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The REVEREN D

Granvill Wheeler Efq.

Of Otterden Place in Kent.

SIR,
UR knowledge of natural

caufes and effeéts can
only proceed from experiments
judicioufly made, and faithfully
related. Nature 1s no otherwife
known than from trials made

B 2 upon
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upon herfelf, and while we ad-
vance in thefe trials, ftep by f’cep,
as fhe leads the way, our re-
fearches generally prove  juft
and accurate. It muft indeed
be owned, that our hopes are
fometimes difappointed, but our
very difappointments frequently
inftru¢t ; and by mifling truth
‘in one path, we often find her
more eafily 1n another.

- Tr1s method of proceeding
by experiment has of late years
opened a large field of know-
ledoe, and the profpect wonder-
fully widens as we move for-
wards. Great difcoveries have
been made 1n this part of phi-

lofophy ;
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lofophy ; but perhaps as great,

or greater, remain ftill behind :
and there feems full room left
for farther mquiries.

ELECTRICITY 18 a part of
experimental philofophy, hi-
therto the leaft inquired into;
and however extenfive m itfelf
(perhaps no property of matter
more fo) has been {o little cui-
tivated, that a fuflicient num-
ber of facts have not yet ap-
peared, upon which its laws
may be eftablifhed. To inve-
ftigate 1ts laws, and from thence
to deduce fome certain princi-
ples of fcience, 1s the intention
of the following Treatife, which

% 3 lays
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lays before you a great variety
of experiments, moft of them
new, and fome {urprizing.

As whatever tends to pro-
mote ufeful knowledge, tends to
advance the happinefs of man-
kind, any defign of this nature,
though 1mperfectly executed,
cannot fail of meeting with your
approbation. And befides, there
1s no perfon, to whom a treatife
on this fubje¢t can with more

juftice be infcribed, than to him
whofe own refearches, and whofe
incouragement and affiftance to
the late Mr. Stephen Gray gave
rife to thofe extraordinary ex-
periments, which have {ince ex-

cited
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cited the curiofity of the Pub-
lic to cultivate this part of phi-
lofophy. I am, with true re-
{pect and gratitude,

S1IR,
Your much obliged,

and moft obedient

humble fervant,

BENJAMIN WILSON.
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PREFACE

LECTRICAL experiments, and
the caufe of thefe wonderful

effects, feem to have engaged, for fome
time paft, the attention of the curi-
ous in feveral parts of the world, par-
ticularly in England.

We are much indebted for the cul-
tivation of this part of philofophy to
Mr. Stephen Gray, and Profeflor M/~
chenbroek : the former made the capi-
tal experiment with the glafs tube?,
and the latter that with the vial.

ConsIDERING the great variety of
experiments which have been made

2 See the Philofophical Tranfactions of the Royal
Society, Number 417.

A 4 n



X PREFACE

in this part of philofophy, it has been
very difficult to arrange them into
any kind of order. And though my
fuccefs herein has fallen very fhort of
my wifhes, yet I hope that all the
defects of this work will be candidly
overlooked and amended by f{ome

abler hand, who has more leifure and
abilities.

I uave, in the conclufion of this
Treatife, delivered my opinion of fome
of the lateft writers on this {fubjed.
But fince finifhing this book, I have
met with a piece publithed a few
months ago at Parzs, by Monf. Jolla-
bert, profeflor of philofophy and ma-
thematics, entitled, Kwxperences fur
P Eleflricite avec quelques conjeltures
fur la caufe de [es effects, by which I
find he looks upon eleétricity and the
wther of Sir'[faac Newton to be one

and
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and the fame®. That I was of opini-
on that the moft {ubtile and elaftic

Hyroruese IIL

* Je fuppofe d’abord un fluid trés-deli€, tres- ela-
ftique, rempliffant Punivers & les pores des corps
méme les plus denfes ; tendant totjours a ’équili-
bre, ou 2 remplacer les vuides occafionnés. Je fup-
pofe encore que la denfité de ce fluide n’eft pas la
méme dans tous les corps 3 qu’il eft plus rare dans
les corps denfes, & plus denfe dans les corps rares 3
enforte que les interftices, que laiffent entr’elles les
particules de Pair, renferment un fluide plus denfe
que ne font, par example, les pores du bois ou du
metal.

HyroTuEsE IV,

C’esT au moyen d’un fluide que Newton a effayé
d’expliquer divers phénomenes, tels que font ceux
de la lamiere & de la pefanteur. Il eftimoit, a Ia-
vérité, que ce fluide, par lui-méme & fans avoir be-
foin d’aucune preparation, produit les différentes

propriétés, de la lumiere, de la gravité, &c. au
" lieu que, dans notre hypothefe, il n’agit qu’apres
avoir été excité & mis en movement par quelque
operation, telle qu’eft le frottement &c. Certe dif-
férence dans la maniere d’agir n’empéche pas cepen-
dant que ce puiffe étre le méme flvide, mais diverfe-
ment modifié, qui produit ces phenomenes differens :
&, fi nous lui donnons ici le nom de fluide élecirigue,
nous ne prétendons pas pour cela borner fes effets
a cecux de I’életricité,

4 part
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part of . the ele@ric matter is the
fame with the «ther of Sir laac
Newton, appears from an eflay pub-
lithed in 1746. In the beginning of
the year 1747, I made feveral new
experiments, with farther obfervations,
which I fent {oon after to a merchant
in Holland, who forwarded them to
his correfpondent at Parzs for Monf.
Grand-Jean de Fouchey, the {ecre-
tary of the Royal Academy of Sciences.
I have been informed fince, that the
{ecretary never received them. The
fubftance of thofe papers, together
with fome additions, make up the
following Treatife, which is now of-
fered to the public.

NoTE, The experiment in page 59,
and one or two more of the follow-
ing Treatife, were publifhed in other
words in the Philofophical Tranfac-
tions, Number 485. But as they were

firft












2 A Treaisfe on Eleliricny.

figns by which bodies are known to be eletri-
fied; and how we are to judge of the different
degrees of electrification, The machines, with
which thefe kind of experiments are made, do
not differ more in their conftruction than they
do in their power of eletrifying. It may not
be improper therefore firft to give a defcrip-
tion of the machine with which the principal

part of the following experiments was made.
A DHK reprefentsa frame of wood two feet
two incheslong,andeighteen inches broad. The
fides of this frame are three inches by one and
a half ; and the diameter of the wheel F G,
which alfo is of wood, fifteen inches. The
axis of the wheel, E E, is fo contrived, that it
can be taken out and the wheel feparated from
its axis, by which means they may be laid in
the {quare AM M H ; it being large enough to
hold not only them, but other parts of the
machine. GG reprefents a glafs :}ylinder with
metal ends twelve inches long, and five in dia-
-meter, P, a pulley three inches diameter, fixed
‘to one of the metal ends: round this pulley
and the wheel F G is a cord or ftring of cat-
gut, which turns the cylinder round. The glafs
s rubbed by a cufhion C, nine inches long
and two broad, fixed to a {pring SV, and
» made to prefs more or lefs againft the cy-
“lmder. by the: {fcrew y, paffing: through a
3 crofs-

[






4 ATreatsfe on Electricity.

WEe make ufe of a cylinder, becaufe from
glaffes of that thape, or obloug {fpheroids, which
approach nearer to cylinders than fpheres, we
have been able to produce the greateft effets.
That cylinders or oblong fpheroids are the moft
proper figures for this purpofe, will be con-
firmed hereafter, not only frem reafon but ex-
periments,

2.- THe cylinder muft be of an equal thick-
nefs, or nearly fo, if it can be had; and ra-
ther #bin than thick, and of a good polith.

7. It muift have no metal axis pafiing thro’
it, unlefs the axis be covered with cement,
wax, refin, pitch, glue, or fome other unétu-
ous matter which is not foft.

4. IT muft be always freed from dirt and
~ duft, aswell as from moifture or dampnefs,
before any experiment be made with it. To
do the laft more effeCtually, the loofe dirt, and
that which fometimes is found to ftick very
clofe to the glafs, being firlt wiped off, take a
piece of clean dry flannel, and hold it near a
fire till it be well warmed, then turn the wheel
and rub the glafs all over from end to end very

well with it,
5. Tue cylinder muft not be heated too

much by continuing the friction of the cufhion,
but when an experiment has been made, let
the turning of the wheel be difcontinued for a

| little
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little time, and the glafs be rubbed again with
the dry flannel, before a frefh experiment be
made.

6. Tuk cylinder muft be in the fame good
order for ele&rifying equally ftrong, before any
experiment be begun to be made with i,

To do this more effeCtually the following
farther caytions muft be obferved.

o, Tlnl; cuthion C muft be about three

inches thorter than the cylinder is long.
8. Tuere muft be a piece of clean fmooth

leather (red was what I made ufe of ) of a con-
fiderable length, and as broad as the cufthion
Cislong; thisleather muft be moiftened with a
wet {ponge from time to time on the rough fide,
and afterwards, the dry fide muft be warmed -
a little by the fire; when this has been done,
and the dry fide well wiped, to free 1t from
duft and moifture (there being an oily matter
brought out of the leather by heating it) place -
it between the cuthion and cylinder, with the
dry or {mooth fide to the glafs,

N. B. Ir the leather be gilt or covered over
with filver, brafs, or copper, and the metal
fide applied to the glafs (the other fide being
alfo moiftened with water) it will do full as
well. P o

9. Tue edges of this leather muft not tarn
up towards the cylinder; this may be pre-

B2 vented
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vented by rolling it up, or turning it back ; or
letting a {mall weight hang to it.

10. DirFereNT preflures of the cufhion
again{t the cylinder will produce very different
effects, therefore the preflure thould be wni-
Jform, and rather {trong than otherwife,

11, THE wheel muft be turned always the
fame way, {o that the cylinder muft turn to-
wards the points of the wires ww, that is from
C towards ww and m, and not from C to-
wards m and ww. Thofe points ww muft
hang clofe to the glafs, and about three and a
half or four inches from the cufhion.

12, THE wheel muft be turned uniformly
quick, and not fafter in one experiment than
another (fuppofe thirty or forty turns in a mi-
nute) unlefs where it 1s mentioned to the con-
trary.

13. THE bar BB muft be an inch and an
half or two inches in diameter, and the ends
rounded off hemifpherically, unlefs we men-
tion the contrary,

14. Tre filk lines L L, on which it hangs,
muft be of the thickeft fort, and fix inches
long at leaft, and quite dry, and free from duft
and dirt, As to the colour of the filk lines, let
them be red or yellow.

- 15. METAL bodies, and fuch as will be par-
ticularized hereafter by the name of non-ele-
| ¢trics,
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21. Tur table muft ftand on moift ground,
or if the table be in a chamber, a wire pafling
from the machine to the moift ground will do
full as well.

22. WHEN we mention wax, it is with in-
difference, for either glafs, refin, pitch, glue,
filk or hair, do as well.

23. Common bees wax of itfelf is too foft:
therefore a quantity of refin (half as much, or
more) fhould be diffolved in it, which will
make the mixture, when cold, much harder
and fitter for ufe.

24. WHEeN either wax, refin, pitch, glue,
glafs, hair, or filk lines are made ufe of, we
always {uppofe them very dry, and freed from
duft and dirt; and the five firft to be fix inches
thick, and the two laft to be fix inches long
at leaft, unlefs the contrary be mentioned in
any experiment,

25. WHEN a body is to approach, or be
brought near an clectrified body, we always
fuppofe thefe three things to be carefully ob-
ferved, Firft, that the approaching body be
in contac with the earth at the fame time. Se-
condly, that the approaching part be a round-
ed furface (a quarter of an inch at leaft in ex-
tent) free from points, corners, or edges. And
laftly, that it be moved towards the ele@rified
body, not flowly, but very quick : unlefs at

any
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any time the contrary of any of thefe things be
mentioned. If the ele&rified body be the ap-
proaching body, we fuppofe it to be moved
towards the other alio very quick,

26. BEFore a frefh experiment be made
with the fame body, we always fuppofe no
figns of its being electrified remaining,

27. Ir a perfon fhould rub the glafs with
his hand inftead of the cufhion, we fuppole it -
to be in the fame place where the cufthion is
placed, and with the fame preflure, ‘With re-
fpect to the figns by which bodies are known
to be electrified.

- Tue cylinder G, or bar BB (or any other
body) is faid to be elerified when light bo-
dies of any kind are moved to and from any
part of the cylinder or bar. And when two or
more very light or flexible bodies of any kind,
placed near one another, and in conta& with
any part of the cylinder or bar, are made to
recede from one another by rubbing the glafs
only, the cylinder or bar is alfo eletrified.

Acain, the bar 15 likewife faid to be elec-
trified when an explofion and painful fenfation
happens, on a perfon’s approaching any part of
it with any part of his body. Or when an ex-
plofion happens on the approach of any non-
eleciric body towards the bar.

TEE
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T'ue different methods to determine the de-
eree of eletrification under certain circum-
‘ftances, as accurately as we are able, are as
follow :

1. WHEN a body is ele€irified, obferve the
time it will take up before all figns of ele@ri-
fication ceafe : the longer the time is, the de-
gree of eleCtrification will be the greater.

2. WueN a body is eleétrified, obferve the
diftance at which light bodies are moved to-
wards it, and at what diftance it will ele&rify
another body, the greateft diftance is a fign of
* the greateft degree of electrification.

3. WaEeN two light bodies are fufpended in
threads, and eleltrified, obferve how far they
will recede from one another : when they re-
cede the fartheft, the degree of eletrification
is the greateft. :

4. WuEN a body is eleCtrified, obferve to
what degree that body is capable of eletrify-
ing another body which is brought near it,
both being fuofpended in filk lines, or laid on
wax, refin, or glafs: the more the firft electri-
fies the other body, the degree of eleCirification
in it will be the greater.

- 5. WraEN a body is eleétrified, and ap-
proached by another which is not electrified,
to caufe an explofion, approach it a fecond
time, and repeat the approaches till no more

ex-
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s D BTN L L 0 R

_ ExperiMeEnT L

F the cylinder of glafs G (fig. 1.) be rubbed

by the cufhion C, the bar of iron BB with
the wires ww, being fufpended near the glafs
on filk lines LL, a perfon, upon approaching
the bar BB with his hand, will perceive a lu-
minous f{park to iffue, accompanied with a
{napping noife, and a fmart fenfation; and
light bodies, placed at fmall diftances, will be
moved to and from the bar.

LT appf.jars from this experiment that fric-
tion is neceflfary to caufe thefe phenomena ;
for without rubbing, the cylinder will not pro-
duce thefe effelts,

THE matter caufing {uch effects we fhall
call elefiric matter : and the giving this pro-
perty to bodies, elecrifying,

Ture luminous {park, whenever it is attend-
ed with a fnapping noife, we fhall call an ex-
plofion.

ExpEr1MENT II,

WueN the bar BB is electrified, and a fin-
ger or piecg of metal moved towards it as was
done in the experiment, after an explofion the
cle&tric matter (or the greateft part of it) will
be found to have deferted the bar; for a fe-

cond
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cond effe®, equal to the firft, cannot be pro-
duced till it is again ele&trified. 'Whereas if the
bar, when ele@rified, be approached with glafs,

amber, wax, pitch, or glue, there will be no
explofion; and the elettric matter, or a confi-

derable part of it, will be found to continue
ftill in the bar; for if the finger or metal be
applied immediately, there will be an explo-
fion, and the fame effects produced as at firft.
ExperiMmenT IIL

Ir a perfon P ftands upon glafs, wax, re-
fin, or glue R, and takes hold of the bar BB,
upon being electrified, he will be found to re-

tain the ele@ric matter in like manner as the

bar, If the perfon P ftands on any of the fame
kind of bodies as wax, refin, glue, or glafs,
that are very thin, he will retain the eletric
matter in fome degree, but not fo ftrongly as
in the other cafe. And if the perfon P does not
ftand upon any fuch bodies, but on the floor
or earth E, and takes hold of the bar BB as
before, neither he nor the bar, will appear to
be electrified.

Frowm the fecond and third experiments, it
appears that the eletric matter does not pafs
fo readily through glafs, amber, wax, refin, or
glue, when fuch bodies are of a proper thicknefs,
as when the fame kind of bodies are thin:
but the clectric matter appears to pafs through

metals

a2
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metals and animal bodies, of all magnitudes.
And fince in the latter part of the third expe-
riment there is not the leaft appearance of ele-
&ric matter within the perfon, or bar, and
there is in the firft part of the fame experiment,
the ele@ric matter muft be diffufed and loft in
the earth.

IT alfo appears that metals, when rubbed
in like manner as glafs, cannot electrify any
other body : for if we fuppofe that the elec-
tric matter was by frition brought to, or ex-
cited in them, yet it would immediately pafs
away by them, -.
ExpERIMENT IV.

Ir the wideft end of a {fmall glafs {yphon be
immerfed in a2 metalline veffel filled with wa-
ter, and {ufpended on the bar ; on turning the
wheel the water will be ele@rified, and dur-
ing the turning of the wheel, the water will in
running out at the narrower end of the {yphon
fpread to a much greater diftance than if the
water was not eletrified, or the turning of the
wheel was difcontinued. And if upon ceafing
to turn the wheel, a non-eletric body be
brought towards the end of the fyphon before
the ele@ric matter be intirely diffipated, the
~water will again fpread, but not to fo great a
‘diftance as when the wheel 1s continued turn-

ing,
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ExpErRIMENT V,

Ir a perfon ftanding on wax, refin, glue, or
‘glafs, takes hold of, and thereby becomes as
it were a part of the bar or body to be eleéri-
fied ; or if a large quantity of iron, lead, cop-
per, or any other metal, be fet upon any of the
above bodies, wax, refin, glue, &c, in the
place of the perfon, and communicates with
the bar, upon eleérification, the effects will be
the fame, whether you approach any part of
that perfon, or the bar, or body eleétrified ;
that is, there will be an equal explofion from
any pact of the perfon or the metal. And if the
perfon electrified approaches any part of his
‘own body, or any other body that is equally
ele@rified with himfelf, there will be no ex-
plofion. | Y

IT appears from the fourth and fifth expe-
riments, that when a quantity of electric mat-
ter is communicated to any of thofe bodies
(every part of which is fuppofed equally capa-
ble of receiving it) the {fame matter diffufes it-
{elf equally throughout that body, and is con-
fequently fluid.

ExperiMmeENT VI

LeT all the apparatus be placed upon cakes
of wax, refin, glue, or glafs, {o that all com-
munication between the earth and the appara-
tus be cut off, the bar B B will not be electri-

g fied
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fied in fo ftrong a manner, after a few turns
of the wheel, as in the other experiments.

Frowm this experiment it appears (fince there
s no other change of circumftances in making
it, except that the communication between the
machine and the earth'is cut off ) that the ele-
¢ric matter comes from the earth, and is col-
leGted, not produced by the apparatus.

THAT it is capable of pafling through fome
‘bodies, and not through others,

Tue former of thefe bodies are called #on-
eleftric, the latter eleétric bodies.

IT feems upon the whole of this fection, as
Ji the eleiric fluid were diffufed throughnLt

I bodies (at leait non-eletrics) on, or near
the furface of the earth, as well as the body of
tha carth itfelf.

BRSSP T O N

HE N bodies are electrified, we fup-
pofe they have received an additional
quantity of ele@ric matter, and in fuch cir-
cumftances the eleftric matter may be faid to

be accumulated.
ExperiMmeENnT VIL

Wuen two threads of equal lengths are

hung clofe together, and {o as to touch the
bedy
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body to be electrified, they will recede further
and further from each other, as the body is
higher and higher ele¢trified. And the higher
the body is eletrified, the longer it will be be-
fore all the eleGric matter be diffipated and
loft.

Ir the eleGtric matter pafled out of the
threads as faft as it entered them, the threads
could not recede from one another more ot
lefs, as they are more or lefs eleétrified ; o that
{omething muft in part obftruét or hinder its
pafling out: and if the electric matter pafifes
fafter in than it does out, which is here the cafe,
there muft be an accumulation ; therefore the
diftance of the threads will be greater or lefs,
as the accumulation of the ele&ric matter is
more or lefs increafed: and if it Be moré or
lefs increafed in the threads, it muft alfo be
{o in the bar. The truth of this is manifeft
from the effes.

ExperiMmenT VIIL

Ir a {phere of iron three feet in diameter,
and a {phere of the fame metal three inches in
diameter, be placed upon feparate bodies of wax,
and eleCtrifiéd-at the fame time by the bar BB,
light bodies will not be moved towards the lar-
ger fphere from a greater diftance than towards
the leffer fphere. But if whilft they are ele-
&rified, both of them be immediately re-

C moved
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moved at the fame time from the bar, the lar-
ger fphere will retain its electric matter longer
than the lefler {phere.

From the latter part of experiment the
fifth it appears, that non-electric bodies of the
fame kind are equally electrified, when they
are in -contact with the electrifying body.
Therefore the two fpheres in the above expe-
riment are equally electrified. The quantities
of matter in thefe fpheres are very different, and
the times of continuing longer electrified are
likewife different ; confequently the quantity of
“eletric matter contained in each muft be dif-
ferent,  But the power of moving light bodies
to and from them, is the fame in both bodies
whilft they are in contalt with the bar, or at
the inftant of removing them from the bar;
and of confequence does not depend upon the
quantity of electric matter ; but will be always
the fame, fuppofing the fluid collected equally
denfe. This is the cafe with water and air
(provided the denfity of the air be the fame
in different fpaces) wherein the refiftance made
to a body falling will be the fame, whether the
quantity of water or air be greater or lefs. But
the effefts of moving of light bodies, and of
continuing longer eleCrified (as well as the
magnitude of the explofion) however, will be
different, as the quantity of eletric matter in

any
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any given quantity of matter differs: or, in
others words, will be in proportion to the dif-
ferent denfity of eleftric matter, by experi-
ment 7. Since then, this fluid is capable of
being made more or lefs denfe, as a greater or
lefs quantity may be included in the fame
fpace, it is therefore e/afizc - and fince it is
elaftic, the more it is comprefled, with the
greater force it will reftore itfelf: and confe-
quently with the greater velocity,
ExperiMENT IX,

Ir two bodies x and y (fig. 4.) * of equal or
unequal magnitudes, but equal denfities, fup-
- pofe two globes of iron, the firft electrified, the
other not, are placed or fufpended at a given
diftance from each other upon eletric bodies, -
or {ilk lines L. L, and afterwards x be made to
approach y, or y x, the quantity of electric
matter will be leflened in x, and that in a dif-
ferent proportion as the bulk of the body y is
greater or lefs,

For if x be electrified, and of equal magni-
tude and denfity with y, and the former be
brought near the latter, the effefts of the one
and the other will be found equal: if yis
greater than x, their effeés will be ftill equal,
but weaker, than in the other cafe : becaufe of

3 Mr. Watfon publithed an experiment of this kind in
his firft E [Jay on Eleltricity.
C2 | - ie
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the ele@ric matter being expanded in a larger
fpace, or a larger quantity of matter. And
therefore if y was a {phere of one thoufand
feet in diameter or more, and x one foot only,
the effe@s would become infenfible: even tho’
the whole quantity that was accumulated in x
fhould be diffufed in y: as may be gathered
from comparing the cubes of thofe diameters.
COROLLARY.

Hence it follows, that the elafticity of the
electric fluid 1s leflened in proportion as it is
rarified. And hence alfo, we may eafily con-
ceive how the earth may conftantly have this
matter diffufed every where within it, andyet
the effe@ not fenfible, till it is collected in
greater quantities in any particular body.

ExreriMeENT X

~ Ir 2 long wire be extended, and fufpended
in filk ftrings, that are tied to ftakes fixed in
the ground (to prevent the wire from being
near the earth or other nnn-e}e:ftrics} and after-
wards be eleClrified : ‘the longer the wire is, the
greater will be the effe, or painful fenfation,
upon caufing an explofion, by a perfon’s ap-
proaching the wire,

IT has been already fhewn (by experiment
eighth) that effe@s apparently equal (fuch as
moving of light bodies from certain diftances,
and repelling them again) will always be pro-

duced
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duced by unequal quantities of the eletric fluid,
provided the denfities of the fluid be the fame,
But when the denfity of the one exceeds the
denfity of the other, the difference of the ef-
felts are as that excefs (by experiment {eventh)
the greater then the excefs of denﬁt}r is, with
the greater force, or velocity, it muft endea-
vour to reftore itfelf; confequently the greater
will be the effet or painful {enfation.

BuT, cateris paribus, the longeft eleCrified
body gives the greateft effect, fuch as the ex-
plofion or painful fenfation; therefore the ele-
¢tric matter muft move with a greater velocity
through a long body ele@rified, than through
one that is fhorter.. For if the fame wire be
twifted in a heap together very clofe, the fen-
fation and explefion will be much weaker,

ExperiMmENT XL

IF the eleétric matter be communicated to a
wire ({fufpended as in the laft experiment) two
or three miles in length (and it is not eafy to
make the experiment with a greater length)
the effe@ will be perceived at the further end
from the machine (by moving too and fre light
bodies placed near that end) as foon to all ap-
pearance, as at the end neareft the machine :
and if both ends of the wire be approached as
near as poflible at the fame time, the electric

matter will be only feen to iflue from one of
C3 them,
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them, viz. from that which is fooneflt ap-
proached.

QuEery 1. Whether fuch propagation maynot
be owing to the elafticity of the ele&tric mat-
ter ? If fo, theelafticity thereof, in proportion
to the quantity of matter it contains, muft be
vaftly greater, than that of any other elaftic
body or fluid we are acquainted with.

——

3T R G I @ s g g
PROPOSITION L

F the furface of a non-electric C (pl. r.'ﬁg 1.)

be applied to the furface of an eleéric
body G, and the one be agitated by the
motion of the other, a quantity of eleGric
matter contained in one or the other, or both
of them, will be excited : which quantity will
be conveyed to the next adjacent non-eleétric
body whofe parts are not agitated, where it
will be continually diffipated ; unlefs the ad-
jacent body be feparated from other non-elec-
‘trics by the interpofition of electrics, in which
cafe the eleétric matter will be retained, and
accumulated therein.

THE cufhion, in this propofition, is the
non-clectric reprefented by C; G is the glafs
cylinder, or the electric body ; from the action

of



A Treatife on Eleltricity. 23
of thofe two, the eleCtric matter is produced
by their rubbing or preffing againt each other,
the glafs ‘G being turned fwiftly round :
BB is the bar of iron (including the wires
W W) which is the adjacent non-electric body
not agitated, and L L are the filk lines, or the
interpofed eletrics, to prevent the eleétric
matter from diffipating by them,

Tug truth of this proportion will appear
from the firlt experiment, as well as from all
the methods hitherto found out of accu-
mulating the electric matter in non-electric
bodies.

Ir the propofition be not fufficiently proved,
~ Turn the wheel the contrary way, fo that
the rubbed parts of the glafs cylinder may pafs
by the edge of the frame of the machine m,
before they come to the wires ww ; and the
bar will appear to be electrified in a lefs degree,
Lay a number of wires, fuch as thefe marked
w w (that hang againft the cylinder) on the
frame with the points or ends towards the
glafs, then continue to turn the wheel ftill the
fame way, and the bar will appear to be ele-
¢trified in a much lefs degree. But turn the
wheel the other way and the bar will appear

to be as ftrongly eleCtrified, as in experiment
furft, fection fecond.

Cy PR O-
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ER G OST A TN T

SupposinG the bodies to be in other ref-
pects, as in propofition firft, but the adjacent
non-electric one BB, which is there not agi-
tated, to be put into an equal agitation with
the other two, C and G ; in that cafe, the ad-
jacent non-electric body B B will appear to be
but little, or not at all elerified.

EXPERIMENT,

LeT * the glafs cylinder G (fig. 1.) (which
in this experiment we fuppofe ten inches at
leaft in diameter) be excited to eleCiricity by
means of C, or by a perfon ftanding on the
floor, applying his hand to one fide of it;
whilft another perfon ftanding on wax, or
refin, applies his band in the place of the
iron bar BB or the wires ww (they being ta-
ken away) and rubs that oppofite fide of the
glafs, in the oppofite part g, at the fame time,
with a preflure againft G as nearly equal to the
preffure of C ascan be judged ; in fuch circum-
{tances, the perfon ftanding on the wax will
be but little, if at all eleirified; but let him
apply his hand to the glafs /ightly, or the ends
of his fingers only, and he will then, without
any other alteration, be firongly elerified.

* This experiment was made by Mr. John Smeaton, the

inventor of the new air pump, .
- RQw
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PROPOSITION IIL

'~ WHEN a body has /off any part of its origi-
nal quantity of eletric matter, or has gazned
an equal part, over and above what 1t origi-
nally had, in both thele cafes the eleCtric ef-
fe@s, fuch as the explofion, and the motion
of light bodies towards it, will be the fame. In
the firft cafe, thefe effects are produced by its
gaining a quantity equal to that which it had
loft, and in the fecond cafe, by its lofing a
quantity equal to that which it had gained.

EXPERIMENT.

LeT the perfon who turns the wheel
and the machine itfelf M (fig. 2,) be placed
upon eleltrics at fome diftance from all other
non-electric bodies, excepting the fufpended
bar B B, including the wires w w, which bar
in this cafe muft have a free communication
with the earth, by letting fome non-eleric N
touch it and the earch, Then if after a few
turns of the wheel, the wheel being {till con-
tinued turning, another perfon approaches any
part of the frame of the machine M, or the
perfon who turns the wheel, an explofion will
be perceived in like manner as if the fame
were electrified; and light bodies, placed at

certain diffances from the machine or the per-
fon
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{on turning the wheel, will alfo be moved to-
wards them.

Now if, in this experiment, the machine
and perfon have really loft part of their origi-
nal quantity of electric matter, and any of the
bodies in the firft, third, fourth, fifth, feventh,
eighth, ninth or tenth experiments, have really
gained an equal part over and above what they
originally had, then the propofition is true,
For whenever the equilibrium in air is deftroy-
ed by any part of it being rarefied or condenfed
equally, that equilibrium will be foon re-
gained. Now what is true of air, which is
an elaftic fluid, may be fuppofed to hold good
in regard to the electric matter, which feems
to be a fluid fimilar to air as to its elafticity.

EROEOSLT 1O IV,

Non-ELEcTRIC bodies, under certain cir-
cumftances, actually lofe part of their origi-
nal quantity of ele@ric matter.

EXPERIMENT.

LeTt the whole apparatus be placed as in
the laft experiment, except the bar BB (fig.2.)
which 1s now to have no communication with
the earth (the non-electric N being taken
away) when the bar has been eletrified, and
the matter difcharged by two or three explo-
fions, 1t cannot be eleCrified afreth to an

equal
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equal degree, without opening a communica-
tion between the earth and the machine M,
or fetting another quantity of non-electric mat-
ter * which is not ele@rified, upon the ma-
chine M, or ceafing to turn the wheel for a
time. The machine then muft have loft fome
part of its original quantity of electric matter,
as it no longer retains a power of eleérifying
the fufpended bar. But let the fufpended bar
B B be held by the hands of one, two, three,
or more perfons ftanding upon wax, or let
there be other large quantities of non-electric
matter 1, 2, 3, and placed in the fame
circamftances, and the machine M will appear
to have loft a yet greater quantity; which
lofs will appear to increafe as the num-
bers increafe in arithmetical proportion, to a
limited degree, or in other words, as the quan-
tities of non-electric matter added are greater,
to a limited degree.

OneE of thefe fuppofitions muft be true, viz.
that the machine 1s eleGrified in like manner
as the fufpended bar, and receives the electric
matter from without ; or elfe fuch matter is
contained in the machine itfelf, and excited
into action by means of friction. Now if the
machine receive the electric matter from with-

2 The non-eleftric matter to be fer upon the machine,
muft be brought to it by means of eletric bodies.

out,
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out, it muft be either from the furrounding
atmofphere or the earth. The firft cannot be
the cafe, for fuppofing it was, the effects pro-
duced would be the fame how ever the ma-
chine was placed ; upon condition only that
it was placed in the open air : nor can the lat-
ter be true, fince by fuppofition, in the pre-
ceding propofition, all communication is in-
tercepted between the earth and the machine,
the eleétric matter then muft be contained in
the bodies themfelves. And that part of this
accumulated ele@ric matter in the bar 1s diffi-
pated upon an explofion is manifeft, fince after
two or three explofions made, it is not in our
power in the circumitances defcribed in the
above experiments (how long foever the fame
friction be continued) to caufe an equal num-
ber of explofions equally firong from the bar
afrefh: and therefore we may conclude, that
it does not ifflue from the glafs but from the
machine itfelf; for if that was fuppofed, an
open communication between the earth and
machine ought to make no difference.

WHEN the machine and perfon turning the
wheel ceafe to electrify the fufpended bar of
iron BB, fome gentlemen have thought the
machine itfelf and perfon turning it may be
eleCtrified, and by virtue of the whole being

in a repulfive flate, the ele@ric matter can-
not
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not pafs out of them into the bar: but this
fuppofition does not appear to be true, as may
be gathered further from the following experi-
ments.
ExpPeErRIMENT L

LET two pieces of thiftle-down be tied to
feparate threads two or three inches long, and
thofe threads be afterwards tied to one end
of a filk firing fifteen or twenty inches long,
upon bringing them towards the bar, whilft the
wheel is continued turning, and the machine
in conta& with the earth, the fibres of the
down will ftand at a diftance from each other,
and from the bar, and be ftretched out in many
direCtions: whence we may fafely conclude,
that the quantity of eleftric matter {furround-
ing any part of bodies eletrified to fome di-
ftances, caufes the parts which are free and at
liberty (and fuch are the pieces of down and
their fibres) to reced from one another and
the bar; in like manner as the threads in the
feventh experiment, {ection third. If any non-
electric body be held near the pieces of down
whilft they are in the above circumftances they
will be moved towards the non-eletric, and im-
mediately after towards the bar, then back
again, and fo on continually, and very quick,
whilft the bar 1s continued to be eleCirified.

Expe-
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ExperimeEnT IL

OnN the contrary, inftead of holding the
piecces down towards the bar, let them be
held towards the frame of the machine or the
perfon who turns the wheel (the machine and
perfon turning the wheel, being now fet upon
wax) and one of the pieces of down will be
moved towards that part of the perfon or the
frame of the machine it 1s neareft to; and the
down will continue to touch it, whilft the
other piece will be ftretched out towards the
neareft non-ele@ric, which is in contat with
the earth. And if a non-electric body be brought
in like manner equally near the laft mentioned
piece as in the other experiment, there will be
no fuch appearance as that of their being
moved too and fro between the bar and the
non-electric body. But on the contrary, the .
pieces of down will be extended between the
non-ele&ric and the bar, and continue fo,

whilft the wheel is continued turning.

ExperimenT IIL

AcAln, if the machice and perfon be elec-
trified in like manner as the bar (by another
machine) upon holding the pieces of down as
in the fecond experiment, they will be moved
too and fro between the machine and the -
non-eletric, in like manner as they were be-
tween the bar and the non-eletric in the firft
I ex-
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experiment. If a non-electric appruach any
part of the frame of the machine, as in the fe~
cond experiment there will iffue an explofion
equal (if not greater) to that when the fame
body approaches the machine in like manner
as in the third experiment, or the bar in the
firft experiment. Now fince nearly fimilar ef-
fects, with refpect to the explofion, are pro-
duced in the firft, fecond, and third experi-
ments, and at the fame time quite oppofite ef-
fects, with refpect to the repulfive power ; there
being no figns of the eleCtric matter being ac-
cumulated either in the machine, perfon, or
the pieces of down in the fecond experiment ;
the machine and perfon in the fecond experi-
ment, are neither of them ele@rified : or in
other words, the machine and perfon have not
received a greater quantity of eletric matter
than originally belonged to them, but on the
contrary have loft part of their original quan—
tity of electric matter.

N.B. WuEN a body has loft any part nf
its original quantity of electric matter, in fuch
circumftances the eleCtric matter in that body
may be faid to be atfenuated.

CororLrLARrRY L

From hence it follows, that a free commu-
nication with the earth is neceffary to caufe
and continue an accumulation of eletric mat-

ter
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ter in non-electric bodies; friction alone not

being fufficient.
COorR oYL AR

Hzwce alfo the explofion and fenfation will
be greater when a perfon eleCrified touches
any body whofe original quantity of electric
matter is made lefs or attenuated, than when
the fame perfon touches any body whofe origi-
nal quantity is neither attenuated, or made
greater : which effe& is quite oppofite to that
mentioned in the latter part of the fifth expe-
riment, fection {econd.

PROPOSITION V,

T original quantity of eleGric matter in
a non-eleétric body, in certain circumiftances,
cannot be attenuated, or made lefs in that
body, beyond a certain degree.

EXPERIMENT.

LeT every circumitance be the fame in this
experiment as it was In the experiment follow-
ing the third propofition, and then caufe the
wheel to be turned as before, after a number
of turns of the wheel (fuppofe forty) light bo-
dies will be moved towards the machine from
a certain diftance : and if any part of the ma-
<hine be approached by a non-eletric, there
will enfue a certain explofion: continue the
friGtion for any length of time, and thefe ef-

4 fects -
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fe&ts will not differ ; that is, light bodies will
not be moved from greater diftances, nor will
the explofion be larger.

PROPOSITION VL

TukE ele&ric matter cannot be accumulated
in a non-cleétric body beyond a certain de-
gree, in certain circumfitances.

ExPERIMENT.

LeT the bar BB, or any other non-electric
body, placed on wax, or refin, or fufpended
by filk lines, be eleétrified by a few turns of
the wheel ; and a light body will be moved
towards it from a certain diftance, and if two
threads are eleéirified, as in the feventh ex-
periment, fection 3, they will recede from
one another to a certain diftance ; continuethe
electrification for any length of time, and there
will be no apparent difference : that is, a light
body will not appear to be moved towards the
bar from a greater diftance, nor will the threads
appear to recede further from one another, nei-
ther will the explofion be any larger when
the bar is approached by a non-electric.

D SECTION
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5 BEC TETHO NSV,
PROPOSITION. VIL

H E accumulation of elefric matter in
a non-eleCric body, in fome circum-
{ftances, {feems to be directly proportional, and
in other circumftances reciprocally propor-
tional, to the refiftance it meets with as it tends
to expand and diffipate ; provided that in each
cafe the refiftance does not exceed a certain de-
gree.
ExperiMENT L
WuirsT the wheel is turning, and the bar
BB (which is now fuppofed pointed at each
end) conftantly eleCrified, a light will be feen
to iflue from the extremities thereof; and if
one of the extremities has a finer point than
the other, the light will iflue moft copioufly
from that point; but there will be no fuchap-
pearance in any part of the furface of the bar:
nor will the bar be electrified to a greater de-
gree, though the frition be continued ever fo
long. On ceafing to electrify the bar, that in-
ftant (to all appearance) the light at the point
ceafes; and if a perfon brings a non-eletric
near the point, the light will again iffue for a
very fhort time, after which there will be no
appearance of eletric matter remaining in the
bar.
Exrg-
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ExperiMENT IL

Ir the bar be cylindrical, and an inch and
an half, or two inches in diameter (which we
have fuppofed all along) and have one of its
ends rounded evenly off, on electrifying it,
there will iffue a light from that end only
which is pointed, and the bar will be {fome-
what more ftrongly ele@rified.

ExperiMmenT IIL

Ir the pointed end of the bar be alfo round-
ed evenly off, in like manner as the otherend,
there will be no appearance of light either from
the furface or thofe rounded extremities ; and
if the wheel ceafe from turning, the bar will
continue longer electrified, ‘than in either of
the two laft experiments: fo likewife the ex-
plofion will be larger, and louder; and con-
fequently, the bar will be more ftrongly elec-
trified, than in either of the two laft experi-
ments : which degree of electrification can ne-
ver be made greater by continuing the turning
of the wheel.

OsseRv. I, From thefe three laft experi-
ments it appears, that points refift the exit of
the eletric matter lefs, than {urfaces ; and that
the bar, in the feveral circumftances mention-
ed in thofe three experiments, is not capable
of receiving a greater quantity of electric mat-

D 2 ter,
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ter, than what is produced by a few turns of
the wheel.
ExperiMENT IV,

Ir the fineft pointed needle that can be had
(or any other angular termination, or edge of
a non-electric body equzlly fine) be held at
fome diftance, fuppofe eighteen inches, or there-
abouts, from the bar, bya perfon ftanding upon
the earth with the point towards the bar, whilft
the bar is eleCtrifying, light bodies will not be
moved from fo great diftances towards the bar,
nor will the explofion be fo great on a perfon’s
touching the bar with his finger, as when the
needle is taken away,

ExPerIMENT V.,

Move the point of the ncedle nearer the bar
(the elecrification being continued) and thefe
effects will be more apparent ; that is, light
bodies will not be moved from fo great di-
ftances, nor will the explofion be fo large as
in the laft experiment,

_ ExpEriMENT VI,

Ir the point of the needle touches the bar,
light bodies will not appear to be moved to-
wards the bar, though placed very near the
bar. And if the bar be approached by a piece
of metal, or the finger of a perfon, no explo-
fion will enfue,

OBSERYV.
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Oeserv. II, From the fourth, fifth, and
fixth experiments it appears, that the eleCric
matter diffipates fafter, the nearer pointed bo-
dies (or other edges or angular terminations of
non-electric bodies equally fine) are brought to
bodies electrified.

ExperimMmENT VIL

Ir inftead of the needle point, the end of a
body which has no point, or fharp edge, fup-
pofe the head of the needle, or the end of a
thick wire, evenly rounded off, be oppofed to-
wards the bar at the fame diftance the point
was oppofed in experiment the fourth, light bo-
dies will be moved towards the bar from much
greater diftances than thofe mentioned in that
experiment: and the explofions from the bar
will alfo be greater,

ExperimeENT VIIL

Move the end of the wire, or the thick
end of the needle, confiderably nearer the bar,
and then the effeCts will be nearly the fame
with thofe mentioned in the fourth experi-

ment,
ExperimenT IX.

Ir the end of the wire, or the thick end of
. the needle be ftill moved nearer, till it be in
contat with the bar, the effets to appearance
will be the fame with thofe mentioned in the
fixth experiment.

P OB~



38 A Treanfe on Elettricuy.

Osserv. III. From the feventh and eighth
experiments, compared with the fourth and
fifth experiments, it appears that the eletric
matter in the bar is diffipated fafter by the ap-
proach of bodies finely pointed, than of bodies
that are rounded off, or have not points equally
fine when oppofed at equal diftances. But
when either kind of bodies is in contalt with
the bar, the effects are the fame.,

ExperIMENT X.

Ir a much larger furface than the end of
the wire, or the edge or angular termination
of any other non-eletric body, equally blunt,
be oppofed at the fame diftance from the bar
as mentioned in the fourth experiment ({up-
pofe the head of an iron poker) which is round
and large, on electrifying the bar again, the ex-
plofion from the bar, on a perfon’s approach-
ing it with a piece of metal, or his finger,
will, to all appearance, be the fame as when
when the poker is taken away intirely; foalfo
light bodies will be moved from equal diftances,
whether the poker be held there or not; nor
will there be any difference if the palm, or
back of a perfon’s hand, or any other larger
{urface be oppofed at the fame diftance,
< ExperimenT XL

‘Move the end of the poker, or the furface
- of the hand, half way nearer towards the bar,
tha
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that is, about nine inches, and the difference,
whatever it may be, will not be perceivable.
ExperimenT XIL

BuT move either of them confiderably
nearer the bar; and there will be a difference;
which difference (at a proper diftance) will be
the fame nearly with that mentioned in the
fourth experiment,

ExperimenT XIII

Ir either of them be in conta& with the
bar, the effect to appearance will be the fame
with thofe mentioned in the fixth and ninth
experiments.

OsseRrv. IV. From the tenth, eleventh, and
twelfth experiments, and the fourth, fifth, fe-
venth and ecighth experiments, it appears that
the ele¢tric matter in the bar is not diffipated
fo faft by oppofing large furfaces at fome di-
ftance from the bar, as by oppofing leffer fur-
faces at the fame diftance. And from the fixth,
ninth, and thirteenth experiments it appears,
that the electric matter in the bar is diffipated
equally faft (toappearance) in each experiment
when the bodies are in contact with the bar.

ExperiMENT XIV,

Ir the perfon holding the needle (or any
other angular termination, or edge of a non-
electric body equally fine) ftands now upon a
thick cake of wax, with the point of the nee-

D4 dle
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dle towards the bar, at the fame diftance with

4. that mentioned in the fourth experiment ; on

elerifying the bar, the perfon holding the
needle will be eleérified alfo, but not to an
equal degree with the bar; as appears from
another perfon’s approaching each of them fe-
parately with his finger: there iffuing a larger
explofion from the bar, than from the perfon
who ftands on the wax.
ExperimMENT XV,

Ir the point be moved nearer the bar, the
perfon then will be more ftrongly electrified,
but not yet to an equal degree with the bar,

Experiment XVI,

Ir the point be in contat with the bar,
then the bar, needle, and perfon, will all appear
equally electrified.

QOpserv. V. From the fourteenth, fifteenth,
and fixteenth experiments, it appears that the
electric matter paflfes by the needle into the
perfon holding it : confequently, if the perfon
did not ftand on wax, the ele@ric matter would
pafs, and be diffipated in the earth by experi-
ment third, fe&lion fecond, as well as by the
fixth, ninth, and thirteenth experiments in
this propofition,

ExrperiMmeEnT XVIL

Ir inftead of the point the perfon turns the
thick end of the needle, or wire, towards the

bar,
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bar, but at an equal diftance from it with that

mentioned in the fourth or fourteenth expe- -

riments, he will not be fenfibly elecirified.
Exreriment XVII,

Move either of them confiderably nearer
the bar, and he will be ele&rified in a {mall
degree.

ExeperimMeEnT XIX.

LeT the thick end of the needle or wire be
in conta® with the bar, and the bar, wire,
and perfon, will appear equally electrified, and
to the fame degree with the fixteenth experi-
ment.

ExreriMENT XX,

Ir, inftead of the wire, the poker be oppofed
at the fame diftance as mentioned in the fourth
or fourteenth experiments, the perfon holding
it will not be eleérified.

ExperimenT XXI,

LeT him move it half way towards the bar,
that is, nine inches, ftill there will be no ap-
pearance of eleftric matter in the perfon,

ExperimenTt XXII

Ir he moves it nearer the bar, he will be

electrified, but in a lefs degree than the bar.
- ExperimenT XXIIL

Ir the poker be in contadt with the bar, the
bar, poker, and perfon holding it, will be
equally elecirified 5 which in this refpect is the

fame
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fame with the fixteenth and nineteenth expe-
riments.

Osserv. VI. From thefe laft experiments it
appears, that large {urfaces refift the entrance,
as well as the exzf of the eleCtric matter more,
than leffer {urfaces; fuch as points, edges, and
angular terminations, And therefore from the
whole of thefe experiments it feems, that the
accumulation of ele&ric matter in bodies, in
certain circumitances, is directly proportional
to the refiftance it meets with as it tends to dif-
fipate,

WE are now to thew, that in other circum-
ftances the accumulation of ele@ric matter is
reciprocally proportional to the refiftance it
meets with as it tends to diflipate,

ExperimMenT XXIV.

T axE a cleandry thin vial V (fig. 5.) which
will hold about-a pint, or more, and fill it with
filings of iron, or water ; then put a cork into
the neck of it, and puth a thick wire w thro’
the cork into the vial amongft the filings (if
water be made ufe of the wire muft touch it)
and bend the outer part of the wire w, fo that
it may be hung upon any thing as occafion may
require, This being done, hang it on the bar
BB, and let nothing touch the outfide of the
vial : then, electrify the bar for any time, fup-
pofe forty turns of the wheel ; after which, ftop

the
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the wheel, and take the vial off from the bar,
and fet it on wax: or, which amounts to the
fame, let the vial be taken off from the bar very
quick whilft the wheel is turning, and imme-

diately fet upon wax as in the other cafe ; and
the filings, or water, will (to all appearance)

be no more electrified than the bar itfelf. This
is known from the various methods of deter-
mining the degree of eleGrification defcribed in
the firft fection, as

1. Tue explolions from the wire w upon
a perfon’s approaching it for any number of
times, will never exceed the explofions from
the bar BB, when approached in the fame
manner.

2. Ir the wire w be held for any time by a
perfon ftanding on wax (when the vial is taken
off from the bar) he will be eledtrified in fo
{mall a degree as fcarce to be perceived., The
fame thing happens, nearly, if the bar be held
in like manner by the perfon, the turning of
the-whieel being difcontinued.

3. Ir the room be dark (which we fuppofe
the cafe whilft all the experiments are made
that belong to this feventh propofition) and the
end of the wire w approached by a non-elec-
tric, a very faint light will appear to iflue from
it for a very fhort time. The like effet wiil
appear from the bar BB, provided one end

| thereof
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thereof be as fmall as the end of the wire, and
fhaped alfo like it.

Lastry, If a non-eleétric body be brought
near either to the wire, or the bar, all figns of
their being electrified will prefently difappear,
and nearly in the fame time,

ExperiMmeEnT XXV.

Hanc the vial again upon the bar, and let
a perfon ftanding on the earth, take hold of
the outfide of the vial, and electrify again by
turning the wheel an equal number of times:
then ftop the wheel, and take the vial off, and
fet it on wax as before: or let the vial be taken
off from the bar very quick (whilft the wheel
continues turning) and fet upon wax; the fil-
ings within the vial will be cle¢trified to 2 much
greater degree than in the laft experiment. But
the bar will be electrified in no greater degree
than it was in the firft experiment. The diffe-
rence between this, and the firft experiment
may be determined by any of the fame me-
thods. For example,

Tr the firft method be made choice of, there
will iffue a large number of explofions from
the wire w, and only two or three at moft
from the bar.

Ir the fecond be tried, notonly one perfon,
but feveral perfons will be eletrified, and that

in a very fenfible degree : provided they all
- I ftand
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{tand on wax, and hold one another, and any
one of them the wire w: which 1s far from
being the cafe, if the bar in this experiment
be held in like manner.,

Ir the thitd method be made ufe of; a larger
quantity of light will appear to iflue from the
wire w, and for a longer time than appears to
iffie in the firft experiment: but the light
from the bar in this, is the fame with that in
the firft experiment. '

Anp if the fourth method be tried, equal dif-
ferences appear, for the bar will lofe all figns
of being electrified in the fame time (to all ap-
pearance) it did in the firft experiment: but
the vial will take up a much larger time be-
fore the filings and the wire w have loft all
figns of being electrified,

THERE are two other remarkable experi-
ments that alfo prove the accumulation of
electric matter to be greater in one cafe than in
the other. They are performed with the fame
‘vial, but filled with water. The vial is to be
without a cork ; fo that it may be electrified by
a wire hanging upon the bar BB. '

ExperiMENT XXVIL

* Ir the vial be brought {o near to the wire,
by a perfon ftanding on the earth, that the

= This Experiment was firft made by Dr. Bevis.
end
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end thereof touches the water in the vial, and
the wheel be turned an equal number of times
with the firft or fecond experiment, and the
vial afterwards taken away from the wire ; on
pouring only parf of the water into a metal
dith, which muft be held by a perfon ftand-
ing on wax ; the perfon will be fo ftrongly
ele@rified, that if in his other hand he holds a
metal {fpoon with a little warm fpirit of wine,
on the approach of a non-electric towards the
fpirit, it will immediately be feen to flame.
ExperiMENT XXVII,

Ir the vial be filled again with water, and
fet upon wax, on ele@rifying it as in the firft
experiment, and ceafing to turn the wheel,
the water will not be eletrified to that degree
it was in the third experiment, as may be rea-
dily found upon making the fame trial; for
the perfon will not bﬁ fo much as fenfibly ele-
&rified ; even though the whole quantity of
water be poured into the metal difh.

HEeNcE it appears that.the accumulation of
eleGric matter is greater in the 25th and 26th
experiments than in the 24th and 27th. Now
if it thall appear that the refiftance is lefs in
the 2 s5th and 26th than in the 24th and 27th
experiments, we may conclude that in certain
circumftances the accumulation of electric
matter is reciprocally proportional to the re-

fiftance
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fiftance it meets with as it tends to expand and
diffipate.

TuAT the refiftance given to the exit of the
ele@ric matter is greater in the 2 sth and 26th
experiments than in the 24th and 27th, will
appear from the following experiments and
obfervations,

ExperimenT XXVIIL

Ir the vial V be hung upon the bar BB
(fig. 5.) and nothing touch the outfide of the
vial, electrify the bar again, and a light will
be feen to iflue from the end of the wire w
after the firft turn of the wheel, or rather be-
fore one turn is made ; and light bodies will
be moved towards the outfide of the vial in
like manner as towards the bar, but not at {o
oreat a diftance as they are towards the bar.
Continue the turning of the wheel, and thefe
efte¢ts will not be greater nor will the eletric
matter be accumulated to a greater degree
within the vial, than is mentioned in the 24th
experiment,

Osserv. VII. From this experiment it ap-
pears that the electric matter cannot be accu-
mulated to a greater degree in the vial in thefe
circamftances: and that lefs ele@ric matter
pafles from the fides of the vial than from the
bar. And therefore the refiftance is greater
from the vial than the bar,

ExpPE.
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ExperRiIMENT XXIX,

Ir a perfon holds the point of the fine nee-
dle (or any other angular termination or edge
of a non-elettric body equally fine) towards
the outfide of the vial V, and at the fame
diftance from it with that in the fourth expe-
riment from the bar, the filings in the vial
will be electrified to a much greater degree
than the bar, but weaker than that mentioned
in the 2sth experiment: after which, if the
vial be not taken off, and the wheel be con-
tinued turning for any time, a light will be
{een to iffue from the wire w, in like manner
as in the 28th experiment. But the filings will
be ele¢trified in no greater degree in fuch cir-
cumftances than 1s mentioned in this experi-
ment.

ExperiMENT XXX.

Move the point nearer, and the filings in
the vial will be more ftrongly eleétrified ; and
the light at the end of the wire w, will be
fomething longer, as to time, before it can be
feen to ifiue.

ExperimMeEnT XXXIL

LeT the point of the needle be in conta&
with the vial, and the filings will be as ftrong-
ly eletrified as in the 2 5th experiment, and the
time alfo before the light can be feen to iffue

from
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from the wire w, will be as long as it was in
that experiment.

Ogserv. VIII. From the xxixth xxx*™'and
xxxit experiments, it appears that more eleGric
matter pafles into the vial than pafles out from
its fides in any inflant : and that there are three
different degrees of accumulation of electric
matter in the filings, which are owing to the
different degrees of refiftance ; the greateft ac~
cumulation being caufed by the leaft refiftance.

ExperiMENT XXXIIL

I inftead of the point the thick end of the
needle, or wire, be oppofed towards the vial
at the fame diftance with the ivh or xxixh
experiment, the filings will only be eleCrified
to an equal degree with the bar; or in other
words, the bar and filings would be juft as
much and no more eleCrified, to all appear-
ance, than if no fuch body had been oppofed
at that diftance: {o that the effe&s, with re-
{pect to the explofions from each, and the light
from the wire w, are the fame as thofe men-
tioned in the xxiv® and xxvth experiments.

ExperiMmMENT XXXIII,

Move the thick end confiderably nearer the
vial, and there will be a difference ; for the ef-
fe&ts now will be nearly the fame with thofe
mentioned in the xxix™ experiment,

E ExpEe-
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ExperiIMENT XXXIV.

Ir the thick end be in contact with the vial,
there will be a greater difference : for the fil-
ings will be more ftrongly electrified, and to
all appearance in the fame degree with the
xxv*® and xxxit experiments

Osserv. IX. From the xxxii? and xxxiud
experiments it appears, that at equal diftances
with thofe mentioned in the xxixth and xxxth

experiments there are different effects caufed by
the different degrees of refiftance,
ExperiMENT XXXV,

Ir, inftead of the needle or wire, the round-
ed end of the poker, or the palm or back of
the hand, be held towards the vial at the fame
diftance with the fourth experiment, the fil-
ings will not be eleétrified more than the bar.
And the light will appear at the end of the
wire w, about the fame time it did in the
xxvilith experiment,
| ExreriMeEnT XXXVI.

MovEe the pokér or hand half as near
agaih, that is about nine inches, and there
will be (to all appearance) no difference.

ExperiMENT XXXVII

BuT move it nearer, and there will; for the
filings will be more ftrongly eletrified than
the bar : befides, there will be a finall interval

of
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of time before the light appears at the end of
the wire w.

ExperiMeENT XXXVIIIL

On bringing the poker or hand in conta&
with the vial, the filings will appear to be ele-
&rified to as great degree as they were in the
xxvth xxxit and xxxiv® experiments, and the
light, before it is feen to iffue from the wire w,
will be much about the fame time it was in
thofe experiments.

OpseErv, X, From the xxxvih and xxxviith
experiments it appears, that at equal diftances
with thofe mentioned in the =xxix™ xxx®
and xxxii experiments, there are other degrees
of refiftance caufed, and different degrees of
eletric matter accumulated,

ExperimenT XXXIX,

Ir the perfon, inflead of ftanding on the
carth, now ftands on wax, as in experiment
xiv. and oppofes the point of the needle to-
wards the vial at the fame diftance as was
done in the v and xxix* experiments, the per-
fon will be eleCtrified in a fmall degree weaker
than the bar ; and the filings will be ele&rified
in a {mall degree greater than the bar: fo that
the accumulation of eleCtric matter in the fil-
ings will be confiderably lefs than the accumu-
lation in experiment xxix., And if the vial in
this experiment be not taken off, and the wheel

E 2 bs
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be continued turning for any time, alight will
be feen to iffue from the wire w, in like man-
ner as in the xxviii™h experiment, but not fo
foon as in that experiment, yet {ooner than in
the xxix™ experiment.

ExperiMENT XL.

Move the point confiderably nearer, and the
perfon will be more ftrongly eleétrified, fo will
the filings in the vial: and there will, after a
fthorter time than in the xxixth experiment or
xxx, iffue a light from the end of the wire w.
The degree of accumulation of electric matter
in the filings in this experiment is lefs than the
degree mentioned in experiment xxx.

ExperimenT XLI,

MovE the point, {o as to be in contact with
the vial, and the eleGric matter will be accu-
mulated in the filings to a much greater de-
gree, but ftill lefs than in experiments xxv. or
xxxi, In this cafe it will take up a longer
time before the iffuing of the light from the
end of the wire w can be feen than it did in
the laft experiment; but lefler than is men-
tioned 1n experiments XXv. or Xxxi,

ExperimenT XLIL

Ir the thick end of the needle or wire be
oppofed at the fame diftance from the vial as
in the xxxix" and xI*® experiments, the differ-
ences of eleCric matter accumulated will be

pro-
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proportional ; but lefs than in thofe two expe-
riments, And if the wire be in contaét with
the vial, the accumulation will be the fame
as in experiment xli. The difference of time
at which the fiream of light begins to appear
at the end of the wire w in each experiment
will alfo be proportional.
ExperiMmenT XLIII,

Ir the rounded head of the poker or the
palm or back of the hand be oppofed in like
manner at the fame diftances from the vial as
in the xxxix®™ and xI** experiments, the differ-
ences of eleCtric matter accumulated in each
experiment will likewife be proportional, but
lefs than experiment xlii. excepting when the
poker or hand are in conta¢t with the vial,
for then the accumulation appears to be the
fame with the experiments x1. and xli.

Osserv. XI. From thefe laft experiments it
appears, that at equal diftances with the xxix®,
xxx" and xxxi* experiments, lefler degrees of
ele@ric matter are accumulated by increafing

the refiftance, than were accumulated in the
xxix® xxx* and xxxi® experiments, where the

refiftance was lefs. It alfo appears, that the ac-
cumulation of ele@ric matter is the fame, whe-
ther a fmall or large furface be in contact with
the outfide of the vial.

| g ExpE-



s4 A Treatife on Elellricity.

ExperimenT XLIV.

Ir more perfons ftand alfo upon wax, and
communicate with the perfon who holds the
needle, wire, or poker towards the vial at the
diftances mentioned in the preceding experi-
ments, the filings will be more flrongly elec-
trified at thofe re{pe&we diftances, than they
were in thefe experiments : and ftill more fo
to a limited degree, as the perfons added are
more in number, And in each experiment it
will be a lnﬁger time before the light ap-
pears at the wire w.

ExperimeNnT XLV,

Tue like difference in proportion will hap-
pen when the thick end of the ncedle or
wire is oppofed (the fame perfons continuing
on wax) at the like different diftances,

ExperimENT XLV

THE fame will happen in prc:pmtmn when
the roundﬂd head of the poker is oppoled
(the fame pﬁrﬁ:m continuing on wax) at the

like different diftances alfo.
Osserv. X1, From thefe experiments it

ﬂppears that the accumulation is made greater
by mak:ng the refiftance lefs than it was in
experiment xli. And fince upon the whole
by oppofing either fine points, blunted points,
or furfaces of non-electric bodies at different
d:ﬁancﬁs tuwards cle&mﬁcd deIES very dif-

| fercnt
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ferent effets are produced, the air between
the eletric body and the body oppofed feems
to be one caufe, which helps to refift the
exit of the ele€tric matter, and occafion thefe
differences.

ExperiMmENT XLVIL

Ir the needle or any other {mall quantity
of non-eleCtric matter pointed, have either of
its ends ffuck into wax, and afterwards brought
in conta& with the vial whilft 1t 1s eletri-
fying, the filings in the vial (to all appear-
ance) will be no more electrified than in ex-
periment XXiv.

Ogserv. XIII, From this experiment it ap-
pears that the refiftance is made very little
lefs than in experiment xxiv, as there is not
a quantity of non-eletric matter to pafs from
the vial, and expand itfelf in.

ExperimenT XLVIIL

Ir the fame pointed body be ftuck upon
a very thin piece of wax, the oppofite part
of the wax to the fixed point, being in con-
tac with the earth, and the other point at
the fame time brought in contact with the
vial, the filings in the vial will be more

firongly ele@rified than in experiment xlviL.
Oeserv. X1V. For the refiftance to the paf-
fage of the eleric matter from the vial into
E g4 the
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ExPerIMENT L.

Ir any of the non-eleCtric bodies mentioned
in the xli* xlii' and xliii? experiments, are
placed in contac with the vial and the earth
at the fame time, a light body placed at
a fmall diftance from the bar, upon the earth,
will not be moved towards the bar at the firft,
fecond, third, or fourth turn of the wheel.
But when the light iflues from the wire w,
then (or a very {mall interval of time before)
the light body will be readily moved to and
from the bar very quick.

ExperimeEnT LI,

Ir nothing touches, or is near the outfide of
the vial, the fame light body placed at the
fame diftance from the bar upon the earth
will, on the firft turn of the wheel, be moved
to and from the bar very quick.

Osserv. XVI. From thefe laft experiments
it appears, that the eleCtric matter coming from
the machine into the bar, does not pafs fo
readily from the fides of the bar, as into the
filings, until the electric matter is accumulated
- 1n the filings to its greateft degree,

‘ ‘ExperIimMENT - LIIL

Ir the glafs vial be very thick, then thofe
experiments will not {fucceed; for a very little
only of the eleCtric matter will be found to

pafs
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pafs through the glafs, therefore the effects are
very different,

Osserv. XVIL From this experiment it
appears that the refiftance may be made too
great,

ExperiMENT LIII.

Ir the glafs vial be exceedingly thin, thofe
experiments will not fucceed in the manner
we have mentioned neither; for the eleétric
matter will be found to pafs more readily thro’
the thin glafs than thro’ a thicker glafs, as we
have fhewn by experiment il fe&. ii. and
obferv. x11, and xiv.

OsseRv. XVIII. From this experiment it
appears, that the refiftance may be made too
Jittle.

Tue fame thing is manifeft from points,
and the furface of the bar in obfervation i.
where it appears that the electric matter pafles
away the quickeft, where the refiftance given
to its exit is leaft.

CoOROLLARY.

Frowm the whole it follows, that in order to
produce the greateft accumulation of electric
matter, it is neceffary there thould be a cer-
tain degree of refiftance ; and that the refiftance
fhould be equal and uniform. For it has been
found, that if the glafs be of an unequal
thicknefs, or have a flaw, hole, or crack in it,

the
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the eleQric matter will efcape more readily
through thofe parts, than through any other
part of the glafs.

TuAT this uniform and equal refiftance
alone is neceflary for producing the greateft ac-
cumulation will be farther confirmed from the
two following experiments,

ExperIMENT LIV,

Ir the vial be covered on the outfide with
a non-eletric, if points and edges are avoided,
on elecrifying the outfide thereof only, the
fame effects to all appearance will infue, This
will be determined by a very eafy method in
propofition Xl.

ExprrimenT LV,

*Ir a plane of glafs G (fig. 6.) of the fame
thicknefs with the vial, be covered clofe on
each fide with a non-eledtric, fuppofe leaf
gold, filver, brafs, or thin lead t, leaving an
inch and an half or two inches uncovered all
round the glafs on each fide next its edgeseee,
on eleétrifying either fide, fuppofe t, whilft
the contrary fide is in conta& with the earth
by means of the non-eleétric n, the eleétric
matter will be accumulated to as great a degree
on the ele@rified fide t, as it was in experl-
mcnt xxs.r '

: This experiment was made by Mr. Smeaton.
| Uron
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Uron the whole, from the preceding expe-
riments, we gather the following general
truths, with regard to different bodies refifting
the paflage of the eleric matter with diffe-
. rent degrees of ftrength.

1. TuaT glafs, wax, and other ele@ric bo-
dies refift or obftru& the paffage of the electric
matter more than air : provided that the elec-
tric bodies are not very #hiz.

2. TuAT one inch of air feems to refift lefs
than one foot of air; and one foot lefs than
three feet; and f{o on.

3. THAT air in general refifts more than
the {urfaces of non-eletric bodies.

4. TuaT the furfaces of non-eleGric bo-
dies refift che paffage of the electric matter
more than the obtufe ends, blunt edges, or ob-
tufe angular terminations of the fame kind of
bodies.

5. TuAT obtufe ends and blunted edges or
obtufe angular terminations of the fame kind
of bodies, refift the paffage of the electric mat-
ter more than fine points, tharp edges, or acute
angular terminations of the fame kind of bo-
dies,

6: TuaT the fineft points, edges, and an-
gular terminations of non-electric bodies, refift
the paffage of the eleéiric matter /eaff of all.

WHEN
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WueN we hereafter {peak of the refiftance,
or obftru&ion of glafs, wax, air, non-elec-
tric {furfaces, obtufe non-eletrics, or acute or
fine points, or edges of non-eletric bodies, we
would be underftood to mean that power or
refiftance, whatever may be its caufe, which
prevents the paflage of the eletric matter more,
or lefs, as the bodies made ufe of differ in
fhape and kind.

It may feem difficult to conceive, how dif-
ferent degrees of accumulated electric matter
in the fame body are caufed, by varying the re-
fiftance the fluid meets with in its tendency to
diffipate, as was fhewn in the proof to the laft
propofition; fince it appears that the leaft ac-
cumulation is caufed when the refiftance it
meets with is increafed, and the greateft ac-
cumulation when the refiftance 1s decreafed.

Now fome perhaps may think that thefe fur-
prifing effects are owing to an attractive power
of the earth, acing varioufly in different cir-
cumftances, and that the accamulation is pro-
portional to the attrative power.

But were this fuppofition true, pointed bo-
dies oppofed to the vial at fome diftance, in
the manner we have treated of, ought to pro-
~duce the leaft accumulation of eledric matter
in the vial when compared with furfaces op-
pofed at the fame diftance and in the fame cir-

I cumfitances,

el
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cumitances ; whereas by experiment it is found
they produce the greateft: and when any
pointed body is in conta¢t with the vial, the
effects are the fame with refpet to the accu-
mulation as when a furface 1s in conta& with
the vial, and in the fame circumftances: there-
fore thofe effetts muft arife not from an at-
tractive power, but from the refiftance the fluid

meets with in tending to diffipate and expand
itfelf.

WE have thewn how to accumulate ele@ric
matter in the vial; we will ‘now fthew how
the original quantity of eleCtric matter in the
fame vial may be leflened or attenuated.

EXPERIMEN T.

SET the machine on wax, and let a perfon
ftanding on the earth take hold of the outfide
of the vial, and inftead of hanging it upon the
bar BB, by the wire w, let that wire touch
any part of the frame of the machine, or the
perfon turning the wheel, who alfo muft be
on wax. Let a wire, or any non-eleétric body
communicate with the bar BB and the earth,
after forty or fifty turns of the wheel, take the
vial away, but, whilft it continues turning,
and afterwards, fet it upon wax. And the ori-
oinal quantity of ele€tric matter in the filings
within the vial, will appear to be attenuated to
{fuch a dtgree, as to produce effects equally

] itrong
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ftrong with thofe mentioned in experiment
xxv. where the electric matter was accumu-
lated.

AL the effefts we yet know of, arifing from
this attenuation, are the fame with thofe pro-
duceable from the accumulation ; excepting
that remarkable difference of the acceding
and receding of light bodies particularly re-
lated in the experiments following propofition
1v, which hold equally true in this cafe.

FPROFPUSTT I'O N, VIIL

The ele@ric matter, when accumulated,
{feems to be diffipated, on caufing an explofion,
not only through the part where the explofion
is made, but through the whole furface of the
body, even though an ele&lric body be inter-
pofed, provided it be thin,

ExperimMeENT I ‘

4 Let a thin plate of glafs ten, fifteen, or
twenty inches {quare be gilt with leaf gold on
each fide (or covered with fheet lead) within
two inches of the border; or rather,?let the
thin glafs vial V (that being moft commonly
ufed) which is filled with filings of iron, be co-
vered clofe on the outfide with fheet lead, leav-
ing about two inches and a half uncovered at

2 This experiment was made by Mr. Canton Malter of
an Academy in Spittle Square, London.
' | the
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the neck. Eleltrify the matter within, by
means of the wire w pafling through the necl
of the vial, whilft the outfide covering is held
by a perfon ftanding on the earth, When it is
electrified, fet the vial upon any ele@ric body
R ; this done, approach the wire w with your
finger, and there will be an explofion; upon
repeating it, a fecond, and a third will enfue,
and fo on. The like will happen on approach-
ing the external leaden covering; when you
have touched that fo often till the explofions
ceafe, approach the wire w again and an ex-
plofion will again enfue ; after this, you will
have another from the outward covering; and
{o alternately from each, until the whole ac-
cumulated matter is nearly diffipated.
ExperimenT IL

Ir the non-eleGric covering on the outfide
of the vial be but half an inch, or an inch in
extent, thefe effeGts will be lefs from the cover-
ing than in the other cafe where the covering
is larger. s
ExperiMENT IIL

Ir the glafs be very thick, thefe effects are
not produced. :

TuesE phenomena feem to be owing to the
force of the explofion ; for as the explofion
feems to be made only when the eletric mat-

ter is fufficiently condenfed, or collected 1nto a
kind
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kind of focus, and as a&ion and re-aion are
equal, the particles next in fucceflion to thofe
in the focus may be fuppofed to be checked or
repelled, and thofe to check or repel one an-
other with equal force, By which means thofe
particles lying neareft the furface of the glafs
within the vial, may be forced through the
thin glafs into the non-eletric body on the
outfide.. And confequently if a non-eledtric
cover the greateft part of the furface of the
elafs, and the glafs itfelf be of an even thick-
nefs, the particles muit be forced equally into
the non-eleCtric from all parts alike. Now fup-
pofing this the cafe, the greater the explofion
i, the greater muft be the check, or repelling
force ; and confequently the more the electric
matter forced through the glafs into the fur-
rounding covering,

Anp again, the greater or lefs the non-ele-
&ric covering on the glafs is, the greater orlefs
alfo muft be the quantity of eletric matter
forced through the glafs into the covering. All
this we find to be true in fact,

CoRonLAary L

Ir this reafoning be true with refpe& to the
effects produced by the explofion where a thin
electric is interpofed, it fhould hold eﬁuall}'
true where the electric body 1s not interpofed,
as in that cafe the refiftance 1s lefs. Andthere-

¥ fore
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fore we fuppofe that when the bar is eleCri-
fied, and ‘an explofion caufed, all the eleétric

matter that does pafs off from the bar at that

~+ inftant, does not pafs out at the point, or part

where the explofion is made, though the moft
confiderable part may efcape there, but from
every part of the furface; provided the refi-
ftance in all the parts of the furface be equal.

TH1s equality of refiftance may be had the
neareft by making ufe of any polifhed metal-
line body which is fpherical.

TuEe accumulation of eleétric matter in the
vial, bar, or fphere, is not totally diflipated by
repeated explofions, as appears from the fol-
lowing experiment.

EXPERIMENT.

Fix a fine downy feather upon the wire of
the vial, bar, or {phere; when they are elec-
trified, approach them with a non-electric till
the explofion ceafe: after which approach the
feather and fome of the fibres will move to-
wards the non-eleric and continue to do {o
upon the repeated approaches for feveral times.

"~ WuEeN one part of a non-eletric body, or
bodies but in contact with one another, fup-
pofe D, touches one fide of an electric V,which
has, ﬂﬁpnﬁtﬂ on its other fide a non-eleétric C
in contac with it, and another part of the
fame body D is brought near the laft mentioned
. non-
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the circuit be completed a fecond or a third
time, the fecond explofion to appearance will be
the fame with the firft, and the third will be ra-
_~ther weaker, and fo on, till nearly the whole
accumulated eleCtric matter is diffipated.
ExperiMmeENnT IL
- Ir the diffipator have that end much broader
which is to be in contact with the vial (fuppofe
two or three inches) the firft explofion will be
larger, and the fecond and third much lefs.
ExperimMeEnT IIL

Ir the diffipator have that end next the vial
fo broad as to be in contact with the vial in
every part for the compafs of fix or {even
inches fquare, the firft explofion will be much
greater than the firft, and the {econd much lefs
than the fecond in the laft experiment.

ExperIMENT IV.

InsTEAD of filling the vial with filings, let
there be only a very fmall quantity thereof in
the vial, or let the infide non-ele@ric contat
with the vial be no greater than in the firft ex-
periment, and afterwards that non-eletric
eletrified ; on completing the circuit with the
fame point of the diffipator oppoled to it, there
will be no vifible explofion.

ExPERIMENT V,

INcREASE the contadt in thevial, fo that it
may equal thecontact on the outfide thereof men-

tioned
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of it, and force the wire w through the cork
into the filings. The wire w fhould be very
thick, and the outer end rounded off. After
this, wax all the cork which is without the
vial. Now take a clean thin piece of milled,
or fheet lead (fuch as comes from fndia in
which tea is brought) as much as will wrap

twice round the vial, and cover the furface of
the vial from the bottom to within two inches
and an half of the cork, Roll this piece
which we call the covering, very tight round
the vial, and afterwards bind it very well with
one continued piece of wire, well nealed ; and
where you difcontinue the binding, make a
loop X for a bar, chain, or wire D, to be
hooked on, as occafion may require.

Now any part of this covering, or the loop
X, may be touched with the diffipator (when
the circuit is to be completed) for the effect
will be the fame 2.

N, B. Ir the vial could be covered over with
quickfilver in the manner looking-glafles are,
or with any other non-eleéric body without
points or edges, it would be preferable to the
leaden covering and its binding wire.

a This method of covering the vial with kad was dif-
covered by Dr. Bewis, which is indeed preferable to mine
with water, which [ at firft made ufe of, as it is more con-

venient to manage., '
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of the wire w only will not difcharge the
whole of the accamulated eleCtric matter: nor
indeed will it make any appartent difterence, as
fome perhaps might imagine, if the covering
be touched and the wire w approached at the
fame time, but with feparate bars of iron equal
in weight to the quantity of non-electric mat-
ter contained in the vial; nor even fuppofing
the bars or other non-eletric matter to be in-
creafed to any quantity whatfoever, But when
the external covering is touched at the fame
inftant of time that the wire w is approached,
cither by two different bodies of the fame kind,
but in contact with each other, or by one only,
and that either large or fmall, which we have
called the diflipator, the cafe is then widely
different, for the elefric matter is in a man-
~ ner totally loft and diffipated.

How this is effeCted is not eafy to fay, nor
{hall we take upon us abfolutely to determine,
being as yet not thoroughly fatisfied from ex-
periments, However, in order to affift thofe
who may purfue thefe inquiries farther, we
fhall fet down feveral experiments of different
kinds, and from them propofe a query how
the completing the circuit feems to canfe fo
fudden and great an explofion and diffipation
of the ele€tric matter.,

ExpE-
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ExrERIMENT L
WHEN the filings in the vial are eleétrified
to the greateft degree (which in each of the fol-
lowing experiments we fhall always fuppofe to
be the cafe) fet the vial upon a cake of wax,
and let nothing touch either the vial or the
wire w, and i1t will be a confiderable time be-
- fore the electric matter will be diffipated.
ExperimMENT IL
LET the vial ftand on the earth and there
will be (to all appearance) but a very little diffe-
rence; the electric matter taking up rather a
lefs time before it 1s diffipated, than in the firft
experiment.
Experiment IIL
Suprost the vial for this one experiment
to have any part of the bottom or fides ground
extremely thin, and to be eletrified to an equal
degree with the foregoing experiments ; in or-
der to do this, let fome fealing-wax be put
upon the thin place whillt it is ele&rifying,
and after the vial is ele&rified, take the feal-
ing-wax away, and fet the vial on the earth ;
{fo that a non-electric may touch the thinneft
part of the glafs and the earth at the fame
time, The accumulated electric matter in
thefe circumftances, will be diffipated nearly
in half the time it will in the firft or fecond
experiment,
' ExpE~-
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ExrerimeEnT VIL

Ir the fixth experiment is repeated with the
fame circumftances, except that the perfon
now ftands upon an electric R, he will be
ele@rified in a fmall degree, and the whole of
the accumulated matter in the vial will not be
diffipated in fo fhort a time as in the fixth ex-
periment,

ExperiIMENT VIIIL |

Wi en the vial is electrified, fet it upon the
earth, and let a perfon ftanding upon wax
touch the wire w, the accumulated ele@ric
matter will not be diffipated as foon to appear-
ance as is mentioned in the fixth experiment,

ExperimEeEnT IX.

ELecTRrIFY the vial again, and let the per-
fon ftanding on wax now take hold of the co-
vering of the vial inftead of the wire w, at the
{fame time let the wire w touch the earth ; and
there will be a confiderable difference ; for the
accumulated ele@ric matter will now appear
to be diflipated fooner than is mentioned either
in the firft, fecond, or eighth experiments, and
very near in the fame time with the fourthex-
periment,

ExperiMeEnT X,

Lzt the covering of the vial V be brought
within an inch and an half or thereabouts of
the top of the neck, and let the outward extre-

2 mity

*



A Treatife on Eleltricny. 77

mity of the wire w be covered with dry wax:
foon after the vial is flled with ele&ric mat-
ter, a light appears to iflue from the wire at
the neck, which light tends towards the cover-
ing, and in a little time explodes, provided the
whzel be continued turning. After this a fe-
cond effet equal to the firft cannot be pro-
duced without electrifying again, Nor is there
any fign of ele€ric matter being left within
the covering,.
ExpeRIMENT XI,

AcAIN let there be faftened to the covering
of the vial V, a wire or chain C, one, two,
three, or more feet long: and let the vial be
ele@rified to its greateft degree, and then
placed upon wax, Ifthe wire or chain be taken
hold of, even with an eleCtric R, and brought
by means thereof to the wire w, {o as to com-
plete the circuit, a large explofion will enfue,
and almoft the whole accumulated matter will
be diffipated. If inftead of holding the wire
or chain in the manner abovementioned, either
of them be dropped upon the wire w, the ef-
feGts, to all appearance, will in every refpet
be the fame. In both thefe cafes, after the
large explofion, a {mall one, or two, may be
pmduwd by repeating the circuit, after which
no ele¢iric matter will be fc:und in the wire
or chain C upon a perfon’s touching of them,

' ExpEe-
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ExperiMmenT XII

2 Ir the diffipator D be a bar, wire, or chain,
and there be a piece of gilt leather, about the
fize of a crown, with its edges waxed round,
fixed in the middle, either to the approaching
part of the diflipator, or the part of the wire
w approached, on eleCtrifying the filings in the
vial, and completing the circuit in the middle
(or thereabouts) of the leather, a vifible hole
will be made through the leather (a ftrong
proof that the eletric matter pafles through
bodies) and a loud explofion will enfue,

ExrerimenT XIIL

Ir the end of thediffipator D, next the cover-
ing of the wvial, or the covering it felf,
have alfo a piece of gilt leather fixed to
1t at the fame time that the other piece is
on the other end of D, or the wire w, the
filings being eletrified, on completing the cir-
cuit in the middle or thereabouts, of each
piece of leather, a hole will be made through
each, and to all appearance in the fame inftant,
In thefe experiments where the circuit is com-
pleted, the fame effells to appearance are
produced, whether the diffipator touches the
wire w or the covering firft.

Tue following account is a defcription of

2 Dr. Bevis obferved this effect ; the experiment he made

was much the fame with this.
I , an
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an apparatus like that of the vial with its cir-
cuit to condenfe air in. It 1is fo contrived that
the effects arifing from condenfed air may be
compared with thofe arifing from the accu-
mulated or condenfed electric matter in the
electrified vial.

Let V (fig. g.) reprefent a veflel of glafs;
W a hollow pipe exhaufted of air fitted clofe
to the neck of the veflel V, {o that no air can
efcape : one end of which opens into the vef-
fel, the other end has a ftop-cock at n, Let
D D reprefent another hollow pipe communi-
cating with V at z ; and with W at y, like the
diffipator : at which places there are alfo ftop-

cocks. And let there be alfo another ftop-cock
at X.

Casedl

Surpose now thefe ftop-cocks x y and z
turned, or fhut, fo that no air can pafs from
V into the pipe D D, or through x into the air
without. Condenfe four atmofpheres of air
into the veflel V through the ftop-cock n:
then turn the cock n till the aperture in it is
almoft clofed, and only a very little air efcapes
through it, If the time from its firft beginning
to iflue to the time it ceafes to iffuc be now ex-
amined, it will be found to be very confi-
derable, See the firft experiment, propofi-
tion 1,
| Case
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CikserlL
Surposk every thing as before, but inftead
of letting the condenfed air efcape through n
into the open air without, let it efcape through
the fame aperture into an exhaufted receiver,
which held, before it was exhaufted, more air
than is condenfed in V. And it will take upa
fhorter time to efcape or expand itfelf in to
the fame degree, than it did in the firft cafe,
See the fourth and fifth experiments, propo-
fition x. :
Case IIL
Conpense the fame number of atmofpheres
into the veflel again, and turn the cock n as
before, leaving, as near as can be judged, the
fame, or an equal paffage for the condenfed
air to efcape into the open air: immediately
after this, fuppofe the ftop-cock x to be turned,
leaving alfo a paflage for the air to efcape
‘through it as it did from n, but fomewhat lar-
ger. The rufhing out of the air then through
each paffage will not be equal, but rather
greater from x than n: therefore the condenfed
atmofpheres will efcape, or pafs out through
thefe two paflages or apertares in x, and n,
nearly in half the time they did from a mean
between the firft and fecond cafes, See the
third experiment, propofition x.
Case
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Case IV,

Surrose now the pafifage for the air to ef-
cape, at n (the veflel being again equally filled
with air) to be a little larger than the paflage
for the air to efcape at x, the aperture at x
continuing the fame as in the laft cafe, then
the greateft quantity of air will efcape from n:
and the time it will take up before the con-
denfed air has efcaped through both, will be

fhorter than in the laft cafe, See the fixth and
ninth experiments, propofition x,

Case V,

TurN the cock x fo that no air can efcape
by it, and condenfe the air again to an equal
degree as before, leaving the aperture n as (iall
as is mentioned in the firft cafe: immediately
after this, fuppofe y and z to be turned at the
fame inftant of time, that the air may efcape
into the pipe DD ; in this cafe it is eafy to
conceive that there will ruth out a greater
quantity of air in a fhorter time than in the
fourth cafe. See the x®, xith, xiith and xiiith
experiments, propofition X,

IT is manifeft too, that as the air in the pipe
grows denfer and denfer as more ruthes into it
at each end, the entrance of the air will be
flower and flower ; as it will be every inftant
more and more obftruéted by reafon of the
denfity encreafing every inftant, till it becomes

G of
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the circuit is completed, there is no fign of
any clectric matter within the diffipator.

- QuEeRrvY Il Do not thefe things thew that
the elettric matter is diflipated the quickeft by
this method of completing the circuit? And
may not the large explofion which attends this
experiment, be the refult of feveral {mall ex-
plofions {ucceeding one another fo quick as to
appear but one?

- Query IV. Now as altion and re-ation
are always equal, muft not the original quan-
tity of eletric matter within the diffipator be
acted upon immediately after the explofion, in
like manner as is thewn in the eighth propo-
fition, fo as to produce the fame eftects as if
the accumulated eleGtric matter had actually
pafled through the diffipator ?

For two contrary (violent and fudden) mo-
tions, together with the reftri€ive power of
the particles themfelves, may be fufficient to
caufe that flrange and painful fhock or con-
vulfion of the nerves and mufcles, which is ge-
nerally felt by animals, when they are fo

placed as to make up part of the circuit,

ALl the circuit experiments, and the expe-

riment following 'prnpﬂﬁtion vill, feem to thew

that this convulfive fhock is proportional to

‘the magnitude of the explofion. For the

greateft fhock is always produced when the
explo-
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explofion is greateft ; and the leaft fhock when
the explofion is leaft. By parity of reafoning
it follows, that there fhould be no thock where
there is no explofion at the times of completing
the circuit: and that it is the cafe, will ap-
pear from the following experiment,
ExperiMmENT XIV,

Wi the filings in the vial are ele@rified
to their greateft degree, let a perfon ftanding
on wax, take hold of the covering of the vial
with one hand, whilft in the other he holds a
non-electric body, finely pointed, fuppofe a
needle, with the point towards, and within
two and a half or three inches of the wire w.
By this means there will no explofion, nor any
convulfive thock felt by the perfon holding it,
yet in a very fhort time the greateft part of the
electric matter will appear to be diflipated and
loft. '

Or the fame nature with this laft is the fol-
lowing experiment,

ExperimenT XV,

WHEN the filings are eleétrified, fet the vial
on wax, and fix the middle of the wire, which
in this experiment is to be the diffipator, in a
ftick of fealing-wax, left any one fhould ima-
gine the electric matter pafles into the perfon
by this wire: then bring-the ends of the wire
equally near the covering of the vial and the

| G 3 wire
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towards the covering of the vial, where it will
continue as long as the perfon continues to
touch the wire (without being repelled) and
whilft any confiderable quantity of eleétric
matter remains within the vial.

"PROPOSITION XI.

Ir a perfon completes the circuit by taking
hold of the covering of the ele¢trified vial with
one hand, and by approaching the wire in the
neck of it with the other, the greateft painful
thock will be always felt in thofe parts which lie
in the fhorteft line that can be drawn through
the perfon making vp the circuit from the out-
fide covering to the wire. And this is univer-
{al, fuppofing the perfon an uniform non-
electric,

In the cafe abovementioned, the greateft
thock will be given along the arms and acrofs
the breaft ; if a leg and an arm complete the
circuit, whether they be on the fame, or on
different fides, the greateft thock will be given
in thofe parts which lie in the fhorteft line of
communication between the leg and thearm=,
" N. B. The filings muft not be electrified to
the greateft degree, left the perfon who makes

2 This method of affeCting any part of the body without
affecting the other parts, I difcovered in the year 1746.
the
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the experiment, thould receive any hurt from
the violent effects of the electric matter.

Tue fafe method of trying thisexperiment,
is to make ufe of the vial mentioned in thofe
experiments following the ninth propofition.
And inftead of covering the outfide of the vial
with lead, and completing the circuit with a
wire, let the perfon take hold of the uncovered
vial, and grafp it clofe with one hand, whilft
with the other he approaches the wire w; and
the effe& will be much lefs. And it will be ftill
lefs 1f the perfon only touches the vial with his
finger inftead of grafping it with his hand by
propofition ix.

PROPOSITION XIIL

Non-electric bodies placed without the cir-
cuit, will, on completing the circuit, be af-
feGed in the fame manner (butin a lefs degree)
as if part of the accumulated eleiric matter
had pafled into them.

ExperiMENT L
ErecTRrIFy the filings in the vial V (fig.
10.) and place the vial in a darkened room
upon the wax R, on which lay likewile in any
diretion feveral pieces of iron ¢, d, e, f, g, in
fuch a manner, that the firft piece ¢ may touch

the outfide covering of the vial V, and that the
reft
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s Vg ] s G . T M
PR OTPOSTIETONY XTI

N explofion never happens but when
the iffuing eleCtric matter is very much
condenfed,

Tris appears from pointed metal bodies
when ele€rified in dark places. For the ele-
Lric matter, in pafling from a pointed piece
of metal, will be feen to iflue from it in di-
verging rays; on bringing a non-ele@ric body
near it, that divergency leflens; and in pro-
portion as the body comes nearer, the diver-
gency grows lefs and lefs; till at length the
rays continuing to clofe, and to recede more
and more from their divergency, till they are
brought to a kind of focus, an explofion is
made.

From the electric matter firft approaching
towards a paralleli{m, and afterwards converg-
ing to a kind of focus before the explofion is
made, the condenfation muft be greateft at the
time of the explofion.

Ir the acute end of this piece of metal be an
exceeding fine point, no fenfible explofion will
infue, even though it be approached exceeding
near by the non-ele@ric: becaufe the eletric

mat-
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matter will now appear to pafs out nearly in a
parallel direction, and more equally and faft,
forming a kind of column or cylinder, whofe
diameter is exceedingly fmall and fcarce per-
ceivable. Therefore in fuch circumftances

there cannot be any fenfible explofion, as there
is no fenfible convergency.

RROPOSILITIONSXE,

THE greateft explofion, in certain circum-
ftances, is from polithed furfaces of metal;
and this explofion is greater the larger the fur-
faces are, to a limited degree,

LeT the point of a needle not eleGrified,
be brought near another of the fame kind
which is eletrified, and no explofion will be
perceived, even though the room be darkened.
If inftead of thefe very fine points you take
other non-eletric bodies which have points
not {o very fine, there will infue a very {mall
explofion; and if the non-electric bodies have
obtufe terminations, the explofion will be more
apparent. But the greateft explofion is from
large polifhed furfaces of metal brought to-
wards each other in like manner, provided the
corners or edges of thefe polithed furfaces are
rounded off, or covered with wax.

TH1s holds only to a limited degree; for on
making ufe of very large furfaces, we have not
2 found
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found the explofion to be increafed in propor-
tion,

PROPOSITION XV,

As it has been proved by experiments vii.
and viit. fe&, ii1. that the eleric effeéls are
always proportional to the denfity of the accu-
mulated ele@ric matter, and as thofe effeés
are greateft in the denfeft bodies in their na-
tural ftate, thofe bodies muft be capable of re-

ceiving a greater quantity of eletric matter,
or in other words, of having the eleétric mat-

ter accumulated to a greater degree, than bo-
dies which are rarer.

For when the vial V is filled with afhes,
faw-duft, or cork, and ele@rified, the accu-
mulation of ele@ric matter will be lefs, than
when the vial is filled with Venice turpentine,
and lefs when filled with Venice turpentine,
than with filings of iron, granulated lead, or
quickfilver: fuppofing the electrifying power
of the apparatus the fame in each experiment,
and the wheel turned an equal number of times,
For the explofion is greater from the filings,
granulated lead, or quickfilver, lefs from the
Venice turpentine, and leaft of all from the
athes, cork, or faw-duft. So alfo the painful
_thock on a perfon’s completing the circuit, is
“gteater ‘from the filings, granulated lead, or

quick-
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PART II

5'E C 110N VIIIL

N this part we fhall firft give a fhort ac-

count of the @ther Sir Ifaac Newton has

treated of, and endeavour to fhew, that
the fubtile fluid which he calls @zber, and that
which we have been {peaking of, are one and
the fame, Then prove, that /Zght is lodged in
all bodies: and that, the denfer bodies are, the
greater is the quantity of /ight contained in
them. Laftly, by the properties arifing from
the mutual a&ion between w@ther, light, and
bodies, we thall endeavour to {olve fome of the
moft remarkable effets of electricity: and at-
tempt to confirm Sir I/aac’s doltrine of gra-
vitation, cobafion, &c.

Sir Ifaac Newton {uppofes that there is an
exceedingly {ubtile and elaftic fluid, which rea-
dily pervades all bodies, and is by its elaftic
force expanded throughout the univerfe : that
its elaftic force in proportion to its denfity is
immenf{ely greater, than the elaftic force of the

air compared with its denfity : that the in-
G 38 crement
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crement of the denfity of this fluid, in reced-
ing from a body, 1s as the quantity of mat-
ter in the body directly, and as the fquare of
the diftance from the center of gravity in-
verfely. |

To illuftrate this increment of denfity, fup-
pofe the whole force of any globe to be con-
tracted into a point A fig. 12, and a, b, two
particles of @ther placed at an exceeding {mall
diftance from each other. Suppofe ¢, d, two
particles alfo of @ther, placed at an equal di-
ftance from each other. Then the diminution
of denfity is fuch, that if a particle of matter
B was placed between a, b, and another equal
particle of matter C, between ¢, d; no regard
being had to the quantity of matter in the par-
ticles B and C, the excefs of force wherewith
b prefles the particle B more, than it is prefied
by a, is to the excefs of force wherewith d
prefles the particle C more than it is preflfed
by c, as the {quare of the diftance A C, 1s to
the {fquare of the diftance A B.

Tui1s fluid, which he calls @¢ber, he fup-
pofes it to be denfeft in empty fpaces, and
rareft in the denfeft bodies. And in bodies of
different denfities, he fuppofes it to be rarer in
denfer bodics ; and denfer 1n rarer bodies.

Hs=s
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He likewife fuppofes that /igh# enters the
compofition of all bodies, and that by the mu-
tual acion of the @tber without the bodies
upon the @ther and light within bodies, a very
denfe graduated medium of @tber is caufed,
which furrounds their furfaces to very fmall di-
ftances; and may be of different denfity, ac-
cording to the quantity of light in each body.
- This graduated medium of @zber, he feems to
think, is the caufe of the reflection, refraction,
and infleGtion of light (fee Opz. page 241.) alfo
of cohefion, fermentation, &c, For a more
particular account of this, and how gravitation
is caufed, we refer to a Differtation on the
ether, by Dr. Bry. Robinfon.

TuEe eleCtric matter has been proved in the
firft part of this treatife to be exceedingly fub-
tile and elaftic, and to be contained in all bo-
dies we are acquainted with, And there is rea-
fon to think that it is denfeft in fpaces void of
groffer matter, as we fhall endeavour to thew
more fully hereafter from experiment and rea-
fon. Since therefore in thefe properties it
ftrongly refembles the @rher, we may look
upon it as the @fber joined with grofler parti-
cles of matter propelled from bodies by the
force and vigour of its action,

H CoroL-
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-
CororvrLary I

Frowm the @ther’s being denfeft in the rareft
bodies, and rareft in the denfeft bodies, it fol-
lows, that, if a body be made rarer by any
means whatfoever, the @tber in that body
muft grow denfer. Becaufe the parts of the
body are removed to a greater diftance from
one another. And confequently: the pores or
vacuities in that body will be larger.

Cororrary IL

Anp if a body be made denfer by any means
whatfoever, the @ther in that body will grow
rarer, becaufe the parts are brought nearer to-
gether : confequently the pores or vacuities in
that body will be fmaller,

CororLrary IIL

FricTion will caufe bodies to rarefy as well
as the heat of the fun, or any other heat; and
thofe rarefied bodies will contract and grow
denfer on difcontinuing the frition, or on re-
moving their rarefied parts from the friction.

Cororrary IV,

Hence it is evident, that as bodies grow
rarer by heat, @tber flows into them from
other bodies; and that as they grow denfer by
cold, @ther flows out of them into other bo-
dies. So that the denfity of the @ther in any
particular body, is as the mean denfity of all
other ‘bodies in proportion to the denfity of

that
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that body. And therefore the denfity of the
ether in any particular body will be increafed,
when any other body or bodies are condenfed,
or when that body is rarefied. And on the con-
trary, the denfity of the @#ber in any particu=
lar body will be leflened when any other body

or bodies are rarefied, or when that body is
condenifed 2,

PROPOSITTON XVI.

WhEeN two bodies are rubbed again{t each
other, the @ther will flow in greater quantity
into the rarefied parts of the bodies, than into
thofe parts of the fame bodies which ate not
rarefied: and that in a different degree as the
parts of the bodies are more or lefs rarefied. And
upon the parts of the bodies growing denfer,
the @ther muft pafs out of the bodies where it
meets with the leaft refiftance,

WE have fhewn from feveral experiments
which follow the viit® propofition, that differ-
ent bodies obftru&t the paflage of the ele@ric
matter with diffcrent degrees of ftrength,

IF now it be true, what Sir Ifzac Newton
feems to think (and what we hope we fhall
be able to confirm hereafter from experiments)
that there actually furrounds all bodies, to very
fmall diftances, a very denfe graduated atmo-

2 See Dr. Reobinfon's Anfwer to a pamphlet inﬁtuled,
Remarks on Dr. Robinfor’s Syflem of Mufeular Mition.

H 2 {phere
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fphere of @ther of difterent degrees of denfity,
arifing from the different denfities of the bo-
dies, and the different quantities of light con-
tained in them, it will be eafy to conceive how
the @ther may be retained within a body by
the furrounding denfe atmofphere of the @tber
obftru@ing or refiling in fome meafure its
exit out of the bcdy : and how fome bodics
which have thisatmofphere denfeft, retain the
accumulated @fer longer than others which
have it lefs denfe, Such bodies are glafs amber,
wax, refin, glue, and other ele@rics: for they,
when ele&mﬁed will continue to a& upon
light bodies much longer than jron, and other
non-eletrics, when ele&rified. And for the
fame reafon, glafs, amber, wax, and other
eleCtrics, muft be lefs capable of receiving the
cether by communication, than metals and
other non-elecirics.

From the fame principle we may conceive
how the @tber gains admittance through the
{fmall furrounding denfe atmofphere of @thber,
into the body where it is to be accumulated,

For when the parts on the {urface of the
body G are rarified, that part of the denfe at-
mofphere of @zher which we fuppofe extend-
ed over the rarefied parts, muft be rarefied
alfo : and fince that is the cafe, the obftruc-
tion or refiftance given to the entrance of the

ather
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ether into G, muit thereby be leflened. Con-
fequently if there be a flux of @zber from Cto-
wards that part of G thus rarefied, the pafiage
or entrance into G will thus be more eafy.

LEeT us now inquire how a flux or flowing
of the ether from the parts adjacent can be
caufed. And again, how it efcapes into other
bodies, and why frition only can produce
thefe effets.

Supprose the cufhion C, which is to rub
the cylinder G, to be one uniform denfe body,
of a given magnitude. And f{uppofe the @ther
in that body, before any part of the body is
heated more than another, to be of an uniform
denfity. Let the cuthion C be placed, along
with the cylinder G, on a body which has the
denfeft atmofphere of @tber furrounding it:
for example, wax or glafs, R, as in the expe-
riment following the ivt® propofition, This be-
ing done, rarefy part of the furface C by rub-
bing it againft G, and G will be rarefied alfo,
The parts of both bodies being thus rarefied,
the erber muft grow denfer in thofe rarefied
parts than it was before by coroll. i. but the
whole quantity of matter in the glafs G is lefs
than the whole quantity of matter in C, there-
fore (fuppofing no @ther to flow from any
body or place that lies without thofe bodies G

and C) the @zber in thofe parts of the bodies
H 2 which
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which are not rarefied, muft flow into their
rarefied parts, by coroll.iv. And if a quantity of
cether proportional to the rarefaction of the bo-
dies, pafles into the rarefied parts, it is evident
that a greater quantity of @ther muft flow
from C than G, before the @ther within them,
or in the parts which are not rarefied, is atte-
nuated or rarefied to an equal degree in each,

Now, though the &zber be denfer in the ra-
refied parts of the bodies C and G, than it was
before the fri¢tion, yet as the refiftance given
to the exit of the @sber at thofe rarefied parts
by the graduated atmofphere, is leflened, on
account of the friction, the =zther contained
not only in thofe rarefied parts, but in the
other parts of the body, may, by the appofi-
tion of a non-eleétric, pafs off more readily
than it otherwife would have done, and the
quantity of @ther in the whole bady may
thereby be leffened.

IN this cafe we fuppofe the flux of the @zher
from the circumambient bodies is in a great
meafure prevented, and therefore as the ex-
panfive force Lontmually decreafes, the 1ffuing
of the @ther muft allo nraduaily leffen, and in
a fhort time tﬂtally ceafe.

THIs quantity cannot be leffened beynfld a
certain dﬁ:gree, becaufe a certain quantity is re-

2 : quifite

e
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quifite to overcome, by its expanfive force,
the refiftance given to its exit.

T u1s is confirmed by experiment : for when
the machine is {et upon wax, we are not able
to produce any more eletric matter than a
very {mall quantity, though the friction be
continued for any length of time, See experi-
ment following propofition 1v.

On adding more matter to C, the quantity
of ether is increafed, and confequently a great-
er quantity muft pafs off, than in the laft ex-
periment, before it arrives at the fame degree of
attenuation or rarefaction. This is alfo con-
firmed by experiment. See propofition iv.

HencEe we may fee the reafon why, when fo
large a mafs of matter as the whole earth 1s
added, it is not in our power to attenuate or
rarefy the @ther in it to any fenfible degree :
And why the electric effets in this laft cale
are fo much greater than in the preceding
ones.

For the magnitude of the earth being im-
menf{ely greater than the magnitude of the bar,
the @zber muft flow in as great a quantity from
the earth into C and G, as it pafles from them
into the bar, even though the fri¢ion be con-
tinued ever fo long,

TuE firft experiment in feGion ii. confirms
this, as well as the experiment following the

4 1yt
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ivth propofition: for when any non-eleéric
communicates with C and the earth ; or the
wax R is taken away, there will be a conti-
nual ifluing of the electric matter from the bar,
and that for any length of time.

Tue flowing of the @tbher muft continue fo
long as the friction, becaufe the rarefied fur-
face of the glafs G removing every inftant
from the cufhion, begins to cool and contract;
{o that the @ther which flowed from C into
the rarefied parts of the glafs G muft now pafs
away where the refiftance to its exiz is the
leaft : which will be found to be in the wires
ww. For the oppofite or inner fide of the
glafs G, together with the air contained in the
cylinder, refift the exi# of the @zher more than
the wires ww, in conta& with the outer fide,
as it will be proved by experiments hereafter,
And 1t cannot pafs back again towards C, be-
caufe the parts of the glafs G at ornear C, are
more rarefied, than thofe parts of G that are
farther removed from C. Neither can the
ather pafs into the air fo copioufly, as into’
the wires, it appearing from all the preceding
experiments that air refifts its exit more than
grofler bodies,

Friction only then can caufe thefe effes,
as it gives the @zber in the rarefied parts of the
glafs an opportunity to efcapeevery inftant into

" ' ' other
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other adjacent bodies where the refiftance to its
exit is the leaft. For the parts of the glafs that
are moft rarefied, are moved from the friction
of the rubber every inftant, And therefore fuch
bodies that refift the paffage of the wther leaft,
and happen to be necareft G as it turns round,
muft receive moft of the @fber that iflues
from G.
CoRoriaRy I
Hence we may fee the reafon why upon

turning the rarified parts of the glafs from the
wires ww, as in the experiment following

propofition i, the eletric effects in the bar are
confiderably lefs. For in that experiment part
of the electric matter pafles into the frame of
the machine,

Coror ARy Ik
Axp hence we may perceive the reafon why
equal effects can never be produced in the bar
BB from the cufhion and the glafs, without
friction ; even though they are heated to any
degree whatfoever, by the fire or the fun., See
experiment i. {ection ii.

Cororrary lIL
Hexce alfo we may underftand how it is
that the flowing of the @zber gradually lefiens,
and at laft ceafes on difcontinuing the fri¢tion,

‘And how the ele@tric effects from the glafs
gIOW
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grow weaker as it cools and recovers its origi-
nal ftate,
CororLrLAaRry IV,

Hence likewife we fee the reafon why twao
thick electrics rubbed againft each cther can
never produce fo ftrong effells as an electric
and a non-electric body. And therefore why
fetting the machine on non-electric bodies,
moiftening the leather of the cuthion (which
when dry is in fome degree an electric) and all
other circumftances to keep an open commu-
nication with the cufhion C, are abfolutely ne-
ceflary for producing the greateft flux of the
@ther. This agreesalfo with the firft corollary
to propofition iv. And again, why filk or hais
lines, glafs, amber, wax, refin, pitch, glue,
and all other eleCric bodies which obftruét or
refift the exit or entrance of the @fber more
than metals or other non-electric bodies, are
the only bodies abfolutely neceflary to hang or
{fet non-ele€tric bodies upon, in crder to fee
how far the @tber is capable of being accumu-
lated in any non-electric body in fuch particu-
lar circamftances. And why thofe laft men-
tioned bodies fhould be always dry and free
from duft and dirt, Al which things are
agreea’olﬁ to what we have advanced in the firft

feCtion.
Pro-
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PROPOSITION XVII,

WaEeN the @zber is put into {fuch a motion
within a body as in the laft propofition, it will
throw off, by the violence of its action, ful-
phur, and other matter lodged on the furface
or within the pores, where 1t is lefs intimately
combined with, and united to the parts of
that body.

For the ele€tric matter, in pafiing out of bo-
dies, is generally obferved to be of a fulphur-
ous nature from its fmell. And if a hand, or
any other part of the body be held for fome
time in the ftream of the eleftric matter as it
iffues, the hand, or that part which is oppofed,
will acquire the fame kind of fmell: nor will
it prefently lofe that {fmell. The fame effluvia
will likewife whiten red rofes, as fulphurous
fteams are known to do 2,

CORXOLLARY. L

Hexnce the rofe and hand feem to be a kind
of ftrainers by which the more grofs fulphar-
ous and other particles are feparated from the
more fine and {ubtile ones of @zber.

Cororrary Il

From this fulphurous matter condenfed in

the focus along with the #¢ber, and fermenting

* The whitening of red rofes, by placing them in the
ftream of thg electric matter, was obferved by Dr, Bevis,

with
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with the nitrous acid floating in the air, it is
probably that the fudden blaft or violent ex-
plofion in electrical experiments is produced *:
in like manner as Sir I/, Newton has obferved
that lightning, thunder, and fiery meteors are
caufed by fulphurous fteams fermenting with

that acid ; for, fays he, the air abounds with
acid vapours; as appears by the rufting of iron

and copper in it, the kindling of the fire by
blowing, and the beating of the heart by means
of refpiration. '

3 That zir is neceflary for the production of thefe effeéts,

appears from many experiments ; for if two non-eleric
bodies be included in a glafs receiver exhaufted of air, or
to as great a degree as we are yet able, and one of thole
bodies afterwards electrified, on their being moved near
each other there will infue no explofion like that we per-
ceive when the air is not exhaufted ; bur there will appear
a faint light between the bodies, and this is only vifible
when the experiment is made in a dark place. This faint
light feems to require a certain quantity of air within the
glafs; for it is moft vifible when the air is not rarefied to fo
great a degree as we are able.
. Thatanacid in the air is requifite to produce the greazeft
explofion, appears from the experiments made when the
wind blows northerly or eafterly. For the effects are then
greateft with refpect to the explofion. And it is generally
admitced, that the air abounds more with acid wheh either
of thofe winds blow than when any other wind blows.

Again, when the air sbounds with fulphur, as in hot
weather, and when there is thunder and lightning, the ex-
plofion in eleétrical experimens is leaft. W

E
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WE will illuftrate this matter farther by the
following experiments,

A ricuTEeD candle will go out, and glow-
ing coals ceafe to fhine in the air pump on
drawing out the air: nay, red hot iron will
ceafe to fhine in a fhort time, upon exhaufting
the receiver of air., Again, a candle will go
out, glowing coals and red hot iron ceafe to
fhine in a fmall quantity of air fo clofely con-
fined as to have no communication with the
reft of the atmofphere, If two parts of a com-
pound {pirit of nitre (which is a ftrong acid
{pirit) be poured on one part of oil of cloves,
or carraway {ceds, or of any ponderous oil of
vegetable or animal fubftances, or oil of tur-
pentine, thickened with a little balfam of ful-
phur, the liquors grow {o very hot in the mix-
ing as prefently to fend up a burning flame.
If a drachm of the fame compound fpirit be
poured upon half a drachm of eil of carraway
{feeds, even in wacuo, the mixture immediately
makes a flath like gunpowder. And well recti-
fied fpirit of wine poured on the fame com-
pound fpirit flathes. Common brim{tone and
_nitre powdered, mixed together, and kindled,
will continue to burn under water, or in vacuo,
as well as 1n the open air,

SECTION
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N SE .G Bl N

HE N we hereafter fpeak of electric

matter, we would be underftood to

mean the @tber put into fuch a motion within

a body, as to carry along with it fulphur and

‘other grofs matter, But when we {peak of the

ether, we mean the fame fluid, but not put
into that degree of motion.

LicuT is proved by Sir I/ Newton to confift

of particles of various fizes: but the particles

of ether, he fays, are exceedingly fmaller than

thofe of light,

PR O POSLT IO N=XVIIL

A THER is more fubtile than light.

For if eether and light are put into fuch a
motion, as to be propagated to immenfe di-
ftances in a fhort {pace of time, and the par-
ticles of one of them continue to move on
with an equal, or rather with an accelerated
motion through the moft denfe bodies inter-
pofed (fee experiment x. fection iii.) whilft the
particles of the other are either ablorbed, cr
ftopt by fuch interpofition, or refleCted from
their furfaces ; it follows that thofe particles
which pafs through the interftices of bodies,
are more {ubtile than thofe which do not pafs.

But
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But @ther has been proved to pafs through denfe
bodies, which light will not pafs through, there-
fore @tber is more fubtile than light®,

. THuE velocity of light is exceeding great,
and though the particles conftituting the diffe-
rent rays are of various fizes, yet they all de-
{cribe equal f{paces in the fame time. To ac-
count for the propagation of light from the fun
to us, in fo thort a time as {feven or eight mi-
nutes, various have been the hypothefes framed.
All thefe Sir Ifaac Newton has endeavoured to
fhow, in queftion xxvill. to be very erroneous,
and from the force of reafon joined to obferva-
tion and experiments, fubftituted the ether we
have {o often mentioned, and this at a time
when electricity was but little known.

FROPOSITION  XIX,

-DEnsE bodies contain more light in their
compofitions than rare bodies, unctuous and
{ulphurous ones excepted.

~ Tu1s appears from their emitting light more
copioufly when their parts are fufficiently agi-

2 It may be realonably objected, that this propofition is
by no means {ufficiently proved, fince light will pafs through
elafs, amber, gus, &c. which the @#er will not, or, how-
ever, from what has hitherto appeared. For an anfwer to
this, we refer to the remainder of this treatife, and particu--
larly propofition xxvii. and xxx. where we undertake to
fhew that all bodics may be electrified,

tated,
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tated, whether that agitation be made by fric-
tion, percufiion, or putrefation, or any other
caufe. For inftance, denfe bodies which re-
fra@ and reflect light molt ftrongly when ex-
pofed in the fummer fun, acquire a greater
~heat by the action of the refracted or reflected
light; and if the heat be increafed till it be
about four times hotter than boiling water, then
fuch denfe bodies will emit light {o copioufly

as to fhine.
PRI PO 81410 M= XX,

Sucu bodies as are un&tuous and fulphur-
ous have more light in their compofition than
others of the like denfity.

The more copious the emifiion of light is
from bodies, when their parts are agitated, the
greater is the quantity contained in them,

Now fulphurous bodies, ated upon by the
rays of light colleCted into a focus by a lens
flame, burn more vehemently than others of the
fame denfity that have Ie'fs'fulphutf in them, or,
in other words, emit more light; and muft
therefore have more light in their compofi-
tions,

COROLLARY.

Since all bodies refrad, refle&, and infle&
light by one and the fame power, and their
power of refraction is nearly as their denfities,

their
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their power of refletion and infletion muft
be in the fame proportion.

Tue quantity of light too in their compofi-
tion is for the moft part as their denfities. It
{feems to follow then, that the power in bodies
to refrad, refle®, and inflet the rays of light,

is nearly proportional to the quantity of light
contained in them.

PROPOSITION XXI

T u e infle@tive, refraltive, or refleGtive
power of a body extends itfelf but a very
fmall diftance from the body.

For the rays of light in paffing by bodies
are not affected fo as to be turned out of their
rectilineal courfe, till they are very near the
edges. Vide Newt. Opt. 1II. L, The caufe of
this power or medium, which furrcunds all bo-
dies, remains to be enquired into.

1. TuE law eftablithed between the zther
and bodies, for making the @ther the caufe of
moft of the ph2nomena of nature,refpects both
the quantity of matter and the quantity of light
contained in bodies.

2 TuaT part of the law which refpe@s
only the quantity of matter, we have given be-
fore, which in other words amounts to this:
The body and the ether lying next to it all
round, repel one ancther with a force which

1 1$
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is meafured by a rectangle under the quantity .
of matter in the body, and the denfity of the
eether applied to the {quare of the diftance of
the furface from the center of gravity of the .
body. If the body be a globe of an uniform
denfity throughout, in which cafe the center
of the globe will be its center of gravity, the
ether will prefs on the globe by endeavouring
to expand itfelf, and by that preflure it will re-
cede from the globe, and its denfity will con-
tinually increafe, and the increment or increafe
of denfity at any diftance, will be as the quan-
tity of matter in the globe directly, and the
fquare of that diftance from the center of the
globe inverfely. If the globe be large, the -
{phere of @ther furrounding it, whefe denfity -
thus increafes, will be large ; and the fphere of -
“e@ther will be fmall if the globe be {mall. The -
fphere of @zher furrounding the fun, - occafion- .
ed by the action of that great badv, extends
much beyond Saturn, nay, beyond the diftance
of the remoteft of the comets aphelium, The -
fphere of @ther furrounding the earth occa«
fioned by the a&ion of the earth on: this me-
dium extends itfelf beyond the moon.. :Hence
any body placed within a fphere of cether be~
longing to the fun, earth, or any other great :
globe will move towards it, the @tber. being den-
fer on the remoter fide of each particle of the
body
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body than on its nearer fide, with refpec to the
globe: if the globe be {mall, the fphere ot
ether furtounding it will be fmall ; and the
increment of the denfity, which at the furface
of a globe is as at its diameter and denfity ta-
ken together, may be {o very fmall as not to be
able to produce any fenfible motion in a {mall
particle placed within the {phere of that fmall
olobe. The increment of the denfity of the
ether at the {urface of a globe of a given den-
fity, being as the femi-diameter of the globe ¢
and the femi-diameter of the earth being 3965
englith miles, or 251222400 inches, the in-
crement of thc denfity at the furface of the
earth, and at the furface of a f{mall globe of
the fame denfity with the earth whofe femi-
diameter is 1 inch, will be 251222400 and 1
the fpaces defcribed in 1” by a corpufcle moved
by thefe forces will be 193 inches and %
part of an inch. Hence the corpuicle moved by
the force of the little globe will be above 15
days in defcribing 1 inch, and confequently
the force of gravity in the fmall particles of
matter is altogether infufficient for producing
the violent motions thofe particles have in fer-
mentation. _

THAT part of the law which refpe@s light
reaches but to a very fmall diftance from the
furface of bodies, and fuch as is mentioned in

I2 the
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the laft propofition, The light which enters
the compofition of all bodies by powerfully re-
pelling the adjoining ether, and thereby in-
¢reafing its denfity to a very fmall diftance
(fuppofe to the eight hundredth part of an inch)
from the furface of bodies, conftitutes this
force. That light and @ther act with immen{e
force on one another, appears from the rays
of light (which move above 158000 Englifly
miles in a fecond of time) being turned out of
their rectilineal courfe by the @tber at the {ur-
face of bodies: for it requires an immenfe
force to turn a body moving with f{o great a
velocity out of a rectilineal courfe. Light and
ether repel one another very ftrongly, and
hence it is that light adhering to the furface of
bodies, repels the adjoining @zher with great
force, and thereby caufes a great and quick in-
creafe of its denfity to a fmall diftance from
the furface, fuch as is reprefented by fig. 13.
from the particle or body A to b; at the end
of this diftance from the furface, that is, at b,
the @tber is denfeft : and much denfer than it
would be from the quantity of matter in the
body. The force of light terminating ‘at this
diftance, the zther condenfed by that force will
afterwards relax and rarify to {fome certain di-
ftance, fuppofe atc, and beyond that diftance
it will go on to be condenfed by the fole action

of
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of the quantity of matter in the body to d, and
beyond. The condenfation and rarification of
the wther at the furfaces of bodies conftitute
two forces, an impulfive force, which is from
b to the body A, and a repulfive force, which
is from b to c: thofe forces act very power-

fully on minute particles which come within
the limits of their a&ion. Hence thefe forces
are ftrongeft in bodies which contain moft light

in their compefition with refpect to their den-
fities, that is, they are ftrongeft in fulphurous
and unctuous bodies,

The narrow limits of the two forces con-
{tituted by light prevent them from affecting
bodies of any fenfible magnitude, for bodies
muft be fo {mall as to fall within thefe limits
before they can be moved by thefe forces, A
body lefs than the eight hundredth part of an
inch in diameter, fuppofe a (fig. 14,) placed be-
tween the denfeft part of the @ber b and the
{urface of the body x, will move towards the
body x by receding from the denfer part of the
ather towards the rarer. The fame {mall body
a, placed beyond the denfeft part of the w@ther
b of the body x, will move from the body x
by receding from the denfer part of the etber
towards the rarer, \So that when the denfeft
part of the @tber b, caufed by the fuperficial
light of a body, falls without a fmall particle

13 a (fig.
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t¢ ances, and therefore polith it no otherwife
< than by bringing its roughnefs to a very fine
“ grain, fo that the fcratches and frettings of
the furface become too {fmall to be vifible.
And therefore if light were refleCted by im-
¢ pinging upon the folid parts of the glafs, it
“ would be {cattered as much by the moft po-
¢ lithed glafs as by the rougheft.” For thefe
rays only which fall upon the tops and bottoms
of the protuberances and cavitiss would be re-
fle@®ed according to the general diretion of the
whole furface of the body: thofe which fall
upon the oblique fides of thofe protuberances
would be refleted in a different angle.

TuAT medium which we have thewn to
furround all bodies to very fmall diftances, and
which is {fuppofed by Sir ffaac Newton to be
the caufe of the reflection, refraGion, and in-
fleGtion of light, we fhall call by the different
names of the refleGive refra@ive, or infletive
medium, or in one word by atmofpherula, as
will beft fuit our prefent purpofe.

L4l
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S E.CTIAON "X

PROPOSITION XXIL

H E atmofpherula furrounding any body
prevents the electric matter, when accu-
mulated within that body, from iffuing {o faft
as it otherwife would, if there was no afmo-
Jpherula {urrounding it.
- For the eleétric matter, its expanfive force
being equal at every point of the furface of 2
body eleétrified, ought to expand itfelf and be
propagated equally from all parts of the body
into the air ; and that as faft as it enters into
the body; fo that there could be no accumu-
lation of the eleCtric matter, (See Sect. iii,
Experim. 7.) '
But it is found that a globe of metal will
continue electrified for fome time; and that if
a pointed piece of metal be fixed to it, the globe
will not continue {o long electrified : and the
ele@ric matter will iffue moft from the point,
Whence it appears that there is fomething a&-
ing at the furfaces of bodies which retards the
exit of the eleftric matter: and that more or
lefs according to the circumftances which at-

tend
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tend the experiment. 'What this caufe is, we
{hall now inquire.

Tue preflure of the air upon the furfaces of
bodies cannot be the caufe ; for the preflure of
the air on any given part of the furface of a
pointed body muft be equal to the preflure on
an equal given part of the furface of any other
body which is not pointed: and the prefiure
being equal in both thefe cafes, the electric
matter ought to meet with an equal refiftance
from the air. Yet notwithftanding we find that
the ele@ric matter pafles off fooner from point-
ed bodies than from bodies that are not point-
ed: and that the diffipation is performed in the
fhorteft time when the points are the fineft,
Befides, this holds equally true 7z vacuo : and
therefore thofe effects may arife from the az-
mofpbeerula being rarer at a point, than at the
{urface of a body.

Ir this fuppofition be true, it follows, that
the rarer the azmofpberula is, the lefs will be
the reftance to the exit of the ele@ric matter.
Now the finer points are, the more copious
is the iffuing of the eletric matter from them ;

therefore the propofition is true,

PROPO.
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PROPOSTEINDN XX

Tue eleCtric matter upon its iffuing fudden-
1y through a denfer afmo/pherula produces a
greater effet than when it iffues through a
rarer.

T o any part of the wire w (fig. 16.) fix a
very thin piece of hard wax, glue, Mu/covy glafs,
or common glafs G in the middle, or which -
will anfwer better, a piece of gilt leather three
or four inches in diameter; then when the vial
V is ele@rified, bring the diffipator D towards
the middle of the affixed body G, and the ex-
plofion will be much louder than it would be
from any part of the wire w, fuppofing the vial
eleérified to the fame degree.

N, B. Tue leather muft be varnifhed on the
gilt fide, and the edges of it covered with feal-
ing wax,

In this experiment the action of the eleéric
matter is {fo ftrong as to make a hole through
the leather, and to force quite away the var-
nifh and filver, {o as to leave the leather for
fome little fpace round the hole quite uncover-
ed. It is remarkable that the {pace ftript of the

varnifh is greater than the {pace ftript of the
filver.

Iy
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Ir the wax, or very thin glafs be made ufe of

in the above experiment, the violence of the
action of the electric matter will break it.

PROPOSITION XXIV.

In two or more circuits made at the fame
time, with the fame vial, but with different
bodies, the elettric effet, {uppofing the filings
in the vial ftrongly electrified, will be in that
circuit only where the electric matter will meet
with the leaft refiftance.

Proof by Experiments.

ExperiMENT L

T o the loop x (fig. 17.) on the covering of
the vial V, faften one end of a wire C of any
length, ten, a hundred, or a thoufand yards,
for it appears to be the fame thing in the event
of this experiment, and when the vial is elec~
trified as vfual, let the perfon P, who makes
the experiment take hold of the vial V or the
~ wire C at x, in one hand, and with the other
hand H, laying hold of the other end of the
wire ¢, bring that end of ¢ towards the wire w,
which is in the neck of the vial. By this
means there will be two circuits made, as may
be eafily feen by the figure, the one with the
. wire and vial VCHW : and the other by the
Perfon and vial VPHW, In fuch circum-
| ftances,
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ftances, the perfon will not feel the eleric
cffe€, or in other words, receive a convulfive
fhock, as the refiftance arifing from the az-
mofpherule 1s lefs on the furface of the wire
C, than in the perfon. This is manifeft from
rcafon as well as experiment ; for the parts of
the wire C are {uppofed to be inconta& from
end to end, fo that there can be only the refit-
ance arifing from two afmofpherule to be
overcome, namely, that at each end. Where-
as in the perfon there are different 'kinds of
matter diftiné from one another, namely, the
flethy, bony, and nervous parts, befides the
blood and other fluids, which have their differ-
ent atmofpberule. But as it may feem diffi-
cult to conceive how bodies included within, or
furrounded by other bodies in like manner as
the nervous, flethy, and other parts of animal
are, fhould bave their different atmofpberule
furrounding them, we fhall {et down an expe-
riment that will ferve to illuftrate this matter,
ExperimenT IL
Pour an ounce or two of well diffolved Ve-
nice turpentine into a thin glafs cup, and af-
terwards pour two or three drops of milk,which
has had the cream taken off, into the turpen-
tine, in one part, and two or three drops into an~
other part of the fame cup, {o that there may be
two feparate quantities, or drops of milk in the
4 tur=
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turpentine ; then turn the cup different ways,
till the drops are brought as near together as
you are able; for they will not mix till a con~-
fiderable time after; then fhake thecup, orlet
one drop prefs upon the other: and you willk
perceive an actual diftance, though very {mall,
between them: and the drops will be convex
and concave to one another, and have their
edges turned up like lips. Shake them again,
and you will ftill find them to keep the fame
diftance from one another, and retain fome-
thing of the fame figures. If the tarpentine be
not thaked for about fifteen or twenty minutes,
the two drops will come together fo as to make
but one,

Query. If the afmcy}rbcerﬂfa furrounding
thofe drops of milk in the Venice turpentine be
not the caufe of this ph&nomenon, how comes it
that the drops thould keep at a diftance from
one another and retain thofe fingular forms,
even though they lye upon one another?

Now, according to this reafoning, when the
refiftance arifing from the atmo/pbarule in the
pcrfon is lefs than in the other circuit, the
eleciric effe¢t ought to be felt in the perfon.

Anp that this is the cafe will appear from
the following experiment.

Expe-
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ExperRIMENT lIL e

LeT one end of a clean unrufted chain (fot
example, {uch 2 one as is commonly ufed for
a jack) and of the fame length with the wire c,
laying loofe or unftretched, be fixed to the vial
at x, and the other end be brought round by
the perfon to the wire w, as the wire ‘¢ was be-
fore in the firft experiment, propofition xxiv.
And the eleCtric effe@ will not be in the chain
but in the perfon; and to much the fame de-
gree as if no chain was made tfe of. |

In this laft experiment, we confider each
link of the chain as having two feparate at#ig=
Jpharule; for if any thing fhould pafs or be
propagated through each link, it muft pafs or
be propagated through two atinofpberule in
each link : oneas it enters, the other as it paffes
out; and upon fuppofition that the fum of
thefe atmofpharule, and the refiftance arifing
from them added together, exceed the fum of
the atmofpherule, and the refiftance arifing
from them in the perfon, the ele@ric effeét
muft be in the perfon, or where the reﬁﬁance
18 leaft.

ExPERIMENT IV.

AcAIN, fhorten the chain, and thereby leffen
the nuwnber of atmofpharule, till fuch time as
the refiftance arifing from the etmofpherule
in the perfon added together, exceed the refift-

allce
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above, the great explofion will enfue, but nofe
of the fmall ones will be feen between the links
of the chain.

Frowm this laft experiment we conclude, that
the efle& was along the wire in which was the
leaft refiftance, or the fewelt atmofpherule.

Ir the refiftance thould be the fame in all the
circuits, whether there are two or more, it is
eafy to conceive, they will all be affeted alike.

WEe have an experiment of this kind2, It
is performed in the following manner.

ExperimenT VIL

LeT the vial V (fig. 18.) be eletrified, and
placed upon a metal plate P, and let feveral
perfons, three, four, five, fix, or more, each of
them take hold of the plate with one hand,
and of a bar of iron d'd, with the other: then
let them move cither the end or the middle of
the bar d d towards the wire w, which pafles
into the vial, and they will every one be affe@-
ed alike with a painful convulfive thock. Let
them change places, and let the vial be eleétri-
fied again, and the effe&t will be the fame,

* This experiment was communicated to me by Mr.
G, Grabham.

SECTION
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S;E-C T.1.0 N XL
PROPOSITION XXV.

‘A Sall grofs bodies have their atmofphe-

rulee furrounding them; fo it is proba-

ble the particles of air, which are heterogenious

(or a collection of many kinds of bodies) have

atmofpharule fimilar to the fame kind of bo=
dies, which are groffer and larger.

For all bodies, whether {olid or fluid; have
their atmofpberule by the viit, viii®, and ix'®
fections, which atmofpberule will be (except-
ing fuch boedies as abound with unCtuons parti=
cles) nearly proportional to their denfities, by
propofition xviii. fe€tion ix. So that if a folid
of fluid be divided or feparated into any nums=
ber of parts, each part having light in its com=
pofition, may, by the a®tion of that light upon
the zthber without, have an armofpherula con-
ftituted, All bodies likewife, whether folid of
fluid, may have their parts{eparated from one.
another by the a&ion of heat. When the parts
of grofs bodies are feparated by heat, fermen-
tation, ot otherwife, and placed without the
teach of each other’s attra&ion, then the parti-
cles recede from one another, and may confti-
K tute
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tute air. 'When the particles of any body do
not cohere {trongly, and fuch is the cafe with
fluids, a fmall heat is {ufficient to feparate
their parts and turn them into vapours. Grofs
bodies are with the greateft difficulty brought
together, and upon conta@ they cohere moft
ftrongly. The particles of permanent air arif=
ing from fuch grofs bodies by fermentation re-
cede from one another with the greateft force,
And becaufe the particles of permanent air are
grofler and arife from denfer fubftances than:
thofe of vapours, thence it is that true air is
more ponderous than vapour, and that a moift
atmofphere is lighter than a dry one, quantity
for quantity, See Newt. Qpt. p. 372.

PROPOSITION XXVI

- A surricieNT number of fuch laft-men.
tioned particles, when placed in fuch a medium
as the @ther, may conftitute an electric fluid
{fomewhat fimilar to the atmofphere. of our
earth.

. SUPPOSE any number of grofs particles of |
different fpecific denfities, for example, five
orders, or, degrees: and the firft order of the
leaft. denfity, the fecond more denfe, . the third
denfer, the fourth denfer than the third; and .
the fifth denfeft. Now fuppﬂfe thofe parucles.
at a given diftance from the earth to be thrown.

cnnf-
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~ confufedly into fuch a medium as the @sber
~adting by the fame law that gravity acts: it is
evident that the denfeft particles will fall and
be neareft the earth ; but thofe particles having
at mofpherule much ftronger than the force of
gravity, will be kept frorh being in clofe con-
tat with the furface of the earth. The fifth
order then will be neareft the furface, and {up-
pofing thofe to cover a given area thereof, the
fourth, as being next in denfity, will prefs for-
ward, and reft upon the atmaofpberula of the
fifth : the third will prefs upon the fourth as
the fourth did upon the fifth: the fecond, as
being ftill lighter, will reft upon the third, and
the firft upon the fecond. All thefe will form
~ parallelplains (if the particles in each order are
of equal denfities) of an uniform denfity ac-
cording to the order in which it ranks: the
grofleft and denfeft particles, asobferved above,
being next the earth, whilft the lighteft will
be removed to the greateft diftance from it.
‘And as the fize of the particles of each order
- muft be fuppofed very minute, and confequent-
ly their atmofpherule nearer to an uniformity
than if they were ftill larger, they will be very
-eafily moved among themfelves on the leaft im-
pulfe, and herein they come under the defini-
tion of fluids. Suppofing then fome particles
of the firft order to be intermixed with others
3 : K2 of
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of the fifth, according to the laws of hydro-
ftatics they muft alcend, as being fpecifically
lighter than thofe of the fifth, fourth, third, or
even of the fecond order, and acquire {o much
motion as the accefs or defe@ of gravity is able
to produce, Again, thefe particles being very
minute may be looked upon as equal in their
denfities and diameters. Now as the denfity of
air is found to be nearlyequal, if not accurately
fo, to the force compreffing it, the elafticity
thereof will be in the fame proportion, the cen-
trifugal forces of the adjoining particles are re-
ciprocally proportional to the diftance of their
centers (an elaftic fluid, the denfity of which is
asthe compreflion, being compofed of fuch par=
‘ticles, by propofition xxiii, lib, ii. Newt. Prin-
cipia) the particles of @ther therefore, lying
in and between the particles of air, will be fub-
jeét to the like laws upon compreffion, and
confequently a fufficient number of the above-
mentioned particles placed in fuch 2 medium
‘may conftitute a fluid fimilar to the air in our
atmofphere,

PROPOSITION XXVH.

Ir into a veffel whofe atmo/pherula is very
great (for example glafs) be put any kind of
matter, and that be afterwards ele@rified, the
refiftance the eleGric matter will meet with in

pafiing.
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paffing out on compleating the circuit, feems
to be as the thicknefs of the glafs, the quantity
of non-ele@ric conta& with the glafs, and the
{um of their feveral azmofpharule ; to wit, of
the diflipator, the veflel itfelf, and the matter
contained within it.

By the feventh propofition the electric mat-
ter will pafs through a glafs that is thin, but
not through one that is thick 2. Tf the glafs be
very thin, the air alone contained within the
glafs may be eletrified, and a convulfive thock
will infue upon a perfon’s completing the cir-'
cuit. But this effe& from ele@rifying air will
not happen if the glafs be thick ; nay, though
it be only of fuch a thicknefs as that when
filled with filings of iron, it would produce the
ele&tric thock, It is plain then, that the thick=
nefs of the glafs is one circumftance always to
be regarded. The quantity of non-eleétric con-
tat, both on the infide and outfide of the vial,
1s another circumfitance to be regarded by pro-
pofition ix. 'That bodies are furrounded by an
atmofpherula which obftra&ts the exit of the
-~ eleCric matter,with differént degrees of firength;
according to the different denfity of the azmof-

~ * To make this experiment, nothing more is required
than to take a very thin vial which is dry, and put a cork
into the neck thereof, through which cork pufh the wire
W into the vial, and ele¢trify the air within it in like man-
ner as if it was ﬁiled with filings, quickfilver, or warer.

K3 pharula,
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pherula,appears from propofition xxi. The af-
mofpheerule of the diffipator may be increafed
{0 as to be more in number by propofition xxiii.
and made denfer or rarer at pleafure, by inter- .
pofing fuch bodies as refift the exit or entrance
of the eletric matter more or lefs. But fup-
pofing the difflipator in thefe experiments to be
one fingle piece of iron, there will then be only -
two atmofpberule to be overcome, together
with thofe arifing from the wire w, and the.
covering of the vial. Therefore the fum of
thofe refifting powers arifing from their atmof-
pharule are given. And in refpect to the lat-
ter part of the propofition, fince the refractive
power of bodies is nearly proportional to their
denfities, and the refra&tive power of air in pro-
portion to its denfity is near that of glafs, not-
withftanding its rarity : if you take away the
air, the refiftance which the eleCtric matter will
meet with in‘pafling through the glafs towards
the diffipator will be leflened : becaufe in this
cafe it will only mect with the refiftance arifing
from the internal and external atmofpberula of
the glafs.. But.on the other hand when air is
included within the fame veﬁel fince every
pamcle of air has an atmofpherula, the refift-
ance arifing from the azmofpherule of air muft
be added to the refiftancearifing from the atmofs
pbcﬁrﬂ!@' of the glafs, And therefore the refift-
ance
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ance given to the paflfage of the electric matter
will be greater or lefs, as a greater or lefsquan-
tity of air is included in the veffel. This is
confirmed by making the experiment,

LasTLy, the eleftric matter will pafs thro’
a thicker glafs filled with filings of iron, fo as
to give the electric fhock, when it will not pafs
through the fame glafs filled with air. Becaufe
the refiftance arifing from the atmo/pherule
of the filings is lefs than the refiftance arifing
from the atmofpherule of the particles of the
air, as the particles of the filings are larger than
the particles of the air: and on that account
there are fewer atmo/pharule to refift its paf-
fage ; therefore the propofition is true,

CoroLLARY 1,

Hence if the vial be very thick there will
be little or no accumulation, by propofition vii,
and confequently no explofion or convulfive.
fhock on a perfon’s performing the circuit with
his hands, prop. x. experim. 12. :

Cororrary IL

Wu en the filings of iron in the vial are
electrified, upon compleating the circuit three
or four times one after another fucceffively,
without electrifying afrefh, there will be but
one large explofion, and fometimes will follow
two or three very {mall ones; after which the
whole quantity of eledtric matter will appear

K 4 to
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to be diffipated, If inftegd of iron filings the
vial be filled with water, there will iffue 3
greater number of explofions, But the firft ex~
plofion from the water will be fainter than the
firft from the filings ; and the fecond and third
explofions louder than the fecond or _third from
the ﬁlings_:_ or in ather words, the explofions
from the water approach nearer in uniformity to.
one another, both as to loudnefs and degree of
light, than thofe from the ﬁlmgs But when
the included air only is eleCrified, the number
of the explofions will be increafed further, and
their degrees of loudnefs and light will be ftill
lefs than in the laft cafe: {o likewife they will
be more alike to one anmher as to loudnefs and
degree of ltghE

Q__ERY Do not thefe phzennmena. feemx-to
be owing to the different afmgfpésfmfpa fur-.
raundmg the particles of water and air, which
by their prefﬁng between occafion a greater re=
;ﬁi’cnnt:f: and thereby prevent the immediate
and total di{'ﬁpatimn of the eleGric matter ? For
take away the air, and accumulate the  ele@ric
matter in the vial by the wire w as bﬂfﬂrﬂ
upon compleating the circuit the whole accu-
mulated quannty will appear to be diflipated
and loft in one fingle explofion, which {eems
to be a ftrong argument for the truth of what
we have advanced, And when a body lofes

. ant
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any part of its original quantity of ele&ric mat-
ter, as in ‘propofition v. may not the eletric
matter, by reafon of the refiftance arifing from
the atmofpherule of the particles of the air be
one, if not the only, caufe why the eleétric
matter is not fupplied afrefh from the air fo
readily, though more of it be contained there-
in than in the body? And for the fame reafon
muft it not be retained in the body ? '

—u £
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 SEGTION XIL
PROPrOSITION XXVIII.

R O M ‘the different’ denfity of the amy
pherulz furrounding bodies, it is that
fome bodies are ele&tric and others non-elec-
tric; regard being always had to the texture of
the bodies, Such bodies as have the denfeft af-
mofpharule fuppofing them not fluid, moift, or
foft, arecalled eleérics; and thofe which have
the rareft af?ﬂﬂﬁbbﬁrﬁlﬁ, non-eleéiries,
~Thae truth of this propofition feemsevident
from what has been faid before; for it has been
proved that the eleftric matter pafies into or
out of thofe bodies moft readily, where the re-
fiftance given to its exit or entrance is the leaft ;
~apd the refiftance given to the exit or entrance
of
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of the ele@ric matter has been fhewn to arife
from the atmofpheerule which f{urround bo-
dies by feCtion x. and to be in proportion
to their different degrees of denfity. Thofe
bodies therefore whofe afmo/pherule are the
denfeft (and fuch are all eleGirics by propofi-
tion xvi.) have not the eleftric matter com-
municated to or accumulated in them to any

great degree without friction : whereas thofe

bodies whofe atmofpheruie are rare (and fuch

are called non-electrics)- will fuffer the eletric-

matter to pafs readily into, and be accumulated
in them, and that to a high degree by commu-
nication only ?,
| ¢y COROLLARY.
HEeNCcE it appears that the refiftance given

to the eleétric matter does not abfolutely arife

-

from the nature and quality of the internal and

conftituent parts of bodies, but chiefly from the

atmofpherule on their furfaces. . This will ap-

pear yet more fully hereafter.

PROPOSITION XXIX.

Any fluid included in a veflel may be elec-

trified, though the a¢mofpherule of many fluids

* It may be objected that this propofition is not fuffici-
ently proved: for if the atmo/pherule are proportional to
the denfities of bodies, gold, as it is the denfeft body, ought

‘to be a ftrong electric, whereas experience manifefts the

contrary ? - In anfwer to this, fee propofition xxx.
arc
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are much denfer than that of common glafs, as
may be gathered from their refrattive powers
being much. greater than the refractive power
of common glafs. This is the cafe with o1l of
olive, linfeed oil, and {pirit of turpentine.
~ TraT all fluids are non-elerics is evident
from their being readily eletrified, asany one
may be convinced by putting the fluid into a
veflel, fetting the fame on wax, and letting a
wire or any other non-eleétric touch the bar
and the fluid in the veffel. For upon turning
the wheel, the like phznomena may be pro-
duced from the fluid, as was done from the bar
111 the firft experiment, fection i

BuT that a fluid whole atmofpherula is {o
very denfe thould be capable of being electrified
at all, may feem difficult to account for confift-
ent with what is before advanced ; to wit, that
bodies are rendered eleCtrics by the great denfity
of their atmofpherule ; together with a certain
texture of the body. For fome may afk, whence
it is that linfeed oil thould be a non-eleétric,
'.'md lafs an ele€tric, when the atmo/phzrula
‘W ¢he former feems to be much denfer than
that of the latter ? ' 'To which we anfwer, that
from all the experiments we have yet made of
“bodies being electric, in proportion to the den-
fity of the atmofpherule, this law, which holds
true in all folid bodies, does not obtain in fluids:

| one
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one reafon of which at leaft may be as follows,
That an alteration on the furface of fluid bo-
dies may be caufed by the action of the eletric
matter; fo that the atmofpherula may be ren-
dered rarer, or the refiftance to the entrance or
exit of the eleétric matter made lefs; when it
may not be the cafe if the body be folid, it be-
ing the property of fluids that their parts
fhould yield to any force impreffed upon them,
and by yielding, to be eafily moved among
themfelves,

N, B. Tuk blaft refembling wind feems to
arife from the particles of air being put into a
violent rapid motion by the ifluing of the elec-
tric matter, which muft neceffarily be greateft
at points, edges, or angular terminations, as
the ele@ric matter flows through them moft
readily. That the air is put into fuch a motion
appears from the two following experiments,

ExPperiMENT L
Fic. 19. reprefcqts a cork ftuck upon.a
needle, with fmall bits of paper let into jfs
fides, which ferve for fanes; when the oggr
end of the needle is fufpended by the magneric
virtue of a load-ftone or piece of fleel, it may
be eafily turned round with a very {mall force,
If the cork thus fufpended be brought near the
point of any body which 1s electrified, it will
be
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be turned round very quick, and continue to
do {o whilft the body continues to be eleCtrified.
ExperiMeNT IL

Tue fame cork fufpended by the magnetic
virtue as in the other experiment, when placed
in a large receiver exhaufted of air, will not
have the leaft rotatory motion, although it be
as near the fame ele@rified point as before,
But immediately upon fuffering a {fmall quan-
tity of air to enter the receiver, the cork will
turn round, and continue to do fo if the point
be continually ele@rified.

PROPOSITION XXX,

EcecTric bodies may be rendered non-
eleCiric by heat.

Proof by Experiments,

Tais is the cafe with wax, pitch, rofin, or
glue, when melted. For if in a large iron ladle
any of thofe bodies be thoroughly melted, and
the ladle be afterwards fufpended with a filk
line, or laid upon wax, there being a wire, or
fome non-ele@ric body fo placed, as to con-
duct the eleétric matter from the iron bar to
the center of the furface of the melted matter,
the ladle will be eleétrified; and an explofion
may be produced both from the ladle and the
melted matter. But as they grow cold they
~will be lefs and lefs eleCtrified : And when they

4 are
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are quite cold, there will iflue no explofion

from either of them ; ner will light bodies be
moved towards them, as before they would.

ExPeriMENT Il

To a glafs cylinder G (fig. 20.) open at both
ends, eight inches long, and about three wide,
I fixed at one-end a metal plate m, with a
{trong cement, of fuch a nature as that the ce-
ment would require a greater heat to melt it,
than is requifite to melt either rofin or bees-
wax, This I did to prevent fome melted rofin,
which I intended to pour in foon after, from
running out of the bottom of the glafs. Into
this cylinderl let drop a {fmall picce of metal
red hot, in order to keep the melted rofin whf:n
poured into the cylinder G from chilling too
foon at the bottom. I fet the metal plate, and
cylinder thus prepared on the earth, and then
filled the cylinder with boiling rofin (the fur-
face of which communicated with  the bar
by means -of - the wire w) upon turning the
wheel and bringing my hand towards the bar
no explofion enfued ; though the bar was fuffi-
ciently fupplied with eletric matter, as appear-
ed-from the explofions when the wire was
taken away. After ftaying {fome time till the
‘heat of the rofin was fomewhat abated, the
eleétric matter began to appear in fmall explo-
fions on my appmachmg the bar, and as the

heat
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heat ftill decreafed theexplofions grew ftronger;
till at length when the rofin was become quite
ftiff, the explofions were as ftrong as when the
wire and glafs were removed from the bar.,

ExperimeEnT IIL

InTo a coated vial of the fame kind with
that we have all along made ufe of, T poured
fome melted rofin (the vial being firft made
gradually hot to prevent it from breaking) till
it was nearly filled, and put the wire w into
it, then taking hold of the covering of the vial,
I electrified the melted rofin that was within
the vial, and on compleating the circuit, there
iflued a large explofion ; attended with a con-
vulfive fhock. As the heat decreafed, the ex-
plofion and fhock became gradually lefs; till
at laft I was not able to caufe any explofion or
fhock by compleating the circuit.
' ExperiMENT 1V,

Grass, when heated much, is alfo a non-
ele@ric. This I tried at a glafs-houfe by vari-
ous experiments in the following manner.

Having fixed the electric apparatus M, and
ordered the wheel thereof to be continually

turned, that the ele€tric matter might be con-
tinually fupplied to the bar, I defired one of
‘the workmen to take out of the furnace as
~much of the hotteft melted glafs with an in-
ftrument they call a blowing-iron or pipe, as

5 would
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would cover the end thereof four or five inches
thick, and to deliver it to another workman
who ftood upon a board fupported by bottles,
This laft perfon was continually eletrified by
means of a wire which paflfed from the iron
bar to him, and that in a very ftrong degree,
before he took hold of the blowing-iron with
the hot glafs at the end of it. On my approach
towards the thickeft part of the melted glafs,
with a bar of iron, an explofion enfued, and
that as often as I approached it. But the ex-
plofion became weaker as the glafs.cooled, till
at length no explofion could be preduced.

ExPERIMENT V.
I now laid the bar of iron in my hand upon

the thickeft part of a freth quantity of melted
glafs, and approaching with my other hand the
blowing-iron which was held by the perfon
ftanding on bottles; no explofion enfued : but
as the glafs cooled, the ele@ric matter began to
appear. in explofions from the blowing-iron ;
which explofions inecreafed in loudnefs and
~ light as the glafs grew colder.
ExpreriMENT VL

A PERsON who was continually eleétrified
from the bar took hold of the blowing-iron, on
which was gathered a frefh quantity of melted
glafs. Immediately to this I applied a piece

of iron, and drew out from the glafs a flender
- " thread
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thread of above four feet in length. During
all the time of drawing it out, no figns appear-
ed of there being any electric matter in the per-
fon. But foon after (for the thread of glafs was
prefently cooled) the perfon was ftrongly elec-
trified.

ExperimeNnT VII,

I orDERED another piece of melted glafs to
be gathered, nearly equal in quantity to the
former, and having ele@rified the filings in the
vial to the greateft degree, I placed the melted
glafs' (which was better than four inches thick
round the end of the blowing-iron) f{o as to
make up a part of the diffipator, (See fig. 21.)
Upon compleating the circuit, an explofion
enfued, and near the whole quantity of elec-
tric matter was diflipated; in like manner as
when the circuit is compleated with a bar of
iron, or a wire only. But thefe effets were not
produced when the glafs became colder ; even
though the glafs was not a quarter of an inch
in thicknefs.

ExperimenT VIIL
I RePE ATED this laft experiment, but did not
cleCtrify the filings in the vial {o ftrongly, and
inftead of compleating the circuit with metal,
I did it with my hands, when I felt the ufual
painful fenfation and convulfive fhock in my
arms and acrofs my breaft,

Exre-
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ExperiMENT IX, |

I TRiED the fame experiments with a large’
piece of heated amber, inftead of melted glafs,
and found the effects to be much the fame as in
the foregoing experiments.

‘Uron the whole of thefe experiments, doth
it not feem, that, was fpirit of turpentine, or
lintfeed oil, and many other fluids, to become
hard and dry folids, they then would become
{trong electrics? M., Boyle, found by evaporat-
ing about a fourth part of good turpentine,
that the remaining body, when cold, hardened
into a tranfparent gum, almoft like amber,
which proved electrical : and by mixing two
fuch liquors as petroleum, and a ftrong {pirit of
nitre, and then diftilling them, he obtained a
brittle fubftance, as black as jet, which alfo was
an electric. He likewife found that a glafs
made of the afhes of antimony, and alfo a glafs
made of lead without any addition, had the
fame eletrical properties with other glafs. The
glafs of lead, he obferves, might eafily be
brought again to afford malleable lead, which
1s a_non-eleétric body. See his Mechanical
Produltion of Eleitricity.

By boiling turpentine and water together,
which are two non-ele&rics, an hard tranfpa-
rent {ubftance is produced called Colophony,
T'his will move light bodies like amber upon

friction;
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frition ; but if it be reduced into a fluid ftate
again by melting, then it becomes a ftrong
non-electric : as appears from its conduing
the elefiric matter to other bodies, in like man-

ner as iron, lead, or any other metal. a

PROPOSITION XXXIL

Such folid bodies as are exceedingly elaftic,
and whofe furfaces are fmooth, regard being
always had to the light which enters their
compofition, a& more ftrongly and uniformly
upon the electric matter, as well as upon light,
in refracting and refleéting it, than bodies that
have thofe properties in a lefs degree, and whofe
furfaces are not {o even.

For a diamond, which is a body highly ela-
ftic, is alfo highly electric, and it reflets and
refracts light more copioufly than any other
body. Glafs is not fo hard as a diamond, it
is therefore probable, that it is lefs elaftic ; and
we are certain that it is not fo highly elec-
tric: nor does it reflect and refrac light fo co-
pioufly as a diamond.

Wax, though a body of a different nature
from vitreous bodies, yet agrees with thofe bo-
dies in being an ele@ric, and repelling the elec-
tric matter.. It is not fo ftrong an electric as
-glafs, though its refraltive power exceeds the

refra@ive power of ¢lafs confiderably; one
L 2 reafon
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reafon of which may be its want of hardnefs,
For glafs, as well as wax, when brought into a
liquid, or foft form, become non-eleétrics: and
as they cool and recover a folid form, they be-
come again electrics, See propofition xxix. An-
other caufe of the difference between eleétrical
bodies in their effects, may be the different
{fmoothnefs of their furfaces, for the furface of
a diamond is much {fmoother than the furface of
glafs; as may be gathered from its reflecting
and refracting light more copiouily, becaufe
the rougher any fubftance is, the lefs regularly
will light be refleted from it. - If this be true,
with refpect to light, why may it not in fome
degree hold true with refpet to eleéric matter ?

From the fame principles we may explain
the difference between a diamond and amber:
for was amber equally hard with a diamond, it
1s probable it would be 2 much ftronger elec-
tric than a diamond; as its refractive power, in
proportion to its denfity, is fuperior to the re-
fractive power of a diamond, in proportion to
its denfity,

PROPOSITION XXXII,

EcecTRrIC matter may be accumulated in
clectric bodies.

For, when a diamond is rubbed in the dark,
it appears luminous, ‘and attracs and repels
light
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light bodies, and thefe effects continue for fom®
time after the rubbing ceafes, which could not
be the cafe, if elecric matter was not accumu-
lated within it2. How the eletric matter is
‘accumulated within the diamond, may be un-
derftood from propofition xvi. For by friction
the atmofpherula of the diamond, and of the
rubber, which are in contact with each other,
are both rarified, whence the eleltric matter
flowing from the rubber, muft pafs with eafe
from it into the diamond. But the azmofphce-
rula on the other fide of the diamond not be-
ing rarified, at leaft to that degree, the electric
matter cannot pafs out of the diamond fo eafily

as it pafles into the diamond: and therefore
may be accumulated,

2 Let a large diamond be cemented to the end of a cy-
linder of glafs, or wax, eight or ten inches long, and upon
a cake of wax let there be placed a cufhion which is made
of hair and filk. If a perfon takes that end of the cylinder
of glafs in his hand, which is fartheft from the diamond,
and rubs the diamond upon the cufhion, the diamond wil}
not appear fo luminous, neither will it a¢t fo ftrongly upon
light bodies, as when it is rubbed upon a non-eledtric.

THE effect, with refpect to the electric matter’s acting
upon light bodies, is much the fame, if, inftead of a diamond,
amber be made ufe of after the like manner; and it is pro-
bable, was amber equally tranfparent with a diamond, it
would appear equally luminous.

L 3 - THE
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TuEe fame effects are obferved, though in a
leffer degree, upen rubbing glafs, The reafon
why thefe effects are not fo ftrong, feems to be,
that the atmoftherula of glafs is not ftrong
enough to confine it within the body, but fuf-
fers it to pals out more freely than the dia-
mond.

TuAT the accumulation of cleétric matter
in bodies ele@rified arifes from the refiftance
being lefs where the electric matter enters than
where it pafles out, may be farther illuftrated
from what follows.

EXPERIMENT.

IF the glafs G (fig. 1.) be exhaufled of air,
and afterwards rubbed with a hand or cuthion,
the infide of the glafs will appear luminous.

THE reafoning made ufe of in the xvith and
laft propofitions, feems to hold equally true
here; for the refiftance on the outfide of the
glafs, which arifes both from its atmofpherula
and the furrounding air, being greater ‘than on
the other fide of the glafs, when the air is
taken away, the eleCtric matter thould pafs
where the refiftance is leaft, and thzs appears
to be the cafe in the exhaufted glafs.

IF it be fuppofed otherwile, to wit, that the
eletric matter accumulated between the pores
of the glafs, pafles out into the air, furrounding
the outfide thereof as readily, or nearly fo, as

inta
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into the exhaufted cavity ; in fuch cafe the re-
fiftance given to itsexit out of the glafs arifing
from the atmo/pherule of the air-and glafs,
ought not to be greater than in the other cafe.
But this feems to be otherwife ; for the accu-
mulated ele€tric matter in the pores of the
glafs, paffing from thence into the exhaufted
cavity of the glafs, is oppofed by the afmofphee-
rula of the glafs only: whereas the outfide is
oppofed by the atmofpherula of air as well as
glafs; and air, we have fhewn, atually retards
or oppofes the paffage of eleCtric matter, as well
as the atmofpberula. Therefore fuch a fuppo-
fition cannot be true.

THis {eems to be farther mamﬁ:ﬁed from

the following experiment. For, if during the
rubbing of the exhaufted glafs, light bodies be
brought near it, fuch as pieces of leaf gold,
down, feathers, &c, they will not be acted
upon, and moved towards the glafs fo ftrongly,
as they otherwife would, was the glafs not ex-
haufted.
- Query. Whether this luminous appearance
on the infide of the exhaufted glafs is not moft
vifible when the air therein is rarified to a cer-
tain degree ?

L4 PROPO-
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FRz0:P:0 S Bd ON. XXX

WHEN a non-cleétric body, which is not
eledtrified, is made to approach {o near to one
eleGrified, that the force arifing from the elaf>
ticity of the electric matter within the body is
greater, in that particular part of the body (by
its endeavouring to pafs into the body which
is not eleCtrified) than the force arifing from
the elafticity of its atmo/pherula, it will pafs
off with a fudden motion, and be condenfed
more and more as it approaches the electric
body ; till at length an explofion follows.

For as foon as the elaftic force arifing from
the accumulated eletric matter is fufficient to
overcome the elaftic force arifing from the a7~
mofpherula, by which the electric matter is
.fe?ained in the bedy, and the leaft guantity
thereof moves towards the approaching body,
the force with which it tends to the latter, in-
creafes every inftant, and caufes a greater con-
denfed focus of that eleétric matter, whilft the
force arifing from the etmofpherula decreafes;
confequently the eleCric matter muft pafs off
fuddenly, and not by degrees: and after com-
ing into the air between the bodies, caufe an
explofion by virtue of a fulphureous matter
that is carried along with it. See corrol. ii. prop.
xvil, :

SECTION
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S°EC T 1 ON, XIIL
PROPOSITION XXXIV.

H E eleétric matter pafles both into and

out of bodies which have points, edges,
or angular terminations, more readily than it
does into, and out of bodies of the fame kind
which have no points, edges, or angular termi-
nations.

Tue truth of this is manifeft from feveral
experiments following the vii** and xxii! pro-
pofitions. '

ProBLEM.

LicuT bodies moved to a body eleétrified,
may be detained there by appofing fine points
or edges to them at a confiderable diftance:
and if blunted or obtufe points or edges of the
fame kind be appofed at the fame diftance,
thofe light bodies will be no longer detained,
but will recede from the ele€trified body. And
upon appofing fine points or edges again, the
light bodies will be forced back again to the
electrified body.

ExperiIMENT L

2 AT a foot diftance (or thereabouts) from

the bar B B (fig, 22.) hold a feather, ora piece

2 Mr. Fobn Canton made feveral curious experiments of
the fame kind with this,
of
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of down D, and when it leaves the hand, or is
moving towards the bar, appofe the point of a
needle, which is not electrified, at fifteen inches,
or a greater diftance from the bar; but {o that
the down D may be between the bar B B and
the point of the needle P. "The down D, in
this cafe, will be driven quicker and clofer to
the bar B B than if the needle was not ap-
pofed : and the down may be detained there
for any time by continuing to hold the needle
in the fame pofition ; notwithftanding the elec-
tric matter moves from the bar BB to the
needle P. See obferv. v, prop. 7.
ExperiMeENT Il

HoLprng the needle at the fame diftance as
before, turn it, fo that the eye or head thereof
may point towards the bar B B, and the down
D, and immediately on doing this the down
will be no longer detained at the bar, but will
recede or drop from it.

ExperimenT III

Taxe two downy feathers, as nearly equal
in fize and weight as can be had, and place
them at fuch a diftance from the bar BB, as
that the ele@ric matter ifluing from the bar
{hall be able to move them towards the bar;
and let one of thofe feathers be feparated from
the other two feet at leaft. Then when the
feathers begin to move towards the bar, let the

poing
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point of a fine needle be appofed to either of
them ; immediately on doing this, the feather,
to which the needle is appofed, will be driven -
to the bar, and detained there: whilft the other,

inftead of approaching the bar, will recede or

fall down, and remain unmoved, while the

needle is held in the fame pofition,

N. B. In thefe three laft experiments, we
fuppofe the wheel to be continued turning all
the time.

T o explain thefe phznomena from the
principles we have been endeavouring to efta-
blith :

Suprosk an elaftic medium to be diffuffed
through any given fpace, and a cone BB P (fig,
22.) to be formed therein by the motion of
particles of the fame kind propagated from the-
furface of a body BB (fituated in a part of that
{pace) in fuch a manner as afterwards to tend
to a point P. The action of a fluid thus mov-
ing and conftituting the cone, will caufe the
elafticity of the particles furrounding it to be-
come greater, confequently the fluid will be
denfer on the outfide of the cone than in any
part of the cone itfelf. And it will be rarer at
the center of the bafe of the cone than in any
other part of the cone: and in receding from
the bafe to the vertex, its denfity contmually
mcreafes A lxght body then Placed in the cone,

cannot
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cannot pafs out of it into the circumambient
condenfed fluid, but muft be forced clofe to
the center of its bafe; notwithftanding the
motion of the fluid is contrary, to wit, from
the bafe to the vertex. Now, why may not the
ether be the elaftic medium diffufed in the
manner {uppofed above, and the needle’s point
be confidered as the vertex of fuch a cone
whofe bafe lies at the eletrified body BB.
The electric matter then will be denfeft at the
point of the needle P, lefs denfe between the
needle’s point and the bar BB, and rarer ftill
at the bar B B, confequently the down D, or
any other fuch light body, when placed be-
tween BB and P, muft be forced to the elec-
trified bar BB; detained there, and prefled in
a manner clofe to it, fo long as the needle
is held in the fame pofition, and the body is
continued to be eletrified.

Hence may be feen the reafon why both
the feathers mentioned in the third experiment
do not exhibit the fame phznomenon,

Ir an obtufe or broader pointed body (which
muft now be looked on as the fe&tion of
a cone) be appofed, as in the fecond experi-
ment, as the furface is hereby increafed, the
area of the atmofpherula will be larger like-
wife ; and the refiftance arifing from it will be
greater (fee prop. ii.) therefore the electric mat-

feg
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ter will not tend towards it with fo great a force
as in the other cafe, becaufe it cannot diffipate
fo faft by this obtufe point; but muft pafs off
in other places where the refiftance is lefs, by
propofition vii. and xvi, Now as all action be-
tween bodies is mutual and equal, and only a
fmall quantity of electric matter pafles towards
the obtufe point, the force arifing from this
{mall quantity muft be weak and infignificant ;
and the force with which the down will be re-
pelled from it to the elecrified body will be fo
too: nor can it poffibly, as in the other cafe, be
forced back towards the electrified body (unlefs
the obtufe point be moved nearer 1t) for the re-
pelling force arifing from the electric matter in
this cafe will be greater between the feather
and the electrified body, than between the fea-
ther and the obtufe point.

Wu AT has been faid already in regard to
pointed bodies, we think, may be fufficient for
explaining the various ph@nomena producible
therefrom : we fhall only mention two or three
experiments more of this kind, which are
equally furprifing, and leave the application of
them to the reader,

EXxPERIMENT.

Ir a very fine downy feather F (fig. 23.)
with long fibres, be fixed upon the bar B B,
and eleétrified, the fibres will be ftretched out

in
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in many diretions, all of them receding from
one another. INow if a perfon ftands on the
floor at the diftance of two or three feet (nay
fometimes more, when the machine ele@rifies
ftrongly) holding a needle N, finely pointed,
with the point towards the feather F, the fibres
thereof will be forced clofe together (as if they
were prefled) but always moft on that fide
which is neareft the needle, If the perfon, in-
ftead of ftanding on the ground, ftands upon
wax, the effects will be weakened greatly. '

ExPERIMENT.

Acain, if the perfon ftanding either on the
floor or on wax, turn the needle, fo that the
head thereof may point towards the feather, the
fibres will then recover nearly their firft form,
or pofiticn, and be ftretched out again in many

direCtions, without any other change of cir-
cumftances. But if the head of the needle be

brought confiderably nearer the feather, then the

fame phznomenon will infue as happens from

the fine points, though in a weaker degree.
EXPERIMENT.

Ir a down feather, of the fame kind with
that made ufe of in the laft experiment, have
a thread four or five inches long faftened to it,
fo that the thread may hang from the feather
as many inches, the feather will be moved to
the bar, and be fufpended ; where it will con-

| tinue
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tinue whilft the bar is continued to be am;? '
- fied. Butifa perfon who is eleCtrified with 3
pair of fciffars in his hand clips the thread off,

the feather will immediately fall, or be repelled

from the bar,

&.E G T LON XTIV,

PROPOSITION XXXV,

IG H'T bodies, fuch as down, leaf gold,

leaf filver, &c. which in the open air are
moved or forced to bodies ele€trified, will -

not be affeGted in like manner in vacuo, nor

when the air is confined : provided the vefiel

in which the light bodies and the eleGrified
body are put, be fet upon an electric body. |

- ExXPERIMENT,

Surrosk C (fig. 24.) to reprefent a glafs cy-
linder, to both ends of which A and B = are
clofely cemented two plates of metal. On the:
plate B is fcrewed a ftop-cack. Set this cylin-
der, having firft exhaufted the air, and dried

* N. B, The plates A and B thould be cemented to the
glals, and not laid on with wet leather, unlefs it be with oil;
but even that mult be ufed fparingly, becaufe the moifture
may adhere to the fides of the glafs, and thereby prevent the
experiment fucceeding,

the



160 A Treatsfe on Eleiiricity.

the glafs very well upon wax w, ftanding upon
the end A, there being firft fome very light
body laid within the cylinder at the bottom A,
and the in and out fide of the cylinder being
well dried ; then let a perfon ftanding upon an
eleCtric, take hold of the moveable wire M,
which is fo contrived as to be puthed up or
down, as occafion may require, without admit-
ting the air. In fuch circumftances, the per-
fon and wire being both eletrified, the leaf
gold will not be raifed from A, even though
the wire M be moved extremely near to it. Nor
does letting in the air feem to make any kind
of difference.

N. B, WE have not been able to find that
cylinders of different lengths, or different dia-
meters, produce different effets from what was
obferved in the laft experiment. For upon
making ufe of a cylinder two inches wide and
forty inches long; and another of ten inches
wide and fifteen deep, the leaf gold placed at
one end, would remain there, though the elec-
trified wire M was moved very near to it in each
experiment.

PRIOPOSTEE 1O NXXXVE

" LicuT bodies, fuch as down, leaf gold,
Jeaf filver, &c. when placed in a glafs vefiel
which ftands upon a non-eleétric, will be differ-

3 ently
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ently affeted by an elerified body, placed
likewife in the fame vefiel in air and in vacue,
In air, they will be moved towards the electri-
fied body, and in vacuo they will not,
ExperimMENT L

InToa cylinder of glafs, eighteen inches long
and eight inches in diameter, I put a little leaf
gold; and afterwards cemented a plate of me-
tal to each end of the cylinder : one of thofe
plates had a ftop-cock fitted to it; and in an-
other part of the fame plate there wasa collar
of leathers, through which was put a wire of a
confiderable length., But before the plates were
cemented, I hung a fmall ball of metal to that
end of the wire which was within the cylinder.
Then fetting that end, at which the leaf gold
was laid, upon the ground; after having ex-
haufted the glafs, I ele@rified the other end,
by letting a chain, which hung to the bar, com-
municate with the brafs at the upper end of the
glafs ; whilft at the fame time I ftood upon
wax, and held in my hand the end of the wire
which paflfed through the collar of leathers.
Upon moving the ball nearer to, or farther
from the leaf gold, as I thought proper, I did
not find in any of the trials that the leaf gold
ever left the bottom plate : though I was con-
vinced in every trial, from the explofions which
were caufed fometimes from myfelf, and at
| M others
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others from the wire, by the approach of a non-
ele€tric body, which was not eleétrified, as well
as from other effeCts, that there was more than
a fuflicient quantity of eleCtric matter in the
electrified ball to move the leaf gold.
ExperimenT IL

HAvING an opportunity of trying the lait
experiment with a glafs of a larger fize, and of
the thape reprefented by the 25t figure, it be-
ing about fourteen inches deep, and about
twelve inches wide in the broadeft part, I re-
peated the experiment ; but, inftead of cement-
ing the metal plates, I moiftened a leather for
each plate with a little oil, and inftead of re-
moving the glafs from the air-pump, as was
done in the laft experiment, I continued it upon
the pump, and caufed a chain which was fixed
to the bar to communicate with the wire and
ball in the glafs. Upon turning the wheel, and
obferving the degree of ftrength of the eleéiri-
fying power in the wire, I found the experi-
ment to fucceed in the fame manner as was
mentioned in the laft experiment,

ExpeErimenT IIL

Uron letting in part of the air, the leaf gold
immediately moved from the bottom towards
theelectrified ball, but not fo vigoroufly as when
the whole air was let in: but even in this cafe

the motion of the light body towards the elec-
I trified
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ExprriMeENT V,

Uron making ufe of a cylinder three feet in
length and four inches in diameter, the other
circumftances being the fame, I did not find
any difference in the experiment, whether the
air was exhaufted or not, excepting a very weak
trembling motion of the leaf gold, which was
obferved in both cafes.

ExperiMmeNT VI

ON trying the fame experiments with a cy-
linder of glafs eighteen inches long, and five
inches wide : the leaf gold appeared to be af-
feCted very near alike, whether the air was
taken away or not. For when the air was
taken away, the leaf gold feemed to thew the
like trembling motion as mentioned in the fifth
experiment; and when the air was let in, that
motion feemed not much increafed: but the
leaf gold never left the bottom of the cylinder
in either of thefe cafes.

In thefe laft experiments, when the feveral
cylinders were exhaufted, I tried whether their
outfides were eleérified ; and if they were,
whether letting the air into the cylinders made
any difference. I found that their outfides were
ele¢trified, and more highly fo when the air
was taken out of the cylinders than when it
was not.

I LIKE-
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I rigkswrse tried whether an explofion
could be produced in vaczo with the fame fuc-
cefs as in air ; and found that when the air was
taken away, there was no explofion.

PROPOSITION XXXVIL

A L1GHT body may be {fufpended between
two bodies, the one electrified, the other not,
in fuch a manner, as that it fhall not touch
cither of them: and fhall always be farther
from the electrified body than the body which
1s not eleCrified, whether they be inverted or
not. And the diftance from the elecrified body
will be always greater or lefs, as the two bo-
dies are more or lefs elecirified.

ExperiMmMeENT L

Ir leaf gold, leaf filver, or any other light
body, G (fig. 26.) be held near a plain of metal
P, which is eleérified, it will be moved towards
- the plane; and when G becomes equally elec-
trified, it will recede from P (fee experim. vii.
fect. 1i1.) But if another plane of metal P,
which is not to be ele@rified, be held parallel
to P, at about fix or eight inches diftance, fo
that G may be between them (nay, fometimes
at a much greater diftance) the light body G
will be fufpended between the two planes P
and p. Andif P and G are electrified to a
great degree, the diftance of .G from P may be

M 3 mads
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made greater than when they are electrified to
a lefs degree.

ExperiMENT 1,

Ir a perfon ftanding on wax, holds the plane
p in his hand, the diftance at which G will be
fufpended from P, decreafes as the perfon be-
comes more and more eleétrified: this appears
from the perfon’s being obliged to move the
plane p nearer P, in order to keep the body G
fufpended. But when the perfon and the plane
p becomes equally ele@rified with P and G,
then G will not be fufpended, but remain at
reft.

In order to explain thefe experiments, let us
fuppofe the eletric matter in a body, as it
rufhes out on the @ther furrounding it, toform
a kind of atmofphere, which is of greater or
lefler extent as the body is more or lefs electri-
fied (fee experim. vii. fect. 1i1.) When therefore
two bodies are electrified to a great degree, the
diameters of their atmofpheres (if they may be
{o called) and the refiftance arifing from them
will be greater, than when they are eletrified

toa fmall degree, and confequently the greater
- will be the force with which they recede from
each other. Now, if two bodies of unequal
weights, fuppofe P and G, be equally electri-
~fied, and a third, which is not eleérified, fup-
- pofe p, be appofed, asin the firft experiment

In
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In fuch circumftances we find that G will be .
fufpended. And it will be nearer the non-
electrified body p than the electrified body P :
becaufe the refiftance arifing from the atmn/~
pherula of p, is lefs than the refiftance arifing
from the electric atmofphere of P. And this is
farther confirmed from obferving that upon
cle@rifying p equally with P, as in the fecond
experiment, G continues no longer fufpended,
but falls down by the force of gravity, the forces
arifing from the electric atmofpheres of P and
p, being now equal, and deftroying each
other.

Note, If G be very light, it may be fuf.
pended without the affiftance of the plane p,
provided fome other non-eleéiric body be with-
in four or five feet of the plane P, towards
which non-electric G will always tend. The
reafon we have given before, feems to hold e-
qually true in this cafe; for as the air may be
electrified, and G tends towards the non-elec-
tric, the refiftance arifing from the azmo/phce-
rula of the air and the non-eletric muft be lefs
than the refiftance arifing from the electric at-
mofphere of P. This is likewife confirmed
from obferving, that upon removing the non-
eletric to a much greater diftance, G no
longer continues fufpended.

M 4 ExpE-
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_ EXPERIMENT.

IF two, three, four, or more pieces of leaf
gold, leaf filver, or any other light bodies, be
placed between the two planes P and p, as in
the firft experiment, when P 1s electrified they
will be fufpended between the planes, but at a
confiderable diftance from each other. For the
atmofphere of electric matter furrounding each
piece, repels its neighbour, and prevents them
coming together, or approaching nearer to one
another, though their feveral diftances from p,
are nearly equal,

N. B. In the making of this experiment,
when the turning of the wheel, or the fupply
of electric matter is not equal, fometimes two
or more pieces of leaf gold will approach one
another, and endeavour to form one continued
line or ftream of non-eleétric matter from P to
p, by which means the eletric matter will
flow more readily from P to p ; and oftentimes
at that inftant, moft, if not all, of the other
fufpended bodies drop down and remain at
reft,

WE have proved, that under certain cir.
cumftances, thin electric bodies refift or oppofe
the entrance of ele@ric matter lefs than bodies
of the fame kind that are thicker.

WE have likewife thewn, that upon heat-
ing ele@ric bodies they are rendered non-elec-
tric, QUERY,
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Query. May not thefe different effe@s ob-
~ {erved between thick and thin eleCtrics of the
fame kind ; for inftance, thick and thin cakes
of wax, arife principally from the different
quantities of light contained within different
quantities of the fame matter ? ;

Anp may not the different effects obferved
in electric bodies, when moiftened, heated, or
made fluid, from what are obferved in the fame
bodies not affeCted by moifture or heat, arife
from fome change in the atmofpherule of the
bodies, or in the texture of the parts of the
bodies themf{elves ?

PROPOSITION XXXVIIIL

Ir a given quantity of eleGtric matter was
to pafs dire&ly through any number of bodies
of the fame kind, placed in a right line of a
given length, fo that their diameters may mea-
fure the whole length of the line, the refiftance
given to its pafling through them will be leaft
when their diameters are the greateft, and
greateft when their diameters are the leaft ; or
in other words, the refiftance will be leaft when
it pafles through the leaft number, and greateft
when it pafles through the greateft number,
both meafuring the fame length,

For if the refiftance given to the exit or
entrance of the elefric matter in non-electric

bodies, arifes only from the m‘mg@fwmig {ur-
i ' rﬂunding
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rounding them : and if the refiftance is the
fame in bodies of the fame kind, whether they
are large or fmall : it is evident the lefser num-
ber of bodies the electric matter paffes through,
the lefser alfo muft be the number of afmof~
pheerule, and confequently the lefser the refift-
ance. But we have fthewn that in bodies of
the fame kind, whether they are large or fmall,
the refiftance arifing from their atmofpherule
is the fame.

To illuftrate this, let A, L (fig. 27.) repre-
{fent the line given, B, C, two {pheres, and a, d,
a, v, the ﬂfﬂif{/ﬁﬁﬁf?’ﬂféﬁ' furrounding them. If
now a particle of matter be fuppofed .to pafs
along AL through B and C, it muft pafs
through four atmo/pberule only, to wit, a, d, 2,
v ; whereas there would be many more for it
to pafs through were there a greater number
of bodies of {maller diameters placed in the
fame line®,

Now the larger the body is, which a given
quantity of electric matter is to be expanded in,
the more that quantity will be rarified (fee

= Since the refractive power of air is continually the fame
in all parts where the denfity is given ; and as-eleétrical ex-
periments are for the moft part made in {paces where the
denfity of the air differs very little, the force which refifts
the entrance of the clectric matter into the particles may be

fuppofed equal in the feveral particles. -
expcnm,
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experim. ix. fect. iii.) and the more it 1s rarified
the lefs it will oppofe the entrance of a frefh
fupply of 'eleCtric matter. Hence we may ga-
ther the reafon, why the eleCtric matter in a
body may have a ftronger tendency to pafs into
orofs bodies, fuch as gold, filver, lead, iron,
brafs, copper, tin, and all other metallic bodies,
moift and fluid fubftances, and more particu-
larly into the earth itfelf, than into dry air,
THAT air refifts the paflage of the eletric
matter will be farther illuftrated from the fol-
lowing experiments.
ExperiMENT L
To each end of a hollow cylinder of glafs G,
about eighteen inches long (fig. 28.) and about
five inches diameter, let there be fixed with ce-
ment two plates of metal B and C: through a
hole in one end, fuppofe B, in which there is a
collar of leathers, a wire w is to pafs, which
may be moved higher or lower at pleafure, in
like manner as was directed in the experiment
following the xxxivth propofition. Let there
be likewife on the outfide of one of the ends a
ftop-cock to {crew on to an air-pump, in order
to extradt the air out of the cylinder. In fuch
circamftances either end of the cylinder may
be electrified. Now upon electrifying either
end (the room being dark) when the air is not
exhaufted, no light will be feen to pafs from
the
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the wire w to the oppofite end of the cylinder
C, or from C to the wire w; whereas, if the
air 1s exhaufted, and B is ele@rified, then a
ftream of light appears to pafs between the wire
w and the oppofite end C, reprefenting a cone,
whofe apex is at 'the end of the wire w at D,
and the bafe at C,
ExperimEeEnT IL

LeT one end of a thin tube of glafs (fig.29.)
two or three feet in length, and two or three
inches in diameter, be hermetically fealed, for
example, at A; and to the other end B, let there
be fixed a ftop-cock, and let a itraight wire
BC, fix or eight inches long, be fixed to B, fo
that it may lie in the axis of the tube, Now,
_ if the tube exhaufted of air, be fufpended with
filk lines, and afterwards ele¢trified, upon hold-
ing a non-ele€iric body at the end A, a light
will iffue, which will feem to pafs from the
wire towards A, even though the diftance be
more than two feet, and the atmo/pherule of
the outer and inner {urface of the glafs are in-
terpofed between the wire and the non-elec-

tric body without,

BEECTION
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SEC T 10 N XV,

ITHERTO we have been endeavour-

ing to eftablith certain principles from
experiments and obfervations. And though all
of them may not be ftrictly true, yet we hope
that moft of them may afiift others in their in-
quiries after truth. What follows is an appli-
cation of thofe principles towards explaining
the caufe of gravitation, and fome other phe-
nomena. I am fenfible that many may efteem
this an extravagant undertaking : but as every
attempt to promote ufeful knowledge is truly
laudable ; and what I have delivered is pro-
pofed only as queries ; I hope it will meet with
that indulgence and candour, which are the in-

{feparable attendants of dlﬁmgmﬂ}ed fenfe and
learning,

PROPOSITION XXXIX

SINCE gravitation is fuppofed to depend
upon the graduation of the denfity of the 2-
ther, it follows, that the more that denfity is
increafed, the greater will be the force of gra-
yitation.

Ir the @ther be diftufed, as Sir Ifzac Newton
fuppofes, this propofition is felf-evident.

PROPO-
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PROPOSITION XL.

Ir @ther be accumulated within a body, and
the wther f{urrounding that body be equally
denfe, and afterwards pafles out from all parts
of the body equally, the denfity, and confe-
quently the preflure of the {furrounding @tber
will be increafed ; and this increafe of denfity
will be greater or lefs, as the quantity paffing
out is greater or lefs: and will continue fo long
as the @ther continues to pafs out of the body.

Ir we are able to accumulate the @tber, then
this propofition is alfo felf-evident.

PROFPOSITION, . XI1T,

Ir @ther be accamulated within a body, and
the denfity of the furrounding @tber be greater
on one fide of the body than it is on the other,
the accumulated @tber will pafs out in the
greateft quantity where the denfity of the fur-
rounding @ther is leaft, and in the fmalleft
quantity where the denfity of the furrounding
ether is greateft : or in other words, the accu-
mulated @zber will pafs out in the greateft
quantity where the refiftance is leaft, and in
the fmalleft quantity where the refiftance is
greateft : confequently if the vis inertie of the
“body be lefs than the difference of the prefiure
of the @ther, or than the refiftance on any two

fides
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fides of the body in any inftant, it will be
moved towards that fide, and in that direcion
where the preflure upon the body, or the re-
{iftance 1s leaft.

For, if pieces of leaf gold, fand, puwdered
glafs, rofin, or any other light bodies, A, whe-
ther non-ele@rics or eledtrics, are ele@rified,
and placed near a large non-eletric body B,
which is not eleérified, they will move towards
it with great rapidity. And if any other body,
which is fomething larger, be eleérified and
fufpended in a ftring, {o that it may hang in
the fame horizontal line with the non-eleric,
which is not to be eleCirified, the fufpended
body will move from its natural point of reft,
and tend towards the non-ele¢tric body, which
is not electrified. The refiftance on the fide
of A, next B muft be greater than the refift-
ance on the fide of A, which is fartheft from
B, from the @tber’s being rarer between bodies
than without them. But the expanfive force in
the accumulated @zber within A is equal in
every part, therefore A muft move towards B.

PROPOSITION XLIL

Ir when @ther is accumulated within a body
B, part of it be fuppofed to pafs from it into
another body A, in which the @tber is not ac-

cumulated ; the body A will begin to move
when .
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when the difference of the preflure of the
ether on any two of its oppofite fides becomes
greater than its vis inertie : and it will move
towards that fide where the preflure, or the re-
fiftance is leaft.

EXPERIMENT.

LeT a bar of iron reprefent the body B, and
be electrified, upon bringing near to the bar
pieces of leaf gold, fand, powdered glafs, rofin,
or any other light bodies, whether non-elec-
trics, or elerics which are not electrified, they
will move towards the bar with great rapidity.
And if any other non-eleétric body, which is
not eleCtrified, be fufpended in a thread, fo that
it may hang in the fame horizontal line with
the ele@rified bar, it will move from its na-
tural point of reft, and tend towards the elec-
trified bar.

For B, in this cafe, from its vis inertie be-
ing greater than the difference of the preffure of
the @ther on its two oppofite fides, cannot move
towards A. But the accumulated #fber in B
can pafs into A, asthere is no accumulation of
@ther in A, and may be there accumulated .
and the greater the accumulation is, the greater
will be the refiftance. This accumulated @tber
in paffing from A into the @zber furrounding
it, muft caufe a greater denfity or prefiure upon
the remote fide of the body. A, for example,

3 | at
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at x (fig. 30.) than on the nearer fide into which
the @ther pafles from B. And from this in-

creafed preflure, A muft of neceflity approach
towards B. L

Ir the wther continues to pafs from B into
A, and does not pafs out again fo readily, the
accumulated @ther in A will at length become
equal to the accumulated 27her in B: becaufe
A will rective continually the @#tber from B,
till the expanfive force of the accumulated -
ther in A becomes equal to the expanfive force
of the accumulated @#ber in B. And when

that happens, both bodies muft be equally elec~
trified,

PROPOSITION XLIIIL

WaEN the @ther is denfer between bodies
than without them, fo that the difference of the
denfity exceeds the wvis inertie of the bodies,
they will recede from one another, -

Now, when two bodies, fuppofe thofe men-
tioned in the third fetion, experiment vii, are
equally electrified, the @fber muit be denfer be-
tween them than on their outfides. For the #-
ther cannot pafs from A into B, or from B into
A, whilft the bodies continue equally eleétri-
fied. And it appears from experiment, that the
ether does pafs out at their remote fides, which
it could not do if the «zher was not rarer, con-

N fequently
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fequently the refiftance islefs on the outfide
of the bodies than between them; there-
fore if the wis inertie of either, or both, be
lefs than the difference of the denfity of the
eether, they muft of neceflity recede from one
another.,

THe truth of the preceding propofitions
contained in this fection, may be confirmed by
a great variety of experiments. But as they
are all pretty nearly of the fame kind with thofe
already mentioned, and as they all feem to be
explicable by the fame principles, I fhall only
fet down a few of the moft material ones,

ExperiMENT L

SupposE A and B (fig. 31.) to be fmall e-

qual balls of cork or metal, fufpended in lines

of filk, fifteen or twenty inches long, and hung
at about fix or eight inches apart. If one of

them, for example, A be electrified, they will
both move towards each other, and when the
denfity of the eleftric matter in one, becomes
equal to the denfity of the eleCtric matter in the
other, they will recede from each other.
ExperiMENT IL

Ir the fame balls be fufpended with thread
inftead of filk, and one of them, forexample A,
be fufpended on a non-eleGtric body which is
electrified ; whilft the other body B is fufpended
on a non-cle&nc, whzch is not to be electrified,

4 they
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they will . move towards, but never recede from
cach other, whillt any confiderable quantity
of ele@ric matter remains.

Tuge difference obferved between thisand
the laft experiment, is owing to the line and
the body to which B is fufpended, which in
this cafe are condutors of the eleétric matter.
For the eleétric matter pafiing into B, is con-
veyed by the thread into other non-eletrics,
and as faft as B receives it from A : {o that there
can be but very little if any difference between
the denfity on the infide and on the outfide of
the bodies.

ExperiMmEnT IIL

Ir the electric body A be fufpended with -
thread, and the other body with filk, then B will
move towards A, and A towards B: and when
B becomes equally electrified with A, both will
be repelled.

Tuis laft experiment is the fame in the ef-
fe with the firft, only that the electrified body
is {ufpended with thread inftead of filk.

ExperimeENT IV,
Ir A be fufpended by a filk line upon the

bar, and be eleGtrified by means of a wire,
which is to be removed as foon as A is elec-
trified : and B be fufpended by a thread line
~on a non-ele&ric body, which is not to be elec-
trified, they will move towards each other. On

N 2 the
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their near approach, the greateft part of the
accumulated ele@ric matter in A will be diffi-
pated, and in a very fhort time both A and B
will recover their natural points of reft.

For A having at firlt but a fmall quantity of
“accumulated electric matter, and when it lofes
any part thereof, being incapable of receiving
more from the bar on account of the interpo-
fition of the filk line, fo much eleétric matter
as enters B will immediately pafs by the thread
into other non-eleérics.

ExPERIMENT V,

Ir a large non-cleCric body be laid upon an
eleGric, and afterwards be eleétrified, a light
body B, placed near, will be firft moved to-
wards, and afterwards driven from it.

Tuis laft experiment is fimilar to the firft.

LS UE X PERIMEN T VI,

Ir A be not ele@rified, and the light body
B placed near it be electrified, it will be moved
towards A: and upon its very near approach
to A, will ceafe to be ele&rified.

AccoRpING tothe before-mentioned law of
the ether, its denfity in any body ({fuppofing
the denfity of the ether in a body to be in-
verfely, as the denfity of that body) will be ex-
hibited in the following table. As alfo the
prc:pt}nmn of the pores to the folid parts in the

{fame bodies.
" THE
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Tuke theorem from which the proportions
of the pores to the folid parts were got, is the
theorem by,which Doétor Robinfon compofed
a table of the fame kind, publifhed in his Ap-

pendix to his Differtation on the ether.

41. ?T —= the meafure of the pores to the folid

parts was thus found. Let the pores
to the folid parts, or the fpace pofiefled by the
pores of a body to the fpace pofieffed by its fo-
lid parts, be as P. to 1, Then P41 will ex-
prefs the whole fpace poflefied by the body, or
the magnitude of the body. The quantity of
matter in the body is meafured by its magnitude
and denfity taken together, that is, 1 is as

P+ 1x A=PAX A, whence A is as T’-T-_ The
fpecific gravity of fine gold by the table is
19.64. The fpecific gravity of water 1; and
Sir Ifaac Newton, from fome obfervations,
thinks gold has more pores than folid parts.
Do&or Robinfor {uppofes the pores to the folid

partsto be as 11 to 10. or as 1.1 to 1. In gold,

therefore, A is 19.64 and P+i ;I, and to
find the pores to the parts in almther budy, ufe

: gl i low 19:
thisanalogy 19.64 el 1+1 Now - p+.
= and 41.244=PA +-A; and P= £ 28,

a
the quantity of the folid parts being 1.

N 3 Fine
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Fine gold
- Standard gold
uickfilver

%ad

Fine filver

Standard filver

Bifmuth

Copper

Caﬁpbraﬁ

Steel

Iron

Tin

Glafs of antimony

A pfeudo-topaz

A diamond

Mtr. Ellicott found the)
mean {p. grav. of four
Brazil diamonds fe-
parately; twoofthem ?
rough coats, and two
bright coats to be

And ten Eaft-India dia- g

monds of different co-
lours to be |
The mean of both
Clear cryftal glafs
Ifland cryftal
Fine marble
Rock cryftal
Common green glafs
Stone of mean gravity
Sal. gem
Brick

- Specificden-

fity of bo-
dizs, accord-
ing to M.

thers.

19.640
18.888
I14.000
11.325
I11.001

10.535

9.000
8.500
7.852
7:643
7.320
5.280
4:270
3-400

3-513

3:510

3.517
3.150
2.720
2.700
2.6 50
2.620
2.500
2,143

2.000

Eoyleand o-

9.700 |
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Denfity of
the atber.

0.0509
0.0529
0.0714
0.0883
0.0901
©.0949
0.103 1
O.II1I
0.1176
0.1273
0.1308
0.1366
0.18G3

0.2342
0.2041

0.2846

0.2841

0.2843
0.31%74.
0.36%76
0.3703
03773
0.3816

0.4000
04.666

Pores tothe
folid parts

1.100
1.118
1.946
2.641
2.718
2.916
3.252
3.582
3-852
4.252
4.396
4.634
6.807
8.659
11.130

10.741

10.720

10.727
12.093
14.163
14.275
14.563
14.742
15.496
18.246

0.5000 |19.622

Nitre
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Nitre

Alabafter

Dry ivory
Brimf{tone
Dantzick vitriol
Alum

Borax

Calculus humanus
Qil of vitriol

Oil of tartar
Bezoar

Honey

Gum arabic
Spirit of Nitre
Aquafortis

Serum of human bleod
Pitch

Spirit of falt

Spirit of Urine
Human blood
Amber
Milk
Urine
Dry box-wood
Sea Water
. freezing point
— o boiling
Common Jpoint — 100
water By toie 2
120
Camphire
Bees wax
Linfeed oil
Dry oak

Specificden-
fity of bo-
dies; accord-
ing to Mr.
Boyleand o-
thers.

1.900
1.875
1.825
1,800
I.715
I.714
I.714
1.700
1.700
I1.550
1.500
I.450
1.375
I.305
I.300
1.190
1.150
I1.120
1.120
1.040
1.040
1.030
1.030
1.030
£.030

1.000

0.996
0.955
0.932

0.025

Denfity of
the =ther.

0.5263
0.5339
0.5478
0.5555
0.5831
0.5834
0.5834
0.5882

0.545!
0.6666
0.6896
0.7272
0.7604
0.7692
0.8403
0.8695
0.8849
0.8928
0.9615
0.9615
0.9708
0.9708
0.9708
0.9%708

I.0000

1.0041
1.0471
1.0729

1.0810

0.58821

Pores tothe
iolid parts.

20.407
20.996
21.599
21.913
23.049
23.050
23.050
23.201
23.261
25.609
26,496
27.444
28.995
30.364
30.720
33.658
34-864
35.499



184 A Treanfe o Elettyicry.

Specific dun- | Denfity of | Pores tothe

:;:E's u:cgi_d the atber, folid parts.

ng ;m I'I.-;rr

is-L_}r;;e and o-
Oil olive 0.913 1.0953 44.176
Spirit of turpentine | 0.874 1.1441 46.189
Rectified fp.of wind| 0.866 | 1.1547| 46.626
Dry afh 0.800 1.2500 50.555
Dry maple Oi75E 1.2245 53.628
Dry elm 0.600 1.6666 07.704

- Dry Fir . D550 1.8181 73.981

Cork 0.240 | 4.1666| 170.850
Alr 0.0012 51 800.0000|52994.20Q

It appears by this table, that the denfity of
ether in gold 1s .0509, in cork 4.1666, in air
800.0000; fo that the denfity of @zherin cork
1s above eighty times greater than in gold, and
in air, above one hundred and ninety times
greater than in cork ; confequently the denfity
of @rber in air is above 15700 times greater
than in gold. Hence the denfity of @tber, in
all probability, is much greater in air, than it
is in grofler bodies when they are eletrified :
that is, when the ele@ric matter is accumulated
in them. Whence it feems, that in fuch bodies
the force arifing from the increafe of denfity is
fo very weak, as only to impel light bodies, and
thofe at very fmall diftances; which diftances
vary as the machine eleCtrifies more or lefs
frongly,

Vision,
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Vision, according to Sir Jfaac Newton, is
performed chiefly by the vibrations of the
cether, excited in the bottom of the eye by the
rays of light, and propagated through the fo-
lid, pellucid, and uniform capillamenta of the
optic nerves into the place of fenfation. The
feveral forts of rays make vibrations of feveral
bigneffes, which, according to their bignefles,
excite fenfations of feveral colours; the moit
refrangible rays excite the fhorteft vibrations,
for making a fenfation of deep violet. The
leaft refrangible the largeft for making a fen-
fation of deep red. And the feveral interme-
diate forts of rays, vibrations of feveral inter-
mediate bigneﬁes to make fenfations of the fe-
veral intermediate colours,

Query. May not this account be farther
illuftrated from the preceding principles? as
thus—

Ir the rays of light be bodies of different
fizes, the leaft of which make violet and the
biggeft red 2: then the largeft rays firiking

s Nothing more is requifite for producing all the variety
of colours and degress of refrangibility, than that the rays
of light be bodies of different fizes, the leaft of which may
make violet the weakeft and darkeft of the colours, and be
more eafily diverted by refralting furfaces from the right
courfe ; and the reft as they are bigger and bigger, may

make the ftronger and more lucid colours, blue, green, yel-
Jow and red,and be more and more difficultly diverted. News,

upon
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upon the atmofpherula of the retina at the
bottom of the eye, will a& upon a greater por-
tion of that atmofpherula, than the rays of
light that are {maller. But the more parts of
the atmofpherula are atted upon by a ray of
light, the ftronger muft be the effe&t; or in o-
ther words, the greater muft be the vibrations.
Thus it is, the largeft rays of light caufe the
fenfation of red, which is the moft vivid ; and
the fmalleft the fenfation of violet, which is

the mofit faint and languid of all colours.
QUERY, As to elafticity, are notall the phe-
nomena thereof deducible from the preced-
ing principles, whether bodies rebound or re-
cede from one another by percutiion, or when
they are forcibly bent, from their own {pring
they recover their original form and figure?
For a fluid, whofe particles recede from one
another, with a force reciprocally proportional
to the diftance of their centers, will have its
denfity proportional to its compreflion (Newt.
Princip. prop. xxiii. book ii.) when the @ther
is condenfed, its elaftic force will be in-
creafed in the fame manner as we find in air,
when comprefled or condenfed. Therefore
when the parts of a body are brought nearer
each other by any force, fuch as bending or the
like, the etber within, and the atmofpberula
without the body, will be condenfed at the fame
time,
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time, and by virtue of the condenfation (fuch
force ceafing to act) they will be again made to
recede from one another, and recover their
former figure.

Query, May not cohefion, which is cauf-
ed by a much greater force than that of gravity,
arife from the mutual ation of the light, con-
tained within bodies, and of the atmofpberule
{urrounding them, the preflure of which az-
mofpherule alone may be {ufficient to make
the particles, when very near or in conta&,
cohere with a great force, after the manner we
have particularly defcribed in pag. If this
is the cafe, the force of cohefion then muft be
proportional to the atmofpherule of the par-
ticles. Now the atmo/pherule {feem to be
nearly, as the denfity of the bodies (See Propo-
fitions xx and xx1.) therefore the forces with
which the parts of bodies cohere, are nearly
proportional to their denfities.

«« HencE the denfeft particles cohere with
¢« the greateft force, and as they lefien in den-
fity, fo they do in the ftrength of their co-
hefion. This force is of the fame nature
¢« with that of fermentation, for the nature of
« the particles principally concerned in cauf-
< ing both cohefion and fermentation, are ot
¢ the acid, un¢tuous, and fulphuruous kind.

<

™

C O N-
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CGONGCLUSTON.

HERE have been feveral hypothefes

formed, in order to explain the caufe
of eleCtricity; fome have fuppofed that the
electric matter islodged within bodies, and fuch
only as are refinous and vitreous; that it lies
there in a quiefcent ftate, but ready to fly off
as foon as fri¢tion has fufficiently agitated the
parts, and dilated the pores: and laftly, that
the quantity of eleétric matter contained in fuch
electric bodies, refifts and oppofes the entrance
of the like kind of matter when it is conducted
to them from other bodies. Others are of opi-
nion that the elecric matter is fupplied from
the air, and that fri€ion ferves only to collet
it: while a third fet of gentlemen would have
it to be the fame with Boerbaave's elementary
fire. Thefe different opinions feem neither to
be grounded upon reafon, nor fupported by
experiments,

TuaT the firft two opinions are erroneous,
will admit of no difpute; for was the electric
matter produced by frittion, electric bodies
could never by heat become non-eledtrics, it
being the property of heat to rarify all bodies,
even the moft denfe. Was it wholly {fupplied
by the air, bodies would at all times be equally

eletri-
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ele@rified, whether the machine ftood on the
earth, or was placed on eletrics.

As to the laft, I fhall refer the favourers of
that opinion to Doctor Boerbaave's treatife on
fire; where they may be convinced, that the
notions he entertained of that element, are very
different from what 1s here advanced concern-
ing cleétricity 2,

2 To thew that this elementary fire differs from this elec-
tric marter, I fhall fer down fome experiments and obferva-
tions, which were communicated to me by Mr. Smeaton,
the gentleman whom I have had frequen: occafion to men-
tion in this Treatife.

ExPERIMENT.

Upon heating the middle of a large bar of irom to a
glowing heat, and then eletrifying it, the eleéirical pheno-
mend, to wit, the power of moving light bodies, and the ex-
plofion appeared to be much the fame from the parts which were
beated, and thefe which were cosler : [o that the elediric mat-
ter paffed through the fire without any vifible alteration,

OBservarTIioN L

Now as the fuppofed elementary fire filledthe middle pare
gf the iron bar, and was in fome meafure fixed therein, there

is great reafon to believe it would have obffruéted the pajfage
of a fluid of the fame kind, abforbed it, dijfipated it, rarefied
it, rendered it more or lefs elaftic, or at leaft have made fome
alteration in it, becaufe we always find that two neighbouring
wvortices of electric matter haveavifible effelt upon each other,
Jo alfo, twa magnets affifty or obftruét each otber according ta
the fituation of their poles.
OBserRvATION IL

Fhen a bady is beated, the elementary fire is not in equili-

brio in every part of that body; for a bedy may be very hot

Bur
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BuT as it is unreafonable to deftroy the hy-
pothefes of others, without eftablithing f{ome
principles in their {ftead ; I have therefore en-
deavoured to thow, That by frition a very fub-
tile elaftic fluid is accumulated or colle¢ted —
which is capable of being diffufed through fome
bodies, and not through others — the former
are diftinguifhed by the name of Non-elettrics,
the lacter by Electrics —That this fluid may be
accumulated more or lefs in non eleétric bodies
——- That when it 15 accumulated, it will ex-
pand and diffipate itfelf, and in the diffipation
exhibit, various phznomena, according to the
- circumftances attending the experiment—That
the explofion and the power of moving light
bodies, is not as the quantity, but the denfity
of this fluid ~— and that it is propagated along
denfe bodies with an exceeding great velocity

in one part, and lefs hot in anothér at the fame time: where-
as every body which is electrified, appears to be eqnally elettri-
fied in every part, and that whether it is equally ot or not.
ExPERIMENT.
The flame of a candle may be eleéirified.
OBSERVATION.

"IIE-:: is @ farther confirmation, that ﬂ'.em:ntar_p fire may be
electrified,

To thisT thall add, that with refpect to the éxplofion, it
may probably be owing to very volatile fulphureous parts,
thrown off from bodiesby the violent motion of the cleétric
matter, which volatile fulphureous parts, mizing with the
acid in the air, kindle into flame.

~ T hat
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-—=That this fluid, when it is accumulated in
a body, will pafs into thofe bodies which are
neareft, and give the leaft refiftance —That it
is fupplied from adjacent bodies and the earth
itfelf —That the original quantity of this fluid
in a non-electric body, may be leflened or in-
creafed—That when bodies receive a greater
quantity of this fluid, than originally belonged
to them; non-eleCtrics that are contiguous,
and the earth itfelf, muft lofe fome part of the
quantity of this fluid, which they originally
had —That in certain circumitances, neither -
the attenuation nor accumulation of this fluid
in a body, can by any methods, hitherto
known, be made to exceed a certain degree—
That the accumulation of this fluid, in fome
circamftances, is in the direct proportion, and
in other circumftances, in the reciprocal pro-
portion to the refiftance it meets with, as it
tends to diffipate—That nearly the fame effeCts
are produced by the attenuation, as by the ac-
cumulation of this fluid—That uponan explo-
fion part of the accumulated fluid may be
forced through mediums, which refift differ-
ently, and that, by the reaction of the parti-
cles of the fluid—That on cauling an explofion
with the vial, the whole quantity of accumu-
lated electric matter that is diffipated, does not
pafs off at that part of the body where the ex-
: plofion
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plofion is made, but from all pdrts of the fur-
face, even though it be covered with a thin
ele@ric—That the accumulated electric matter
is not totally diflipated by repeated explofions
— That when the ele@ric matter is accumu-
lated in the vial, the loudnefs of the explofion,
and quantity of ele@ric matter diffipated on
compleating the circunit, feem proportional to
the points of non-electric contaét with the
out, and in fide of the vial —That when the
cle@ric matter is accumulated in the vial, the
greateft effets are produced by compleating
the circuit. How it comes to pafs, that the
greateft part of the accumulated electric matter
is diffipated by one explofion, Ihave not taken
upon me abfolutely to determine; but in order
toaflift others,whomaypurfue thefe inquiries far-
ther, I have fetdown feveral experiments of dif-
ferent kinds, and from them propofed a query,
concerning the manner in which it feems to be
effeGed; and likewife, concerning the mannerin
which that painful thock or convulfion of the
nerves and mufcles, which is generally felt by
animals, may be caufed—That this ftrange effect
feems proporticnal to the magnitude of the ex-
plofion —That we cannot determine, from the

appearance of thedivergencyof theelectric mat-
ter which body it iflues from ; becaufe the

ele@ric matter both in pafling out of a body,
and
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and pafling into it, has the fame appearance -
That if a perfon compleats the circuit, the
greateft painful {liock will be always felt in
thofe parts, which lie in the fhorteft line that
can be drawn through the perfon, from the
covering of the vial to the wire—That non=~
eletric bodies, placed at fmall diftances with-
out the circuit, will be affe@ted in the fame
manner, but in a lefs degree, as if part of the
ele@ric matter had paflfed into them —That
an'explofion never happens, but when the if-
fuing eletric matter is very much condenfed-—
That the greateflt explofion is from polifhed
furfaces —That the explofion is greater, the
larger the furfaces are, to a limited degtee,
and—That denfe bodies, 1n their natural ftate,
are capable of receiving a greater quantity of
ele@ric matter, than bodies that are rare,

In' the fecond part, we have given a thort ac-
count of the @tber, Sir Ifaac Newton has treat-
ed of ; then compared it with the properties of
the eletric matter, and fhewn, that they
flrongly refemble each other—We have there
fore confidered the eletric matter as wther,
joined with groffer particles, propelled from
bodies by the force and vigour of its a&ion—
That according to the law of the @ther, when
a body is made rarer, the ether in that body
muft grow denfer, and vice verfa—"That frics

O fion
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tion will caufe bodies to rarify, as well as the
heat of the fun or any other heat—and That
thofe rarified bodies will contract and grow.
denfer on difcontinuing the friction, or on re-
moving their rarified parts from the ﬁléhon-—
That as bodies grow rarer by heat, @ther flows
into them from other bodies—and as they grow
denfer by cold, @ther flows out of them into
other bodies— That when two bodies are rub-
bed againft each other, the @tber will flow in,
~a greater quantity into the rarified parts of the
bLodies, than into thofe parts of the fame bo-
dlES which are not rarified—And upon the parts
of thc bodz;s growing. denfer, the @zber mufk
pafs out of thefe bodies, where it meets -with,
the leaft reﬁﬁ'ance--That this flowing of the
ether, which produces all the electrical effeés,

can only be caufed by fn&an—That the flow=
ing of the @tber muft gradually leflen on dif-
continuing the friGtion—and, that the electric.
effects from the glafs muft grow weaker, as it
cools and recovers its original ftate—That it is
in fome degree neceffary for the cylinder to
be turned always one way—That equal effeis.
can never be produced in the bar from the
cufhion and glafs, by the application of heat
without friction — That two thick eletrics,
rubbed againft each other, can never produce
. {o ftrong electrical effelts, as when an ele@ric
4 and
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and a non-eleéric are rubbed againft each other
—That fetting the machine on non-eleéiric
bodies, moiftening the leather of the cufhion
and all other circumftances, to keep an open
communication with the cuthion, are abfo-
lutely neceffary for producing the greateit flux
of the wther—That in order to fee how far the
ether is capable of being accumulated in a non-
ele@ric body, it is abfolutely neceflary to fuf-
pend, or fet the non-eleétric upon fome elec-
tric, which obftru@s or refifts the entrance of
the cfrﬁfr‘ more than non-ele@ric bodies do
—and that the ele@ric bodies fhould be al-
ways dry and free from dirt—That when the
ether is put into fuch a motion within a body,.
as 1s defcribed in prop. xvi. it will throw off, by
the violence of its ation, fulphur, and other
matter lodged on the furface, or within the
pores, where it is lefs intimately combined
with, and united to the parts of, that body—
That this {ulphurous matter, when itis thrown
off in any confiderable quantity, ferments with
the nitrous acid floating in the air, which fer-
mentation is probably the caufe of the fudden
blaft, or violent explofion obferved in fome of
theelectrical experiments—That @zber is more
fubtile than light —That denfe bodies have
more light in their compofition than bodies that
are rare, unctuous and {ulphurous ones except-

0 2 ed
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ed—Thatun&uous and fulphurousbodies have
more light in their compofition, than other bo-
dies of the fame denfity —That the power in
bodies to refract, refleét, and inflet the rays
of light, is nearly proportional to the quantity
of light contained in them —'That the inflec-
tive, refralive, or refle@ive power of a body
extends itfelf but to a very fmall diftance from
the body—That this power {eems to be caufed
by the mutualaction of the light in bodies, and.
the zther at their furfaces— That it is of a very
oreat denfity, and extends to a very {fmall di-
ftance from the furface of a body —That the
. rays of light feem to be refle@ted regularly by .
virtue of this medium —That this medium,
which we have called the refra@ive, refletive,
or infle&tive medium, or, in one word, by:
atmofpberula, prevents the eleCtric matter,
when accumulated withina body, from iffuing
fo faft as it otherwife would, if there wasno
.-:n‘m.fyj}bcfrufa {furrounding that body —That
the ele@ric matter, when it iflues fuddenly
tf)rough a denfe ar‘mgfﬁ;&cgmt’ﬂ, produces a
greater effe than when it iffues through a
rare one— TLhat in two or more circuits made
at the fame time, with the fame vial, but with
different bodies, the ele@ric matter will pafs
0":1137 in that circuit, where there are the feweft

mmq@bmmfw, or, in otlmr words, where the
I'Eﬁﬁ-—
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refiftance is leaft—That this refiftance may be
leffened, as in the chain, by bringing thelinks
into clofer contact with each other—That the
particles of air have probably armofpberule
fimilar to the fame kind of bodies, which are
grofler and larger—That a fufficient numbér
of them, with fuch atmofpherule placed in'a
medium, fuch as the @ther, may conftitute an
elaftic fluid, refembling the atmofphere of the
earth—That if any non-eletric matter be put
into a glafs; whofe atmofpherula is very great,
and be afterwards eleérified, the refiftance
the ele@ric matter will meet with in pafling
out on compleating the circuit, feems tobe as the
thicknefs of the glafs, the quantity of non-elec-
tric contaét with the glafs, and the fum of the
feveral atmofpberule ; to wit, of the diflipa-
tor, the glafs veflel, and the matter contained
within 1t—That from the different denfity of
‘the atmo/pberule furrounding bodies, it prin-
“cipally is, that fome are electric, and others
non-electric, regard being always had to the
texture of the bodies; thofe bodies which have
‘the denfeft atmofpharule, fuppofing them not
-fluid, moift, or foft, are called ele@rics, and
- thofe which have the rareft azmofpberulce, non-
elecirics —That any fluid may be ele@rified,
though the atmofpbeeruie of many fluids are
much denfer than that of common glafs —

03 That
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—That ele&ric bodies may be rendered non-
electrics by heat, glafs and amber not except-
ed —That hardnefs feems to be a neceffary
property for making bodies ele@ric —That
eleGric matter may be accumulated even m
eleCtric bodies —And that it will always pafs
away where the refiftance to its exit or en-
trance is the leaft —That the ele€tric matter
pafles off with a fudden motion, when its den-
fity in any particular part of a body exceeds
the denfity of the atmofpherula —That the
eleCiric matter pafles both into, and out of
bodies, which have points and edges, more
readily, than it does into and out of bo-
dies of the fame kind, which have no points
or edges; and from thofe properties, we bave
endeavoured to explain feveral curious pheno-

mena, in relation to pointed and edged bodies.
IN the xiv Sect. we have fhewn the ef-
fets of ele&tric matter upon light bodies, in
confined air, and 77 vacus, as well as in the
open air —That the difference between thick
and thin eleCrics of the fame kind, and the
alteration made in their effects by heating, may
arife from a change in their atmo/pherule, or
in the texture of the parts of the bodies them-
felves —That if a given quantity of electric
‘matter pafles directly through any number of
bodies of the fame kind, placed in a right line
of
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of 4 given Tength, the refiftance given to its
paffing through them will be leaft, when it
paffes through the leaft number, and greateft
when it pafles through the greateft number —-
That the larger the body is, which a given
quantity of ele@ric matter is expanded in, the
more that quantity will be rarified, and the
more it is rarified, the lefs the refiftance —
From thence I gathered the reafon, why the
ele@tric matter has a ftronger tendency to pafs
into grofs bodies ; fuch as metals, fluids, &c.
and the earth itfelf, than into dry air.

In Se&. xv. which isthe laft, I have endea-
voured to explain the nature of the force, by
which light bodies are moved in cle@rical ex-
periments, and attempted to fhew, that it is
the fame force with that which caufes gravita-
tion ; which force can be no other, than a
fluid exceedingly more fubtile and elaftic, than
air, at the furface of the earth,

WaaT I have faid on thefe matters, is in-
tended chiefly as hints, to excite others to make
further refearches. That many and ufeful
difcoveries will, one day or other, refult from
the do&rine here advanced, how crude and
indigefted foever it may now feem, no doubt,
I think, is to be made. Abler hands may ex-
tend thefe inquiries farther, and probably com-
Plcte what 1 have begun. I thould not be fur-

04 * prized,
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prized, if the nature of mufcular motion, ve.
getation, and even magnetifm itfelf, {hould
be hereafter explained upon the fame princi-
ples,

HowgevEeR this may be, what I have ad-
vanced feems to have the advantage of the fe-
veral hypotheles hitherto framed for explain-
ing the nature of eleCtricity, as it is the moft
univerfal and confiftent with itfelf; at the fame
time, that in the moft plain and fimple man-
ner it accounts for the other ph®nomena in
pature, as well as thofe in eletricity.

Ir the exiftence of an @ther be admitted,
we may reafon by analogy concerning other
parts'qf this planetary {yftem, Heat is obferv-
ed to decreafe 1n receding from the fun, and
this decreafe is demonftrated, to be as the
{quares of their diftances. 'Was our earth then
removed three times farther than it is from that
luminary, the efteCts of heat would be nine
times lefs; was it placed three times nearer, it
would be nine times greater than in our pre-
{fent fituation; in thr.: former cafe, our water
WDuld freeze and become {olid; in the latter
it would be gven hotter than boiling water,
and be morc eafily evaporated, If tharefora
there are any fluids in the reft of the planets,
which are in our {yftem, their parts muft be
;;ggcgr;l_ln;gl_y sare in thofe fartheft from, and ex-

AR geeding
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ceeding denfe in thofe which are neareft to the
fun; for otherwife they could never be pre-
ferved in a ftate of fluidity by degrees of heat,
which are fo very different =,

LasTLy, as matter ig in itfelf inert, the
ether muft of neceflity receive its allivity from
an infinitely wife, and powerful fpirit, This
@ther, from its being fo general a material
caufe, may probably be the great inftrument,
by which the Almighty direéts, govﬂrns and
{upports the unwerfc.

* Prop, viii. Theorema viii. Cor. 4. Newt. Princip.
Denfiores igitur funt planetz qui funt minores, cateris pa-
ribus, fic enim vis gravitatis in eorum fuperficiebus ad zqua-
litatem magis accedit. Sed & denfiores funt planetz, cz-
teris paribus, qui funt Soli propiores; ut Jupiter Saturno,
& Terra Jove, In diverfis utique diftantiis a fole collocandi
erant planerz ut quiliber pro gradu denfitatis calore Solis
majore vel minore frueretur.  Aqua noftra, i Terra locaretur
in orbe Saturni, rigelcerit, {i in orbe Merourii in vapores
{tatim abiret. INam lux Solis, cui calor proportionalis eft,
feptulo denfior eft in orbe Mercurii quam apud nos: & ther-
maometro expertus {um quod feprulo Solis ftivi calore
aqua ebullit. Dubium vero non eft quin marteria Mercurii
‘ad calorem accommodetur ; & propterea denfior fic hac nof-
tra; cum materia omnis denﬁor ad operationes naturalaa
. hcundaa majorem calorem requirat.

EXPE.
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 EXPERIMENTS
UPON

"HUMAN BODIES

N the month of May 1748, 1 had an op-
portunity of trying the effe@ts of electri-
city upon a woman in London, who had been
deaf many years ; fhe was born in the ifland
of Newvis in the Weft-Indies, and was about 28
years of age. Her name is Mary Smargins.
SEVENTEEN years ago, fhe became {o deaf
as not to hear any one, unlefs they were very
near, and {poke loud to her, This deafnefs
proceeded firft, as fhe believes, from a cold,
and was never obferved to be better at inter-

* wvals. She always heard the leaft with the left

ear; and when at any time the right ear was
laid upon a pillow, or ftopped, fhe could dif~
tinguith loud founds but very faintly.

I was the more induced to make a trial of
the eleétrical effe&s in this cafe, not only from
what I was informed had been done at Paris,
in cafes of the like nature, but alfo from what
Mis, Smargins herfelf told me. That a few
days before, upon her being eleCirified with
other perfons in my apartments by the vial, fhe
felt a'very unufual warmth acrofs the ftomach

and
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and in each arm, which continued for fome
time: that on the next day, the had obferved
a running at her nofe, which fhe attributed to
her having been electrified, and which the ima-
gined was of fome little fervice to her, For
thefe reafons, and from an opinion, that the
caufe of this deafnefs might proceed from fome
obftru&tion in the auditory nerves, which might
probably be removed by the violent effects of
this fubtile ele@ric mattér ; I propofed to her,
the giving the ele@rical thock, with the vial,
acrofs her head.

O~ Saturday the 28% of May, I made the
firft cxperiment in the following manner.

THE covered vial being electrified by two
turns of the wheel only, I applied the end of
a thick wire, which was faftened to the
covering of the vial, to the left temple, juft
above the ear; then I brought the end of that
wire, which was in the vial, towards the op-
pofite part of her head, and there enfued a {imal]
explofion. = She was much furprized, and per-
ceived a fmall warmth in her head, but chicfly
acrofs it, from ear to ear. I repeated the ex-
periment four times, and made the eleétrical
thock ftronger each trial. The warmth ex-
cited by the fhock increafed in each experi-
, ment, and though I caufed the experiment to
be made at cach ear alternately, the always

. | found
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found the warmth to be greateft in that ear fhe
heard the leaft with, At laft the complained
of {mall twitchings in her ears and acrofs her
head, but moiltly in that ear fhe heard theleaft
with. When thefe experiments were made fhe
did not perceive that any other part of her body
was affc¢ted by the fhock. All this day the
warmth increafed, and at intervals fhe felt
twichings in her ears. 'Her hearing fthe ima-
gined was fomething better, fo did the people
with. whom f(he lodgcd.  She was advifed to
keep her head warm. I was informed that in
the evening, the wathed her head in cold wa-
ter. The next morning early, which was
Sunday, I repeated the experiments again in
the fame manner, and nearly with the fame
ftrength. At this time {he complained of her
arms and body being affeted by the thock, and
faid that I had made it much ftronger than the
day before. The warmth {eemed now quite
round each ear, but ftill greater round that
with which fhe heard the leall ; the twitchings
were alfo more violent. Thele effects con-
tinued all the day. There were feveral figns
this day of her hearing better.  For in her
lodgings fhe heard 'the bells ring, which the
had never done before; and the gentlewoman
with whom fhe lodged, obferved, that fhe
could underftand what was faid to her, though

{poken
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fpoken in_a moderate tone of voice. After
thefe experiments, notwithftanding fhe was
advifed to take particular care of catching cold,
fhe fat at night in the window above an hour
with the fafh open, and her cap pinned up.
This evening the warmth left her, and was
{ucceeded by a great coldnefs in her head, and
a chillinefs all over her body.

Tue next morning, which was Monday,
the was extremely ill, with pains all oyer her.
I did not care to try any more experiments
whilft fhe continued in this diforder,

ON Tuefday the was much better, the cold-
nefs abated, and fhe felt again round each ear
the fame kind of warmth which fhe had be-
fore obferved. —This day the mentioned feve-
ral circumftances, which thewed her hearin
was better, particularly the following ones,
She could diftinguith the cries in the ftreets,
and the barking of dogs ; and could hear peo-
ple in the houfe with her going up and down
ftairs, though fhe herfelf fat in the uppermoft
room of the houfe,

" On Wednefday the was fomething better in
all refpects, and the ncife and continual beat-
ing in her head, which the had had from the
firft of this misfortune, began now to abate
confiderably. In the evening a very violent
fhooting (as fhe ‘exprefled it) went acrofs hee

head,
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head; from the left to therightear. This day
I did not repeat the experiments, but on: the
day following, which was Thur/day, 1 did.
Some minutes after making them, fhe had oc-
cafion to blow her nofe, when there 1flued cor=
rupted matter with a {mall quantity of clotted
blood. * All this morning fhe felt in her head a
glowing warmth, greater than had ever been
before. - This day, as the was refting her head
upon a pillow, fhe heard the cries in the fireet,
notwithftanding that ear with which fhe al-
ways heard the moft, was clofe to the pillow,
and was fo furprized and rejoiced, that fhe got
up immediately, to acquaint the gentlewoman
of the houfe with it. At noon fhe heard a per-
fon at. the bottom of the ftairs calling her down
to dinner, though the door of the chamber in
which fhe f{at, was at that time fhut, Several
times that day, I {poke to her in a lower tone
of voice, than is ufual in converfation, and the
gave me diret an{wers to the queftions I afked
ber, She faid the noife and beating in her head
was then almoft intirely gone,

Tui1s day fhe could hear the opening and
fhutting of the flreet door, Inthe evening
Dr. Bewvis (whofe name I have mentioned in the
preceding Treatife) called upon me; as alfa
did. two other gentlemen, when I related to
them this affair, and atthe fame time, defired

they
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the would ftep with me to her, and afk fuch
queftions as they fhould think proper. Upon
my {peaking to her in a very mederate tone,
to my great furprize, {he defired I would not
talk fo loud : and what is very remarkable, the
had at this time cotton in both her ears, two
caps pinned clofe about them, and a velvet
hood on, to keep her warm. As [ was obliged
to leave town the next morning, I told her,
that in my abfence Dr. Bevis would be fo kind
to repeat the experiments, if fhe thought it ne-
ceflary — ‘This fhe declined, faying, that the
could not find there was any occafion ; for that
fhe heard very diftinétly, and her head was
very ealy.

1 ForGoOT to mention one circumftance,
which was this; fhe had a great cold, and her
eyes were much inflamed at the time I began
to make thefe experiments, The inflamma-
tion decreafed after the firft experiments on Sz~
turday, and it was intirely removed after the
fecond experiments on Sunday. Thedifappear-
ing of which inflammation, fhe folely attri~
buted to the eleCtrical effe@s. From that time
to this, I have not been in London, but have
had feveral letters from my friends, giving an
account, that the continues to hear very well.

I mave tried thefe experiments upon fix
other perfons, whofe complaints were deafnefs,

| but
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but without any fuccefs.  Three of them in-
deed fancied themfelves better for a few days.
One of the others, inftead of receiving any be-=
nefit, complained of a violent pain in his head,
and a dimnefs in his eyes; which he faid con-
tinued for ten or twelve days after the experi-
ments were made.

A GENTLEMAN near feventy years of age,
was defirous to feel the thock, occafioned by ap-
proaching the vial. T was afraid of electrifying
the vial too ftrongly at the firft trial; but
upon his declaring he fecarcely felt any pain, I
ele@rified it much ftronger the fecond time,
and afterwards as ftrongly as I could; never=
thelefs he was not affected, as is ufual, in the
arm and acrofs the breaft, but only in his
wrifts.

In Auguft 1748, Ihad occafion to try fome
experiments, in order to obferve the different
effects produced by a perfon’s compleating
the circuit with the vial, in different manners;
the experiments were of the fame kind, with
thofementioned in the ix* propofition. I made
ufe of my own fervant, who wasabout 2§ years
of age, After the firft and fecond experiments,
he complained of his f{pirits being deprefled,
and of being a little fick, Upon making the
fourth experiment, he became very warm, dnd
the veins of his hands and face {welled to a

great



ATreatsfe an Eletlricty. 209

great degree. The pulfe beat more than ordi-
narily quick, and he complained of a violent

oppreflion at his heart (as he called it) which
continued along with the other fymptoms near
four hours. Upon uncovering his breaft, it
appeared to be much inflamed. He faid that
his head ached violently, and that he felt a
pricking pain in his eyes and at his heart;
and a pain in all his joints. When the veins
began to {well, he complained of a fenfation
which he compared to that arifing from ftrang-
ling, or a ftock tying too tight about the neck.
Six hours after the making of the experiments
moft of thefe complaints left him. The pain
in his joints continued till the next day, at
which time he complained of weaknefs, and
was very apprehenfive of catching cold. On
the third day he was quite recovered.

TuEe fhocks he received were trifling com-
pared with thofe which are commonly received
by moft perfons when they join hands to com-
pleat the circuit for amufement. His being af-
fected more than ordinary might be cwing to
his conftitution; for he was confumptive, and
had been fo for a long time before the making
of thefe experiments.

WaHaEN the experiment with the vial was fir{t
made by Mufchenbroeck, foon after I difco-
vered a method of increafing its effeéts, and

P was
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was then able to indure the moft violent fhocks
along my arms and acrofs the breaft : but upon
repeating thole fhocks often for feveral weeks
together, I at laft was weakened fo much thata
very {mall quantity of eletric matter in the vial
would fhock me toa great degree, and:caufe
an uncommon pain. So that I was obliged to
defift from trying any more. Whether it had
any effet upon my health or not, I cannot fay;
but even to this day I am affeted nearly in the
fame way by the ele&trical fhock.

In order to thew how ftrongly my arms were
convulfed, after I had been weakened by fre-
quent repetitions of thefe experiments, I fhall
mention one experiment which the following
- accident gave rife to. I vundefignedly touched
the wire in the vial when it was eleétrified at
the time that I had a flender brafs wire in my
hands, and the thock was fo great that it broke
the wire into two pieces and hurt both hands,
I then thought of trying it with a thicker
wire, and after a more {fecure manner : for this
purpofe I fixed a picce of leather round each
wrift, and faftened a wire about the thicknefs
of a very flender knitting-needle to each leather,
I then with one hand took hold of the covering
of the vial when it was ftrongly eleQrified,
and-with the other' 1 approached the wire in

the vial: on doing this there iffued a very vio-
lent
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Mifcellaneous Experiments.
ExperiMeENT L

W O pendulums of equal lengths fuf-

pended on the fame horizontal line,
which was about feven feet from the floor of
the room, were made both to vibrate at the
fame time. Upon eletrifying one of them, I
obferved that the pendulum which was elec-
trified vibrated quicker than the other which
was not, and ftill more fo the nearer the ball
of the pendulum was to a non-eleéric body
which was not eleétrified.

ExperimENT IL

- Having filled a veffel with water, and im-
merged one end of a fiphon therein, I fet the
veflel upon wax and covered it with a glafs
receiver, the fides of which were moiftened
with water to render it non-eleéric. * I then
electrified the receiver and fiphon, and found
that, while the fiphon was covered with the
receiver, the water did neither flow fafter out
nor f{pread to a greater diftance than it did
when they were not eleétrified. But upon tak-
ing away the receiver, the water immediately
{pread to a confiderable diftance.

N.B. THIs
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N. B. Tu1s laft experiment may ferve to
fhew that the motion of the blood is not in-
creafed by eletrifying the animal. For the
veflel and fiphon covered with the receiver
may be looked upon in nearly the fame light
with the body of the animal, the fleth and
{kin covering the veins and arteries as the glafs
receiver does the fiphon; and in both cafes
the furrounding bodies being non-eletrics,
When the glafs is taken away, the water
fpreads, from the great tendency the eleftric
matter in the water has to pafs into the adja-
cent non-eleGrics which are not elerified,
And for the fame reafon, the blood, upon being
eleCtrified, will, when a veffel is opened, fpread
to a greater diftance.

ExperiMenT 1IN

I uave been able by ftriking folid bodies
together very brifkly, to produce.a light re-
fembling that produced by the eleGric matter,
nay, even by ftriking my  hands one againit
the other when they were very dry, I have
produced a faint bluith light, which difap-
peared almoft the inftant the ftroke was over.
But for this laft experiment it is neceflary that
the room thould be very dark, and that the
- perfon fhould be fome time in the room be-
fore he trys it, that the pupil of his eyes may
be {ufficiently dilated.

: 23 Ir
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ExperiMENT IV,

Ir a tube of glafs and a bar of iron be elecy
trified, the one by frition and the other by
the cylinder, to fuch a degree as that each of
them fhall move a light body from the {fame
diftance ; the glafs tube will retain eletric
. matter longer than the bar, as appears from
the light bodies continuing to be moved for a
longer time towards the tube than towards the
bar.

Tue glafs tube, when elerified, muft be
either laid upon or fulpended by electrics.

ExPerIMENT V.

" WueN the bar is eletrified, if a perfon
ftanding on the earth touches very lightly with
one hand a non-elelric, at the fame time that
his other hand approaches the electrified bar,
he will not only feel a {mart fenfation in the
hand next the bar, but alfo in the hand
touching the non-eleiric. If one, two, three,
or more perfons at the fame time touch very
lightly with their fingers different parts of this
perfon, and one two, three, or more perfons -
at the fame time touch lightly different parts
of thefe perfons, and continue to do fo when
the firft mentioned perfon approaches the bar;
immcdiately on his caufing the explofion from
the bar they will all feel a fmart fenfation, but
none will feel it fo ﬂ:rong as the perfon who

~ caufes
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caufes the explofion. In this experiment all

the perfons concerned are to ftand upon the
earth. See page 15, and propofition xii.
ExperimenT VI,

IseT a glafs tube open at both ends, which

was about twenty-four inches long, and three
inches wide, upon an air-pump ; the upper-
moft end was covered with a plate of metal and
leathers : a moveable wire about twenty inches
long was put through this plate in a collar of
leathers, and at the end of this wire within
the tube was fufpended a brafs ball. Then
after having exhaufted the tube and eleétrified
the coated vial, the wire which pafied into the
vial was brought near to the moveable wire
in the plate, at the fame time that a chain
communicated with the outfide covering of the
vial and the top of the air-pump. On doing
this, it feemed as if part of the eleCtric matter
which was accumulated in the vial, pafied out
of it and through the. diflipator ; thﬂugh the
diftance of the brafs ball from the bottom was
about twelve inches. For the experiment being
made in the dark, a light was feen to dart in
rays from the ball tewards the air-pump.
ExFerimenT VII, |
THi1s laft ¢xperiment was repeated, and a
perfon made part of the circoit without re-

ceiving the convulfive fhock,
- | i ExrE-
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ExperiMmeEnT VIIL
Uron lowering the ball no change appear-
ed, except that the light within the glaft
feemed a little brighter.
ExreriMmenT IX,
Wiuen the ball was raifed twenty or fifteen
inches, there was no light within the glaf.

ExPerRIMENT X,
On letting in part of the air, and trying all

thefe experiments over again, no light was
feen in the glafs, nor did it appear that any
eleCtric matter efcaped out of the vial upon
compleating the circuit in the manner we have
now been mentioning. See page 84 and 85,

I DESIRED a friend of mine,who has made
the new kind of air-pump which 1 have men-
tioned before, and to whom I owe the con-
trivance of the elefiric machine reprefented in
the firft figure, to try what would be the ef-
fects in an eleCtrified glafs when the air was
exhaufted ; and the account he has tran{mit-
ted to me of the experiment is as follows.

A crass whofe length was about one foot,
and greateft diameter eight inches, open at
both ends, had one of its ends clofed by a
brafs ferril,  which conftituted one of the cen-
ters on wiich it turned: the other end was
clofed with a metal plate: in the center of
this Plgtﬁf‘ was a fquarc {tem, which was ap- .

' plied
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plied to the arbor of a lath by which the glafs
was turned round. On one fide of this laft
plate was fixed a cock, by means whereof the
glafs was fcrewed upon the air-pump.

Upon rarifying the air within the glafs
about five hundred times, and afterwards
turning the glafs in the lath, whilft at the fame
time it was rubbed with my hand, a confider-
able quantity of lambent flame, variegated with
all the colours of the rainbow, appeared with-
in the glafs under the hand: this light was
pretty fleddy in every refped, except that
every part of it was perpetually changing co-
lIour. When a little air was let into the glafs,
the light appeared more vivid and in a greater
quantity, but was not fo fteddy, for it would
frequently break out into a kind of corrufca-
tions like lightning, and fly all about within
the glafs. When a little more air was let in,
this flathing was continual, and ftreams of
bluith light feemed to iffue from under my
hand within the glafs in a thoufand forms with
great rapidity, and appeared like a cafcade of
fire. Sometimes it feemed to fhoot out into
the forms of trees, mofs, &c, When more air
was let in, the quantity of light was dimi=
nifhed, and the ftreams compofing the flathes
parrower, The glafs now required a greater
velocity and harder frition, Thefe circum-

ftances
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Tue magnets I ufed in the following ex-
periments were made by Dr, Knight, each of &
them about eight inches long.

ExperiMENT 1.

Havineg obferved the greateft weight each
of them could lift, which was nearly equal, I
fufpended one of them by a thread fifteen
inches long to the end of the bar B B, with
the north pole uppermoft, and caufed the
wheel to be turned twenty minutes. On taking
it from the thread, I found that it raifed the
fame weight it did before it was eleétrified.

ExperiMmMenNT Il

I TuEN fufpended the fame magnet again,
but with the fouth pole uppermoft, and after
it had been ele@rified for the fame length of
time, I removed it from the thread, and found
that it raifed the fame weight.

ExPerimEeENnT IIL

By holding the north end of one of the
magnets near a brafs globe fufpended by the
ele@rified bar, I caufed feveral explofions be-
tween the magnet and globe ; and on taking
it away, I did not find any alteration made in
its power.

ExeperiMENT IV,

Uron repeating the experiment with the
fouth pole next the globe, no vifible alteration
enfued.

- IseT
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ExPeErIMENT V.

s IseT the vial with the filings, after they
were ftrongly eletrified, upon wax, and then
taking one of the magnetic bars in my hand,
I made the north pole approach the wire in
the vial at the fame time that I touched a brafs
wire faftened to the outfide covering of the
vial with the fouth pole: fo that in this cafe
the magnetic bar was the diffipator, And on

~doing this a large explofion infued, by which
the greateft part of the eletric matter accu-
mulated in the filings was diffipated. I re-
peated the experiment feveral times, and could
not find upon examining the power of the bar,
that it had undergone any change, either with
refpect to its polar or magnetic virtue.

ExPERIMENT VL
I REPEATED the fame experiment an equal

number of times, with the fouth pole up pper-
moft, and did not find any fenfible change in

the magnet.
ExperimenT VI
I suspeNDED the fame bar again with the

north pole uppermoft, and then brought a
thin plate of glafs, which was laid on the palm

of my hand, into conta&t with the fouth pole

of the magnet, and there continued holding
-it whilft the wheel was continually turned for
near thirty minutes. On my taking away the

magnet
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magnet, and trying its ftrength, I found no
variation, nor indeed any alteration in its .-

poles, | .
ExperimMenT VIII,

I REPEATED the experiment with the fouth
pole of the magnet uppermoft, and the fuc-
cefs {eemed to be the fame,

ExperiMENT IX.

ArTER fufpending the fame bar again in
thread to the electrified bar, I brought very
fine filings of iron near it, and obferved that
the filings did not adhere to the bar fo ftrongly
as when it was not ele@rified.

ExrperiMENT X,

InTo a vial filled with quickfilver and co-
vered on the outfide with lead, I put one of
the magnetic bars inftead of the crooked wire
w, the north 'pole of the magnet being with-
out the neck of the vial, After ele&rifying the
vial for a confiderabie time, I found that the
magnet had neither loft nor gained ftrength,

ExperimeENnT XI
Upron - repeating the experiment with the
fouth pole, no alteration was obferved,
| ExPerRiMENT XIL

I Taen put the fame bar into the vial with
the north pole out as before, and when the
quickﬁlver and magnet were ftrongly eleciri-
fied, I brought the end of a diffipator made of

4 | brafs
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brafs near the bar, and caufed an explofion, 1
*=~Jcpeated this experiment about forty times,
and, upon examining the power of the magnet,
I perceived little or no alteration; the differ-
ence, if any, was a diminution of its virtue. -
ExperimenT XIIL
I REPEATED the experiment with the other
bar, the fouth pole being without, and fo far
as I wasable to obferve, there did not appear
to be any remarkable difference.
o oR¥eReIMENT XIN, o7
Tuc vial and bar being eleétrified as in the
former experiment, inftead of making ufe of
a piece of brafs to caufe the explofion, I ufed
one of the magnets as a diffipator; and placed
the fouth pole of one near to the north'pole
of the other, with a piece of brafs eight inches
long between the poles, to prevent them act-

ing upon one another. And to prevent the
magnet which was without the vial from be-

ing affeted by the bar within, and the iron
wire furrounding the vial, there was another
piece of brafs eight inches long in contadt with
the covering of the vial, and the other pole of
the magnet. On eleCrifying the vial, and
caufing feveral explofions, I found that both
the magnetic bars retained nearly their former
virtue,

The E N D,
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