conftant.  These

i have been five gradual changes of cle&tricity;
between four of thofe changes, tha bell

-rang brifkly. The pith balls alfo exhibited§

* fome of their curious agitations; one jerk in

' particular was fo very guick and powerful,

* that.the balls were near ftriking each other.
In a few minutes after this, I heard.diftant]
thunder, At Burwath, in Suffex, this day
a tempeft of rain, lightning; and thunder.’]

The weather thefe 19 days has been ge<
* nerally moderate; and the eleiricity of
'\ the atmofphere has been only what iy

common for ferene weather, at no time
fufficiently flcong to afford vifible
{parks,
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£ 'g 8 |mi| ™
o glgl gt Ajguft.
Ale & |E& 2
Inch.| o
8{SW (397 7|63] S{Pof A heavy cloudy morning, but fair. Half],
ter one o'clock A. M.a fmart thower of|i
rain fell, by which the rod: became highly,
charged with- negativeeleétricity; when the
« clond was fully over the rod, the clp&ricity‘
changed to pofitive; and when it had paffed
the zenith, the elericity changed again to
negative,
| 4} NW(20.83 |63l Pof; ' .
8] SWigo. |69]~=|Pofi | { Serene weather, and a, weak elotricity,
6) SW. |29.93]67(—| Pof. | C thefe four days, d
7| SW 130, |99—|Pof | !
. 8] W 129.92|69,~=|Pof: |A heavy cloudy morning, but fair. The
i : - ele@iricity of the atmofphere has been fo
‘ s | : weak to-day, that none could be obtained
g : " till after fun-fet,
9t W lg0, [63/—={Pof 1A M.
10{ 5Wi30. 5163 go? "]
11l Wii30.10166/— | Bof. | | goone weather: the pith 1 i
— reather : pith balls. varying
:; SSVVVV gg:"z g;____ 1;2{' > between null and threc-quarters ?f' an}
14| N |g0.10/63/—|Pof. | | inch open,
15 S {go. g|7aj—{Polr|.:
16] 8 W |2q.90(73/—| Pol. [There have been feveral fmall fhowers;of
] rain this- day, fome. of them notifenfibly
] : cle@rified, others were weakly pofitive, but
: which I could not diﬂin%ui(h from the
.| : common. cletricity, of ferene weather,
! : « which has prevailed a long time.
171 W. |30, 66,'-t Pof; .
18] N - g0.10(66 | Poli |/ Sercne weather; divergencyiof thepithballs
191 SW. (go. 1[66(-=|Pof, | from anc to feven-tenths 6f an inch,
20| NW | g0. 4|96 —Pof.
21| S |29.45]77 S|Pof. [A, M. Fiveo'clock P. M: fell fome large
; drops of rain, by whichthe rod was highly
4 charged pofitively; the bell rang brifkly]
about five minuses, then {topped, and the
eleCricity of the.rod became negative, |
The rain now. ceafed, the {ky clcaxcdgug
and the ele@ric charge in the rod decreafec
’{?o.nﬁdcrably, and. ended ag it.begup, po-
tive,

23| W 34, 462 — Pof. 17,

23| SW 29.95 67—|Nec Dark cloudy weather, and, a very moift

24 W 0. 53.“"| Pol, air, attended with a weak eleétricity,

R

2 22.70/64,~— Pof. | } .

127} N |29.83'62] S Pol.|This day has been very (howery, yet.onl
’ . 953 % one [hg’wer was ftrongly cle&ng’éd. 7
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0 e RBS B | Days.
PEEERE lWind

5 NwW

Baroni

Inch.
$9.95
39

30.12
80.10

2995
29.80

29.50

2965

29.90

30.

30.10

5
2
"
5
&
62
66
67
62

el 1] [ 17Sparks

S.

o

2

e

Auguft and Sept. 17g0.

Pof.

Pof.

Pof.

Neg

Pof,

! 1Scrcnc weather, and a conflant eleéiri-

{ city thefe five days,

A, M. 1Intheafternoon, there was a thick}
dark fky, with finall rain, and a frong
wind. On ap increafc of rain, the elpc.
tricity becamg negative, with fma}l fparks,
When the rain ‘abated, the cleétricity
changed to pofitive, and continued fo.
A.M. Ncar onc o’clgck P, M. the eleé&ric
charge in the rod was negptive, " I then
faw '&undcr-clouds forming in the fouth,
and in the north, Q?omc arge drops pf
rain now fell, by which the charge in the
rod became very firong; the bqll naw
rings faintly, and the pith balls exhibit
thetr waving motion, and fometimes fud-~
den ljcrks. The diftinét thunder-cloud,
which was in the north, is now gone by,
the wefl into the fouth, during which the
charge in the rod became weaker. and
weaker, .until it ended as it began, nega-
tive. ‘This eleftric charge of the nod con.
tinued near ong hour.and ;[’mlf. :
A.M. One o'clock, P.M, wind NW,
Thin white clouds have begn pafling over
the rod ; but a diftinét blagk one is now
approaching, and fome raip falls) mixed
with hail; the rod is now highly charged
with pofitive eleftricity; the bell rings
loud, and a long time; 2nd, #s the thower
abated, fo.did the fireggth of the eleénic
charge abate in the'tod.” This charge laft-
ed near three hours, without change of]
kind, .
A guarter before three o’clogk 'P. M. {ome
ran fell, by which the roé became mo-
derately charged  pofitively, but foon
changed to a weaker. negative.  There
were two more gradual chapges of eleétri-
city within the {pace of pne hour.

Three o’clock P. M. o large dark clond
paffed over the rod with drizaling rain;
its cledricity was negative; the bell rang
weaakly, The eleélric charge from ;lii
clond began, gontinued, anﬁ ended, ne-
gative, . )
A. M. by the pight bottle, Two o'clock

P. M, adark clond, with drizzling raiu,

M
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1 g E faiug| s : v
g‘ g g £ g, E Scptember.
Ol | & |Fa M
;’ Inch.| ¢
! pafled over the rod, by which it was elec-.
b trified pofitively, with fparks; and ended
i negative,
8 N |30. 5/57,~— Pol. )
:9,8W |30. 8(62,—'Pol.
::ﬂg\’w 3gl g?f:lgg!{' Moderate fine weather, and a weak
12| SW gojlo e— ! bof cle@ricity, thefy feven days,
13| W |30. * |61|—1 Pof.
14{ S {29.84)|62|—|Pof. .
15|SW |29.80 66: S. { Pof, |The rod has been cleftrified pofitively near-

ly all this day. At five o’clock P. M. an|
awful darknefs covered .the heavens, until
near fix o’clock, fucceeded by'a drizzling
rain, from which I could not obtain (in}
mz’ common way) any cleétric fluid: but
when the dark cloud became broken, and
no rain {ell, 1 then obtained vifible fparks
at the ball N, which continued until 1
went to bed; and feemed to indicate thatf.
it would remain fo ali night, as the night}
- was. perfeltly ferene, and clear moonlight,
16! W lg0. |555. | Pof. |Five o’clock this morning, I found the rod
charged gnﬁtivc, but not quite fo firongf
o3 when 1 left it laft night; and it gradu-
ally went off by nine o'clock, and re-
turned again into the rod at near four
o’clock P. M. from which time the clec-
tric fluid gradually increafed with the
cool of the evening, until vifible fparks ap-
peared at the brafs ball N. Inthis ftate
: of intenfity 1 left it at near cleven o'clock.
17] W {40,98{5015: | Pof. | This morning, a little after five o’clock, I
1 S found the rod rather fironger charged with
the {ame kind of cleftricity than when I
. left it laft night; and I have no doubt but
it has been cleérified all night. The pith
balls have never clofed this day ¢ their di-
1 vergency has been between half an inch
. and two inches open.  Weather fercne.
18{SW i50.10{54'S. | Pol. |Five o’clock A. M. I found the rod cleétri-
fied politively, and nearly of the fame in-
tenfity it was in when 1 feft it laft night;
that is to fay, capable of cmitting {inajl
fparks. The atmofphere this morning is)
erfe@ily ferenc.  ‘There is a dew, or low
fog, about five or fix feet high, fpread
over the ground in Hyde-park, very:
beautiful to look upon from an upper
window, For the fpace of ywo  hougs,
this vapour gradually increafed, and xlll-.L
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% E S 5\? 'g September,
Al |8 IE& u
, Inch,| ®

cended hiihcr and higher, until. it- quite}
intercepted the trees from my fight, and }
became a pale wet fogs which very much
injurcd the infulation of the rod : for dur-{
‘ing its increafe in height, the ele@ricity of
therod decreafed, infomuch, that 1 had al-{ |
moft concluded that the pith balls touched
cach other, But during this fhort fulpenic
the Tun rofe higher, and diminithed the
fog very faft; anci; the eleétricity in the rod

Toon increaled to its former frength; and
] fo continued all day.

19) S [29.85 63 S. Pof, i Five o’¢tlock, A. M. I found the rod clec-
trified pofitively, but rather weaker than
when Tleft it laft night.  The weather this
day has been nearly the fame with that of
the preceding one; only the fog began
later, and continued longer, The rod has

been cleétrificd all this a{.
#b| W [2g.70|57 8. Pof. |Near fix o'clock, A, M. 1 found the rod

cle@rified, but very weak, barely fuflicient
to indicate the kind, and it remained fo
till near threc o’clock P, M. The pith
balls now clofed {which I fuppofe has not
happened before during the {pace of gs
tiours) and opened negative, © A hcavy
cloud from the NNW now approaches the
rod, and a little rain fallsy by which the
rod {s highly cleétrified negatively, and the
bell vings brifkly; the pith balls diverge
to their utmoft” limit, and exhibit their
‘waving pendulous motion ; thefe opera-
tions took up sbout one hour, The rod}"
continued cleétrified negatively in a lefs

degree the rclt of the day, - °
21{NW [29.90{58 — Neg [By the night bottle, The elefricity in the

: rod barely fenfible,

Pol. {The pith balls have not clofed this day,
The weather ferene, b

S leg.ornlsal S, Pof. |'This morning, a quarter before ix o’clock,
"3 9955 I found the dclélric charge in the rod
much weaker than when I left it laft
night 3 which I afterwards found had
been occafioned by a fpider fixing its
web from the rod to the wall of the
houfe; for when the web was removed,
the intenfity, of the cle@rical charge was
foon increaled. .
24] N [30.30]58 — Pof. | } Dark cloudy weather, and a ftrong wind
a5|NWlgo.30 58|———[Pof. ; thefe two days,

ug| W |go.20 52! 8.

o M 2



140

Metéorological Fournal

27

28
29

o1

| Days.

| wina.

NwW

SW

SE

NE

Inch.
39.38(5

& o
»

go.25 58 S,
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30.35(57 S.

go.12]48 S,
3o.18 (55 S.

g ‘X,ind.
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)

Pof,
Pof,

Pof,

Pof,

Pof,

September and Oftobet,

Between fix and feven o’clock this mosn«
ing, I found the pith balls quite clofed;
nor would thay cven ftick to my finger
when I touched them. At this inftant
there was a vifible dewy vapour fpread
over the ground in Hyde.park: 1 exas
mined it with my hand exploring rod,
and quickly charged an cle@trometer {uf-
ficient to afcertain the kind; which wag
pofitive, I now fufpefted my daily enc-
mics the {piders; I therefore went upon
the roof of the houfe with my long broom
in my hand, and gently {fwept the rod
down’; on examining the broom, I found
afpider's web entangled in the feathers, I
then went down to the apparatus, and
found the pith balls a quatter of an inch
open pofitive, which gradually ircreafed,
even to vifible fparks.

Six o'clock, A. M. I found the eleftric
charge in the rod much weaker than when
I left it laft night, l\{)cverthclcﬁ, when
the fun got up a little above the horizon,
the rod became ftronger cleftrified. The

ith balls never clofed this day,

’Ipl.w operations of the rod to-day have been
unearly the fame with the preceding one.
This morning, a little before fix o'clock, I
found the pith balls clofed.  Atmefpheric
cleétricity has been more variable during
a large part of this day than for many;
fomctimes quite nuil, then weak, or ftrong
by turns, until three o’clock P. M. when
it again became conftant during the rc-

mainder of the day.

Six o’clock, A, M."I found the pith balls
open full three quarters of an inch pofie
tive, and they continued open all day,
Their lraft divergency (as “ufual) about,
mid-day.  ‘The wecather ftill thick and
dark in the forenoonj and clear ferene
‘weather in the aftcrnoon.

Six o’clock, A. M. I found the pith balls
opened near one inch and a quarter; dnd
they never clofed thia day, ~ Their leaft
divergency, as ufual, was about mid-day,
and their greateft was near midnight,
‘Weather ferene.

Six o’clock, A.M. I found the pith bally

ncarly clofed, and the ftate of the air moift

and foggy. Half after feven o'clock, the
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39
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| Pof,

Pof,

Pof,

Neg

Pof.

S0 Pof,

Pof,

- Pof, |A
8,iNeg

Od&ober,

balls opened a little wider, and continued
to increafe in firength, fo that betwoen
cleven and twelve o'clock, their divers
geney was full three inches. I faw no-
thing in particular to occafion it and 1
thought it was above the intenfity of com-
mon ferenc weathers I faw indced a dark
cloud, but it was at a very great height,
However, this eleéiric charge continued in
the rod until feven o’clock P, M. whena
thower of rain fell, and the pith balls now
clofed, and opened negative: a faét that
had not happened for cight days.  After
the rain had ceafed, the cleéricity again
became pofitive.

A wet morning, the air moift, and a weak
cleftricity,

A very moift air,  Half after ten o’clock,
fell a very heavy rain, which continued
three hours,  Its clefiricity was pofitive,
but not ftrong,

A foggy damp morning. The rod has
been cleétrified nearly HY‘ day.

A heavy cloudy mornings Two o'clack
P. M. the clouds float in the air lower than
in the morning; and the vod is cle@rified
negatively,  Four o’clock, a heavy black
clond pafled the rod, by which'it was
{trongly ele@rified, but Ul negative, and
continued fo a full hour. During this
time there were feveral fudden jerks ex-
hibited by the pith balls. Ncar fun-fet,
the halls clofed, and opened pofitive, and
remained o, In the ‘ealt part of Kent,

fome lightning and thunder this day.

« M, the weather mild and fair,

By the night hottle i—by the rod pofitive,
A.M, Porfe@ly fine weather,

The elcfricity conftant this day,

"The rod cleétrified all this day.

A little after ix o’clock, A.M. I {ound the
rod cleétrificd, but rather weaker than
when T left it laft night.  The weather
cloudy, with a thick moift air, Oune
a'clock P, M. {ell « fudden thower of raing
the cleéiricity now changed to negative,
with fmall {parks,

A little after fix o’clock A, M. I found the
rod cleétrificd pofitively. A warm miz-
zling rain and moift air, Ten o'clock
P. M. balls open two inches.

oy
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Oétober,

| Sparks

, Barom
’ Kind.

Inch.
2g.80

2 o | Ther.

—|{Pol. [Six o’clock A/ M, balls opeh half an inch
pofitive,
8o, 69| S. Pof.|A, M. Fair weather, and ftrong gales of|

2 5 5§ |wid

wind,

80.34143| S: | Pof. [Six o’clock A.M, balls three-tenths of an
inch open. The pith balls have not been
uncleétrified this day,
17| S |30.15|55| 8. Pof. | During a continuance of moderate weather, ]’
I have frequently obferved that the atmo-
fpherical cleétricity has periods of increafe
and decreafe of guantity, which are tolera.
bly regulars 1 fhall therefore be accurate
in'my account of this day’s variation, as it
may ferve for an example of reference to
many other days when fimilar appearances
took place. When I left the de]l;ﬁ night,
the pith balls were one inch open, pofi
tiver Six o’clock this morning, I {found
them three-tenths of an inch open, pofitive,
and foon after this I perccived them to
open wider and wider, fo that a little be-
fgre ninc o'clock, the pith balls were fta-
tionary at ncar two inches open, Butas
the fun advanced towards the meridian,
the eleftric charge in the rod decreafed;
and it was only poficiled of various de-
(i;’rccs of a weak intenfity until four o’clock

.M. : the pith balls were then only two-
tenths of an inch open.  Half an hour after
four o’clock, they began to increafe their
divergency, which gradually held on till
# little after feven o’clock, when they again
became ftationary at full two inches openj
a little after cight o'clock, they began to
decreafe; nine o’clock, they were one inch
7 and a quarter openy near eleven o’clock, 1
left them at a bare inch open,
18! SW |29.go 62| S. Pof. Six o’clock; pith balls two-tenths of aninch
open, pofitive, A dark cloudy morning.
w| One.o'clock P, M. fome rain fell, yet the
. cleflric charge in the rod was pofitive,
: Near three o’clock, the fall of rain {udden-
ly increafed, fo did the cleflric charge in
ti’lc rod; and at the fame time changed to
negative, with fparks; and after this end-]
CheFr0d has ot b le@irificd th

s - {The rod has not been unclelrified this

19, Wgo15 39,5 FD'f day: and the fafts and appearances have
been ncarly like thofe of the 1gth in-
ftant,
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- . e —
O&ober and November,

The operations jof the eletricity in the rod
to-day have ficen nearly the fame with
thofe of the 17th inftant,

The cle@ric charge in the rod has been
conftant this day ;" and for particulars may
jultly be referred to the 1th inflant.

1{. M. The pith ballsclofed and opened,
without change of kind, feveral times this
day: and thcy have been very irregular
when comparcd with many of the pre-
ceding. A thin wet fog has prevailed all
this day. )

AM. ¥’0ur o'clock P. M. fell a mizzlfng
warm rain, by which the rod became clec-
trified ncgatively, and emitted fmall fparks.
When the rain was over, the rod was clec-
trified polfitively, and it continued fo.

The ros has been conftantly cle@rified
this day, and has been ftriétly periodical,
Sce 17th inftant,

The fame as the preceding day,

The operations of the cleétric fluid in the
rod this day have been nearly fimilar to
thofc of the 17th inftant,

Dark moift air, but fair, and fome brifk
gales of wind, thefe four days,

The thick cafterly wind is now over-ruled
by a clear northcrlx onc; and the eleéri-
fication of the rod this day has been of
the periodical kind, The pith balls never
clofed.

Near fix o'clock A, M. I found the pith
balls open onc inch and a quarter, pofi-
tive; which is rather lefs than when I
left them laft night. Half an hour after
ten o'clock, fell a heavy fhower of rain:
the pith balls now clofed, and foon opened
negative, which, with the rain, continued
the reft of the day.

P. M. fair weather.

From 2 continued rain of four hours,

Nearly all day, but ftrongeft after funfet,

A.M.——and P. M. A cloudy atmofphcre.

The ele@ricity of the atmofphere this day
has been {o weak, that I have been o-
bliged to content myfelf with obtaining
the kind by a pair of flaxen threads,
without balls to them, -The weather
warm and fhowery,
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Inch.| 4
| The operations in the rod, thefe two
S 129.68 5715/ Pof. | 3 * OF Fog, tocle
S ays, have been of the periodical kind.
g NE 29-90 42 S. [ Polf. ] Sch th of O&ober, P E
9| NE{30. 3|44 Pof, Pith balls not open this day, The kind
was obtained by flaxen threads without]
balls to them, woift air, '
10| NE |30.15{46}~= Pof.
11| E |30. 148/~ Pof. ; .
12{ NE |g0.1047{~{ Pol. ’
13{ NE 30.15 44/~ Pof. Sharp durk weather, thefe nige daws,
14| NE |30.25 |45/~ Pof. with a dry cafterly wind; angawcak
151 NE {30.29 {42{—]| Pof, cleétricity,
16| NE |30.16| 38— Pol. !
17| E [30. {41{— Dol
18] N |99.77 !33!0~ Pof.
19| S [29.2447|5.Neg|The fevere cafterly wind is now gone, and
a more intenfé atmelpheric cleélricity is
returned,  Nine o’clock A. M. a large
black cloud paffed over the rod, and a
moderate thower of rain fcll, by which
the rod was rather ftrongly clerified ne-
gotively, This thower %aﬂpd one hour;
and near the middle of it, the cle@ricity
changed to a ftrong pofitive; after this,
the elelricity cndcﬁ as it had begun, nes
gative, :
20| S [29.25]42{S.INeg|By the night bottle, Half an hour after
two o’clock P.M. fell fomne rdin, and the
rod became cleétrified pogatively, At
{ Calitock, in Cornwall, 'in the cvening
of this day, much lightnjing and thun-
der.
21| W {29,16{47|S.| Neg | Half an hour after mid-day, fell a moderate
fhower of rain, attended with a. great!
darknefs. The rod now hecame rather]
/. ftrongly cleétrificd ncgatively; and the
bell rang weakly., There were after this
feveral {thowers, which only gave a weak
! pofitive cleétricity; except onc, which fell]
at ten o'clock at night; this indeed was]
Atrongly pofitive, At eleven o’clock this
night, both at Londen and Portlinouth,
there was much lightning and thunder,
And alfo, at the fame time, at Silifbury,]
where it appeared to roll along the ground
like u body of liquid firc.
22| SW leg.40'49 ~—|Neg | A, M. The weather thowery.
23| NW 20.68' 49— Poﬁ P.M. A fogggfdmoift air,
24| SW 298 37~| Pof. | A, M. and P. M.
25| 8 '29'7 |60}_|Ncg P.M. Weather howery.
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November and December.

N

Neg'

N
Pol.
Neg

Pof.

. From a fall of fnow.

Pof.lA.M

Atmofpheric clc&ricitz, thefe four days,
has been governed by its periodical
laws. 'The weather very mild,

There has been very moderate wedther
\, thefe 12 days, The pith balls have

béen variable, between aull, and néarly
one inch open,

with a ftrong gale of wind, trom early in
the morning to feven o’clock P, M.; the
wind then became a ftorm. The rod
had becn null to this time, but fow gave
figns of a negativecharge, which contintied
increafing until near nine o’clock; at this
time the {torm feémed to be at its height,
when the wind fuddenly fHifted from
SWto N cvcrY appearatdce is now aw-
fuly the pith balls diverge to their utmoft
limits, and are very much agitated; and

an hotir afler nine o’clock, .the ftorm
teafed; and the charge in the rod became
very weak. -During the {pace of two
hours, the cléétricity changed fix timnes,

From five to eight o’clock A. M. there was

a ftorm of wind and rain. The clefri
city changed once only.

P. g A thowery day.

AM. L
A M.—and P.M. Strong gales of wind,
with rain.

fell 2 fiower of rain, mixed with fnow,

cle@rified, pofitively; which continue
with fome variation of intenfity (without

;é‘;'alcﬁ divergency of the pith balls was

ar luches, when fine fparks were res
celved from the brafs ball N.

There has been a conftant drizzlidg rain,}

the bell rang about balt 4@ niinute. Halff

Between cleven and twelve o’clock A, M.}

by which the rod became rather l\rung}{y.
¥,

change of kind) near three hours, Thef

N
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December and January, 1991,

|Neatly all day. Divergency three-quar~
ters of an inch, Weather {eyene.

. {The air is extremely moift; and fome

fmall rain fell feveral times this day,
which was almoft void of the cleétnic
fluid'y for I could not obtain it in quantit
fufficient to afcertain the kind, until
added a LIGHTED PITCH TORCH to my
hand exploring-rod. Sec fig, 2. .
’I}xc pith ‘balls half an inch open nearly il
a

G2y. . .
. |Five o’clock this morning, a moft tremen-

dous ftorm of wind, rain, lightning, and
thunder, vifited London and other parts,
I, being not well, and in bed, did not
get up to make obfervations. I thought
I heard the bell ving: however, the rod
was but weakly eleétrified the reft of the
day. The high wind continucd, withont
rain, all day. .

lMo&enw weather thefe fix days, and
nearly a conftant charge of cle€iricity in

3 J the rod.

P.M. A fair morning, and a wet evening.
The rod has becn eleétrified nearly all day,
by a fo :

1AM, fn the evening negative, from a fall

of rain, This evening much lightnin
and thunder at Canterbnlﬁ"y. &

. {A.M. A foggy morning. Half an hour

after cight o’clock P. M. happened a

{fudden Ealc of wind and rain, by which

. the rod became rather firongly ele@irified,
negatively,

The morning. of this day was frofty, and
the evening wet, The cle@ricity of the
former was pofitive, and the latter nega-
tive. :

Neg |P. M. Balls three-quarters of an inch open.

Strong gales of wind, with rain.  Nine
o’clotﬁc P. M. fevere lightning and thun-
derat Falmouth,

Very fine weather thefe four da{a. Di-
vergency of the pith balls have been be-
tween null and near onc inch open.

Ncé dight o’clock A. M. I faw a large black

cloud in th NNW: foon after, & firong
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Tl B ey g —
§~ 35 § é ’g‘ :% January and February,
Inch.| 9] . ) : . ‘
’ wind {uddenly fprang up, and a little rain
fell; during which, the rod was vather
§ frongly cletrified negatively, with fmall}
fparks. This charge ofthc rod ouly lafted}
; ] . cighteen minutes. - _ ;
10| S l29.75|42|— DPof. ine weather, and almoft a conftant elac-
11} W 139.75148)—1 Pof. tricity thefe two days,
18] S |[29.95'a2|—|Pof. |P.M. Avery high wind, and a weak elac.
i{icxty- Ig theevening of this day, muchy
, , ) lﬁxming.sud thunder at Plymouth.
13] W 189.48|48'—|Neg | P. M. from a fhower of rain,
1¢] W legllo 42‘»—11’0!.1
{45/ SW 1g0. |38 ~— Pof. Very modcrate weather, and & weak
16! SW i29.82|50{~ Pof. cle@ricity, thefe four days,
17} SW [29.50] 49! Pol.
:9 g zg:g° :; - gcg g From rain, with a ftrong wind,
s0] SW 98.46 431—' Pof. |7 ‘
91{ W !ag.a0|g7|—|Pol.
ta} S ug.Bg 38 v Pol,, . )
23] W [29.96 48 —iPof, ‘T
24{ S |go.50igal—!Pol,| | The weather for thefe twelve days hav-
5| SW |go.a7)45|— Pof. ing been moderate, the clottricity of the
26) SW 130.15/45!~ Pof, > atmofphere has only been of fuch ipton.
s [ 189:84.145 Yol ty a8 s common to {erenc weather.
4 SW |ag:8ed P, L & f I
' 30 [33|~~Pof, :
29| SW [g0. |g8{—m|Pof,
80| NW 129,85 4411 Pof, ) 1
81|NW 29.85!51|—|Pof.|J .
1} ‘W log.85147! 8. |Pof. | P. M. from a thower of rain, of large drops;
] the rod bécame ele@rified rather ftrongly
; p}gﬁ{)iver. ;mlil g?nimd finc bright fparks at
¢ the brafs ball N, .
a] N [g0. [88]—|Pof,
8] N |go.20|82 |~ Pof. )
4] N {go.40}8%|—Paf, 4 . :

5] N !30.45/36!—|Pof.] | The weather thefo nine days have been
6] SW |30.40| 36 |-—| Pol, foggy and clear by turns; and the clec-}
NW|30.39| 42|~ Pol, t.nhgcntion of the atmolphere conftant.

3 W 180.36]4g!—|Pof.] {.

9 s&lv 30.3; 42 — réof;.

§ O, ~t 4O, : :

i L 4 | There has been, hthe(c ibrce days, a
i 1ZZ rain;

11| SW f29.80 42 ~ Pof, g‘r: né‘,]:g:-“g{:;” llt‘n Ixcak,mantml' ::vﬂ

22 s‘% 80.111 30— £°£' obliged to.conneft, with the hand.rod,

L 89.9546,— Pol. A L1GHTED TORCH, to afcortain the

i kind.

Na T
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‘cﬁ’ R e gy i February and March,
E |4 E &g
Inch.[ ¢ - )
14|SW [29.88153 — goi_.
. -
;g gvv“; :9'32,3‘,73 — 'Pgl: Fine mild weather, with a conftant clee
17| 8W g::o‘,}o — Pof: tricity, thele five days, o
18| SW.120.35 go —|Pof, }J o
19| NE |29.40 37 S. |Pol.|Five o’clock, a dark cloudy morning, with
fome fmall rain; by which the rod be-
X came rather ftrongly ele@rified, pofitively. |
: During the paffage of fome low.c{ouds, the
eleétric charge in the .rod changed five
times; all of which changes, I have reafon |
to think, were only influentially effcéted.
20{NE 29.80 40 S.[Pof, [A.M. Rainy dark weather. In the after-|
i . naon the charge in the rod became nega-
tive, and remained fo full three hours,
without change of kind. :
e1| § [20.56 43 —|Pof, o S
22| §W|29.73 32 —|Pol. | ( Dark rainy weather, and a very weak
23| SW 29,55}47 —iPof, cletricity.
24 W j29.90:33 —|Pof, .
25| E |30. |37 S.{Pof.|There has happened this day a continued
rain, mix¢d with fnow. The rad has been |
feveral times firongly charged; and the
. cle@iricity gradually changed four times,
26| N |20.72/33 S.|Pof. 1 The weather and the eleétrification of the
. rod have been nearly the fame os in the
I preceding day.
27| N |30. |38 S.|Pof|The weather and the operations ‘of the rod
; have been nearly the fame as in the two,
' . ol sl pi preceding days. - -
28/ N |go. 8/36 — Pol. » weather hds been fopp
' N gq&z %5 —|pof ’lguacy;vc her hds been foggy thefe thrf:c
2| § 130.25132 —|Pof, ' '
- 31 SW|30.50{ 32 ==|Pof, ]
4| SW|go.40|45 —|Pof,
5| SW30.44147 — Pof.
6] 5W130.20140 —|Fof,
g Nwlso.z5l41,— Pof.
N o.g5 37 —|Pof, ] L
ol SW go. 5134 <= Pof. | } Serene fair weather thefe feventeen days;
10| W{30.55/35 —|Pof. dnd-the nights were gencrally froity,
11] SW|30.46) 39 —; Pol. The: cle@ricity of the atmofphere has
12| W-|30.28,40.—| Pof, heen conftant; but oo weak to affords
13| SW|go.20{44 — Pof, vifible {parks.
14| SWl30,18{47 ~ITof; )
115) SWg0.35|50 —|Pof,
16| SW|30.30| 51— Pof,
{17} SWigd.q040 —|Pol.
18] SW|30.28} 50'—! Pof, !
19) SW30.15139 —| Pof. | J
] |
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* March,

This morning fell a warm drizzling rains
which feems to have a&ed like a charm
on the late conftant cletrification of the
atmofphere: for I find it {o weakly eleca
trified fincg the rain fell, that I have been
obliged to conne&®, with the rod, A
LIGHTED TORCH, to afcertain the kind. -

Four o'clock this morning, a fevere florm
of wind and rain, driving full againft m;
bed-room window, induced wme to rife
from my bed (to fee the ftate of the
rod ; which 1 Yound h:ﬁhly cle@rified,

ofitively, This wind did not abate its
orce till fun-fet. Four o'clock P.M. fome
rain fell, mixed with fnow, which laited
near onc hour, During this time, the rod
was moft powerfully cle@trified, pofitives
ly: I counted feventeen {pontancous exe
plofions between the brafs ball and bell,
notwithftanding the bell was ringing all
the time. Half an hour after five o’clock,
came a fecond fhower of rain, hail, and
{now, which lafted half an hour, attended
with uncommon darknefs: about half of|
this time, the cleftric charge in the rod
‘was as flrong a8 it conld offibly be; for
the fluid almoft ﬂrcammf between the
brafs ball and bell: I counted near two
hundred very brilliant explofions between
the ball and bell, The bell rang all the
time, This latter ver hiih charge, was
firft ncgative; attended with four .changes
of ele@rigity, but all gradual.

The difpofition of the atmofphere has
been mild and regular thefe fgur daysd;
and the flate of atmofpheric elericity
copflant and periodical,

Half an hour after nine o'clock, A. M. fell
fome rain, by which the rod became elec.
trified, ncgatively, Soon afterwards the
wind became N, and attended with fhowers
of, rain the reft_of the day: all of them
moderately cle@rificd, negatively,
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b g b .aut' . "
SlE 18 |8l March and April,
SRR EIGE
‘o . Inch.{ © Pof
&7 0. |40 of. | =
;%Nwlgo.ao 4541 Pol, @
291 SW | g0, 6]501~ PoL.1 | :
ﬂ E 130, (44| Pof.{1 | The weather has been fair during thefe}’
31| SE |go. 8144}~ |Pol. ten days, and the atrofpheric cletri-|:
2| BW Igo. |50]|~—|Pof, city has been conflant; yggit has been}:
21 E 129.81{5t{~Pof. too weak to afford vifible fparks. :
3] E [209.78]50|—|Pol. . )
4| NE |29.90]46—]Pol.] '
5 NE {29.72]46|—|Pol.
* N |29.45/43 8. Neg|8ix o'clock, A. M. I found the night bottlc
P ) { ' | charged fufficiently to.explede with a vis
| fible'{park; the kind, negative. During
1 the night, the weather ha ‘chang‘::ad fram
dry to 2 mild rain. The rod has been
clcflrified negatively pearly all this day, |},
NW’W :972 ;:73 : ;gf-' Mild fercne weather, The divcrgcncy‘of '
NW t9'9 51|—|Pof.] & the pith balls has been varying between|
W 82:9" 50|—{Pof. |} nulk and nearly one inch open. g
SE {go, 160{8.!Neg] Weather ftill mild, apd a conftant cleétri-}:
i city this day, . . 3
N {29.95]54]—|Pof. | ¥rom a fog.” -
igl NE{go. {51}~ Pofl.
4] W igo. [59]—]Pof, :
L Ll
by ssv’::v 30'“6) 52 — ;g? Mild fcrene weather thefe nine days;f
SE 80- 1! Pof’ fome of them foggy : but whether clear
sW 20.80 71— Por. .or foggy, the vapour in the air has been
sw! ‘3:7 51 501~ Pof{ | cenftuatly eleirified, politively,
8 leg.s gg ! Pod.
SWiag.4 it ~s—- Pol.

8Wz9.25/55] 8. Neg| A wet morning.  Twelve o’clock, ‘the rdin}
‘ fell more plentifully, and the rod was ra- }.
ther firongly charged, negatively, J
1Half -an hour after twelve o'clock, P.M, an
1 extenfive black cloud, without any breaks
in it, appraached the rod, by which it be-
{ came firongly cle@rificd, negatively; and
in the {pacc of twelve minutes, a mof}
awful darknefs filled the atmofphere, and
fome rain fell, mixed with hail. The]
! cleftric .char%c in the rod now became po-}.
1 fitive; and, for the fpace of ten minutes, it
was 28 ﬁronglzl clebtrified 28 it poflibly
could be; for { now counted 192 fponta- |’
neous explofions between ithe brafs ball
and bell; the bell ringing prifkly all the
time, Thefe lucid fparks fucceeded cagh b
other almoft too quick tg be noted. Wheng

$W |9.24)64]

™
z
-]

.| the explofive fparks ceafed, the cle@lricity]



relating to Atmofpherical EleRricity. s

W
dls 18 {ul%|e Avri
N gl51.8 pril and May.
TEAEREGE o }
Inch.| o ‘ S e
X of the rod changed, and cnded as it had
begun, nogative, A little after five o'clock
fcll a heavy fhower of raing and a fecand
ftrong charge in the rod fucceeded, attend~
: cd with three gradual changee of kind,
24|SW l29.31 54| S [Neg|A Tittle after two o’clock, P, M. fell a
fhower of rain, by which the rod became
moderately cle@rified, ncgatively. The
bell rang weakly. This charge in the ,:oodd
iqn‘tlinucd four‘hours, without change '
ind.
W |29.84!51| S. [Pol.]A. M. Three o'clock, P, M. foll a hower
%5 9-5415 | of rain, which was rather firongly cle@ri-
fied, negatively, attended with three
. changes of kind. .
o. ' — | Pof, : :
:6 I\I;JE 29.8 " gg —_ Po% Serenc foggy weather thefe three days,
29.81158 |~ Pof. ", - '
ig %’ ng,ﬂé g; S,{NeglA. M. from a thower of rain.
80| N [89.go|4B| S.|Neg During the greateft part of the day, The
 weather:thowery, - .
1] N |29.80[48] S.[Pof.]A. M. Aftcrnoon negative,. The weather
s Altill Ih‘:wery. ®
N [29.85/48! 5.INeglA. M. A mild fhowery moming, °
; N ag. 5 25 —1Pof, [A, M. but very wecak. Fair weather to-da¥.
4| N [go. [45]|—[Fof.[The atmolphcrical cle@ricity has been {o!
very weak this day, that I was obliged to
conneét, with the hand-rod, a LicuTED
ToRrcH, to afcertain the kind of cle@ri-
city,
N i=9.96 o~ Pof. :
g N 32-9 % ~\Pof. | ( Fair fecene weather thefe four days; and
N |30.28/ 45 |—|Pol. the atmofpheric cle@ricity conitaht.
& N lgo.ge! 48 [~—Pof. '
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A Monthly decount of Sparks, and of Pofitive and Negas
tive Electricity, as indicated by the Pith-ball Eleftromea
ter, connected with the rod; excepting a few timesy in very,
moift weathery in which it was obtained by the hand explore
ing-rod, with a lighted TORCH to it, Sce fig. 2.

Sparks drawtiy
Times Times ay£

: zgd:;: M:g: :;gf} Pof. g0 Neg. 27 13
June Pof. 45 Neg. 22 5
July Pof. 36 Neg. 23 8
Auguft Pof, 33 Neg. 6 g
September Pof, 39 Neg. 11 19
Odtober  Pof, g7 Neg. 7 22
November Pof, go Neg. 8 11
December Pof, 35 - Neg. 11 6
January  Pof, 28 Neg. 8 g
February Pof, 36 Ncg. 12 6
March Pof. 34 Neg. 8 2
April Pof. go Neg. 14 8

423 157 106

1t appears, by comparing the monthly accaunt of this’
year with that of the preceding, that there has been a con-
fiderable difproportion in the eleélrical pofitive ftate of the
atmofphere ; but which, when duly weighed, will not ap-
pear fo great as it now does. For when it is confidered,
that in the preceding yeat there were 73 days in which
weak figns only of the eleétric fluid were obferved; that
feven days were deftitute of elefric figns; and that that
kind of weather in which very weak figns of atmofpherical
cle@ricity could be obtained, is now found, by a more
fenfible eleftrometer than was at that time ufed, to be al~
' ways
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ways pofitively ele@rified, it will; I prefume, diminith the
pparent difproportions And as for the remaining difs
ference, I alfo attribute a good deal of it to the accuracy
of my prefent mode of obtaining atmofpherical clecricity,
with a more complete apparatus; by which 1 have been.
-able to. colle&t the eleétric fluid, in fufficient quantity to
afcertain the kind which predominates in the atmofphere,
cven in its weakeft flate. [ have, therefore, found it an
eafy matter to fix the kind of cle@ricity that the aqueous
~ vapours in the air were charged W1th in each day through~
out the' year.

From repeated obfervations, and long experiences I am
perfeétly- fatisfied that the aqueous vapours, fufpended in
the airy are conftantly eledlrified 5 requiring only the aid
of a proper colleftor, to render the effefts of their eleiri-
city at all times fenfible,  And for this reafon, there may
be juftly faid to be an eleétrical atmofphere within our
aerial atmofphere.

During a courfe of modetate weather, the ele@iricity of
the atmofphere is mvanab]y pofitive; and exhibits a flux
and reflux, which generally caufes it to increafe and de-

- creafe twice in every twenty-four hours, The moménts
of its gr,e,atqﬁ force are about two or three hours after the
rifingy and fome time before and after the fetting, of the
fun; thofe when it is weakeft, are from mid-day to about
four o’clock: The penodxcal ele&mcnty of the atmofphere
feems to be manifeftly influenced by heat and co/d. Hence
it plainly appears, why we always find warm finalt rain to

0 be
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be but weakly elerified; when cold rain, which falls ist
large drops, is the mofk intenfely eleétrificd of any,

The abovementioned cighth day of May, completes my
fecond: year’s Journal; ‘which, agreeable to my promife, I
have now the honour of prefenting to the Royal Society,
with a defeription of the improved atmofpheric apparatus,
which has been ufed for the foregoing obfervations.

T maft now clofe that regular account whichy for the
laft two years, has daily occupicd my attention, Should
any very remarkable appearances, however, in future take
place, during a long courfe of frofty weather,, which is the
only ftate of the atmofphere that I have not yet experi-
enced %, as my apparatus will continue in order, I {hall
carefully note themy and prefent them to the Royal So-
ciety : heping that fome more able philofopher may be in-
duced to take his thare of labour in this interefting and
promifing field, in order to inveftigate, as far as poflible,
the nature of fo aCtive, univerfal, and, in all probability,
important an agent, as the atmofpherical electricity feems
to be ; and to purfue the fubject, with that diligence, and
unpxejudlced accuracy, which has been my principal ob-
je& in the courfe of my obfervations.

# As T do not remember that there have been twenty-four hotirs of
tard froft Juring the luft two winters,

e B

‘I7)a Jix following Pages (which I beg leave to fubjoin) bave
not been prefented to.thg Royal Socicty.

Though
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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 every particular
fact ; yet few things, I hope, of ufe and importance have
been emitted. But, T wifh, in a more particular manner,
to invite the philéfophic reader to the inveftigation of the
three following cffelts, which are in themfelves, I think,
the moft peculiar; and - have already been fhortly noticed,
when they happencd to take place in the rod, in feveral
parts of the Journals; and which I beg leave to do, for the
fuke of concifenefs, by way of interrogation,

Firft, When the high pointed rod is intenfely eleirie
fied, and the pith-balls annexed to it, diverging five or fix
inches, why thould they exhibit a waving pendulous mo-
tion, without any diminution of their divergency, but vi-

brate as if the threads and balls were one folid and inflexi-
ple fubftance ?

Secondly, By what means, and in what manner are the
eleGricities of the earth and atmofphere acted upon, fo as
to caufe the pith balls to exhibit very quick jerks, by a
fudden lofs of intenfity, from five to three, two, or even
ope inch aperture, while yet the balls as quickly recover
their former intenfity, and fometimes recover it but flowly?
Thefe fudden jerks are never attended with a change of
cledricity, but the facts themfelves happen in both kinds,

"Thirdly, In what manner do the powers of nature effect

a total dilcharge of the highly eleétrified rod, in an inftant
of time, and the next inftant render it highly eletrified
Q2 as
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as at the firfl, and either with or without a change of elec
tricity?! Thefe ftriking effe®s and appearances, I own,
are’ attended with confiderable difficulties ; of which' I
cannot, at prefent, give a folution fatisfattory to myfelf, nor
can [ even imitate them by artificial eleétricity, The fol-
lowing circumftances, however, are clear, that thefe effeéts
never happen with a weak eleéirification of the rod, nop
always with a ftrong one ; but they are always more or lefs
difplayed;, when a flath of lightning happens in the neigh-
bourhood of the rod; or is ftrongly prefumed to have hap-
pened at no great diftance from it.  As thefe effects ap-
pear to ‘be immediately conneéted with an explofion of
lightning, they may poffibly ferve as a clue to the more
complete inveftigation of that phenomenon; and are,
therefore, worthy of the regard, and the moft minute exay
mination of the philo(ophci'.

The



The following Obfervations are chiefly felefted from the Worke
of Mr. AcHARD and Mr. CAvaLLo,

SEmmm————.

Mr. AcHARD obferves, on the imperfe&ion of Meteoros
logy, that little progrefs will be made in it, fo long as ba«
rometrical, thermometrical, and' hygrometrical obferva-
tions are not accompanied with the regular obfervations of
the cle@ricity of the atmofphere, of the cleétricity of rain,
hail, fnows, mifts, and aqueous meteors in general, As it
is now clearly afcertained, that electricity is a caufe of va<
rious meteorological phenomena, it is rather furprifing that
philofophers have not perceived the abfolute neceffity of
joining an inftrument, by which obfervations may be made
on the cleGricity of the atmofphere, to thofe which indicate
its- weight, heat, and humidity,

Without confidering, in this place, the different proofs
of the influence of eleSricity on meteors, it will be fuffi«
cient to remark, that we capnot attain to an adequate

“knowledge
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knowledge of any phenomenon occafioned by the concur-
rence of various caufes, without being acquainted with
them all ; for, if any one is neglected, it will be abfolutely
impoflible thoroughly to explain the phenomenon. If
cleflricity is not the fole caufe of feveral meteorological
appearances, it is undoubtedly concerned more or lefs in
their formation and elevation; {o that by negle€ling to ob-
ferve it, as well as the barometer, &c. we loofe the fruits of
other, even very exact, metcorological obfervations.

T'he influence of clefricity on vegetation, is proved by
a fet of obfervations made by differcht philofophers; bue
it evidently appears, that the botanic meteorological obfer-
vations alone will never be fo ufeful as might be expeled,
i1l we unite thofc made by an inftrument; which will in«
dicate the eleiric ftate of the atmafphere to thofe made
with other inftruments. Itis owing to this caufe, perhaps,
that it is mxpoﬂible to draw any conclufion from the bo-
tanical . meteorological obfervations’ of Meﬂ'rs. Gautier
-and Duhamel, which were continyed from 1751 to 1769.

- It is remarkable, that in thofe days in which he obferved
fo clefiricity in the air, there was no dew at night; while,
on the other nights, it fell in greater or lefs quantities. Mr.
Acnarn does not think thofe obfervations fufficient to
determine that dew is occafioned by eleétricity ; but it may,
he thinks, be fairly inferred, that the clevation and fall of
the dew is obftruéted, or promoted hy the ele@ricity of the
‘ALl

As
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As electricity is often, if not always, the caufe of dew,
110 one will doubt the neceffity of attending toit in the bota-
nical meteorology; 2s every one is acquainted with the in-
fluence of dew on the growth of vegetables:

Having endeavoured to prove the neceflity of combining
obfrvations on the eleGricity of the atmofphere, with othes
meteorological obfervations, Mr. ACHARD proceeds to de-
fcribe the properties requifite in a good atmofpherical eleca
trometer, the want of which accounts for the negle€t and
fupinenefs of philofophers on this fubjeét.

Mr. CavaLLo, on this fubje&t, fays it appears, from' the
obfervations which have been made on the elefiricity of
the atmofphere, that nature makes great ufe of this fuid i
promoting vegetation.

ift. In the fpring, when plants begin to growy then.
temporary cleftrical olouds begin to appear, and pour forth
clectric rain,  The eletricity of the clouds and of the rain
continues to increafe till that part of the autumn in which
the laft fruits are gathered.

* 2dly, It is this fluid which fupplies common fire with
that moifture; by the help of which, it afluates and ani-
mates vegetation ; it is the agent that colleéls the vapoursy
forms the clouds, and is then employed to condenfe them
inte rainy

3\“ y’
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3dly, ‘From the fame principle may be -explained 't
proverb, that no watering gives the country fo fmiling a le
as.rain. The clouds which bring the rain, by extendi
their eleftric atmofphere to .the plants, difpofe the por
of the latter to- receive with greater facility the wat
which is impregnated with this penetrating and dilati:
fluid. Befides, it is natural to fuppofe, that the pofiti
eleftricity which continually prevails in ferene weatht
will contribute to promote vegetation, fince this has be
found to be the effeét even of artificial cle@ricity.

FINTIS
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