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1. A Colleftion of the Ele@rical Experi-

riments communicated to the Royal Society
by Wm. Watlon, F. R.S. read at f[everal
Meetings between O&ober 29. 1747. and
Jan. 21. following.

I.

An Account of the Experiments made by [eve-
ral Gentlemen of the Royal Society, in
order to difcover whether or no the elec-
trical Power, when the Conduttors thereof
were not fupported by Eleétrics per se would
be fenfible at great Diftances: With an In-

quiry concerning the refpettive Velocities of
Ele&ricity and Sound : To which is added

an Appendix, containing jbme Sfurther In-
quiries into the Nature and Properties of
Ele@ricity.

Read O&, 2g.

Reed N the Paper I did myfelf the Honour
747

fome time fince to communicate to the
Royal Society, 1 took notice, that, among the many
other furprifing Propertics of Ele@ricity, none was
morc remarkabic, than that the eleétrical Power, accu-
mulated in any non-clectric Matter contained in a glafs
Phial, defcribed upon its Explofion a Circuit through
any Linc of Subftances non-cletrical in a confidera-
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ble Degree; if one End thereof was in Conta& with
the external Surface of this Phial, and the other End
upon the Explofion touched cither the electrified
Gun-barrel, to which the Phial in charging was
ufnally conneéted, or the iron Hook always fitted
therein.  This Circuit, where the non-eleéiric Sub-
ftances, which happen to be between the Outfide of
rhe Phial and its Hook, conduét Elecricity equally
well, is always defcribed in the fhorteft manner pof-
fible; but if they condu& differently, this Circuit
is always formed through the beft Condultor, how
great focver its Length is, rather than through one
which condu&s not {fo well, though of much Iefs
Exrent.

It has been found, that in proportion as Bodies are
fufceptible of having Electricity excited in them by
Friction, in that Proportion they are lefs fit to con-
du& it to other Bodies; in confequence whereof, of
all the Subftances we are acquainted with, Mezrals
condust beft the clectrical Powerss for which Rea-
fon the Circuit before fpoken of is formed through
them the moft readily. Water likewife is an ad-
mirable Conductor ; for the electrical Power makes
no Diffcrence between Solids and Fluids as fuch,
but only as they are non-electric Matter.

In order to give an Idea of what is underftood
by this Circuit, we will menrion an Example or
two, from which all the other may naturally be de-
duced. If a Perfon ftands upon a dry wooden Floor
with a coared Phial ever {o highly charged in one of
his Hands, and if another Perfon, without touch-
ing the firft, ftands but fix Inches from him, and
touches the iron Hook of the Phial, ncither of them

2 are
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are thocked; becaufe the Floor between them, tho’
the Diftance is fo fhort, will not conduct the Elcc-
tricity fufficiently quick. But if thefe two Perfons
tread upon a Piece of Wire Jaid between them, they
cach of them fecl the electrical Commotion in that
Arm, which touches the Phial and Hook, and in
that Foot which treads upon the Wire; the Wire
here conducting the Electricity quick cnough, which
the dry Floor would not. The Circuit is here
formed by thc coated Phial, its Hook, fo much of
the Bodics of thefe two Perfons as formed a curve
Linc between the Wire, the Phial, and Hook, and
the Wire between thefe Perfons.  If thele Perfons
frand upon, or touch with any Part of their Bodics
any Non-electrics, which readily conduct Electricity,
the Circuit is completed, and the Effect is the fame :
And this is occaftion’d by the fhort Space of Time,
in which the loaded Phial is difcharged, when any
Matter of what kind foever readily conducting Elec-
tricity happens to be between the coated Phial and
its Hook, and is {o connccted as to cecmmunicate
with both upon the Difcharge of the Phial.

Monficur le Monnier the younger at Parzs, in an
Account tranfmitted to the Rajal Society, takes
notice of his fecling the Stroke of the clectrificd
Phial aleng the Water of two of the Bafons of the
Thuslleries {the Surface of onc of which is about an
Acrc) by means of an iron Chain which lay upon
the Ground, and was ftretched round haf their Cir-
cumference.

Upon thefe Confiderations it was conjcctured, as
no Circuit had as yet been found large enough fo
to diflipate the clectrical Power as not to make it

G2 perceptible
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perceptibie, that if the non-electrical Conductors
were properiy difpofed, an Obferver might be made
fenfible of the eclectrical Commotion quite acrofs
the River Thames, by the Communication of no
oticr Mcdium than the Water of that River.  Bue
as perhaps, in what rclates to Electricity lefs than in
any other Part of Natural Philofophy, we fhould
draw Conciufions but from the Facts them{eives, it
was determined to make the Experiment.

The making this Experiment drew on many
others, and as the Gentlemen concerned flatter
themfelves that they were made with fome De-
gree of Attention and Accuracy, they thouOht it not
improper to lay a Detail of all the Operatlons re-
lating thercto, before the Royal Society.

in order to try whether or no the clectrical Com-
motion would be perceptible acrofs the Thames, it
was abfoiutciy neceflary that a Linc of non-eiectric
Matter, cqual in Length to the Breadth of the Ri-

{hould be laid over it fo as to touch the Water
tacreof in no Part of its Length 5 and the Bridge at
IWeftminfter was thought tae wioft proper for that
Purpoie, where the Water from Shore to Shore was
fomewhat more than 4o Yards.

According.y on Tuefday fuly 14, 1747. to fec the
Succefs and aflift in making the Expcriment, there
met Martin Folkes Efq; Prefident of the Royal
Society, the Right Honourable the Earl Szankope,
Rickard Grabam Efq; Nicholas Mann Efq; and
myfcif, with proper Pertons to crxecute what was
required of them in the various Parts of thefe Ex-
periments.

A
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A Line of Wire was laid along the Bridge, not
only through its whole Length, but likewife turn-
ing at the Abutments, reached down the ftone Steps
on each Side of the River low enough for an Ob-
ferver to dip into the Water an iron Rod held in
his Hand. One of the Company then ftood upon
the Steps of the /2eftininfer Shore holding this Wire
in his left Hand, snd an iron Rod touching the
Water in his right: On the Steps facing the former
upon the Surry Shore, another of the Company
took hold of the Wire with his right Hand, and
gratped with his left a large Phial aimoft filled
with Filings of Iron, coated with Shect.Lead, and
highly elcctrified by a giafs Globe properly difpofed
in a neighbouring Houfe. A third Obferver {tand-
ing near the {ccond dipped an iron Rod ke.d in his
left Hand into the Water, and touching the iron
Hook of the charged Phial with a Finger of his
rizht Hand, the Elcctricity {napped, and its Commo-
tion was feit by all the three Obfervers, but much
morc by thofe upon the Surry Shore. The third
Cbferver here was no otherwife neceffary, than thae
the River being fuli, the Iron was not long cnough
to be fixed in the Mud upon the Shore, ar,d there-
forc was in want of fome Support. The Experi-
rment was repeated {everal times, and the ciectrical
Cowmotion felt acrofs the River; but the Gentie-
men prefent being much mo.efted in their Operas
tioas by a great Concourfe of People, who many
times broke the conducting Wire, and o:herwife
great'y incommoded them, “and the Eveninz grow-
ing too dark for the Obfervers on diffcrent S:des of
the Water to ice each other, they were prevented

from
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from diverfifying the Experiments, as was intended,
and only confider’d thefe Trials as a flill further En-
couragement for them to profecute the Inguiry at a
mo-c favourabie Opportunity.

Early tnerefore on Saturday Morning Fuly 18,
there met upon Heftminfier-Bridge the Prefident of
the Royal Society, the Right Honourabic the Lord
Charles Cavendifn, Richard Graham Biq; Dr. Bewis,
and my{eif, with proper Afliftants. At the preceding
Meetinz, the eletrical Machine’s being placed at
fome Diftance from the Water being found incon-
venient, the following Alteration was made in the
Difpofition of the Apparatus.

A Room up two Pair of Stairs in a commo-
dious Houfe nearcft the Bridge on the Surry Shore
was provided, in which was placed the dcdtrical
Machine with the Gun-barrel fufpended in fik
Lines. From this Room, on account of its
Height, the Signals on both Sides of the River
were eafily obfervable. The coated Phial before-
mention’d with its iron Hook was placed upon
the Seat of the Window of this Room, and com-
municated with the Gun-barrel by the means of
a Piece of iron Wire. One Extremity of another
Wire was likewife fixed into the Bottom of the
leaden Coating of the Phial, whofe other Extremity
reached therefrom over the Bridze to the Steps upon
the e, minfter Shore, the Body of the Wire teing
piaced as much as poflible upon the Parapet of the
Bridge. One or more Obfervers took cach other
by the Hand, the firt of which muft neceflarily take
the Wire in his left Hand, and the laft, upon the
proper Signal given, either dip his right Hand into

the
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the Water, or (which makes the Pofture more
agreeable) a Rod of Metal held therein.  Another
Wire having no Communication with any of the
former, was let down from the before-mention’d
Room, and down the Steps upon the Surry Shore:
One Extremity of this Wire was held in the Hand
of an Oblerver ftanding upon thefe Steps, who dip-
ped an iron Rod held in his other Hand into the
Water: To the other Extremity of this Wire was
faltened afhott iron Rod, with which, when the elec-
fied Phial was fufficiently charged, and the Signal
given, the Gun-barrel was to be touched.

The Gentlemen, by this Difpofition of the Ap-
paratus, propofed to examine principally thefe three
Queftions: Firft, whether or no the Obfervers ftand-
ing on cach Side of the River would perceive the
clectrical Commotion, each putting an iron Rod
into the Water? Secondly, Whether or no the
Obfervers on both Sides of the River would feel
the clectrical Commotion, when the Obferver ftand.
ing upon the Weftmenfler Shore removed the iron
Rod held in his Hand out of the Water? Thirdly,
Whether or no the ele@trical Power was perceptible
to the Obfervers on both Sides of the River, if the
Obferver upon the Weflminfter Shore dpped his
Hand into a Pail of Water, which had no Commu-
nication with the Water of the Thames.

It was determined firft, upon proper Signals, to
difcharge the eledrified Phial in the manner before-
mention’d, the Obfervers on cach Side of the River
holding the iron Rods in the Water, and this Ex-
periment was to be repeated three times. This was
attempted accordingly ; and although the Obferver

OR
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on the Surry Shore was cach time fmartly firuck,
the Prefident of the Royal! Society, who obferved
with the utmoft Attention upon the Weltmimnfter
Shore, gave the Signal that he fclt nothing. The
Company was furprifed at this Want of Succefs in
the Experiment; but, upon examining the Wire,
which was laid over the Bridge, it was found to have
been broken by fome Accident, after it had paffed
over about a fourth Part of the Bridze. The Wire
being refitted, it was agreed to make the fame Ex-
periment {ix times more : This was done accordingly,
and the ele@rical Commotion was felt each timc
by the Obfervers on both Sides of thc Water, but
much fmarter by thofe on the Surry Side. It was
then thought proper to repeat this Experiment three
times more upon the Signal’s being given: but, in
making the fieft of thefe, the Obferver in the Room
with the Machine, difcharged the eleétrified Phial,
before the Obferver upon the Surry Shore had dip-
ped his iron Rod into the Water, and thercfore no
Effect was perceived by the Obferver on the oppofize
Shore. The eleérified Phial therefore was again
difcharged three other times, and the Commotion
felt by the Obfervers on both Sides of the River.
To cxamine the fecond Queftion, no other Alter-
ation was neceffary in the whole Apparatus, than
that the Obferver upon the Weftminfter Shore thould
not dip either his Hand, or the iron Rod heid
therein in the laft Experimeats, into the Water of
the River. The eleérified Phial then was difcharged
- three times without its EffeCts being in the leaft
perceivid by the Obfervers upon the Weftminfter
Shore ; thofe indeed on that of Swrry felt the Shock

as before.
In
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In examining the third Qucftion, the Apparatus
was in all other Refpeéts the famc as in the laft;
except that the Obferver upon the Wﬂmmfier hore
had a Pail of Water placed upon a woecden Table,
which ftocd upon the Stone Steps, and into which
he was to put his right Hand upon the Signal’s be-
ing given. This was accordingly done, and the
eleétrified. Phial being difcharged three times, the
cle@rical Commotion was felt as before by the Ob.
ferver upon the Surry Shore; but not in the leaft
by him on the Weftminfter Side, who held his
Hand in the Pail of Water.

In all thefe Experiments, except in one before-
mention’d, where the iron Rod was not in the Wa-
ter, it was found, that whether the Obfervers on
the Weflminfler Shore, upon the Difcharge of the
electrified Phial, did or did not feel its Effects, they
were always perceivd not only in the Arms of
thofe upon the Swrry Shore, who formed a Line
between the Extremity of the Wire there, and the
Water of the River; but by any other Perfon, who
ftanding upon the Stone Steps, even where they
were not wet, touched the Wire with his Hand.
They were likewife felt by a Perfon upon the /72/-
minfler Shore, ftanding upon thc wct Stone Steps,
who did not form Part of the Line between the Extre.
mity of the conducting Wire and the Warer, other-
wifc than by touching the Wire with his Finzers.

As was before-mention’d, the Obfervers upon the
Weltminfler Shore did not feel the Effcéts of the
difcharged Phial near fo ftrong as thofe on that of
Surry in the firft Set of thete Experiments.  When
a Linc was there form’d by the joining Hands of

two or more Perfons, the fir® of which, on account
H of
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of the Situation, held the condu&ting Wire in his
left Hand, and the laft touched the Water with an
iron Rod held in his right, the Effe&ts were moft
fenfible in the left Arm of him who held the Wire :
They were indeed manifeftly felt by them all ; but this
Feeling was not great cnough to be called a Shock, but,
as was very properly exprefled by one of the Com-
pany, it refembled the Pulfation of a large Artery.
From the Examination of the firft and fecond
Queftions it appeared, that the Obfervers upon the
Weftminfter Shore were not fenfible of the Effedts
of the Eledtricity, unlefs their Bodics deferibed Part
of the Circuit before fpoken of; and this Circuit
here confified of Part of the Gun-barrel of the clec-
trifying Machine, the Wire going from this Gun-
barrel to the iron Hook, the Phial itlelf, the rail
Wirc of this coated Phial which reached therefrom
acrofs the Bridge and down the Steps on the #¢/?-
minfler Shore, the Line of Obfervers between this
Wire and the iron Rod which dipp’d in the Water
there, this iron Rod, a {uppofed Line of Water
drawn quite acrofs the Thames, the Obfervers with
their iron Rod on the Surry Shore, the iron Wire
going from the right Hand of the laft of thefe up
into the Room where the eleltrifying Machine was
placed, and the fhort iron Rod to which one Extre-
mity of this Wire was joined, and with whicn, in
making the Explofion, the Gun-barrel was touched,
The Length of this Circuir, through which the
Eleltricity was propagated was at leat oo Yards,
more than 4co Yards of which was formed by the
Stream of the River.
From the Examination of the third Queftion it ap-
pearcd, that the elcttrical Commotion wouid not
be
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be felt from the Obferver dipping his Hand in Wa.
ter only, unlefs that Water was fo difpofed as to
become Part of the Circuit: and this Experiment

was madc, left the contrary might be furmifed.
The Obfervers upon the Weftminfler Shore not
feeling the cleftrical Commotion cqually firong
with thofe of Surry, was judged to proceed from
other Caufes befides that of Diftance.  For it muft
be confiderd, that the condutting Wire was almoft
throughout its whole Length laid upon Portiand
Stonc ftanding in Water. This Stone, being in 2
great Degree non-cledtric, is of it{elf a Conductor of
Elcctricity : And this Stone ftanding in Water, no
more of the Electricity was tranfmitted to the Ob-
fervers on the Weftminfter Shore than that Propot-
tion, wherein Iron is more non-electric, and, con-
fcquently, a better Conductor of Electricity than
Stone. This was made morce manifcft, from obferv-
ing that whether the conducting Wire upon the
Bridge was broke or no, and, confequently, whe-
ther the Obfervers upon the Weftminfier Shore felt
the clectrical Commotion or no, not only the Ob-
fervers upon the Su#rry Shore, who with their Wire
form’d Part of the Line, felt the Shock in their
Arms; but thofe Perfons who only ftood upon the
Stone Steps there, and touched the Wire with their
Fingers, felt the clectrical Commotion in the Arm
of that Hand which touched the Wire, and down
their Legs. From whencc, and from the Perfon before
{poken of fecling the electrical Commotion ftand-
ing upon the wet Stone Steps of the 27zfiminfter Shore,
tho’ not forming Part of the Line, but only touching
the Wire with his Fingers, it was concluded, that,
befides the large Circuit before fpoken of, there were
H 2 formed
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formed feveral other fubordinate Circuits between
the fame Steps of the Surry Shore, and the Bridge
by means of the Water; whereby that Part of the
clectrical Power, felt by the Obfervers upon the
Surry Side of the River, and not by thofc on the
Weftminfter Side, was difcharged.

Dr. Bewis having obferved. and which was like-
wife tiicd here, that however well an electrified
Phial was charged, its iron Hook would not fire
the Vapours of warm Spirit of Wine held in 2 Spoon
and applied thereto, if the Perfon who held the Phial,
and he who held the Spoon did not take cach
other by the Hand, or have fomce other non-clectrical
Communication between thems; it was thercfore
thought proper to try the Effects of Electricity upon
fome warm Spirit of Wine through the large Cir-
cuit before-mention’d.  Accordingly the Obfervers
being placed as before both upon the Weftminfter
and Surry Shorcs, no other Alteration was made in
the beforc-mention'd Apparatus, than that the Wire
which connected the Gun-barrel with the iron Hook
of the coated Phial being laid afide, the coated
Phial itfelf was charged at the Gun-barrel, and
then brought in the Hands of an Obferver ncar
the warm Spirits in thc Spoon, which was placed
upon the fhort iron Rod before-mention’d, which
was connected with the Wire which went to
the Obfervers upon the Surry Shore. Upon pre-
{cating properly the iron Hook of the charged Phial
to the warm Spirit, it was inftantly fired, and the
electrical Commotion felt by the Obfervers on both
Sides of the River.

It was then thought proper to try the Effects of

the charged Phial upon the warm Spirit, when the
Wire
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Wirc was divided which was laid over the Bridee -
Upon prefenting the iron Hook to the ‘Spirit, a fuf-
ficient Snap was given to the Spoon to fire the Spi-
rit, but nothing fo fmart as in the former Experi-
ment where the large Circuit was complcted.

dt was then tried, whart the Effe@ would be upon
the Spirie, if the chargcd Phial was divefted of its
long Wirc which lay over the Bridge, and was only
held in the Hand of an Obferver ;s whilft the Spoon
with warm Spirit was piaced in Contalt of the iron
Rod before mention’d, to which the Wire was con-
nected, which went to the Obfervers upon the
Surry Shote; and the Spirit wasfired with much the
fame Degree of Smartnefs as in the laft Experiment.

In thefe and all the fubfequent Operations, Wires
were made ufe of to condu&t the Ele@ricity preter-
able to Chaing, as it before by grecat Numbers of
Expcriments had been fully proved, thar whatever
Difterence there was in the Bulk of the Conductor,
that is to fay, whether it were a fmall Wire, or a
thick iron Bar, the clectrical Strokes communicated
thereby were equally ftrong: And it had been fur-
ther obferved, befides the Difliculty of procuring
Chains of a rcquifitc Length for the prefent Pur-
pofcs, that the Stroke at the Gun-barrel, when the
Electricity was conducted by a Chain, was ceteris
paribus not fo ftrong, as when that Power was con-
ducted by a Wire. This was occafion’d by the
Junctures of the Links of the Chain not being fuf-
ficiently clofe, which caufed the Electricity in its
Paflage to fnap and flath ac the Junctures, where there
was the lcaft Scparation ; and thefe lefler Snappings
in the whole Length of the Chain leflen’d the great
one of the Gun-barrcl.

Encouraged
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Encouraged by the Succefs of thefe Trials, the
Gentlemen were defirous of continuing their In-
quirics, and of knowing whether or no the eleétri-
cal Commotions were perceptible at a ftill greater Di-
ftance. The New River near Stoke N:wington
was thought moft convenient for that Purpofc ; as
at the Bo:tom of that Town, the Twinings of the
River are fo circumftanced, thatfroma Place which
we will call A to another B, the Diftance by Land is
about 800 Feet, but the Courfe of the River is ncar
2000. From A to another Place, which we will
call C, in a right Linc is 2800 Feet, but the Courfe
of the Water is ncar 8ooo Fect.

Accordingly, on Friday July 24. 1747 there metat
Stoke-Newington the Prefident of the Royal Society,
the Right Honourable the Lord Charles Cavend;fb,the
Rev. Mr. Birch, James Burrow Efqs Perer Daval
Efq; Mr. George Grabam, Wm. Jones E{q; james
Lever Efq; Mr. Newcome, Charles Stanhope Efqs
Mr. Trembley and myfclf, who were of the Royal
Society, and Dr. Bevis. To this Gentleman the
Company were much obliged, not only for his
great Readinefs in affifting in all the Operations,
but likewife for the Ufe of his cleftrifying Machine,
which from its Size was conveniently portable.
This Machine was now placed in a Room up one
Pair of Stairs in a Houfe near 4, and the Signals
from thence might eafily be perccived by the Ob-
fervers both at B and C.

It was propofed, firft to try the cleGtrical Com-
motion by the fame Obfcrvers as at Weftminfler-
Bridge, from A to B, the Diftance as bcfore—men&

tion’
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tion'd being about 8oo Fect by Land, and 2000 by
Watcer, in order if poflible to determine the Dif-
fcrence of the Strength of the Elcttricity felt there,
and at the Stone-Bridge ac Wefltminfier ; the Differ-
cnce of the Length of the 2 Circuits being about
400 Feet in Favour of that of the new River.

To make thc Experiment, an iron Wire was
faftcned to the Coating of the glafs Phial before-
mention’d, and conducted from onc of the Win-
dows of thc Room over the ncw River without
touching the Water; and from thence to B, laying
in its whole Length upon the Grafs in the MmeWs
except where it pafled over a Hedge., At B, when
the Explofion was to be made, onc or more Ob-
fcrvers were to take the Extremity of this Wire in
onc Hand, and touch the Water ot the River as
before with an iron Rod held in the other. Another
Wire was Iet down from the other Window of the
Room; onc Extremity of which was joined to the
thort iron Rod mention'd in the former Experi-
ments, the other was held in the Hand of an Ob-
fcrver at A, whole other Hand held an iron Rod
dipp'd into the River.

It was abfolutely ncceflary that thefc Wires
fhould rouch cach other in no Part of their Length,
otherwife the before-mention’d Circuit would upon
the Explofion be compicted from their firft Contact.

When every thing was thus difpoled, and the
Signals given, the charged Phial was exploded cight
times, and the clectrical Commotion every time
fmartly tele by the Obfervers both at 4 and B.
Whethier the Line of Obicervers at 5 confuted of
once or more, they were alwavs ftruck, and thae
morc fharply than at Hedminfter Bridge under the

e
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famec Circumftances.  Onc of the Obfervers, taking
the Wire in his Hand without having any Commu-
nication cither with any of the other Gentlemen or

the Water of the River, feltthe Shock in his Feet.
It was then thought proper to make right ‘Explo-
{ions without.any other Alreration in the Apparatus
than that thc Obfurvers at B, thould fand in the
Mcadow at fomce Diftance from the Water, without
having any Communication therewith other than
that turnithed by the Ground. This was accordingly
done, and the Stroke felt litrle if ac all lefs than
thofe latt-mention’d.  DBut the elcttrical Strokes be-
ing fclt fmartiy at the Diftance of at leaft 20 Feet
trom the Water occafion’d a very perplexing Difh-
culty, as it was impoflibic by this Expefiment to
determine with any Certainty, whether or no the
cleétrical Circuit was formed throaghout the Wind-
ings ot the River, or much fhorter by the Ground
of the Mcadows. The Experiment plainly thewed
that the Mcadow-Ground with the Grafs thereon
conduéted the Eiedricity better than Stonc; as it
suft be remember’d, that the Obfervers upon the
Stonc Steps upon the Weflminfler Shore fclt not in
the lcaft degree the cleétrical Commotion, when their
iron Rod was not in the Water, and themfelves ftood
upon the dry Stone Steps. But this Effect was {fuppofed
to be owing to the Mcadow Ground herc being en-
compafivd on two Sides by the New River, and on
the other by a wet Ditch, by both which it was
gencrally well moiften’d.  To folve therefore this
Difficulty a Serics of Experiments were executed, of

which hercaftcr,

The Gentlemen then determin’d to examine whe-
ther the ele@rical Commotions were perceptible
from



[ 65]

Commotions were perceptible from A to C; a Di-
ftance not le(s than 2800 Feet by Land, and near
$oco by Water.

To exccutce this, to the former Wire, which was
alrcady conduéted to B, another was added, which
there crofled the River without touching the Water 3
and reached almoft to C, where the firft of a Line of
Gentiemen held as before the Wire in one Hand,
and the laft dipp'd the Iron into the Water, The
Wire from the Machine to .4 was as before.  Upon
the Signal’s being given, the charged Phial was cx-
ploded ten times, and its Effects plainly though but
faintly perceived cach time by fome or other of the
Obfervers, but never by them all.  The electrical
Commotion was always felt by that Obferver, who
held the Extremity of the Wire, but never by him
who held the iron Rod in the Water. It was in
onc Expcriment felt by thc Obferver who held the
Wire, not felt by the next who held the Hand of
the former, and yet plainly perceived by the third
who joined the fecond. Thofe who did not them-
felves feel the electrical Commotion here, did as at
B f{ec the involuntary Motions of thofc who did.
The Obfervers at A4 felt the Shocks in the fame
Degrec, whether the other Obfervers were ftation’d
at B or C.

This Experiment further demonftrates the Diftance
to which the eiectrical Power may be conveyed:
but the fame Difficulty occurs here as in the laft;
to wit, whether the Circuit was compleated by the
Ground, or by the Water of the River?

Thefc fame Operations, which fhewed at how
great a Diftance the electrical Commotion was per-

I ceptible,
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ceptible, folved likewife threc Queftions of a fub-
ordivate Naturce.

Firf, whether or no, ceteris paribus, any Differ-
ence occurred in the Succefs of the Experiment, if
the Jong Wire, inftead of being joined to the Coat-
ing of the Phial, was faften’d to the fhort iron Rod,
which upon touching the Gun-barrel occafion’d the
Explofion s and if the thort Wire, which only went
to the Obfirver at A4, a Diftance from the Machine
not more than 30 Fect, was joincd to the Coating
of the Phial? Upon Trial no Difference * was
found.

Sccondly, Whether ot no, ceteris paribus, any
Difference in the eleftrical Commotion would be
perceived, when that Power pafles through the Arms
of two Obfcrvers, whofc Bodies made Part of the
Circuit, ftanding in the Room near the cle@rifying
Machine; one of which takes the Extremity of the
Wire that goes to the Obferver at 4 in one Hand,
and touches the Gun-barrel with the fhort iron Rod
held in his other Hand ? The other Obferver takes the
Extremity of the Wire which goes to B or C inone
Hand, and touches the Coating of the charged Phial
with his other.  In{everal Trials, where each of thefe
Obfervers frequently changed Stations, no Difference

in point of Strength was obferved in the ele@rical
Commotion.

Thirdly,

* No Difference is obferved when the ele&rical Circuit is pro-
pagated through Subftances which readily condu& Ele&ricity; if
they condudt it in a lefs Degree, the eleétrical Commotion is moft
perceptible to the Obferver, who holds the Wire, which comes
irom the charged Phial,
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Thirdly, Whether or no thefe two Obfervers [a&t-

mention’d received the Shock at the fame time?

They were feen to be both convulfed in the fame
Inftant,

Frly 28. 1747, there met again at the fame Place,
to proceed further in thefe Inquiries, the Prefident
of the Royal Society, the Right Honourable the
Lord Charles Cavendsfh, the Reverend Mr. Bireh,
Sit Irancis ‘Dafbwood Baronct, Peter Daval Efq;
Mr. Ellicott, Mr. George Gra/er, Richard Gra-
bam E{q; Mr. Robins, Mr. Short, Dr. IFilirabam,
and my mr who were of the Royal Society, and
Dr. Bews

The clc&rical Commotion was firlt tried from A4
to B before-mention’d, the iron Wire in its whole
Length being {upported, without any-where touch-
ing the Ground, by dry Sticks placed at proper Inter-
vais of about tiiree Feet in Heiglit. The Obfervers both
at A4 and B ttood upon Originally-Ele&rics, and,
upon the Signal, dipped their iron Rods into the
Water.  Upon dilvharging tae Phial, which was
feveral times done, thcy were both very much
fhocked, much more fo than when the conduting
Wires lay upon the Ground, and the Obfervers
ftood thercon, as in the former Expcriments.  The
fame Experiment was tricd with the Obferver at
A, inftcad of the iron Rod, dipping a narrow Slab
of Portland Stonc into the Water of about threc Feet
and a halt in Length ; when the Shock was felt, byt
not fo fevere as through the iron Rod. This He-
monftrated, as was betore fuggefted, why the clee-
trical Commotion was not felt ftronger by the Ob-
{ervers upon the Weltern Shore of the 7Weffmintor.

I2 Bridce;



[ 68 ]

Bridge s wiz. that Portland Stone fanding in

Water will condué Electricity very confiderably.
The Gentlemen then tried what would be the
Effect, if the Obferver at B ftood upon a Cake of
Wax holding the Wirce as before, and touched the
Ground of the Mcadow with his iron Rod at leaft
150 Fcet from the Water; and if the Obferver
ulually placed near the River at 4, nad his Wire
carried 150 Fect over the River as the former, ftood
upon an Originally-Electric, and touched the Ground
with his iron Rod. Upon the Explofion of thc
charged Phial, which was feveral times done, both
the Obfervers were fmartly ftruck: This demon-
ftrated, that in thefe Inftances the moift Ground of
the Meadows made Part of the Circuit. The Ob-

fervers were diftant from each other about soo Feet.
The Obfervers then, ftation’d as in the laft Expe-
riment, tood upon the wax Cakes as before, with-
out touching the Ground with the iron Rods, or
any Part of their Bodies, and the charged Phial
was exploded four times. Thefe were not at all
felt by the Obferver next to B, and without the
greateft Attention would not have been perceived
by him next to A; and then only in fome of the
Trials, the Fceling of the Electricity was like that
of a {fmall Pulfe between the Finger and Thumb of
that Hand which held the Wire. The loaded Phial
was again difcharged four times more, without any
other Alteration in the Difpofition of the Appara-
tus than that the Obferver next to B ftood upon
the Ground; when the clectrical Commotion was
perceived by that Obferver, though not fo fharp as
when the other Obferver at the fame time ftood
upon



[ 69 ]
apon the Ground. The Obferver next to A4 feit

the Tingling between his Finger and Thumb as
betore.

The Gentlemen were defirous of tryving the clec-
trical Commotion at a ftiill greater Diftance than
any of the former through the Water, and where,
at the fame time by aitering tiwe Diipofition of the
sipparatus, it might be tricd, whether or no that
Power would be perceptibic through the dry Ground
ordy st a counliderable Dittance,  [Lig/dury Barn be-
vound [flinzton was thougit a convenicnt Place for
this Purpofc, as it was fituated upon a Hiil neariy
in a Line, and almoft cquidiftant from two Stations
upon the New River, fomewhat more thana Mile
afunder by Land, though tolowing the Courfe of
that River their Diftance from cach otier was two
Miles.  The Hi.i between thefe Stations was of a
gravelly Soil; which, from the late Continnance of
hot Weather without Rain, was dry, fuil of Cracks,
and confequently was as proper to detcrmine whe-
ther or no the Electricity would be conducted by
dry Ground to any great Diftance, as could be de-
fired.  This hitherto had not been attempeed; the
Mcadows in the Inftances before quoted conducting
the Electricity was f{uppofed to be owing to the
Moifture of the Ground. The Strects of London,
when very dry, had been found to conduct it
firongly about forty Yards, and the dry Road at
Newsmgton about the fame Diftance.  Accordingly,
on IZ/?(;ug}/qy, Ang. 5. 1747, there met at Highbnry-
Barn tae Right Honourabie the Lord Clar/es Ca-
wendifh, the Reverend Mr. Birch, Nr. Georze Gra-
bam, Rickard Graham EWy; N. Mann th,-S Z.\ir.

ort s
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Short, Daniel Wray Efq; and myfelf, who were of
the RU)(I’ Society, and Dr. Bevis.

The clectrifying Machine being placed up one
Pair of the Stairs in the Houfe at Hzg/"azm -Earn, a
Wire from the coated Phial was conducted upon
dry Sticks as before to that Sration by the ui<:‘f~ of

the New River, which was to the Northward of
the Houfe. The Length of this Wirc was 3 Fur-
lonzs and 6 Chains, or 2376 Feet.  Ancther Wire
faten'd to the iron Bar, with which, in making the
Expiofion, the Gun-barrel was touched, was con.
ducted in like manner to the Station upon the New
River to the Soutnward of the Houle. The Length
of this Wire wa. > 4 wrlonwa s Chains and 2 Pols cs,
or 3003 Feer. The Length of both WWires, cxclu.
five of thdr Turninzs round tae Sticks, was 1 Mile
1 Chain 2 Poles, or 5379 Feer.  For the more
uom-cmcm;) acferibing the Experiments made here,
we wiil call the Station to tac Northward D, and
the other F.

At this Diftance the Gentlemen propofed to try,
fitft, Whether or no the ¢lectrical Commotion was
perceptible, if both the Obfervers at D and £, fup-
ported by Originally-Eleétrics, touched the conduct-
ing Wire with one Hand, and thc Water of the
New River with an iron Rod held in the other?
Secondly, Whether or no that Commotion was per-
cepiidie, if the Obferver at £, being in all refpects
as bef ore, the Obferver 2t D, frand: ng upon Wax,
took his Rod out of the Water? Third, v, W hether
cr no tnat Commotion was perceptibic to both Ob-
fervers, if the Obferver at D was placed upon Wax,

' and
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and touched the Ground with his iron Rod in" a dry
gravelly Field at leaft 3co Yards from the Warer?

As from the Situation of the Ground, Trees, ¢>c.
neither of the Stations could be {een by cach other,
or by the Obferver at the electrifying Machine, :t
was agreed to difcharge a Gun as a Signal to get
ready, and to do the tame, as near as might be, haif
a Minute before cach Explofion.

In thefe Experiments, as weil as the former, the
coated Phial was cach time charged as high as it
could be; fo that if the Difference of the Shock to
the Obfcrvers was confiderzble, it was owing to
other Caufcs more than to the Phial’s being dif-
ferently electritied.

To try the firft Propofition, cight Explofions were
made with the Obfervers at D and E, touching the
Water, and ftanding upon Wax, with their iron Rods
in the Water. The firft two of thefe were felt but
weak:y by the Obferver at”D ; but in the other fix
he was ftrongly fhocked. The Obferver at E felt
nothing of the firt fix Explofions; when, upon Ex-
amination, the Wire was found broken by fome
Accident s bur this Obferver was ftrongly fthocked by
the two aft. The Obferver at D be.ng fhocked in
four of thefe Explofions, while in thefe four the

Obferver st E tl‘t nothing, was owing to the Cir-
cuits beinz formed by the Ground between the Ob-
ferver at D and [hC broken Wire. Upon account
of the Wirc’s being broken, the Gentlemen tried
three more Explofions, when the Obfervers at both
Stations feit the ciedtrical Shock.

To try the fecond Propofition, four Explofions
were made with the Obferver at D RQanding upon

an
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an Originally-Ele@ric, and taking his iron Rod out
of the Warer, the Obferver at [ as before. In
cach of thefe the Obferver at D felt a fmall Puifa-
tion between his Finger and Thumb of that Hand,
which held the Wire. The Obferver at £ felt
cach of thefe as firong as before.  This being dif-
ferent from the Obfervations made in the Expeti-
mecats of tac laft Trials at our former Stations A4
and B, and many others; where B in the fame
Circumflances with £ here felt the cle@rical Com-
motion only in a flight Degree, was owing, as we
were afterwards informed, to the impertinent Cu-
riofity of the Servants of the Gentlemen, and other
voluntary Obfervers, who, by touching the Wire
which went from the coated Phial to the Obferver
at D, felt the Shock in their Arms and Aukles, and
formed f{ubordinate Circuits to . The preventing
thefe People from touching the Wires, was impof-
fible; as great Part of them could be feen neither
by the Obfervers at the Stations, nor by thofc at
the Houfe, and their being more than a Mile long.

The four other Explofions were made without any
othcr Alteration in the Apparatus, than that the
Obferver at D ftood upon the Ground about four
Yards from the Water without any Communication
thercwith., The Obferver at £ felt the Shocks in
his Arms as before ; but the Obferver at D ftanding
upon the Ground was fhocked in the Elbow and
Writ of that Arm which held the Wire, and in
both his Ankles.

To try the third Propofition, cight Explofions
were made with the Obferver at 2 ftanding upon
an Originally-Ele&ric with his Rod in the Water of

‘ the
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tiic River as before; bur the Obferver at W
placed in‘a drv graveliy Field abour
the Machine than his fzft S:atien,
Yards ditant from the River.  He tacer '
tac Wax, holding the conduldling Wire in one
Hand, and rouched the Ground with an iron Rod
heid in the other. The Shock was caca tinie foit

2.l cqualiy fireng with the former; the tour n:it in
his Arms, when he ftood wpon the Wax, and
touzined thac Ground with his iron Rod; the other
four in s Arm and Ankles, wihen he ftood upon
tae Ground withour the iron Rod.

In fome of thete Experiments, the Obfervers at
D te't a Tiagiing as toon as they laid hoid ot the
coaducting Wire. This was conjedtured to be owing
to tic E.cdricity, whicn conftantly rens off while
the coated Paial is filiing, and preterably by the
\Wirc, as thc beft Conductor.

From tae Severity of tiie Shock, tie Gentlemen,
in fome of tiwete Triais, ¢id not choofz to have tie
Electriciey rats throuch their Bodies: But, as it was
necetiary for tacm to be fenfidie of the diffezent
Degrces of the cledtrical Commotions, they tound
the conduitinz Wire round one or their Thumbs,
and touched thwe iron Rod with the Fore-finger of
the {armee Hand ; whenthe electricai Commozion was
teit only in to much of the Finger and Thumb of
thzt Hand, 2s completed the Circuit.

By tne Experiments of this Day, the Geaidlemen
were {atisged, tie: thedry gravelly. Ground conducted
the Elcdtricity as frrongiy as Water; which, though

' .
i oLiIwie
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otherwife st Arlt conjcltured, they now found not
to be nescilary to convey that Power to great Di-
frances 5 as well as that, from Difference of Diftance
only, the Force of the cledtrical Commotion was
very sitdie if at all impaired. They were convinced
of the Truth of the firlt of thefe Falts, not onlv
from both Obfervers fecling the ele@trical Commo-
tion in the eight laft Experiments, when the Ob-
ferver at £ was at fuch a Diftance from the Water,
but alfo from the Obferver at D feeling the Shock
{fo ftrong in four of the firft fix Explofions, when
the condué&ing Wire to E being broke at about
100 Yards Diftance from the Houfe, that Obferver
felt nothing.

In this lalt Inftance the Circuit was formed from
the Phial by the Obferver at D and his Wite, a
Line of Ground which reached from the Station at
D to the broken Wire that lay upon the Ground,
and fo much of this Wire as reached to the thort
iron Rod, which touched the Gun-barrel in making
the Explofions. This induced the Gentlemen to
conclude (as from many Experiments it was mani-
feft, that when the intervening Subftances conduét
Electricity equally well, the Circuit was performed
in the fhorteft manner poflible), that when the Ob-
- fervers holding their iron Rods in the River at D
and £ were both fhocked, the Eleltricity was not
conveyed by the Water of the River, being two
Miles in Length, but by Land, where the Diftance
was only one Miles in which Space that Power
muft neceflarily pafs over the New Rrver twice,
through fcveral Gravel-Pits, and a large Stubble-

Ficld. So that, admitting the Electricity did not
4 follow
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follow the Tract of the River, the Circuit from 9D
to B was at lcaft two Miles; vzz. fomewhat more
than one Mile of Wire, which conducted the Elcc-
tricity from the Houfe to the Stations, and another
Mile of Ground, thc thortefl Diftance between thofe
Stations. The fame Infcrence was now drawn with
regard ro the Experiments at 4, B, and €, in the
New River before recited ; viz. that as in all of
them the Diftance betweer the Obfervers was muciy
greater by Water than by Land, the Electricity
pafled by Land from onc Obferver to the other, and
not by Water.

From the Shocks which the Gentlemen reccived
in their Bodies, when the clectrical Power was con-
ducted upon dry Sricks, they were of Opinion, that
from Differcnce of Diftance fimply confider’d, as fac
as they had yet expericnced, the Force thereof was
very little if at all impaircd. When they ftood up-
on Originaily-Electrics, and touched the Water or
Ground with an iron Rod, the clectrical Commo-
tion was always felt in their Arms and Wrifts: When
they {tood upon the Ground, and touched either the
Water or Ground with their iron Rods, they felt
the Shock in their Elbows, Wrifts, and Ankles:
When they (tood upon the Ground without the Rod,
the Shock was always in the Elbow and Wrift of
that Hand, which held the conducting Wire, and
in both Ankles. The Obfervers here being fenfible
of the clectrical Commotion in different Parts of
their Bodies, was owing in the firft Inftance to the
Whole of its pafling (becaufe the Obferver ftood
upon Wax) through their Arms, and through the iron
Rod: [n the fecond, when they ftood upon the Ground,

K2 e
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the Electricity paffed both through their Legs, and
thro’ the iron :1n the third, wher they ftood upon the
Ground without cithcr Wax or Rod, the Electricity
dirccted its Way through onc Arm, and through
both Legs to complete the Circuit.

The Gentlemen were defirous of clofing the pre-
fent Inquiry, by examining not only whether or no-
the clectrical Commotions were perceptible at dou-
ble the Diftance of the laft Experiments in Ground
perfectly dry, and where no Water was near ; but
alfo, if poflible, to diftinguifh the refpeétive Velocities
of Electricity and Sound. To execute this, required the
whole Sagacity and Addrefs of the Gentlemen con-
cerned 5 for they had met with very great Difficul-
ties in the laft Day’s Operations, where the Wire
was conducted but little more than a Miles all
which could not but be greatly augmented by dou-
bling that Diftance ; becaufe it was neceflary, that
the Houfe, wherein the electrifying Machine was
placed, thould be vifible at leaft at one of the Sta-
tions; and that the Spacé between that Houfe and
the Stations, through which the Wire was con-
ducted, thould be very little interfected by Hedges,
Roads, or Foot-paths ; neither fhould the Wire in
this Space be fubject to be difturbed by the Horfes
or Cattle, which were grazing; ner ought it to
touch in its Paflfage the Trees or any other Ve-
getables, which at this Seafon of the Year were
every-where luxuriant. To find a Place within a
convenient Diftance of London with thefe Requifites
was not very eafy; but at laft, Shooters Hill was.
pitched upon, as the moft convenient. A

s
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As only onc Shower of Rain had fallen during
the preceding five Wecks, the Ground could not
butr pe very dey 5 and as no Water was near, if the
ciedtrical Commotion was fele by the Obfervers at
the Stations, it might be fafely concluded, that
Water had no Share in condudting it.

Auguft 14. 1747. there mee at Shooters Hill for
this Purpotc, the Rev. Mr. Bureh, the Rev. Mr. Pro-
teflor Bradley, Peter ‘Daval Elg; Mr. George Gra-
ham, R.Grabam Eiq; Mr. Nourfe, George Lewis
Scott Eiq; Mr. Short, Charles Stanhope £1q; and
myfeif, who were of the Royal! Society, and Dr.
Bevis.

It was here determin’d {(as the Gentlemen were
fatisfied from many of the formcer Trials, that if,
when the coated Phial was dilcharged, the Ob-
fervers at the Stations ftood upon Originally-Elcc-
trics, and touched ncither Water nor Ground with
iron Rods, or any Part of their Bodics, the elc@ri-
cal Commotion would be {carcely perceptiblc) to
make twelve Explofions of the coated Phial, with
an Obferver placed at the feven Mile-Stonce, and
another at the nine Mile-Stone, both ftandinz upon
Wax, and touching tic Ground with an iron Rod.
This Numbcr of Explofions was thought meore nec-
ceflary, as the Obicrvers at thefe Stations wceie not
only to examinc whether or no the Eleltricity
would be propagated to fo great a Diftance;. but if
were, the Obferver at the feven Mile-Stone was by
a fecond Warch to rake notice of the Time lapfed
between feeling the eleéirical Commotion, and
hearing the Report of a Gun fired ncar the Machine,
as clofe as mignt be to the Inftant of making the

el
Explofion ;
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Explofion: And therefore, to examine this Matter
with the requifite Exa&nefs, this Number of Explo.
fions fhould bc made.
To exccutc this, the eleGrifying Machine was
laced up onc Pair of Stairs in a Houfc upon the
Wett Side of Shooters Hills and a Wire from the
thort iron Rod, with which the Gun-barrel was
touched in making the Explofions was conduéted
upon dry Sticks as before into a Field ncar the feven
Mile-Stone. The Length of this Wire, exclufive of
its Turnings round the Sticks, was a Mile, a Quat-
ter and eight Poles, or 6732 Feet. In great Part of
this Spacc it was found very difficult to fupport the
Wire, on account of our fcarcely being able to fix
the Sticks in the firong Gravel there almoft with-
out any Cover of Soil; nor could the Wire in fome
Places be prevented from touching the Brambles
and Bufhes, nor in one Ficld the ripc Barley.
Another Wire was likewife condutted upon
Sticks from the coated Phial to the nine Mile-Stone.
In this Space, the Soil being a ftrong Clay, the
Wire was very well fecurcd, and in its whole
Length did not touch the Bufhes. The Length of
this Wirc was 3868 Feet. As much as the Place,
where the Obfervers were ftation’d in a Corn.Field,
was nearer the Machine than the feven Mile-Stone,
fo much were the other Obfervers placed beyond
the nine Mile-Stone, that thcir Diftance from each
other might be two Miles. The forty Feet of Wire
in thefe two Mecafures exceeding two Miles, was
what connected the fhort iron Rod before-mention’d,
and the coated Phial, with their refpeitive condudt-

ing Wircs.
The
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The Obfervers being placed ar their refpective
stations, the Obferver at the Machine procecded in
making the Explofions of the coated Phials he hav-
iog betore placed an Afhiftane exactly in his View
berore the Winaow of the Houte, who, upon the
Word of Command, was to ditcharze a Musket.
As toon as cver the Fiath was feen to come {rom
the Mouth of the Gun, the Obferver diicharged the
clectriied Phial. When cight Explofions had been
made, a Scrvant was fent from the Gentlemen at
the feven Mile-Stone giving an Account ot the
Wire’s being broken, and thc Sticks thrown down
by a Man r*dmv through them; that the Obfcrvers
there had felt nothma, and defired, as by this time
the Wire was replaced, that we fhould begin again.
This was complied with, and twclve other Explo-
fions made without further Moleftation.

Not only the frft cight, but cleven of tiic lalt
twelve very ftrongly fhocked the Obfervers at the
nine Mile-Stone : At the twelfth Explofion the Ob-
ferver on purpofe ftood upon the Wax without
touching the Ground with his iron Rod, or any
Part of his Body; and only felt a {light Tingling
in his Finger and Thumb that held the Wire. in
another of thefc Experiments, as the Gentlemen
here were fatistied in their own Perfons of the
Strength of the electrical Commotion, they indulzed
two Country Feilows, who were By-ftanders, with
teeling one: Thefetwo with four of the Gentlemen
formed a Chain, the firt of them taking hold of
the Extremity of the Wire with onc of his Hands.
They all flood upon the Ground, and made no Ule

or
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of the iron Rod. Upon the Explofion they were
all (> Qrongly fhocked in their Arms and Ankles,
that the Countrvmen could by no means be pre-
vailed upon to try the Experiment again.  Why, in
the fult cight Explofions, the Obfervers here were
fenfible of the clectrical Commotion, when the
Obfcrvers at the other Station felt nothing, ‘was ex-
plained in the former Experiments. The Obfervers
at this Station, from their Situation undcr the Hill,
and from what Wind therc was being againft it,
never heard the Report of the Gun.

Though the Obfervers near the feven Mile-Stone
from the breaking of their Wire, were not fenfible
of the cight firft Explofions:of the charged Phial,
they felt the other twelve. This demonftrated to
the Satisfaction of the Gentlemen concerned, that
the Circuit here formed by the Electricity was four
Miless viz. two Miles of Wire, and two Miles of
Ground, the Space between the Extremitics of that
Wire. A Diftance without Trial too great to be
credited ! How much further the eleérical Commo-
tion will be perceptible, tuturc Obfervations can
only dectermine.

The electrical Commotion by the Obfervers near
the feven Mile-Stone was but flightly felts nor
could it be otherwife expected, the Wire in many
Parts of its Length touching, as was before-mention’d,
the moift Vegetables; which, in as many Places as
they were touched, formed fubordinate Circuits.
We find, in all other Inftances, that the whole Quan-
tity of Llectricity, accumulated in the coated Phial,
is felt equally through the whole Circuit, when

every



[ 8]

cvery Part thereof is in a great degree non-clectric;
fo here the whole Quantity, or ncarly fo -, deter-
mined that Way, was felt by the Obfervers at the
ninc Mile-Stonc; whillt thofc at the other Station
felt fo much of their Quantity only, as did not go
through the Vegetabless that is, that Proportion only
in which Iron is a greater Non-cleltric than the
Vegetables. '

Tho' the cle@rical Commotions, felt by the Ob-
fervers near the feven Mile-Stone, were not ftrong ;
they were cqually conclufive in fhewing the Difter-
cnce between the refpettive Velocitics of Ele&ricity
and Sound.

The Space through which Sound is propagated
in a given Time, has been very diftferently eftimated
by the Authors, who have wrote concerning this
Subje.  Roberwal gives it at the Rate of §60 Fect
in a Sccond; Gaffendus, at 14735 DMerfenye at
14745 D1 Hamel, in the Hiftory of the deademy
of Sciences at Paris, at 1172 ; the Academy del
Cimento, at 11855 Boyle at 1200 5 Roberts at 1300;
Whalker at 13385 Sit [faac Newton at 968 ; Dr.
‘Derbam, in whofe Mcafure Mr. Flamyfleed and
Dr. Halley acquicfeed, at 1142. DBut by the Ac-
counts fince publithed by M. Caffini de Thury in the
Mecmoirs of the Royal Academy of Sciences at
“Paris for the Year 1738. where Cannon were fired
at various as well as grcar Diflances, under greag
Variety of Weather, Wind, and other Circumttances,

and

+ ‘The Author of this Paper, from a great Variety of Experiments,
is of Opinion ; that in this and the like Difpofitions of the ppararus,
the ele@rical Power, accamulated in the Macter contained in the coated
Phial, is diretted upon the Explofion thereof towards both Obfervers ac
the fame Inftant.

L
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and where the Meafures of the different Places had
been fettled with the vtmoflt Exalinefs, Sound was
propagated at a Megiym ar the Rarc only of 1038
Freneh Fectin a Sccond. The French Foot exceeds
the Fnglih by feven Lines and a half, or is as 107
to 114: Aund coniequently 1038 Fremch Feet
are cqual to 1106 [inglyh Feet. The Differ-
ence therefore of the Mcalures of Dr. Derbam
and M. Coffiuz isng Zzzijb/; Feet in a Sccond. Ac-
cording to this laft Meature, the Velocity of Sound,
when the * Wind 1s fili, is fcrtled 2t the Rate of
a Mile, or 5280 Euglys Feetin 4 L.

To return to our Puarpofe 5 the Length of the con-
dulting Wire from the Machine to the Obfervers
near the feven Mile-Stone was (as has been before-
mention’d) a Mile, a Quarter, and 8 Poles, or 6732
Fect: The Length of that to the nine Mile-Stone,
3868 Feet. The firft of thele Meafures only was
made ufe of in the prefent Opcrations concerning
the Velocity of Eletricity. In twelve Difcharges
of the coated Phial, which wecre felt by Mr. Gesrge
Grabam, Mr. Skort, and Charles Stanhope Eiq;
the Oblervers near the feven Mile-Stone, and who,
by a fecond Watch of Mr. Grefam’s, meafured the

Time

+ M. Caffini de Thury afterwards meafured the Velocity of Sound at
Aiguemortes in  Languedoc, and found the Obfervations there from thofe
made about Paris vary only half a Toife iu a Second. See Mem. de
b dcad. Royale des Sciences, pour lannée 1739, p. 126.

* Dr. Derbham found, that when Sound was carried againft the Wind,
not cnly its Diflance but its Velocity was leflfen’d ; and in M. Caffini’s
Memoir, there is an Experiment, where Sound being carried againft the
Wind, which then blew very firong, was retarded ncar.a twelfth Part
of the ufval Time in its Progrels,
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Time between feciing the eleltrical Commotion,
and hearing the chom of the Gun, with the utmof’c
Attention and Exaltnefs; the T1mc I fay, between
fecling the electrical Commotion, and hearing the
Report of the Gun, was, at a Medium, s Scconds
and a Quarter, or §” ”,;_‘,J. And as the Gun was
diftant from thefe Oblervers 6732 Fecet, it foilows,
from the Experiments, which have been made on
the Vciocity of Sound, that tlic real [nftant of the
Difcharge of the Gun preceded that of the Obfervers
hearing its Reporr, at this time when the Strength
of the Wind was not {o great as to cnter into the
Computation, 6”3 cj> or preceded the Inftant when
the cle@rical Commotion was felt onl y of. L.
But this Inftant was, from the Nature of tiie Expe-
riment, ncceflarily prior to that of the eleiri-
cal Explofion, which was not made till the Fire
of the Gun was actually feen; and therefore the
Time between the making of that Explofion, and
its being atually felt by thc Obferver, which muft
have becn lefs than o83 was really fo {mall, as

o'o’
not to fa.l under any certain Obfervation, when it
is to be diftinguifhed from that, which muft of Ne-
ceflity be lo(’c between the Firing of the Gun, and
the cleltrical Explofion itfelf.

In all the Experiments, where the Circuit was
formed to any confiderable Length, though the
coated Phial was very well charged, the Snap at the
Gun-barrel, upon the Explofion, was not near fo loud
as when the Circuit is formed in a Room; fo that
a By-ftander, though verfed in thefe Operations,
from feeing the Flath, and heating the Report,
would imagine the Stroke at the Ends of the con-
dudting Wire to be v ery flight ; the contrary whercof,

Lz when
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when the Wire has been properly conduéted, has
always happen’d,

From a Review of thefe Experiments, the fol-
lowing Obfervations may be deduced.

1. That, in all the preceding Operations, when the
Wires have been properly conducted, the electri-
cal Commotions from the charged Phial have
becen very confiderable only, when the Obfervers
at the Extremitics of the Wire have touched fome
Subftance readily conducting Electricity with fome
Part of their Bodics,

II. That the electrical Commotion is always felt
moft fenfibly in thofe Parts of the Bodies of the
Obfervers, which arc between the conducting
Wires, and the ncareft and the moft non-electric
Subftance; or in other Words, fo much of their
Bodics, as comes witihin the electrical Circuit.

III. That, upon thefe Confiderations, we infer, that
the electrical Power is conducted between thele
Obfervers by any non clectric Subftances, which
happen to be fituated between them, and contri-
bute to form the electrical Circuit.

1V. That the electrical Commotion has been per-
ceptible to two or more Obfervers at confiderable
Diftances from ecach other, even as far as two
Miles.

V. That when the Obfervers have been thocked at the
End of two Miles of Wire, we infer, that the electri-
cal Circuit is four Miles 5 viz. two Miles of Wire,
and the Space of two Miles of the non-electric

Matter
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Matter between the Obfervers, whether it be
Water, Earth, or both.

VI. That the clectrical Commotion is equally {trong,
whether it is conducted by Water or dry Ground.
VII. That if the Wires, between the electrifying
Machine and the Obfervers, are conducted upon
dry Sticks, or other Subftances non-electric in a
flight Degree only, the Effects of the electrical
Power are much greater than when the Wires in
their Progrefs touch the Ground, moift Vegeta-
bles, or other Subftances in a great Degree non-

clectric.

VIII. That by comparing the refpective Velocities
of Eiectricity and Sound; that of Electricity, in
any of the Diltances yet expericnced, is nearly
inftantaneous.

I fhall conclude this Paper with obferving, that it
was thought convenient to lay a Derail of ail the
Operations relating to thefe Experiments before the
Societys in confequence of which the Gentlemen
may make themfelves Judges, how far the Deduc-
tions here recited are warrantable from the Experi-

ments.

* The Gentlemen concerned were deficous, if

poflible, of afcertaining the abfolute Velocity of
Electricity

* Thefe Experiments to meafure the abfolute Velocity of Elec-
tricity were made whilft this Paper was at the Prefs, but as they
had fo near a Relation to the Experiments macc the preceding Ygar,
it was thought proper to infert them here,
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ty at a certain Diftance s becaufe, althou

¢, in meafuring the refpective Velocitins ci
Zicdricty and Sourd, the me of its Progrels was
found to be very littie, yvet we were dejiroms of
knowinz, fmail as that Time was, whether it was
meafuradie; and I had thouzhr of a Mcthod for this
Purpofe.

Accordingly, A’z!g;./? 5. 1748. there met a2t
Stoster's Hill for this Pmpo‘c the Pref//ent of the
Rosa: Sociery, the Rev. Mr, Blrcxu he Rev. M.

Profeflor Bradley, Fames Burrow Efq: Mr. Ellrcot,
Mr. George Gmhzm, Rickard Gmbzzm I:fq, tae Rev,
Mr. Lawrie, Clarles Stanhope Efgs and mv{elf, who
were of the Roval Society, Dr. Bevis, and \Ir
Grifchow a Mcmber of the Royal Academy of
Sciences at Berlin.

It was agreed to make the ele@rical Circuit of
two Miles, in the middie of which an Obferver was
to take in cach Hand one of the Extremitics of a
Wire, which was a Miie in Length. Thefc Wires
were to be fo difpofed, that this Obferver being
piaced upon the Floor of the Room ncar the clectri-
tvinz Machine, the other Obfervers might be able
in the fame Vicew to {ce the Explofion of the charged
Phial and the Obferver holding the Wires, and might
take notice of the Time lapfed betwceen the difcharge-
ing the Phial and the convulfive Morions of the
Arms of the Obferver in confequence thercof's in-
almuch as this Time would fhew the Vclocity of
Eledricity, through a Space equal to the Length of
the Wire between the coated Phial and this Ob-
fervet.

jovag

The
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The cledrifying Machine was placed in the fame
Houfe as it was laft Year.  We then found ourfclves
greatly embarrafied by the Wire’s being conducted
‘*" e Side of the Rcw, which we were compelid to,
i account of the Space necerfary tor the meafring
oi Sound: DBut fo great a Diftance from the Machine
was not now waated, though the Circuit through
tiie Wire was intcnded to be at leaft two Afiles, W
had difcover’d by our former Expcrimcnts, that the
oniv Caution now neceflary was, that the Wires cons
ducred upon dry Sticks fhould not touch the (xxovnd,
cach oricr, or any Non-Electric in a confiderable
Deeree in any Parr or their Leagth: it tucey did not
t(\"\ch cacl other, the Retures of the Wire, be they

ver fo {requenr, imperted littie, ¢s the Wire had

v
toen to“. d to conauct Elccrricity fo much bettee

oC

than (b 5{ cks.  Irwas i C"cforc thouzht proper to
roace theie Steks in 2 Fic. u.t) Yards difant from
T .\f;cizinc. T..L Leng i of this T'ieid bcing, cleven

Tcp to tine Lovom ortc Field n adc fo* newhat

then a Mile. and fixteen Retarns more taan
o Mius, tac Quantm' ot Wirc internded for the
ecrricity to pals throuzh to raake the I:\pcr“ncnr.

We had found l:ft Year, ¥ that, upon difcharging
the ciectrifed Phial, if two Obifervers made tieir
Bodies Part of the Circtitt, one of which grafped the
icaden Coating of the Piial in one Hand, and heid
in his other one Extremity of the conducting Wire

and if the other Owoturver held the othicr hxtrcmxt;
of

= See Paze &b
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of the conducting Wire in onc Hand, and took in
his other the fhort iron Rod with which the Explo-
fion was made; upon this Explofion, I fay, they
were both fhocked in the famc Inftant, which was
that of the Explofion of the Phial. If there-
fore an Obferver, making his Body Part of the Cit-
cuit, was fhocked in the ‘nftant of the Explofion of
the charged Phial in the middle of the Wire, no
Doubt would remain of the Velocity of Electricity
being inftantaneous through the Length of that whole
Wire. But if, on the contrary, the Time between
making the Explofion, and f{ccing the Convulfions
in the Arms of the Obferver holding the conducting
Wires, was great enough to be meafured, we then
fhould be able to afcertain its Velocity to the Di-
flance cqual to half the Quantity of Wire employed -
only, let the Manner of the Eleétricity’s difcharging
itfelf be what it would.

It has been a Quettion with fome, who have con-
fider’d this Subject, whether the Electricity, in com-
pleating the Circuit from the Matter contained in
the Glafs, paffed, either by the Wire in the Mouth
to the Coating of the Glafs, the contrary Way by
the Coating to the Wirc in the Mouth, or otherwile
directed itfelf both Ways at once? That the Electri-
city mult pafs off one of thefc three Ways was cers
tain, as the Explofion would not be complete, unlefs
in the Inftant thereof fome Matter very non-electric
communicated between the Wire in the Mouth, and
the Coating of the Glas. Unlefs therefore the Ob-
ferver was placed in the Centre of the conducting
Wires, it might be objefed, that the Expcriment
was not made with the Exa&tnefs ncceflary ; becaufe
any Perfon, who was of Opinion, that the Elcctricity

dircCted
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dire&ed itfelf from the Mouth of the Glafs to the
Coating, might object, if the Wire from the fhortiton
Rod to the Obferver was only half the Length of
that between the Obferver and the Coating of the
Glafs, that the Eledtricity, in the Time found, paffed
only through the fhort \Wire; and wice verfu. But
if, as it was here thought proper, the Obferver was
placed in the Centre of the condulting Wire, let
the Dire&tion of the Elcétriciiy be what it would,
no Difference could happen in the Refult of the Ex-
periments, if made with the neceflary Caution s be-
caufe, if the Effe&s in the Middle and both Ends of
the Wires were inftantanccus, the Conclufion there-
from would be very obvious.

To make the Experiment, the {fame Phial filled
with Filings of Iron, and coated with Shect-Lead,
which was ufed laft Year, was placed in the Win-
dow of the Room ncar the Machine, and was con-
neéted to the prime Condutor by a Picce of Wire.
To the Coating of this Phial a Wire was faftened,
which, becing conduéted upon dry Sticks to the be-
forc-mentioned Field, was carried in like manner to
the Bottom, and being conduéted thus from the
Bottom of the Field to the Top, and from the Top
to the Bottom feven other times, returned again
into the Room, and was held in one Hand of an
Obferver ncar the Machine. From the other Hand
of this Obferver, another Wire of the fame Length
with the former was conduted in the fame manner,
and returned into the Room, and was faften’d to
the iron Rod with which the Explofion was made.

The whole Length of thefe Wires, allowing ten
M Yards
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Yards for their Tutns round the Sticks, amounted to
two Miles a Quarter and fix Chains, or 12276 Feet.

As the Night preceding thefc Experiments had been
very rainy, Care was taken, by filk Lines properiy
difpofed, that the Wires in tieir Paflage from the
Window of the Houfe might not touch the Wood
thereof ; left, from the Moifture of this Wood, the
electrical Circuit mighr be fhortened.

When all Parts of the Apraratus were properly
difpofed, feveral Explofions of the charged Phial
were made; and it was invariably feen, that the
Obferver holding in cach Hand one of the Extre-
mities of thefe Wires was convulfed in both his
Arms in the Inftant of making the Explofions,

Inftead of one, four Men were then placed hold-
ing cach other by the Hand near the Machine, the
firft of which held in his right Hand one Extremity
of the Wire, and the lalt Man the other in his left.
They were all feen convuifed in the Inftant of the
the Explofion. Every one who felt it, complained of
the Scverity of the Shock.

It was then defired by one of the Gentlemencon-
cerned, that an Explofion ‘hould be made with the
Obferver hoiding only onc of the Wires.  This was
done accordingly s but the Oblerver flt nothing, the
Phial difcharging itfelf in a diff.rent manner to what
it did before, on account of tac Circuit’s not being
completed.

It was then tried, whether an Obferver wouid be
fhocked upon the Difcharge of the Phial, if the two
Wires at their Extremities f{lightly touched each
other, whilft an Obferver at the fame time held one
of thefe about a Foot from their Ends in cach of his

Hands? Upon Trial he felt nothing, though the
Phial
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Phial exploded very quick, becaufe the iron Wire
condufted the Elelricity better than the Body of
the Obferver.

It was then tried, whether ot no, as the Ground
was wet, if the Exploﬁon was made with the Ob-
ferver holding the Extremity of each Wite ftanding
upon the Ground near the Window of the Houfe,
any Difference would arife in the Succefs of the Ex-
periment? No Difference was found, the Obfetver
being fhocked in the Inftant of the Explofion as be-
forc in both his Arms, and acrofs his Breatt.

Upon thefe Confiderations we were fully fatisfied,
that through the wholc Length of this Wire, being
as I mentioned before, twelve thoufand two hun-
dred and feventy-fix Feet, the Velocity of Ele@ricity
was inftantaneous.
~ As it was found laft Year, we obferved again, that

although the cleGrical Commotions were very fevere

to thofe who hcld the Wires, the Report of the Ex-
plofion at the prime Conduétor was little, in com-
parifon of that which is heard when the Circuit is
fhort. From whence it was conjectured, that the
very Joud Report, in the Experiment of Leyden is
confined to a very fhort Circuit.
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A, The prime Condu&tor.

B B, The filk Lines.

C, The coated Phial.

D, Its Hook communicating with the prime Con-
dutor.

E E, The Wire reaching from the Coating of the
Phial to the left Hand of the Obferver, being
more than a Mile in Length.

F, The Place of the Obferver.

......

£, A {uppofed Line, drawn upon the Explofion
through his Body and Arms.

& G, Another Wire, of the Length of EE, which
goes from the right Hand of the Obferver to H.
&, The fhort, iron Rod to make the Explofion.

2. Some
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2. Some further Inguiries into the Nature
and Froperties of Eleéricity ; 4y William
Watflon F. R. S.

Read Jan. 21, §1, Y PRESENTED to the Royal So-
1747°8. ciety Offober 29. laft a Paper
containing fome Accounts of what had been done
by fome Gentlemen of the Society, in order to ex-
amine, not only to what Diftance the electrical
Power was perceptible, but alfo to inveftigate, as
near as might be, the refpective Velocities of Elec-
tricity and Sound: Electricity indeed is the Sub-
ject of the prefent Paper, yct, as it relates to Phe-
nomena thereof different from thofe mention'd in
the former, I thought proper to feparate them.

§ II. 1took notice, in my Sequel to the Expe-
riments relating to Electricity *; of an Obfervation
of the ingenious Profeflor Bofe of Wittemberg, viz.
¢ that if the electrifying Machine is placed upon
Originally-Electrics, the Man who rubs the Globe
with his Hands, even under thefe apparently favour-
able Circumftances, gives no Sign of being clec-
trifed when touched by an uncxcited Non-electric.
But if ancrher Perfon, ftanding upon the Floor,
does but touch the Globe in Motion with the End
of ont of his Fingers, or any other Non-clectric,
the erfon rubbing is inftantly electrifed, and that
very ftrongly.” This Experiment, almoft a Year
fince, Dr. Bewis carried further, by placing what-

cver
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cver Non-electric touched the Globe as a Con-
ductor, whecther it were a2 Man or a Gun-barrcl,
upon Originally-Electrics. If then, cither the Man
who rubbed the Globe, or he who only held his
Finger near the Equator thercof, were touched by
any Pcrfon ftanding upon the Floor, a Snapping from
cither of them, 1 fay, was pcrccpublc upon that
Touch.

§III. As in my Sequel Ihad afferted, and by many
Experiments thercin had endceavoured to evince,
that, contrary to the received Opinion, the E.cctu-
city was not dcrived from Glafs, the Air, or other
Electrics per fe, 1 was defired to conf‘du: how far
this Experiment did not prove the reverfe of that
Affertion s inafmuch as neither the Man who rubbed
the Globe, or he who touched it with his Finger,
from their being here both fupported by Originally-
Elcctrics, could receive any Supply from the Floor;
and yet both of them fnapped upon the Touch of
a Perfon not fupported by Electrics per fe. Many
Experiments had proved that the Electricity was not
derived from the Glas; and therefore it was con-
cluded, by Dr. Bewis, and feveral others to whom
this Gentleman fhewed the Experiment, that the
Electricity here was communicated to the Perfon
rubbing from the Air, by mecans cither of the fuf-
pended Gun-barrel, or of the Man who touched the
Globe.

§ IV. I was by no means fatisfied with this Con-
clufion, as being directly contrary to numberlefs
Facts. From a careful Confideration therefore of the
Experiment itfelf, from comparing its Effects with
thofe of feveral others, and, in general, from furvey-

ing
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ing all the Properties of Elcctricity we are hitherto ac-

quainted with, I gave the following as my Opinion.

1. That what we call Electricity is the Effect of
a very fubtil and elaftic Fluid, diffufed through-
out all Bodies in Contact with the terraqueous

lobe (thofc Subftances hitherto termed Electrics
per [e probably cxcepted), and every-where, in its
natural State of the fame Degree of Denfity.

2. That this Fluid manifefls itfelf only, when Bodics
capable of rcceiving more thercof than their na-
tural Quantity arc properly difpofed for thar Pur-
pofe; and that then, by certain known Opcrations,
its Effects thew themf{clves by attralting and repel-
ling light Subftances, by a fnapping Noife, Sparks
of Fire, ¢r¢. dirc&ted towards other Bodies, hav-
ing only their natural Quantity, or, at lcaft, a
Quantity lefs than thofc Bodies from which thefe
Snappings, ¢¢. proceced.

3. Thar no Snapping is obferved in biinging any
two Bodies ncar each other, in which the Elec-
tricity is of the farae Denfity, but only in thofe
Bodies in which the Denlity of this Fluid is
unequal. ‘

4. That this Snapping is greater or lefs, in proporticn
to the different Denlities of the Elellricity in Do-
dies brought near each other, and by which Snap-
ping cach ot them becomes of the fame Standard,

s. Tnar Glafy, and other Bodics, which we call
Electrics per f¢, have the Property of taking this
Fiuid from one Body, and conveying it to another,
and that in a Quantiry fuflicient 1o be obvious to
ail our Senfes.

6. That, in the Experiment in Queftion, the Rea-
fon wiy no Snapping is obfcryed by a Perfoa up-

on
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on the Floor touching him who rubs the Globe
with his Hands ftanding upon Wax, without at
the fame time {fome other Non-electric fupported
by Originally-Electrics, or otherwife being in Con-
tact with the Globe, is owing ro whatever Part of
this Man’s natural Quantity of Electricity, taken
from himfclf by the Globe in Motion, being re-
ftored to him again by the Globe in its Revolu-
tions; therc not being any other Non-clectric
near enough to communicate the Electricity tos
and that therefore, in this Situation, the Electri-
city of this Man fuffers no Diminution of its
Denfity.

7. That the Fact is otherwife, when every thing elfe
being as before, cither a Gun-barrel fufpended
in fik Lines, or a Man fupported by Wax, or
fuch-like, is placed near the Globe in Motion ;
becaufe then, whatever Part of the Eledtricity
of the Perfon rubbing is taken from him, is com-
municated cither to the other Man or to the Gun-
barrel, thefc, from their Situation, being the firlt
Non-electrics, to which the Electricity taken from
the Perfon rubbing can be communicated.

8. That, undecr thefe Circumftances, as much Elec-
tricity as is taken from the Perfon rubbing, is
given to the other; by which means the Electri-
city of the firt Man is more rare than it natu-
rally was, and that of the Jaft more denfe.

9. That the Electricity in either of thefe Perfons is
in a very different State of Denfity from what it
naturally was, or from that of any Perfon ftand.
ing upon the Earth; this laft being in a middle
State between the two other Perfons ; that is, he
has not his Electricity fo rare as the Man l§ub-

ing
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bing the Globe, nor fo denfe as that of him fup-
ported by Electrics per fe, and touching the Equa-
tor of the Globe.

zo0. That therefore the famc Effect, a Snapping, isob-
ferved, upon bringing any Non-clectric near cither
ofthcfc Perfons, from very different Caufes : For it
is apprehended, that, by bringing the Non-eledtric
ncar him, whofe Elcricity is more rare, this Snap-
ping reftores to him what he had loft; and that,
by bringing it near him, whofe Electricity is
more denfe, it takes of his Surcharge, by which
means their original Quantity is reftored to each.

§ V. This Solution of this Phenomenon, without
allowing any Part of the Electricity of either of thefe
two Perfons to be furnifhed by the circumambient
Air, was fatisfactory, not only to the Gentleman
who propofed it, but to many of the Royal Society,
excellent Judges of this Matrer, to whom I fhewed
the Experiment: And this the more fo, as it is to
be obferved, that if, under the before-mention’d Cir-
cumftances, the Perfon rubbing the Globe was touched
by him who held his Finger to the Globe, the Snap-
ping was much greater than if either of them touched
a Pcrfon ﬁandmo upon the Floor ; as the Denfity of
the Electricity betwccn thefe two Perfons was fo
much more different than that of either of them
to him on the Floor : Whereas did their Elcctricitv
procced from the Air, from their being both elec-
trifed they ought not to fnap at all from their touch-
ing each other; or, admitting they did touch each
other, they both of them, upon a Suppofition that
they did receive theit Elcctncxty alike from the Air,
fhould manifcft the Accumulation thereof, and fnap

N upon
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upon the Touch of a Man ftanding upon the Floor;
the contrary of which invariably happens.

VI. At this time I am the more particular concern-
ing the Solution of this fingular Appcarance, as Mr.
Collinfon, a worthy Member of this Society, has re-
ceived a Paper concerning Electricity from an ingeni-
ous Gentleman, Mr. Franklin,a Friend of hisin Peg-
[ilvania. ‘This Paper, dated Fume 1. 1747. 1 very
lately pcrufed, by Favour of our moft worthy Pre-
Jfident. Among other curious Remarks there is a
like Solution of this Faét; for though this Gentle-
man’s Experiment was made with a Tube inftcad of a
Globe, the Difference is no-ways material. As this Ex-
periment was madc, and the Solution thereof givenup-
on the other Side of the Arlantic Ocean before this
Gentleman could poflibly be acquainted with ourhav-
ing obferved the fame Fa& here, and as he feems very
converfant in this Part of Natural Philofophy, I take
the Liberty of laying before you his own Words.

¢ 1. A Perfon ftanding on Wax, and rabbing 4
Tube, and another Perfon on Wax drawing the
Fircs they will both of them, provided they do
not ftand fo as to touch. one another, appear to
be elc@rifed to a Perfon ftanding on the Floor
that is, he will perccive a Spark on approaching
each of them with his Knuckle.

¢ 2. But if the Perfons on Wax touch one ano-
¢ ther during the exciting of the Tube, neither of
¢ them will appear to be electrifed.

¢ 3. If they rouch one another after the exciting
the Tube and drawing the Fire as aforefaid, there
will be a fironger Spark between them, than was
between either of them and the Perfon on the

Floor, < 4.
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4. After fuch a ftrong Spark neither of them

¢ difcover any E.ectricity.

<

Thefe Appearances we attempt to account for

¢ thus:
¢ We fuppofe, as aforcfaid, that electrical Fire is

[}

AN A A A N A A A A A AN A A A A A A A A AMA N A

a common Element, of which every one of
thele threce Perfons has his ‘equal Share before
any Operation is begun with the Tube. 4,
who ftands upon Wax, and rubs the Tube,
collects the electrical Fire from himfclf into the
Glafs; and his Communication with the com-
mon Stock being cut off by the Wax, his Body
is not again immediately fupplied. B, who
ftands upon Wax likewife, pafling his Knuckle
aiong near the Tube, receives the Fire which
was collected by the Glafs from A; and his
Communication with the common Stock being
cut off, he retains the additional Quantity re-
ccived. To C franding on the Floor, both ap-
pear to be electrifed : For he, having only the
middle Quantity of electrical Fire, receives a
Spark upon approaching B, who has an over
Quantity, but gives onc to 4, who has an un-
der Quantity. If A and B approach to touch
cach other, the Spark is fironger; becaufc the
Difference between them is greater.  After fuch
Touch, there is no Spark between cither of them
and C, becaufe the electrical Fire in all is re-
duced to the original Equality. If they touch
while electrifing, the Equality is never deftroyed,
the Fire only circulating. Hence have arifen
fome new Terms among us. We fay, B (and

¢ Bodies alike circumftanced) is clectrifed pofi-

N2 ¢ tively ;
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¢ tivelys A, negatively s or, rather, B is clectrifed
¢ plus, A, minus. And we daily in our Evpcnﬁ
¢ myents electrife /vlfz: or minis, as we tiaink pro-
< ver. To cleltrife ])’m ot minus, 0 more needs
¢ be known thaa this; that thc Parts of the Tube
¢ or Sphere that arc rubbed, do in the Inftant of
¢ the Friction artract the clectrical Fire, and
¢ therefore take it from the Thing rubbing. The
« famc DParts immediately, as the Friction wpon
¢ them ceafes, are difpofed ro give the Fire, they
¢ have reccived, to any body that has lefs. Thus
¢ vou may circulate it, as Mr. /7a?/on has thewn *;
¢ you may alfo accumaniate or {ubftralt it upon ox
¢« fromany Body, as you connedt that Body witix the
¢ ’Iubber, or with the Recciver, the Comimunis
¢ cation with the common Stock being cut off
The Solution of this Gentleman, in relation to
this Phenomenon, fo exacily correfponds with that
which I offer’d very early laft Spring, tnatIcould not
help communicating it.

§ VII. In Sedt. 51. and 62. of my Sequel tojthe ¢clec-
trical Experiments, which I prefented to the Ropal
Society laft Year, from not having confider’d this Ex-
perimentin a ftatical View, and from not tacn ima-
gining the Veiocity of Eietrici t) {o great as we fince
have found it, I conciuded, that the Snapping obferved,
if a Perfon ftanding upon the Floor touched the Man
franding upon »Vaa, who torned the Wheelof the elec-
trifying Machine placed likewife upon Wax, to be
owing to the [nverfion of the ufuai Courfe of the Elec-
tricity ; as that Snapping was only conftant, when

the

T See my Sequel, p. €4,
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the Gun-barre! f'u{'pcnc'cd in fiitk Lines was touched
by Non-eicctiics.  As frem divers Experiments I
had found that Elcfiricity was not furnited by dry
Au, by many morc taat it could not come down
can “;.( Lines; end a5, from nis Snapping, the
fan vpon tie Wax argued the Prefence of Elce-
tricity, 1 concmcd taat this could iﬂjpm Lo o:i:cr
Vay, than that the rudbing i
{ricn or the Hand of a Man, vave it a Iumfs to
take off the Eleduricity, furnif fred by th fufvended
Gun-barre! from the Non-ciedtric upon the Ficor
and lodze it upon the Machine, and upon the Man

who turmed the VWheel thereof, But the Experi-

o'
<.
?
a
-

ment of circulating the elelirical Fre*, where the
Dral of biue Flame from a bunt Wire proserly
ipofed, can alwavs be feen to pafs diverzing into
+he Machnine, thou gh not .o, vhea brougzar near
the Gun-barrel under tae r“'ou fa vourzbie Circum-
fances; as weil as the ‘\_ip b fore-mention’d
b o:"h‘ to hew taat the Elc "f itv came from the
“have mdu;cu me to change my Opinion; and
m{‘tf*ad of the Courfe of the Ezcctrzc:t'.' being in-
verted, the Phenomena arolz, as far as I am capa-
bie of judging, from the Man vho turned the Wheel
of the clearifying Machine having lefs than Lis ori-
ginal Quantity of Eiedricity, and tane Gun-barrel
from having more: To theic add, that the Perfon,
who touched thele while ftanding upon the F.oor,
had a Quantity different from caca of thefe, the
is, his natural Quennty,

I beg

* See Seguel § 63,
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§ VIII. IbegLeavs o correttalfo whatI mention'd
in my Segrel, p. ¢,. ir rditi n to my fuggefting,
that, in the Explonon of tne charged Phiai through
the Body ot a Mun, or other Non-ciedtrics, as much
Ele&ricity as was taken from his Body, was imme-
diately replaced by the Fioor of th¢ Room upon
which he ftood: I having fince forind, that the charged
Phual would explode with equal Violence, if the Hook
of the Wire, which is ufually run through the Cork
of the Phial, was bent in fuch a manner as to come
near the Coating of the Phial, withoutany other Non-
eleCtric being near, from which fuch Quantity could
be {uppiied.

§ IX. I take notice of thefe, inafmuch as, notwith-
ftanding the very great Progrefs that has been made
in our Improvements in this Part of Natural Philo-
fophy within thefe few Years, Pofterity will regard
us only as in our Noviciate ; and therefore it behoves
us, as often as we can be judified therein by Expe-
riment, to corre&t any Conciufions we may have
drawn, if others yet more probable prefent them-
felves.

§ X. 1 laid down and confider'd largely in my
Sequel *, that the Stroke from the Phial, in the Ex-
periment of Leyden, was not in Proportion to the
Quantity of Matter contained in the Glafs, but was
increaled by the Quantity of Matter in the Glafs, and
the Number of Points of non-eleétrical Contact on
the Outfide of the Glafs. This Fa& I have purfued
further, and increafed thereby the eletrical Explo-

fion

* Seep. 11, 17, 19, &0
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fion to an aftonithing Degree. To this End I pro-
cured three cylindrical Phials blown very thin, about
feventeen Inches in Height and four in Diameter:
After thefe were coated within an Inch of their
Necks with Shect-Lead, Iputinto each fifty Pounds
of leaden Shot. I chofe this Form for the Glafles,
that the Matter therein contained might be expofed
under as large a Surface, as could conveniently be ob-
tained. Thefe Glaffes were placed near each other in
a convenient Part of my Room, and did communi-
cate with each other by means of a {fmall iron Rod
lying upon all their Mouths, and touching Pieces of
firong Wire ftuck into the Shot contained in them : By
this Management one of thefe could not be eletrifed
without communicating with the reft. The leaden
Coatings of thefe Glafles wercaifo connedted together
by fmall Wires, all which center’d in one tail Wire s
fo that, when the Matter contained in thefe three
Glaffes was replete with Eleétricity, which was done
by a Wite from the Gun-barrel faftened to the iron
Rod lying upon their Mouths, the whole Quantity
of Eletricity here accumulated might be difcharged
at once by touching tie Gun-barrel with an iron
Rod faltcned to the tail Wire. When the Glafles
arc fufficiently ele@rifed, if the Room is dark, you
will fee Brufhes of biue Flame from feveral Parts of
the condu&ting Wire; and thefe indicate the proper
Time of making the Explofion. Thele Glafles, from
the Thinnefs of their Sides, and from the Weight
of their leaden Shot, ate very liable to burft; and
if one of them happens to have the leaft Crack in
any Part of its Surface, which is under the Lead,
non¢ of them can be cleétrifed ; all the Ele&ricity

pafling
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pafling off ty that Crack. The elefrical Explofion
trom two or three of thefe Glaffes is not double or
trebie to that from onc of them; but the Explofion
from three is much louder than that from two, that

from two much louder than that from one.
¢ XI. The Experiment jull mentioned induced
me to imagine, that the Exp:ofion from thefe Phials
was owing to the great Quantity of non-eleliric
Matter contained in them: And whillt I was con-
fidering of fome certain Method of afuring myfelf
whether the Fa&t were fo, Dr. Bevis informed me,
that he had found the eleétrical Explofion to be as
great, as when he had accumulated the Eleétricity
in a half Pint Phial of Water, by the following
Method. He covered a thin Plate of Glafs, of about
a Foot {quare on both Sides, with Leaf-Silver; this
he made to adhere to the Glafs with very thin Pafte.
A Margin of an Inch was left on both Sides; other-
wife, upon eletrifying this Plate, the Ele@ricity
would bc prevented from being accumulated upon
onc of its Surfaces, by being propagated from the
Silver on one Side to that of the other. When the
glafs Plate was thus prepard, if it was placed upon
a Table in fuch a Manner, that, when fully elec-
trifed by a Wire or fuch-like from the prime Con-
ductor, a Perfon touched the under Surface with a
Finger of onc of his Hands, and brought one of the
Fingers of his other near the upper Surface thereof,
or near the prime Conductor, he was thocked in
both his Arms and acrofs his Breaft. The {ame Effeét
happen’d, if, when this Plate was cle@rified in the
before-mention'd Manner, a Petfon holding it in his
fland by the Margin, and without touching the Sil-
ver,



[ 105 ]
Silver prefented it, cven fome time after it had been
taken from the prime Condudtor, to anorher Perfon
who touched the under Surface with his Finger, and
held it there till he touched the upper Surface with
a Finger of his other Hand.

§ XII. This Experiment was {ufficiently convincing,
that the Greatnefs of the electrical Explofion, in my
former Trials, was not owing folely to the great
Quantity of non-eleétric Matter contained in the
Glaffes 5 as the Explofion from the glafs Plate fil-
vered was occafioned by about fix Grains of Silver,
upon which the Eledricity was accumulated 5 more
efpecially as this Explofion was equal, if not fupe-
rior, to that from half a2 Pint of Water contained in
a thin Glafs as ufual, under the moft favourable Cit-
cumftances.

§ XIII. As each of the Surfaces of the glafs Plate
juft mentioned mcafured fixty-four fquare Inches, I
was defirous of purfuing this Inquiry further; and
accordingly procured a cylindrical glafs Jar blown
very thin, of fixteen Inches in Height, and eighteen
Inches in Circumference. This I caufed to be co-
vered both within and without with Leaf-Silver, to
within an Inch of its Top. This Glafs with its Mar-
gin made very clean (upon which the Succefs of the
Experiment confiderably depends) was fully elec-
trifed by the means of a Piece of Chain, let down
to the Bottom of the Jar, by a Wire from the prime
Conductor; and the Explofion made by its being
placed upon a Plate of Metal, to which was faten’d
a Wire conneéted to an iron Rod, and this Rod was

O brought



brouzh: near {ome gi dcd Tearher lying upon the
Drin CO:! Jc"*or. This Explofion wis (qual to that
¢ Ciffes betore-menticn’d, containing a
hu.}drcu w firy Pounds of icaden Suot, though
ere tue | f the Silver lining the internal
urface or the Glals, upon which the Electricity was
sccumulated, did not exceed thaty Grains.  So
much of the in crnal Surface of this Jar, as was co-
vered with 81‘.cr, amotnted, as the Surfaces of
C..mdcrvarc as their Length muitiplied by rtheir
:riphery, and allowing thirty fix fquare Inches for
thc Bctrom, to three hunarcd and fix {guare Inches.
It this Ex: Tofion was made in 2 dark Room, the
Corrufiations within the Jar, at.the Inftant of the
Ex pfouox were extremely bribiant.

When this Jar s fully eleCtriled, if, inftead of
making it explode, you only bung the {hort iren
Rod, with which the Explofion is utually made, necar
a Piece of gilded Leather lyingupon the prime Con-
ductor, though not near enough to make the Glafs
¢xp.ode at once, you hear the Electricity, accumu-
lated within the Jar, efcape-with a Noife very like
that of a {mall heated iron Bar quenching in
Water. '

§ XIV. The great Explofion from the Jar before-
mention’d, when fo littie non-eledric Matter was
included therem has caufud .me to be of Opinion,
that the Effeét of what we call the Expcnmmt of
Leyden is great'y increafed, if not principaliy owing,
not fo mugh to the Quantity of non-eledtrical Mat-
ter contained in the Giafs, as to the Number of Points

of
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of non-cle&rical Conta&t * within the Glafs, and
the Denfity 4 of the Matier conflituting thofe
Pciuts, provided this Marter be in its own Na-
ture a rcady Condultor of Electricity. For this
Reafod it is prefumed, that fo much of the
Lcad contained in the Shot in the beforc-men-
tion'd Expcriment, only concurred to make the
clectrical Explofion, as touched the internal Surface

of

* Bodies having the Power of readily conduling Ele&tricity
fcems to depend very little upon their fpecific Gravity fimply confi-
dered : Metals, for Inftance, and Water, are in a great Degree
Non-cleCrics, and confequently condu@ Elediricity the beft of
any Subftances, that have yet fallen under our Notice ; whereas the
Calces of Metals, though very denfe Bodies, and very greatly more
fo than Water, prevent in a great Degree the quick Propagation of
the ele@rical Power. So that a Phial coated within and without
with Cerufe, 7. ¢. the Calx of Liead, and electrifed, did not, upon the
Application as ufual of one Hand to the external Surface thereof,
and touching the prime Conduétor with the other, occafion any
Shock, or make any Explofion more than the fimple Stroke from
the prime Conductor. "The fame Obfervation holds good with re-
gard to red Lead, Litharge, and lunar Cauftic or the Calx of Sil-
ver, none of which fnap, when eleétrifed. For the fame Reafon,
Filings of Iron, which are rufty, 7.e. have their Surfaces converted
into a Calx, are much lefs proper to be put in Glafles to make the
Experiment of Leyden, than thofe that are not 3 inafmuch as thefe
laft caufe a much louder Explofion than the firft. The making
ufe of rufty Filings of Iron was the Occafion of my mentioning
in my Sequel, § X VL. that the Stroke from thefe was lefs than that
from Water ; the contrary of which I afterwards found true, when
Filings of Iron not rufty were fubftituted.

+ 1 heretofore, p. 11, &c. of my Sequel, took notice, how
much the Effe& of this Experiment depended upon the Quantity
of non-eletric Contaét upon the Outfide of the Glafs.

O 2
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of the Glafi: As a great Purt of this Surface was
without Contact, occaftoned by fuch of the Shot as
prefented themf{-lves thercto, touching, from their
{pherical Figure, only in one Point, there confe-
qu-ot'y remaned without Contact comparatively
great Spaces between cach Shot. This Defect was
obviared by the univerfal Contact of the Silver; and
thercby was occafion’d the greater Explofion.

§ XV. The following Experiment has fome Re-
lation ro the preceding, If a Phial of warm Water,
without being coated with Sheet-Lead, or other
non-clectrical Matter, is electrifcd by connecting it
to the prime Conductor; and a Ring of {fmall Wire,
in licu of the ufual Coaring, is put round this Phial,
the Wire being continued of a fufficient Length
to touch the prime Conductor; upon difcharging
the Phial, you have a {licht Explofion, and a Flafh
of Fire fcems at that Inftant to fill the Glafs. But -
if this Experiment is made in a very dark Room,
and with great Attention, this Flath in the Phial
will not then feem to proceed from the whole Quan-
tity of Water contained therein 5 but, as far as the
Suddennefs of the Explofion will permit the Eye to
follow it, will be feen to occupy only the internal
Surface of the Phial.

§ XVI. 1 orderd another glafs Jar as large as pof-
fible to be biown, fo that the Glafs thereof might
be very thin ; and after many Attempts of the Glafs-
makers I procured one, the Height of which was
twenty-two Inches, the Puriphery forty-one.  This

was covered within and without, leaving a Margin
of
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of an Inch at Top, with Lcaf-Brafs. As much of
the intcrnal Surface as was covered amounted to
1129 {quarc Inches.  But the Difficulty I met with
in procuring this Giafs was fufficiently recompenfed
by the great Increafe of the Explofion therefrom,
when fully electrifed, and difcharged in the fame
manncr as the glafs Jar before-mention’d.  The
Report was vaftly louder ; all the attendant Pheno-
mena greatly exceeded any thing of this kind I was
before acquainted with. As the Quantity of Metal
within this Jar did not excced two Drams, this Ex-
periment gives further Weight to my Opinion be-
fore-mention’d § XIV. in relation to the manner of
increafing the Effects of the Experiment of Leyden;
and from what the Phenomena of thar furprifing
Experiment principally proceed; w:zz. not from the
Volume of the prime Conductor, nor from the
Quantity of non-electrical Matter contained in the
Glafs, but from the Number of Points of non-elec-
trical Contact both within and withoutfide of the
Glafs, and from the * Denfity of the Matter confti-
tuting thofe Points.

§ XVIL It muft be obferved, that, ceteris paribus,
the electrical Explofion is greater from hot Water
included in Glaffes than from cold ; and from thefe
glafs Jars warmed than when they are cold.

§ XVIL

* Though the Denfity of the Matter conftituting thefe Points
proceeds from their Number in a2 mathematical Senfe, yet in a po-
pular one 1 take the Liberty to diftinguith them.
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§ XVIIL The Expiofionsfrom the large Glafles juft
mention’d fuily clectrifed, as well as from (mali
oncs under the fame Circumftances, will not be con-
{iderable, unlefs the Circuit, frequently mention’d
in my Writings upon this Subjcét, bc completed s
that is, unlefs fome Matter, non-elestric in a con-
fiderable Degree, and in Conract with the Coatings
of thic Phials, is brought into Contact, or ncatly fo,
with fuch Non-clectrics as communicate with the
Matter contained in the Phials, themfelves. When
indeed the Circuit can be completed, the Explofion
from the large Glaffes is prodigious; the whole

uantity of Elc&ricity therein accumulated, or ncarly
fo, being difcharged in an Inftant.  But the Faét is
otherwife, if the Circuit is not complcted, and the
iron Rod in the Mouth of one of thefc Phials is
touched by a Non-cleftric (the Hand of a Man, for
Inftancc) not in Contatt with the tail Wire: For
then there will be no Explofion, no Shock; but the
Perfon, approaching his Finger near the iron Rod,
will fee a Succeflion of fmall Sparks, more intenfely
red than that large one {cen, when the Phials ex-
plode at once ; and the Perfon making the Experi-
ment, will feel a very pungent Pain, but confined
to that Finger which touches the iron Rod. This
Succeflion of Sparks continues, until the Eletricity
accumulated in the Phials is nearly exhaufted. So that
the Explofion from any given Quantity of Elellri-
city, accumulated as before-mention’d, is greater
or lefs in progortion to the Time expended in make-
ing that Explofion: In like manner as a given Quan-

3 tity



[ 111 ]
titv of grained Gunpowder rammcd, hard in a Pifto!,
is aimoft inftantancoufly tired, and that with a orcat
Repoit; when the fame Qnantity of Gunpowder
rubbed fine, and rammed hard, takcs a confiderable
Time in burning as a Squib, and makes no Explo-
fion.

§ XIX. The Caufes why the charged Phial will
not cxplode quick, without the Elelricity thercin
defcribing a Circuit through Subftances non cleCtric
in a great Degrec, may be very difficult to be af
figned. It is fufficient for us in the prefent Inquiry
to be afflured of its being a certain, an invariable
Law: And in order to prove, that the ElcQricity,
upon the Exp ofion, paffes with its whole Force
through the Circuit of Non-cledtrics, contrary to
what has been fuggefted, I made the following Ex-
periment.

§ XX. I procured two {fmall fquare iron Bars, of
about fourrcen Inches long: An Inch at each End
of thefe I caufed to be bent at right Angles. Thefe
iron Bars were fupported in fuch manner (by Sub-
ftances whether originally electric, or not, was no-
ways marerial) that cach of their Ends came
within about two Tenths of an Inch of fome
warm Spirit of Wine, or Effence of Lemons in
four Spoons piaced upon a Table. Ithen fufpended
acommon coated Phial filled with Filings of Iron to
the Gun barrel, the tail Wire of which reached to
a Tablc ar a few Feet Diftance, and was placed
under a brafs Weight which fupported the Handle
of the firft of the Spoons: Over this Spoon, at the
Diftance jult mention’d, I pilaced one of the {quare

iron
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L
iron Bars, and at its other End was placed another
Spoon : This fecond Spoon touched the Handlc of the
third, which was placed under one End of the other
fquarc Bar, whofc other End came near to the Spim in
the fourth Spoon, the Handle of which lay upon a
Weight; and under this was placed a Wire conne&ted to
the thortiron Rod, with which the Explofion was made,
when the coated Phial wascharged. When the Phial
was well charged, if the Spirit of Wine fent forth
Vapours, and the fquare iron Bars werc at a proper
Diftance from it; upon making the Explofion at the
Gun-barrel the Electricity {napped between the Spi-
rit and the iron Bars, and the Spirit was fet on Fire
at the fame Inftant in all the Spoons. It fomectimes
happened, that {ome of them only were fired. If
the iron Bars were too near the Spirit, it was not
fired, though the Circuit was completed ; becaufe
then no ele@rical Flame {napped between the Rods
and Spirit; that Effect happening only, when the
Parts of the Non-clectrics deferibing the Circuit
arc not in immediate Contact; on the other hand,
if the Space left between the Bars and Spirit was
too great, the Circuit could not be completed, and
there would be no Explofion.

§ XX1. This Experiment will feem more fut-
prifing in the following manner. When the 4ppa-
ratus is difpofed of as bcfore, the tail Wire from
the coated Phial, before it reaches to the Table, is
faften’d to an iron Rod flanding in a Pail of Water:
Another iron Rod is likewife placed in the fame
Pail of Water, and a Wire from this laft reaches
under the Weight, which fupports the firft of the

before-
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before-mention’d Spoons. From bencath the Weight
which fupports the Handle of the fourth Spoon, a
Wire rcaches to an iron Rod ftanding in a fecond
Pail of Water, in which is placed alfo another iron
Rod, to which is faftened another Wire connected
with the fhort iron Rod, which is employed to
make the Explofion. When, with this Difpofition
of the Apparatus, the chawcd Phial is caufed
to explodc, the Spirit or Effence of Lemons in
fome or all of the Spoons is fet on Fires; to
accomplifh which, the Electricity muft neceflarily
pafs through one of the Pails of Water, and poflibly
through both. But here it-muft be underftood, that
the Pails of Water ftand upon a dry wooden Floor ;
for if they ftand upon one that is wet, or upon the
Ground, the Circuit will be, for Realons frequently
mention’d in the Courfe of thefe Inquiries, com-
picted between the two Pails, where the non-clectric
Matrer is continuous, and be prevented from pafl-
ing by the Spoons where it is not fos and this will
defeat the Succefs of the Experiment. The Num-
ber of Spoons in the Manner before-mention’d, and
their Diftance from each other, may be varied as far
as is thought ncceflary. The Circuit may likewife
be dircfted througih any Number of Men, provided
that cach of them holdsin one of his Hands a Spoon-
ful of warm Spirit, and brings one of the Fingers
of his other Hand at the proper Diftance to the pr-
rit held in the Hand of the Perfon next him: By
thefe means the Explofion of the charged Phial will
fet on Fire the Spirit in feveral of the Spoons at

P the
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the tame time, provided the Perfons employ’d hoid
their Hands fufhicicnntly fteady.

§ XXII. This Experiment exhibits new and un.
expeted Phanomena: In all the Experiments to kin-
dle inflammable Subftances by EleGricity hitherto
attempted both here and abroad, either the Spirit
or the Non-eleétric, wherewith it was intended to
be fet on Fire, were placed upon Originally-Eletrics.
But here, on the contrary, although both one and
the other are placed upon Non-eleétrics, we fee the
fame Effc& produced. Nor is the cle&trical Power
leflened, by exciting feveral different Quantities of
Flame ; in doing which, it paffes o quick as to pre-
vent the Poflibility, in feveral Spoonfuls of Spirit,
fired by the fame Operation, of determining which
of them was on Fire firft: \And though we know
from its Effe@s, that the Eledricity goes through
the whole Circuit of Non-eleCtrics with its whole
Vigour, its Progrefs is fo quick as not to affe&, by
by attralting or otherwife, light Subftances difpofed
very near the Non-eleétrics, through which it muft
neceflarily pafs.

§ XXIIL I would here recommend to thofe Gen-
tlemen of the Royal Society, who laft Summer mea-
fured the refpective Velocities of Electricity and
Sound, a Procefs of this fort to be cxecuted at a
proper Times whereby they would be able to a
very great Nicety to afcertain the abfolute Velocity
of Electricity. For it may be contrived, thata Man
may be placed inthe fame Room with the electrifying

Machine, taking hold of a Wire in each of his Hands:
Thefe
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Thefe Wires may be {fo managed, that by means of
the electrical Circuit, the Maa holding them may
be made f{cnfible of the electrical Commotion, even
under the Eye of an Obfcrver at the Machine;
though before the Electricity can atrive at the Per-
fon holding the Waires, it will be obliged to pafs
through whatever large Space fhall be thought con-
venient for the Obfervation.  The Time then {peat
tween the Explofion of the charged Phial, and the
Perfon holding the Wires feeling the electrical Com-
motion, will give the abfolute Velocity of Electri-
city to great Exactnefs .

XXIV. As my Inquiries upon the Subject of Eicc-
tricity have always tended as much as poflible to the
Analyfis thereof, I have often obferved, that if, when
the clectrifying Machine ftands upon the Floor, the
Giobes thercof arc rubbed with their Cufhions, or
with Hands cover’d with Originally-Electrics of a
fufficient Thicknefs, and perfectly dry, no Electri-
city will be perceptible upon the Touch of a Gun-
barrel fufpended in filk Lines, and touching the
Globe in Motion, or upon the Touch of any other
Subftances fupported by Electrics per fe; or, in other
Words, there will be no Accumulation of Electricity,
The only Originally-Electrics fit for this Experiment
(as ail unctuous Subftances, as Wax, Refin, and
fuch-like, though Elcctrics per fe, by fticking to the
Outfide of the Glafs render it unfit to excite Elec-

trcity

* This has been fince put in Execution, See above p, 88,
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tricity from other Bodics) are to be obtained from
the Animal Kingdom: And of thefe only fuch as
do not partake, from their Manufacture or other-
wife, of any non-electtic Subftances. Thofe of this
fort, which I have tried, and always with the {fame
Succefs, when perfectly dry, have been Silk {woven
or not), Velvet, Hair-Cloth, Woollen-Cloth, and
the dry Skins of Rabbits drefied in their Fur; and
the Event has becn the fame, whether thefe Sub-
ftances have been rubbed under a greater or a lefs
Degree of Friction: And fcarce any Elelricity has
been perceptible, when thofe Parts of thefe Sub-
ftances, which immediately are in Contatt with the
Globes, have been rubbed over with dry Chalk, a
non-eleétric Subftance. DBut the Succefs is different,
when thefe originally-eletric Subftances have lain
in damp Places, or have been held over the Steam
of warm Water ; becaufe then the Water imbibed
by thefc Subftances ferves as a Canal of Communi-
cation to the Eletricity between the Hands or Cu-
fhions and the Globes in the fame manner, as the
Alr, replete with Vapours in damp Weather, pre-
vents the Accumulation of Eledricity in any con-
fiderable Degree, by conducting it as faft as excited to
the ncareft Non-cle@trics. On the contrary, moft
Subftances of the Vegetable Kingdom, whofec Form
makes them fit for this Treatment, though made as
dry as poflible, furnith EleCricity, though in dif-
ferent Quantities. I have tried Hemp, Linen-Cloth
of various Kinds, Paper both of Linen and Hemp,
Cotton in the Wool, Fuftian, Cotton-Veiver,

and
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and many others of this Clafs. T have covered at
cne time the Cuthion, with which I rubbed a Globe,
with eight Lamina of Sheet-Lead, and have ex-
cited Electricity from that Meral: And however
improper a Deal-Board may feem for the Purpofe
of rubbing a Globe, I have more than once ac-
cumulated Eledtricity from that, though its Sub-
flance has the Apmarance of being much lefs fit
than cvery onc of the Originally- E ectrics I men-
tion'd before.
§ XXV. To the Docrinc herc laid down it may
be objected, that Leather is an animal Subftance,
which, though perfeCtly dry, excites Elericity the
ftrongeft of all the Subftances hitherto difcoverd ;
that dry Leather ought to be confiderd as an Ori igi-
naily- Electric; and therefore, according to the Rule
beforc mention’d, fhould not furnifh, from rubbing
the Giobe therewith, any Eleltricity at all.  To this I
an{wer, that though the dry Skinsof Animals are Elec-
trics per fe,dry Leather is far from being fo; and this
isowing to the vaft Quantitics of rcftringent vegetable
Subftances imbibed by the Skins throughour their
whole Contexture in the Operation of Tanning in
fome Species of Leather, and of faline Subftances,
fuch as Aium, in others; both which Subftances are
non-eleétric, and of thefe Leather very confidera-
bly partakes: For by thefe the Hides and Skins of
Animals (and any Mufcle of their Bodics is liable
to the fame Trcafmcr") which otherwi(e areas pu-
trefcent as any Part of their Bodics foever, are made
to latt throuOh many Ages, and be fquc*‘. ient to
many
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many valuable Purpofes of Life. The fame Con-
ciufion muft be drawn concerning Hats, which, tho’
made of the Hair of Animals, furnith Eie&ricity,
though but in a {fmall Degree: And this is occafion’d
by the mucilaginous and gummy Subftances made
ufe of by the Hatmakers, to give their Manufacture
a fuitable Stiffnefs.

§ XXVI. From what I have advanced § XI. XIL.
X1l X1V, XV, XVIL it may poflibly be conjcétur’d,
that the cle@rical £ffluvia occupy only the Surfaces
of Bodies ele&trifed 5 as we there found, thata very
{mail Quantity of Mater, diftributed under a very
large Surface, would occafon a greater Accumula-
tion of Electricity, than a very much more confi-
derablc Quantity of Matter under a lefs. But that
the Eleltricity occupies the whole Mafles of Bodics

cle@rifed, and paﬁls through their conftituent Parts,
is clearly demonftrated by the following Experi-
ments.

§ XXVII. When 1 firfl engaged in thefe Inqui-
ries, to aflure myfelf of this Fa&t, I enveloped an
iron Rod about threc Feet in Length with a Mix-
ture of Wax and Refin, leaving free from this Mix-
rure only one Inch at cach End. This Iron was
wvarmed, when thus fitted, that the whole of its
Surface, where it was intended, might be covered.
This Rod, when eleirifed at onc of its Ends, {nap-
ped as ﬁrormy at the other, as though it was with-
out the Wax and Refin.  This could not have hap-
pened from the Eleétriciey’s pafiing along the Sur-

tace of the iron Rod, becaufe there it was prevented
by
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by the Originally-Electrics, and confequently muft of
Neceflity pafs through it.

§¢ XXViII. A Phial of Water, in the Experiment
of Leyden can be eleCtrifed, and may be caufed to
explode, though the Wire, touching the Water in
the Phial in making that Experiment, be run through
a wzx Stopple, exaltly fitted to the Mouth of the
Phial.

§ XXIX. I caufed a glafs Tube, open'at each End,
and about two Feet and a half long, to be capped
with Brafs cemented to the Ends of the Tube. In
the Centre of each of thefe Caps was faftened a
{lender brafs Rod; and thefe were difpofed fo in
the Tube as to come within half an Inch of cach
other. When the Tube was properly fufpended in
fi:k Lines with one of its Extremities near a glafs
Giobe in Motion, the brafs Work at both Ends
fnapped equally ftrong. As the Elettricity could nog:
pafs along the Surface of this Tube warmed and
wiped clean, this Effet could not have happened,
unlefs the Eleltricity pervaded the Subftance of the
brafs Caps. Upon touching the Brafs at the End of
the Tube moft remote from the electrifying Ma-
chine, the Snaps from one of the brafs Rods within
the Tube to the other were feen to correfpond
with the Snaps withour. More Experiments of this
kind might be added, but thefe, I prefume, are fuf-
ficient to thew, that the Elettricity occupics the
whole Maffes of non-eleétric Bodies cleétrifed. That
the Eleltricity pafies through Originally-Elettrics toa
certain Thickne(s [ took notice of in a Paper 1 did
myfelf the Honour to communicate in February
1745-

§ XXX,
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§ XXX. 1 fhall forbear at prefent to lay before
vou a Scries of Expcriments 7z wacuo; from the
Comparifon of which, with the Experiments in open
Air it appears, that our Atmolphere, when dry, is
the Agent, whereby, with the Affitance of other
EleCtrics per f2, we arc cnabled to accumulate Elec-
tricity in and upon Non-cledtrics 5 that is, to commu-
nicate to them a greater Quantity of Electricity than
they naturally have: From hence alfo we fhall fce,
that, upon the Removal of the Air, the Electricity
pervades the Pacuum to a confiderable Diftance,
and manifefts its Effects upon any Non-electrics,
which terminate that Vacuum: And by thefc Means
that originally-electric Bodies, even in their moft per-
fect State, put on the Appearance of Non electrics,
by becoming the Conductors of Electricity. But thefe
Matters may poflibly be the Subject of a future Com-
munication.

IV.





