BXPERITMENTAL INQUIRIES CONCERNING THE LAWR
OF ELECTRICAI. ACCUMULATIONS, BY MR. W. 8. HARRIS,
MEMBER OF THE PLYMOUTH INSTITUTION,

1. Tampeculiar arsangenumt of me inxwinied and oninsuisted
conductee exemplified in the consdruction of the Leydww
Jaz, appears caleninted t= develops, i s setishctory way,
many importsat propertios of cloctrieal artim; it hen conse.
quently ondergone, at variven perindg, an much investigation,
thet it woald seam difficult io giveany new intarest to researches
i this.inirosting departnant of wienee; but ofier 3 Iong
setica' of olwsrvition sl ewperiment, carefully sompaved
withi the poesent advanoced state of eur information, I am led
o bdiove, that the fhllewing paper, will. be found te comtain
some vew and important facts, which appeer bitheyto to have
escaped observation; and, I may therefore hope, that it will
nﬂhdm&M&ﬁ-Smﬂy-mm

It may net- hewu-uﬂwumg, before I preceed:
moare inmediately ¢o the onperimental ingpizics, wineh ara thee
subject of this paper, to give a nort of general account of the
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apparatus employed in the couree of them, it being for the most
pert new, and so constructed as to insure as far as pomsible
much precision, leaving more minuto details to the accom-~
panying drawings.

2. The electrical machine, fig, 1, consists of & circalar
plate of glass, three feet in diameter, mounted on an axis,
between two borizontal supporters of mahoguny ; these are sus-
tained by four vertical columns, of the sawme wood, fixed on a
firm base, The rubbers are insulated on pillare of glass, (a)
(%) and are placed atench extremity of a horizontal diameter
of the plate, The positive conductor (¢ b d) projects in & ver-
tical powition, in front of the plate ; whilst the negative conductor
(aed) passes in a curvilinear direction behind it and connects the
rubbers of each side. The whole machine is sustained by four
short legu, (mno p) on o sieady frame, (mo) furnished with
rolfers; snd also with three levelling screws, (A ¢ p) so that it
may be easily moved into any required position ; and may be
eventually so adjusted and fixed, that the axia of the plats,
which has free motion backwards and forwards in the holes,
in which it turns, may not tend more to one side than the
other, and produce an enequal action on the rubbers.

The plate is turned by means of an insulated handle, im-
mediately in front of which, there is » short index, fixed in the
axis, which travels over a divided circle, (/) attached to the
horizontal part of the frame, and through the centre of which
the axis paswes; thus, the number of revolutions of the plate
may be accurately estimated, .

The centre of the plate, is strengthemed by two smaller
plates of glass, cemented to each side by varnish; and there is
a small stop imerted info the axis, to preveut the pressure
from increasing beyond a certain point,

The conductors, when the machine in employed to accumu-
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late a charge, are of as amall an extent as pomible, and are
covered, except at the receiving points, with sealing wax.
The positive conductor being in this case constructed of small
straight tubes, as represented in fig. 2; and its extremitics
terminate in balls of varniabed wood, through the substance
of which the necessary metallic communications pasa, *

3. The requisite accumulation is obtained by means of
coated jars, which are employed either detached or col-
lectively; they are not furished with covers, but the charge
is conveyed directly to the bottom of each jar, by means of
copper tubes, three.cights of an inch in diemeter; these
termimate sbove in balls of baked wood, and are supported
below by a convenient foot, firmly cemented to the bottom of
the jar; which is previowsly covered with a circle of pested
paper, loaving a ceatral portion of the coating free, for the
perfect contact of the charging rod, which passes through the
center of the foot, as indicated by the dotted lines in fig, 7.

These jars, when employed either separataly or collectively,
are placed on a conducting base, sustained by short columss
_ of glam, or some other insulating substance, so that the whole

® This mackine was coasirocted la the your 19943 1 had proviomly
Seen; ona on & aimflar principle, by by, Eagland, s Bargical Mechanidan of
considersbls ability, reidfing in Foland-street, London. In Mr. Bagland's
pachine, the same frame whish sustains tha plate wlso exrrles the rabbens in
the asaal awwy, bet it by thrown into a herlzontal position, tha whole helog
insulated and sepporiad by four long glas cohmms. The negutive conductor
pames lo front under obs of the arme of the posltive scéductor,

Mr. Esgland’s mmchine has vary greal power, aod Is an iocnenes fmprove-
mant on those of the ordisary kind. The grest advantage chtalasd by the
present srrangoment, Is stabllity ; the requisite insinting pillars being reliaved
from the weight und strafning of the framed plats, when In scthon: tha condeac-
tors are sdvaniageously placed, and the axis of the plaze can be scomretely
adiusted, which i of grest importsnce in obtsining & steady and oqoal exe
citatiom, mmmmummmmm
convendsut In practice.
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can beinzulated whon requited; ® mud for the purpose of allow~
ing them to be charged and discharged with precision ; they
are commocted with what may be considered as oo centres of
action ;——the first of these consists of » bress ball, (a, figr,
3. 14. 18) which eliden with friction on & metallic rod, (¢ &) mo
as to admit of its being edjusted to any requived altitude; #
it has a number of small holes, drilled in its vircamference for
recciving the points of the eonnmecting rods of the jarsThe
rod whieh sustnine this ball, is cither inoulated on 2 sepatate
foos, and counectod with the conductor of the machine, ax in
fig. 183 or is etherwise innerted directly ilto it, axin fig. 14.
The sceond eeuntre, cousists of a Farger Ball of metal, (3)
sttached 0 & firm foot, and placed onf the same conducting
Bain with the jura, se oo ta have a perfoct comection with if.
The wire (w3 fig. 14) employed to transmit the explosion,
Sorminates in this buil,

When it is required to give the first centre of action
(a) fig. 3. a separate insulation, the insulating rod of
glaes, ie acvewed immedintely into the Tower baff; (%) and
wuntaine the metallic rod above described, by the intetvention
of a ball of haked wood, (d) an seen in figs, & and 1d;
the opposite extremity of the rod terminates in a similar ball,
(¢) through the substance of which, the conducting communi-
cation with the machine passzes when it is placed on & separate
foot. All the metallic connections are covered with sealing
wax, except at the painta of junction; snd the wood balls and

4. To trenymit the explosive at any required period, two
different methods were employed, according to the cirewm-
stances of the experiment—In the first, the discharge is
effected by means of the instrument repressuted in fig. 4
There axe two balls of beass (s) (3) placed one evar the

* Rosln or trimstove enswers very well for this purposa; the laiter Is
exsily moulded to any couvenient form, by ponring it o a state of foslon Into
common drinking glasees.
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other about three inches apart—The lower one, () is insulated
and is connected with the pasitive side of the jar or baitery;
ard the apper orve, (a) with the negative side through the
centres of action before described. (3) The ball (a f£g.4)
counected with the negative centre, is attacbed 0 a rod of
brass, (d) which falls freely through a smaller hall, {c) when
allowed todoso, It in preserved ai a given distance by a
curved and finely pointed brazs wire, (» ¢ d) inserted into
it; this wire being movesble about a centre (at =) can, by
menoe of a glass handle, be readily disengaged; and thus
the upper bell (a) i allowed to descend on the ball beveath
it, by which the accumulation is always transmitted in a certain
and invariable way, and without leaving any residumm in
the bettery,

5. In the seccond method, the charge is allowed to
proceed until it can break through a known interval; to
measure which, a discharging electrometer ia employed, fig. 5
ou the principle first proposed by Mr, Lane, and described
in vol. 61 of the Tranmactions of the Royal Society—the
interval hetween the balls (a and 3) being adjusted by a screw
and index, the moticn of which last is shewn by a graduated
circle; (c ) thus the interval may be regulated with very
great precision: the connexion with the opposite sides of the
jer are made through the two centresof action, as in the pre-
ceading case.

This discharging alectrometer is also occasionally ased
in ita more ordinary and simple form, as represented in fig, 7;
the ouly difference being that the inwulating portion (o d)
terminates in balls of varnished wood, one of which (c) sustains
it, whilst the othgr (d) containa the tube, through which the
graduated metallic alide pasees : there is likewise an additional
ball, (3) placed in the charging rod, from which the jar dis~
charges iteelf. .

a
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6. For the purpose of investigating the operation of the
attractive force of the accumulation, and the law of its action
under different conditions, I availed myself of a dwficate and
accarate balance, in the flfowing manner;:—

The beam {m n fig. 6) is sustained in the required poeition,
hetween two vertical rods of glase; (c) (d) = tovered wire in-
dicated by the dotted line, (e f) passes through one of thege
and connects it with the negative coating. From one of the
arms, (m) & hotlow gilded ball of wood, (a) is euspended by
a metallic thread; this ball is about fwo inthés in dimmeter,
and weighs about 160 greins. From the opposite arm, ki siis-
pended a light brass pan, (p) by meats of silk lines in the
usual way—in this pan, is placed as much additisnd] weiglit
as is requisite to balance the ball just mentioned ; and to put
the whole inass in a state of equilibrium, The attrastive force
of the accumulation, iscaused to act directly oit the thspended
ball (3) by means of an insulated ball of brass, (5) of the same
dimensioris, whi¢h is fixed directly under it, and Is connected :
with the positive coating: it is so pldced, that it can be |
depressed from cotitact with the sispended ball, through given |
distances, by means of & cylindrical slide, (r) to which it is
attached, and a socket (f); the slide r) lins a scale engraved
on it, divided into twentieths 6f an inch, and is supported on
s glase pillar, by means of & varnisbed ball of baked wood,
in which the socket is fixed, and through which the courection
with the positive coating passes,

It will be immediately perceived, that in this arrangement

® the attractive force ncts directly between the balls, (a) (3)
and it can therefore be measured under any given coudition,

by weights, placed in thé pan, (p) suspended from the

opposite arm of the beam, The pan is allowed to rest on

a small circular support, (q) the elevation of which can be

changed soastoaccommodste it to the horizontal position of the

beam, and check any cecillation : (here is also o small stop, (s)
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ingerted into this atand, which projects over the pan, and pre-
vents the forther descent of the beam, after the equilibrium
is destroyed ; without which, the explosion would pase, aud
destroy the gilding of the ball.

7. Lastly, w measure the effect of a given accumulation,
" anelectrometer was employed, represented by fig. 8: it is very
simple in its eqngtruotion, being little more than an air ther-
mometer, having a metallic wire passed air tight through its
balb; it consists of a glass tube, (@ b ¢) whose interior diameter
is somewhat leas than the tenth of an inch; one of its extremi-
ties is bent upwards and outwards for about two inches, and
is wnited by welding to a glass cup, at (c).which is of a large
diameter and confnips some coloured spirit: the bulb (mu)
is about:three inches in diameter, and with its fransverse wire
abave mmentioned is screwed air tight upon this cup. The
epposite leg of the tnhe is sustsined by a graduated scale,
(ab) fixed on.a convenient base, (b) and the point at which
the fluid rests is marked zero, When an electrical explosion
is passed through the wire, the fluid will be observed to sacend
.along the scale, The method of fixing the wire is casy; two
flanches of brass, (m m, fig. 9) with projecting screws and
shanders, are cemented in and over the holes drilled through
ﬁeglmthewireiepeﬂsed directly through thebulb by means
of coresponding holes in, these flanches, and being gently put
on the stretch, is secured by short metallic or wood pegs, by
which it is slightly compressed apd retained in its situation, -
When .metallic pegn are used it is necessary.to have a amall
longitudinal notch cut in them. Both the pegs and extremities
of the wire projeet a little for the convenience of removal ; and
thus wiree of varions kiuda, and of different disweters, may
be eanily substituted.® The whole is finally rendered air tight
by means of small balle of brass, which are made flat at one
extremity, and screwed on the projecting parts of the flanches,
against a collar of leather as shewn in fig. 9.

"= e Trausactions of the Royal Society, for 1687, pt. 1. p. 16.
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The metal best sunited for measuring the force of an explos
sion iv this way, is platinam; it is easily acted on, and not
liable to oxidation, The wire may vary in diameter, between
the 60th and 150th of an inch, according to the circumstances
of the experiment, This method of estimating the effects of
electrical explosions by their action on metals, wilt be found
very convenient, and it is eusceptible of much greater acco-
racy than the ordinary means by the fusion of metallic wire,
which appenrs to be somewhat uncertain and precarious, when
reduced to practice. *

9. In che detail of these inquiries, concerning the laws of
electrical accumulations, our attention will be directed ;-
1—to the quantity of matter sccumulated, 2—to the in-
tensity, or free action of the anecumulation, 8-—to the
extent and disposition of the surface, on which the matter has
been distributed. 4—to the effects of the explosion: the
quantity of matter, the surfice and the intensity, being varied
according to certain conditions. +

10. The relative quantity of matter may be measured by
the revolutions of the electrical machine, employed to produce
the accumulation; for if one revolution produces one quantity,
s it assuredly does, then twe revolutions should produce
double that quantity, and so on, supposing the machine to be
in good and uniform action, during the given time; but the
precise manner in which a charge thus accomulates, not having
been clearly determined, it is necessary to demonstrate, by

* Cpthbertson's Prectical Elsctridty, p. 108,
¥+ The lmmediats canse of electrioal phenowens, must be songldered

a1 &n ageni of a poculisr kind, and if matarial, differing cesmntially from the °

usnal forms of matter. The bypothesis of materiality, has only been assumed
that wo mmy be Lhe bettar enabled to coanest tha results of sxperiment, wad
remson of Lhew ;--the aply iegitdmate end for which hiyputhasis 1s at all sd-
misaitiie; whether oloctrical agoncy be material, or po In the ordinary sceopiation
of the word, 1 do not presums to detarmine.

i memm -
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experiment, that an artificial electrical accumulation, on a
coated surfaee, may be supposed to proceed, by equal incre.
ments,

There are however, a few previous experiments, requisite
to be detailed, because they seem to constitute the basis on
which the above conclusion rests, ¢

Exp. 1. (fig. 10) A jar, (4) containing five square
feet of coated surface, being insnlated ; its inner coating was
coneected with the positive conductor, and ita outer coating
with the negutive conducior, The discharging electromster,
ﬁy.'?, was attached to the jar, and the distance between the
balle, set to an interval of three=tenthe of an inch. In order
to estimate the effects of the explosion, the negative ball was
comnected with the outer coating, through the electrometer,
before described; (fig. 8) which last, was also carefully
insulated. When three turns and three quarters of the plate
were completed, the explosion took place, between the balls,
and passing throngh the wire, elevated the fluid, nine degrees
of the acale,

Exp.2. The outer coating of the jar, being connected with
the ground instead of with the negative conductor, the same
result was obtained; the fluid was agauin elevatsd nme de.
grees, and with the same number of turns of the plate.

Exp. 8. The outer coating of the jar, () being joined

® Tt may not ba improper to stats, thet In the course of thess lnguicias, it
bes been thonght desirable to sabmit to 8 rigorons sxaminatice, some few phe-
nomena, In the sclence of eleciricity, already known, bul which, nsvertheless,
do not appesr to have andargone & very severe scratiny, by experiment; not
only bamuse this comtitated & nocassury step In the Investigation, boi barmuse
it seemad more satlafactory to apply tha same meihod of demonstration to
facts which have been admitied, as was resorted to for the purpose of farther
research, .
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to the inner coating of a second and perfectly similar jar,® (®)
and the connection with the negutive conductor, or with the
ground, completed through the onter coating of this last,
the machine was again put in action.—The explosion again
pasaed at the eod of the same number of turns, and again
elevated the fluid nine degreea. This arrangement is repre-
sented in fig. 11; except, that e electrometers mnst be
supposed to remain with the insulated jar, as seen in fig, 10. -

Exp. 4. (fig. 11) The matter which had accumnlated in
the second jar, (8) from the.outer coating of the first jar, (1)
being discharged; the electrometors, were transferred to this
loat, in order to ascertaindf the sccumulation in (B) was pre-
cively similar to that which took place in-the first jar (a).
The machine boiog put in action, the explasion again passed
at thasad of the same number of tusns, and pgain elevaled
the fluid, nine degrees as before,

Exp. 5. (fig. 12) The electrometers, being again trans
ferred to the jar, ('a) asinexp. 1. fig. 10; thesecond jar,
('B) was also insulated, and its inner coating connectad with the
negative conductor; the outer coatings of the two jars beimg
joined by a metallic rod (=), Under these cireumstances, the
explasion again occured, at the.end of the same npmber of

. turna, anil with the same affect 09 before..

Exp. 6. Lasily, the electrometers being tranaferred to
the jar, (») charged from the negative .conductor; the
machine was again put in action: the discharge again passed
as in the preceding cases, and again raised the fluid nine
degrees of the scale. 1 repeated these experiments with jars,

* By u perfactly aimilar jur, {s to be undersiood, s jar which will explode
over & given interval with the sazce rumber of revclutions of tha plare, und
caasa the ufd to ascond wlong the scale of the plesirometer, fig. B, the same
namber of degrees,
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not precisely siinilar; by alternating thein, and taking the
mean results, and arrived at the same conelusions,

11. We may therefore infer: 1—that precisely the sgme
charge accumulates on' a coated surface; whether we suppose
the opposite coating to be insulated and connected with one of
the conductors of the machine, or whether it be in a freely
uninsulated state, or otherwise, whether it operate through an
intervening jar. 2—that the charge conveyed to aninterven-
ing and similar jar, is precisely equal to the charge conveyed
to the first jar, in connexion with the conduetor of the machine.

12. These experiments being premised, we pass on to the
more immediate object of this part of the inquiry. (10)

Exp. 7. The jars and electrometers being arranged, as
in fig. 113 the explosion again passed at somewhat less than
four turns of the plate, and again raised the fluid nine degrees,
as in exp. 4. The small residuum in the jar, () being dis-
charged, the machine was aguin put in action ;—the first jar,
(A) connected with the conductor, remaining charged with
the previous accumulation; when the same number of turns
had been completed, the jar ('B) discharged again, and with
precisely the same effect on the wire as before.

Exp. 8. (fig. 13) A small jar, (5) containing about
a squnare foot, and two-tenths, of coated surface, being sub-
stituted for the jar (B), the explosion took place, at about
each turn of the plate, until the jar (o) became fully charged.
Now in these instances, the jars, (8,) (b) being charged
from the outer coating of the insulated jar, (a) their explo-
sions became a fair measure of the relative quantities of
matter, communicated by the machine. (Exp. 3 and 4) and
as these explosions correspond in each case to equal numbers
of revolutions, whilst the recciving jar, (A) was charging
in apy degree short of saturation, it follows, that the accu-
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mulation in (a,) must have proceeded by equel increments;
and consequently, that equal quantities of matter were thrown
on at each turn,

i:‘.:p. 9. In order to ascertain if these explosions would
take place in a eimilar way, when two or more jars, were
substituted for the jar (a.) The experiment was arranged,
a8 represented in fig. 16; the jars and electromstors being
carefully ineulated—the result however remained the same;
the smsll jar dincharged as before, and in precisely the
same way. The explosions of a second jar, therefore, in con-
nexion with the opposite coating of a charging eurface,
whether in a divided or undivided state, may be aleo considered
as 5 fair measure,of the relative quantities of matter accumu-
lated.

Exp. 10. (fig. 121 Two equal and similer jers, (A) (B)
were insulated, and connected, one with the negutive, and
the other with the pesitive conductor, as in exp. 5;—the
outer contings being joined by a metallic rod (w). In this case,
as much matter a8 was conveyed into the positive jar, (a)
was evidently taken from the negative jar, (B) and recipro-
cally. The effects of the accumulation in either system,
estimaied as before, at given intervals, were precisely the same,
and corresponded to an equal number of turns of the plate:
consequently, the respective quantities which continued to
accumulate in the opposite eystem after each discharge, must
bave been aleo precisely similar,

13, These experimants relate to quantity ; and they evi-
dently shew : 1—that equal quantities are given off .6t
each revolution of the plege, (if in a etate of omiform aetion,)
whether o an uxcharged sugface, or to a mrfuce charged i
any degree short ¢f seturation, 2—ihat n coated surface,
charging in any degree short of saturstion, receives equal
quantitios, in equal timos; all other things remaining the
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mme-—whence, # may be mferred, that the number of revolu-

tions of the electrical machine is, under the above condition, a
fair measure of the relative quantity of matter, 3—That the
explosions of a jar, charging from one of the coatings, are pro-
portional to the quantity of matter thrown upon the other.—
The quantity of matter may therefore be easily estimated by
the number of these explosions,
4
14. Having determined these laws, relating to the quantity
of matter accumulated, we come now to the consideration of
the free action, or intensity, it evinces, under various circume
stances,

When a given accumulation is disposed on a simple insu-
lated conductor, it endeavours to fly off and discharge itself
upon any body which happens to be within the sphere of its
action: but if the zurface of the insulated conductor on which
the matter is accumulated be increased, then the tendency to
discharge is lessened. To express this tendency of the accu-
mulation to pass off in any given direction, the term intensity
has been employed. Intensity therefore is but another term
for what may be called free action.

But experience has shewn, that it is possible to controul the
free action of a given quantity of electricity, not only by dis-
posing it on a more extended surface, but also by opposing te
the insulated conductor, a second conductor of equal and simi-
lar extent; the latter being in a freely uninsulated state,
placed parallel and near to the former (fig. 19,) and the two
conducting surfaces separated by some perfectly insulating
medium. By this peculiar arrangement, the accumulation
appears to be so determined upon the uninsulated surface, that
the tendency to discharge in any other direction is diminished :
the free action will therefore be more or less controlled, in
some ratio of the distances of the opposed conductors,

H
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There in however this difference in the actual condition of the
two arrangements—when the matter is disposed and retained
on 8 continnous surface, the whole of that surface is supposed
to be in the same electrical state; whereas, in the latter in-
stance, half the surface only is in a similar state; the opposed
uninsulated portion being in an opposite cne ; this asems to be
a necessary consequencs of the subsequent action ; and without
guch effect can ensue, the attractive force between the opposed
sonduciors is not found to be so exclusive:—hence, it would
seem, that, by means of the increased capacity of the uninsulated
conductor, a given accwnulation can be retained in this way,
even with greater facility than on en extended and continuous
surface, ‘

It will be immediately perceived, that the Leyden jer ia
merely an arrangement of the above description; since one of -
ita coatings is perfectly insulated, and placed near and paral.
lel to the other; the Jatter being in a freely uninsulated state,
and the two coatings separated by an insulating and resisting
medium.

16, If therefore two conductors (a)(¥) (fignd 6 7) be sepa-
rated by & given interval, and be connected with the insulated
and uninsulated eoatings, as in fige, 7, 14, 15, then the free
action may be estimated by means of these conductors ; 1—by
weasuring the interval between them, which it can break
through, 2—by measuring its sttractive force ot tendency
to diecharge, both of which will increase in some direct ratio
of the quaniity of matter, and in some inverse ratio of the
controlling power of the uninsulated coeting ; all other things
remaining the same,

16. The former of thase methods will be firet considered :

and for which purpase we shall refer to the exploding electro-
metors above described, (3) and represcuted figs. 5 and 7,
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* Exp. 10. Two similar jars, each coutaining five square feet:
of surface, being connected with the discharging electrome~:
ter, (fig, §) and with the positive condactor as represented
in fig, 14. and the interval between the halls adjusted to-
ono-tenth of an inch, the discharge took place at the end'
of two tarns and balf of the plate, The interval between the
balls being now doubled, and the small residunm in the jars
peutralised, the discharge pessed when five turns were com-
pleted. The interval being incressed to threcetenths of an-
‘inch, or treble the first distance, and the residuam discharged
as before; the explosion passed at tho end of seven turns and
half of the plate. On increasing: the interval to four-tenths of
an inch, the discharge took place at the end of ten turns,

Exp. 11, Ove of the jarp in the former experiment being
removed, and the interval between the balls adjusted to four-
tenths of an inch, the discharge took place with five turus of
the plate. The quantity of coated surface being now doubled:
by adding a second and similar jar, and the interval between:
the balls diminished to two-tenths of an inch, the discharge
again toock place at the end of five turna, The quantity of
coated surface being again doubled by adding two more equal-
and aimilar jars, and the interval between the balls reduced
to onestenth of an inch, or t0 & quarter part of the firset distance,
the discharge again occarred at the end of five turns of the
plate.

Exp. 12, A single jar being connected es before, and
the interval between the balls sdjusted to two-tenths of an
inch, the discharge oecurred at the end of two turns and half,
A second gimilar jar being added, the discharge occurred with
five tarns of the plate. A third similar jar being added, seven
turns and half were required to complete the discharge: the
interval between the balls remaining in cach case the same,

Exp. 18, Two eimilar jars being connected with the

-
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qondyetor, and the interval between the balls adjusted to two=
tenths of an inch, the discharge took place with five turns of
the place. Oue of the jours, that is half the surface, being
removed, end the interval between the balls quadrupled, the
discharge ocourred with ten turns of the plate, or doable the
former. ) .

These resnlts ea far as I could ascertain, did not appear
to be influenced by the way in whick the surface was disposed;
thus whether the extent of surface wes made up with separste
jors, or otherwise consisted of one large jar, stil the same
results were obtained, provided the areas of the coutings were
accurately adjusted, and that the thickness of the glas did not
very.*

17. .We may therefore conclude, that the free-action of an
electrical aocumulation, as estimated by the interval it ean
brebk through, is directly proportional to the quantity of
matier ; (exp. 10) and inversely proportional to the surface,
(exp.11.) 1f therefore we increase the matter and the surface
in the same ratio, the interval yemains the same ; (exp, 12)-—
and if we represent the quantity of matter by q, the interval by
1, aud the surface by 8, we obtain by expa 10 and 11, the fol«

. . Q .
lowing expression 1 o€ ~7- ﬁ‘mwllll:]lﬂget(.;ﬁll;alﬂ
thus derive another means of estimating the relative quantity
of matter thrown upon a given surface, supposing the surface
to be either in a divided or undivided state, and all other things
remaining the same, Hence, if the surface be consiant, the
guantity accumulated is as the interval ; and if the interval
be conatant, it is as the surface; and if as @ be increased, s be
decreased, then we have 1 oL @1,

* 1t will be necassary to keep in mind, thet this relstes caly to the
frow actisn, «dd is not 10 be nsimleted with the oects of the sxplosion e
metals under similar conditions. {94.)
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1 repeatod the above experiments, by insulating the
jars and electrometer on the principle represented in figs, 13
and 16, so aa t0 measure the quantity of matter by means of
the explosions of » jar, charging from the outer coatings ;
(exp. 8,) and it ia not difficalt to obtain in this arrangement,
such a distance between tho balls of the exploding jar, (b fig.
13) as will accuxately messure the accumnlation correspouding
to a given explosion of the jar (a) in which the accumulation
has taken plsce: and thus by varying the distance between
‘the balls of the eleetrameter connected with the jar A, whilst
the electrometer attached to the jar ¥, is preserved the same g
we may investigate the free action as before,

'lB.' He‘;nwww;mnddetﬁesewndmhadnfin-
vestigating the law of free action, es regards the atiractive
force or tendency to discharge,

In the application of the instrument described (6) (fig. 6) to
this purpose, it Is° desirable, when the distances between the
conductors (a) (b) require to be varied, that the opposed
surfaces should be plane and parallel, (fig. 20) so that the
distance between the aftracting points may be every where
equal; or otherwise, in employing equal spheres, it will be
essential o deteymine, in each opposed hemisphere, a fixed
point, as g and 5, fign. 24 25, from which the sum of all the
attractions would produce the same effect as if those ativactions
were exerted from every point of the hemispheres : so that
when the distance bhetween the balls is varied, the interval
may be reckoned between these points, and not from the ima
mediate point of contact.® This point will be found to fall

* We sagpase hece the forces to act In paralled lnes, which sppears to be
wn ossential condition of this specles of attrsotion ; sinos the opposed surfaces
being in equally opposite states of electricity, the reclprocal influence of the
Regrest points most be such as to neutralize cach others® action, fn relstion to ang
other point more distani: the atiractive forces therefore botween these polnts
bacomes exelusive, and comsoquently, the Lines of sttraction are parallel. g, 94.
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within the oppooedhmphuudadmequlbm-ﬁﬂb
of the radius, ®

19, It may be observed, that in the application of an exploding
electrometer, (fig. 5) this process is not requisite: since the
explosion always passes from the nearest poinis, and no other;
the attractive forces from the other parts of the balls do not
consequently interfere with the accwracy of the resalt; more
especially as the balls ere fixed at a given interval, and cannot
therefore approximate; this i ementially distinct from the
case in which we seck to measure the attractive force, by
opposing to it & known weight, the spherea being moveable,
since in the last case, we cannot separate the sttraction of one
point from the whole, and must therefore take the whole into-

the account,

® Let Mand N (fig. 25) be (wo hemispheres, whose diameters are-
two inches, and atiracting each other ot the dislances A B A B, Let
aA=Bb=a A, =B b3 kiAB=,§ of a0 inch, and
A B =1.43 et whioh disiances the respective attraciive foroes were
fonnd, by experiment, tobeas 16: 4 or 4: 1.

Then 4:1 &2 (@, 0):(alpP i (L, 4+2a 0 (,61+2a)

e d R (E+ 25 )z=(1, 4+ 22) {rom which we oblain

4 Las=,08

By solving this equation we sball ave == 4 . 8 —. ], and oon-
sequently 2 = -+ . 2 of an inch, or a distance equal to one-Afth of the
radiug 3 the other value of £ being negative, and therefore in this cane s
impossible quantiiy. This expression will be found (0 be tree for sauy two
equal spheres ; thus, in epheres of threa inches dmameter, the atirasiiva
foroes were found, by experiment, to be as 4 : I, when the respeotive
distances AB A B were0.5and 1, 8. Xn apheres of 1 inch diameter,
thoy wereas4: 1 when A B A, B, were 0. § and 1 . 2. By substitatiog
these quantities, in the sbove eqaation we shall have as befere, £ eqoal to
one-ffth of the rudios of the respective spheren. It may be fariber re-
matked, Ut the same results as in experiment 14 were obtained, when
the opposed condootors were equal spheres, and the intervals estimmted
from within each hemisphere, at  distance equal io one-fifth of the redios.






_ H: in.mmm R it +

ELECTRICAL ACCUMULATIONS, a3

Exp. 14 A single jar, containing five square feot, being
connected with the instrument already deseribed ; (6) and the
connection with the negative coating completed, as ropreseated
in fig. 18, the insulated conductor b was depremed from contact
with the suspended conductor (s) through an interval of half
an inch, and a weight of sixteen grains placed in the small pan
suspended from the oppesite arm of the balance.* When five
tarps of the plato were completed, the aitractive force waa
suificient to tip the beam, The accumulation being discharged,
the insulated conductor (3) was depressed through asecond in-
terval of halfan inch, making the whole distance one inch, A
weight of four grains or } part of the former weight being now
placed in the pan, the beam was again depressed with five turns
of the plate: so that the distances boing ae 2 to 1, the corres-
ponding weights were as 4: 1.  The accumulation being dis-
charged, and the insulated conductor (5) depresced throagh
a third interval of half an inch, and one-ninth part of the firet
weight placed in the pan ; the beam was again depressed with
five revolutions of the plate, 'We may therefore infer, that rhe
ativactive force betwam the conductors varied in an imverss
ratio of the square of the distance of the points of contact,

Exp, 15. The distance between the conductors being adjusted
to an interval of an inch, and & weight of four grains placed
in the pan; the beam was again depressed with five revolu-
tions of the plate, The quantity of matier being now doubled,
that is to eay, Zes turns of the plato being allowed to accuma-
lute, sizteen graine werc requisite to balance the atiractive
force: the attaetive fores therefore, all other things remaining
the same, incresses directly as the square of the quantity of
matter accumulated, This became further evident by placing
a weight of thirty-six grains in the pan: in which case the beam
was depressed with about fifteen turns of the plate.

* The paeiddon of the swxpended candeactor (o) bs earefelly sdjasted by means of
@s throe lovelling screwn mwhhnof&nimmaﬁukny
h-;mﬁunuupﬂu over the ingelatod condacior ()
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20, This result is @ nécessary coasequence of the law which
seems to govern all thése forces ; for let two balls be connected
with the opposed surfaces, and be scparated by any given
interval, and let the aceumitlation proceed until the free action
can pass this interval; call the quantity at the time of the
explosion 1, and the attractive force at the same instant also 1,
and let the number of revolutions of the plate necessary ¢u
produce the accummlation be expressed by m, If we sup=
pose the interval to be doubled, then the atfractive force, all
other things remaining the same, will be reduced to 1, since
the force varies in an inverse ratio of the square of the distance
between the exploding pointa (exp. 14)-—~the discharge there-
fore, with the same quantity of matter, canuot occur at thisnew
interval; but we have séen (by exp. 10) that with 2 » turns of
the machine, that is with doable the matter, the explosion will
again pass at a double interval, If therefore, when the interval
between the balls is donbled, we double the matter, the dis~
charge will again tuke place; but in this case, the attractive
force must necessarily be as great at the greater interval, as it
was at the Jesser interval, without which the explosion counld
not happen, that is to eay, it must have increased from } to 1;
or if measured at the first interval, i¢ must be equal tv4 ; in
either case, with double the quantity of matter, it must be four
times as great, nll other thmgs remaining the same.

Exp. 18, A weight of 16 grains being placed in the pan,
add the interval between the balls again adjustéd to an inch,
the benm was again depressed with 10 revolations of the plate ¢
asecoud equal aad similar’ jar being added, that is to say the
sarface being doubled, ten revolutions of the plate were wtill
requisite to depresa the ‘beam, when only four grains were
placed in the pan ; thus it may be perceived, that the same
matter, disposed on a double surface only, evinces } part of
the free action : the distance between the balls being' constant,
1 repeated these experiments, the apparatos being ineulated,
and the quantity of matter measured by the explosions of a
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small jar, charging from the outer coating, as already ex-
plained, (exps. 8, 9,) and obtained the same results; the
interval between the balls of the exploding jur, being made
very amall,

21, We may therefore conclude, I1-—that the attractive
force varies in an inverse ratio of the square of the distance;
all other things remaining the ssme, 2—if the surface be
constant, and the matter incrensed, the attractive force ia
directly as the square of the quantity of nmatter, 3—if the
matter be constant, and the surface increased, the attractive
force is in an inverse ratio of the square of the surface. 4—if
both the surfice and the matter be increased in the same propor-
tion, the attractive force is constani; and if we represent the

.atiractive force by a, the quantity of matter by @, and the

surface by s, we bave (expa. 15, 16) the following expression:
Ac:,g;ﬁ-omwhichwededuce QX Yastorqa 8 v A and
thus derive other expressions for estimating the relative quan-
tity of matter; hence if the attractive force be conatant, the
quantity of matter is as the surface; and if the surface be con-
stant, it is as the square root of the attraction ; and if, as ¢ be
increased, » be decreased, then we have A o gt

The want of a correct knowiedge of these laws, has I
apprehend, occasioned much uncertainty, in the results of
many electrical inquiries,  Thus in employing the well known
and ingenious balance, or steel-yard electrometer, of Mr.
Cuthbertson, in which the force of the free action ie opposed
by a known weight; it has been assumed,* that when the
alider has been set to 15 and 30, so as to mensure separate
charges, the surface being constant, that the corresponding

* Cuthbertson's Practical Rlectricity, p. 175, 178, 179, 180,
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gccnmuhiions, are in the same ratio, thatis tosay, 88 2:1;
whereas, in order to obtain s donble accamulation, the glider
ghould be set to gixty graine, instead of thirty; since the
opposing forces should be to each other as 4; 1.

92, Having determined the relations which subsist between

the quantity of matter, nnd the free action of a charged sur-

face, and shewn how these last may be measured ; we come now

to investigate the effects of the explosion: the quentities we

have been considering being varied, according to certain
conditions,

Exp. 17. (fg. 10} A single jar, containing two square
feet and half of coated surface, being conpected with the
conductors, and with the electrometers before mentioned, (8)
(7) and the distance between the balls adjusted to eight-tenths
of an inch, the explosion took place with five revolutions of
the plate, and elevated the fluid eighteen degrees,

Exp. 18. A jar, couthining five sqnare feet, or double
the former surface, being eubstituted for the jar in the last
experiment, and the distance between the balls adjusted to
four-tenths of an inch, the explosion again passed with five
revolutions of the plate, and again elevated the fluid eighteen
degrees. '

Exp. 19. A second equsl and similar jor, being connec-
ted a0 83 to double the last surface, and the distance between
the balls diminished to two~tenths of an inch, the discharge
again passed with five revolutions of the plate, but only
elevated the fluid to twelve degrees, or about two-thirds of
the former.,

Exp. 20, The two larger jars being removed, and two
jars containing each two square feet and half’ substitated, that
is to say, half the former surface, divided into two equal and
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similar parts, and the interval between the balls again increased
to four~tentbs of an inch, the explosion again passed with five
revelations of the plate, and again elevated the floid twelve

degrees,

Exp. 21. A series of six jars being selected, differing
in thickness, and the areas of whose coatings varied from one
to five aquare feet; each jar was connected in succession with
the conductor and electrometers, and two turns of the plate
thrown on it: the discharge being effected by means of the
discharging electrometer; (£g. 4) the fluid ‘was in each case
elevated to eighteen degrees, ®

. I repeated these experiments, by insulating the spparatus;
the quantity of matter being measured by the explosions of
a jar, charged from the outer coating, (as in fig. 16;) and the
discharge effected us in the iast experiment, and obtained the
same results. We may therefore conclude, 1-—that the eflect of
the explesion depends exclusively on the quantity of matter,
without reference to the free action; (exps. 17, 18, 21.) and,
2—that in dispoging the same quantity of raatter, on the same
surface, divided into two equal and similer parts, about ene
third of its effect is lost. (exps. 19, 20,)

23. Exp. 22 A single jar containing five square fect, being
connected as before, ( fig. 10) and the distance between the balls
adjusted to two-tenths of an inch, the explosion passed with
two revolutions and balf of the plate, end raised the flaid
four degrees and half of the scale. The small residuum being
discharged, and the distance between ‘the balls adjusted to
four=tenths of an inch, the explosion passed at five revolutions

" of the plate, and raised the fluid eighteen degrees. The dis-

* In this last sipeviment, it was pscetsary to smploy & much fuer wire,
thanin the preceding cases, ln order to resder the affect more appayent; 1.}
quantity of matter belag small,
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tance between the balls being now adjusted to eix-tenths of
an inch, and the residuum neuntralized as before, the discharge
passed between the seventh and eighth revelution of the plate,
and raised the fluid to about forty degrecs.

The same results were obtained, by insulating the appﬁra-
tus, and measuring the quantity of matter, by means of the
explosions of a jar, connected with the onter coating. It may
therefore be taferred, that the effects ¢f an electrical explosion
on a metallic wire, all other things remaining the same; is
directly as the square of the quantity of matier.

This law did not appear to be influenced by disposing the
acenmulation on a divided surface; for although the magni-
tude of the correspouding effects wos reduced, as in exp. 19,
yet the surface being constant, the subsequent results were
directly as the square of the quantity of matter.

24. Having thas found, (23) that the effect of the explosion
on a metallic wire, is directly ns the square of the quantity
of matter: all other thinge remaing the same—eand (exp. 19)
that in disposing the same quantity of matter, on the same
extent of coated surface, divided into two equal and simi~
lar parts, about one-third of its power is lost; it seems a
point of some interest, to pursue this investigation a litile
further, in order to ascertain what subsequent decrements in
the effect take place, by a still greater division of the surface;
the quantity of matter remaining constant,

With this view, six jars were selected, each contajning
about a square foot, and four-tenths of coated surface: they
did not materially differ in their electrical capacities; snd
since the investigation related exclusively to the quantity of
matter and the surface, the excitation of the meachine, wae
tested by an exploding jar, and the quentity of matter measu-
red, both by means of the revolutions of the plate, and the
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explosions of a jar charged from the outer coatingw; the dis-
charge being effected by means of the discharging electrometer
Sig. 4. The general arrangement is represented in fig. 16,

Exp. 22. A single jar being connected with the conductor,
and charged with two revolutions of the plate, the effect on
the wire was observed and noted. A second jar was now
examined in a similar way; the respective effects did not
greatly vary, but the mean result amounted to just sixteen
degrees. The two jars being now combined, and the same
quantity of matter disposed on them, the resulting effect was
only eleven degrees, the loss being about one third. This
process was repeated, with the same quantity of matter dis-
posed on three jars; the mean result of the three, taking each
separately, being first determined, and then the result of their
combination—in this case, the loss amounted to somewhat less
than one half—a similar process with four jars, gave a loss
rather greater than one half—with five jars, it amounted
to nearly two-thirds, and with six jars to about four-fifths,
The results are given in the following table.

TABLE 1.

REVOLUTIONS | NUMDER

or or EFFECT.
THE PLATE. aams,

2 1 16

2 2 11

2 3 9

2 4 7

2 5 5

2 6 i

It might therefore be supposed, that by increasing the
number of jars, the effect would at length be reduced to
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zero, and such was found to be the case; for on disposing the
same matter on a great number of jars, the effect on the wire
becamne insensible,

25. As a farther extension of the preceding investigation,
the quanlity of matter was made to increase as the number of
jars, and to obviate any error which might be supposed to
arise from slight differences in the jars, each jar was first
examined separately, and 2 mean result obtained; they
were then combined in prirs, the matter being doubled, then
each three jars were combined ; the matter being tripled, and
50 on io the last combination, in which the whole six were
combined ; the metter being six times as great as in the first
instance, The mean results of each respective ecries of com-~
binations are given in the following table. *

TABLE 11.
| mevorurioms | numsEa
or or BFFRCT.
THR PLATE, s,
2 | 11
4 £ £6
6 3 §0
B 4 73
10 5 85

1¢ is easy to reduce the above results, to the same form as
in the preceding table, 80 s to obtain the relative effects of
the same quantity of matter disposed on a given number of

* In these experiments, it becume pecessary to employ a Jarger wire to
the elaciromatar, then fn the preceding, in order 40 resist furion; the
geantty of mattor belng greatly increasod
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jars; since the effect (23) is directly as the square of the
quantity of matter. Thus to havé the effect of the matter
disposed op two jars, as compared with the same quantity
"disposed on one, we divide the effect on two jars by four:
to obtain the effect on three jars as compared with the same
quantity on one, we divided the effect with three jars by
nine, and so on, The resnlts thus reduced are given in the
following table; and it will be observed, that they do not
considerably differ in their relation to each other, from those
before obtained. (exp, 22.) Table L

TABLE IiI.
AAYOLUTIONE NUMBER

or or RYPECTL
THE PLATE, Jias.

2 1 11, ©

2 ) 6, 3

2 3 5 5

) 4 4, §

2 5 3, 4

26, In referring to table II, it may be observed,
that when the quantity of matter and the number of jars are
both increased together, the fall effect of the respective accu.
mualations ix not obtained ; since double the matter disposed
on two jars, only equals about twoe and balf times the first
effect, instead of four times, which it chonld do if disposed on
one, (23) By disposing three times the quantity of matter
on three jars, we only obtain about four and half times the
first effect, instead of 9 times, and 50 ou, untill at Jast in
increasing the number of jars, the differences in the respective
effects become less and less, 50 that @ limit appears to obtain,
in which the advantage derived from an increased quantity of
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matter, becomes neutralized by the opposite effect of the
increased number of jars.

These results are very analogous to those arrived at in the
extensive investigations of Mr. Children with bis lerge voltaic
battery, in which av intense deflagrating power was obtained
by accumulating the electric action on as great an extent of
undivided surface es poesible;* and elso with those of Sir
H. Davy,t in which the relative powers of ignition with an-
extensive voltaic series appeared to decrease afier a certain
limit, beyond which there is a loss of power; which is preci-
sely what happens when the number of jars and the quantity
of matter ate both increased together, and in the same pro-
portion,.

27. It may be proper to observe, that the above results
are somewhat at variance with the conclusions arrived at, in
Mr. Singer’s excelient work on eleciricitys be infers, p, 179
that the same quantity of matter, will fuse the same length
of wire, whether it be disposed on two jars, or on one: but
it roay be shewn, that in the immediate experiment from whick
this conclusion has been drawn, the quantity of matter greatly
varied, In the experiment alluded to, eight inches of wire
bad been previously fused, by a single jar, charged to thirty
grains; it was likewise fused by two jars, charged to fifteen
grains,? and it is inferred, that the quantity of mattér-wans in
each case the same; whereas, io the latter instance, it must
have been greatly increased, for it will be remembered, (15)
(20) that by the expresion chargiog a single jar, or other~
" wise, two jars to any degree, my fiftcen or thirty grains, we
thereby mean, that certain relative measures of the free action
of the accumulation bave been obtained, as indicated by its
attractive force; the surface on which the matter is disposed

* Elesments of Chemical Phitosophy, p. 139. + 16, p. 180
§ Exp. 77, page 17T
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being given. Now it has been shewn, (exp. 16) that suppo-
sing the same quantity of mafter to be disposed on a dounble
surface, the intensity or free action, as indicated by its attrae-
tive force, would be reduced to one quarter; comsequently,
the intengity corresponding to the previous quantity of mat-
ter on the single jar, would when both jars were employed,
ouly amount to seven grains and half; that is to sy, to the
"one quarter part of thirty grains; the previons intensity on
the single jar, suppoeing the jars to be preciecly equal and
similar, But in the experiment sbove-mentioned, the intensity
on the double surface, was double this amount, or fifteen
graing; therefore the matter accumulated, by a very simple
calculation, must have been greater than in the previous case
with the single jar by nearly one half; for the surface being
constant, the quantity is directly es the square root of the
attractive force. (21)

It is easy from the preceding imvestigations, to obeerve
the relations which subwist between the interval which the free
action can break through, the attractive force it exerts, and
and the resulting effect of the explosion, For since 1 or @ (19)
and & of ' 83) and = ot ¢* (39) the effect being represented
by 2; therefore the effect and the attractive force must vary
together,andewhmustvaryasthesqmnﬂhewm—aﬂ
otherﬂnngsrmmmgthenma. :

29, It bhas been my endeavour hitherto, in the course of
these inquiries, to confine my observations as much aa possible
to matters of plain experimental evidence, in order that they
might not be embarrassed by theoretical speculations, which
would be 8 source of sericus objection. 1 have therafore,
avoided entering upon any explanation of the curicus pheeno-
mena, that the interval which the free action of an electrical
accumulation can pass, is directly sa the quantity of matter
accamulated ; (exp. 10) whilst the attractive force is s the
square of the quantity, (exp. 15.) ' I have only endeavoured



74 MR HARRIE ON THE LAWB OF

to nhaw, (20) * that theea phemnomena are perfectly consistent
with each other, and involve no sort of contradiction. " A fow
additional observationa concerning these laws of electrical
action, more especially as relating to-the attractive force of the
‘accumulation, may mot however, be now a[tngether ont of
place, keeping in view an established principle in experimen-
tal science; that we are gaid to explain any pheenomenon when
“we ahow it 10 be necesarily included in some other phamome-
non, of fact blresdy known,

© 29, It ia reasoriable to infer, that in every case of duplicate
proportion, twé edqual and concurring causes are presents for
ai observed: by the'learned Dr. Clarke, to suppose any effect
whiatever, to be as the -equare, or the cube of its cause, is to
suppoee that such effect arizes partly fromits canse, and partly
from nothing. Thas in the case of the free action of an electri-
cal aecumulation, as estimated by meany of its attractive force
- operdting between two _conductors, fe) (3) fg. 15, there
" are, aw alreddy observed (15) two separate causes to be eonsi-
dered; the quantity of msatter acocumuleted, nnd the contyoll-
"ing power of thenminxulated coetting: and it has been observed
(14) that the free action will be in & direct proportion to the
quantity of mitter, and in'an nverse propartion to the con-
trolling power, If therefore, as the quantity of matier is in=
creased the controlling power of the uninsulated coating should

" from any cause be diminished, and in an inverse ratio, then

the froe acton must necessarily be in a duplicate proportion;

anid such e cnnclumon is by no mesns unwarrented by known
' facts.

We have already had occasion to remnrk, (i{) that when
' ai iustilated and uninsulated conductor are directly oppoeed to
éach other, and are separated by a noneconducting interval,
the-capability of the former Lo Tetai a Riven accumalation is,

‘ﬁupl.ga 84
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all other ‘things rmning the eame, comsiderably ikordoncd ;
for the accumulation beéing determined by the prosimity: of
the ‘two mnductoru, immediately wpon- the upinsulated: one;
a portion of the matural electricity of the- l&!ﬁ! betoien tiw -
placed, and thus it epproprintes to itself, o' great pwt of the
resulting action. In the operation of the Leyden jor; bowever,’
the natural electricify of the insulated eoatimg, not havdng
the same unlimited room to recede, in-consequence of the inter~
vening glass, the effect of the inductive inflvence in costralling
the free action is not  proportionate to the quintity sdeumuliated,
Hence, the respective quantmen sct freo, as arising from this
cause alone, must contimue 1o increase in a-dmple hﬁu oi"tba‘
sccommulation.® er e b e

Bat in ‘order to estimate the whole smount ‘of the free
MM,wehavedmwtakeintoﬂmmm,ﬁemm‘
influence of the matter thus set free, on the outside of the jar,
by which the contrelling power is at length destroyed, and the
whole aceumulation caunsed to pass in the form of su explosion ;
by mcreasing the quantity accumulated, we have, therefore,
aot only an inereased quantity set free; bet aleo an ineveased'

peutralizing mfluence, which opersting upon: the negutivy
coating, either immediately through the bells of the electro.
meter, or otherwise throngh the surrounding medim, b iti the
case of & spontanecus explosion over the mmcoated interval §
the exclusive action between the coatings in the direction of
the intervening glass, will be necessarily diminished, that is to
sy, the controlling influence in the latier divection, wlll be
maorkum!mwbgamh’udwﬁru.

“ lth@ﬂbwﬂhﬂlhmm'aMnM
dectriml sonernalstion, to commence Gret from the nogasiveeestiag, winch may
be sopposed to Tappen in sharging u jar, hy the transfer of s own slociridliy,
(sxp. L) or otharwise from the positive soating, as may be sappased 10 eccar in
charging an wninsulated jar, (sxp.9.) In either case, tha quuntitles set free will
be precisaly the same; sinee, in the oxe insiance, the quantity dispiaced may
be sapposed to precede the quantity sccxmulsied, in the other, to sucered it.
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It is further to be obecrved, sinee the tendency to a state of
equal distribution, in the direction of the balls of the electro-
meter may be supposed to increase, not only with the quantity
acomuulated, but also with the displacement from the opposite
coating ; we may likewise estimate the quantity set free, under
these conditions, and consider merely the power of controlling
the free action, se depending on thews two causes takea together,
In which ease, this power will continually decrease, in an inverse
ratio of the equare of the quantity accumulated, (exp. 4), until
it vanishes at the instant of the explowion; whilst the indicated
attractive force will consequently tncrease in a direct ratio of
the sgquare of the same quantity, and the effect is still propor«
tionste to ity canse; that is to eay, to the quantity set free.

This duplicate propertion will not, howeves, become appar-
ent in the interval which the accumulation can paxs 3 since hy
increasing the intervals between tho exploding points, we
diminish the aitractive forca; the quantity of matter being
constant, in the inverss ratio of the squares of the respective
distances, a8 already explained, (20.) The sitractive force
therefore of the free action, considered as a coustant quantity,
is at a double intervel, reduced to onenfourth, and the explo-
sion caanct pews at a deuble intervsl, until an equivalent at.
traction is obtmined, that is tosay, until four times the quantity
in set frea, which will be when double the quantity is sscumup.
lated, '

80, In disposing the eame quantity of matier on double the
surface, wo bave also & duplicate proportion indicated by the
decrease of the free action; ss observed (exp. 16); in thie
instence, we may also trace the joint effects of thess two
comcyring causes, Jt will be readily pexceived, that to
dispose the same quantity of matter on s double surface, is
the same thing as regarde the aitractive force of the fiee
action, 88 disposing half the quantity on the same surface ; for
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Jet the double surfice be mpposed to be divided into two parts,
each equal and similar to the single surface, then the quantity
will be divided in the same proportion, one half remaining with
one part, and the other half with the other, We have only
therefore, to determine the resulting attractive effect, for one of
these portions, and we obtain the indicated attraction of both,
(21) since the attractive foree of the free action is the came with
one jar, as with any given number, when the quantity of mat-
ter is made to vary with the number of jars, (exp. 11.) Now
by disposing half the quantity on the same surface, thot is by
diminishing the quantity one half, we at the sme time double
the controlling power of the unineulated coating, since the
latter is increased os the difference from & state of equal dis-
tribution is decreased: and hence, by the joint action of

these concurring canses, we have only one-fourth part the

attractive force,

This duplicate proportion, will not however become appa-
rent in the interval which the explosion can pass; (exp, 11)
for as already observed, (20)* the attractive force being inan
inverse ratio of the square of the distance, the explosion can
with the same quantity of matter otill pas at one half the
interval; mince by diminishing the distance between the balla
one balf, we quadruple the sitractive force; the quantity of
maiter being consiant,

The converse of this reasoning will be readily admitied, in
itw application to the duplicate proportion observable in accu-
mulating the same quantity of matter, on half the extent of
coated glass, the one being the reciprocal of the other, and is

incladed in the general expresion a gr -§; (21); taking care

to remember, that by s, we denote the extent of coated glass,
considered as o simple quantity without reference to its two
warfaces.

¢ Bee pags 04.
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- 3): Thevaricns instruments, employed asmeomres of these
different 'states-of the frea action, which we. haxe been just
considering, bave been supposed merely to indicate the dgvism
tion--of the aocumulated electricity, from .a, state. of natural
distwibution; and to bave no.relation te the quantity agcumpe.
lated:®* buotsucha conclusion must betaken with congiderabls.
limtimtion, If dsdrue,thet as much free action may be. evinesd

by s jer containing only,a square foot, aa. by a jax containing.

ten square feet; or'by: a buttery, containing ops hundred. . Bnt
when we take into the acconnt the laws above mentioned, {21)
we immedintely: pereeive that there is an important connection,
existing. between the imdicated attractive force, the quantity,of
matter:set freey and ths relative quantity accamulated.. Thys
if & given questity. of mmtier be aocustulated on. 8 square fook
of ‘conted glams,.and it/indicsie am attractive force, which we
will call 1, then supposing the same quantity to. he digpesed on
ten square feet, its free action will be redoced to one hundredth,
(21) that ig to say, there will be only the one-hundredth part
of one-teath of the whole set free fram each jar, sinca the mat-
ter is disposed om tem jors. (30) If therefore, the free action
should become the same 88 before, then one hundred times the
sbove quantity will be eect froe from each jar; and tew times
the original quantity of matter will. be accawulated an the
whole.

82. The duplicate proportion cbservable in the general law
of dlectrical atiraction, alreedy noticed, (20) will be found to
involve n eimilar conourrence of two equal causes; since it
may be shewn by a very easy experimental analysis,, that- the
whole atiractive force depends, firat, an the force induged in
the attracted body, and secondly, on the distance at which the
force so induced is caused to act. If therefore, whilst we
diminish the distanee one half, it should be found that the fonce
induced in the attracted body is deubled, than we have neoes-

Binger's Eleciricity, p. 130,
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werily four times the sttraction, -If" the distance be diminished
to one-third, 'ahd’ the forceinduced in the-attracted body be

- tripled, dren. we have nine times the atitraction, and - se-.on,
There are a few' very aimple ex-pmmenutobeadduwd in
support of this view of electrical action.

“ Bxp, 24.° A farge jar, containing' about five squaré feet,
" was connécted with the imsulated coductor of the- electzom.
~iter, (fig 6 and with the conductor of. the meehine, as in
+ fig. 15; the whole being intutated, and the quantity of matter
" measured by the explogions'of a small- jar, chaeging from the
outer coating, on the principle already expinimed, (12)end
represented in figs. 13 and 16. A third conductor, (¢, fig. 20)
 with flattened ‘mirfaces; wab pow catefully. insulated, and in
- terponed between the imuluted ahd suspended conductors ;
‘() (4) tinder these conditions, the weight requisite to bal-
- gnce the uttructive force; measures-the force induced im-this
»jnterniedinte conductor, (¢} ot difforent distances .from the
insalated condizetor; (3) tha-distenca (o ¢)- botween the sus-
~peénted -and- interposed -ednductorsy remmining i ehch cese
" the kime.’ ‘Now the indwded force, was fonnd within corsain
* -Bixils to vary i = vithple inverse matio of the distanoe (c.3)
* between- the insulated ‘dod ‘interposed eondustor,: Thus the
* jukutlaked vonductot (¥) being depresiad from contact with the
“iterpoded conducter; (c) through an interval of twostonths of
“ atrinch; and un secnrhulation caused to take place; exprossed
' Hy twenty: explosions of the-miiad] jar;: thewightmqmtato
~“balance the attractive force, amounted: to eight graine ; the -
&meaﬁomthemspéndeddndnunrbemgabommhn
** of an inclt! the interval (c 3) being no¥r doubled, by depress.
 injy thelowey insulated conductor ('3 ) another twostenths, the
* attractive force ‘smoanted to- four geains! the intervel (o 3)
- being fucrenbed to six<tenths, the attractive foreo amounted to
" alfotat two grains and Tlalf: the mduced: attrmetion therefore,
- varjed tn an inverse simple ratio df thié distance, (e 3} all other
" things vremaining the same. ' By s further: extension of this
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experiment, it became also apparent, that the induced foree
so long as the inductive action conid proceed with facility, was
directly as the force of the free action; for by incressing the
quantity of matter accumulated by about balf a8 much again,
%o as to double the free action, according 1o the laws already
determined. (20) The induced attructive force at a certain
distance was also doubled; the free action being quadrupled
by doubling the accumulation, the induced force was also
quadrupled, (21) This law however, as the disturbance in
the interposed condnctor became considerable, began to vary ;
the state of unequal distribution not being equally susceptible
of fuﬂllﬂl' mnge»

Exp. 2. The interposed conductor (c) being removed,
and the attractive force at a given distance (b 4, £g. 15) being
determined;, & second eccumujation was caused to take place,
80 a8 to give at the same distance, a force double the former.
This double foree, being caused to operate on the suspended
conduetor at a double interval, the respective attraetive forces
were found to be reciprocally proportional to the distances
between the insalated and suspended conductors. (a) () Now
in these instances, the induced force in the suspended body (5)
maust have been the same, since a double inductive force 2 4
fig. 21, acting st a given distancs, will be eqnivalent to a
single inductive force, (4) acting at one half that distance-—the
inductive effect being as just shewn, (exp. 24) inversely as the
distances. This result although a necessary consequence, when
we assume, that the force of electrical atiraction, varies in an
inverse duplicats ratio of the distance, still involves the ime
portant fact, that the induced foroe being constant, the attrac.
tive force varies in an imverse simple ratio qf the distance
between the attracting Bodies. These results therefore, go to
prove, that the duplicate proportion observable in the general
law of electrical attraction, may be veferred to the operation of
two concurring and equal canses; that is to say, to the induced
~ force, and to the distance at which the force so induced acts.
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when therefore, these vaty together, and in an inverse pro-
portian, We have the inverse duplicate ratio above mentioned,

It may not be uninteresting to remark, that similar effects are
observable in the action of a magnet on a mass of iron; the
‘attractive force being directly as the foree induced in the
iron, and inversely us its distance from the magnet, whilst the
inductive effect s directly as the power of the magnet, and
inversely as its distance from.the iron: and it is also demon-
strable, that when the inductive effect on the iron can vo longer
proceed, the atiractive force is not in aninverse duplicate pro-
portion, but in an inverse simple ratio of the distance, as I have
endeavoured to shew elsewbere,* ’

83. The reasoning which has been advanced (9. 30) in
 explamation of the duplicate proportion observable in the
attractive force of the free action, admits of much useful eluci-
dation, when' the guantities are repressnted by enalogous
geometrical magnitudes; a method which frequently enables
ue to demonstrete theorems relsting to such quantities, with
great readiness and precision; and developes many impor-
tant facts which otherwise would not so ceadily appear.

. Since the quantity of matter accumulated on a charged

surface may be supposed to proceed by equal increments (13)
therefore it may be represented by any magnitede supposed
to fow uniformly. Let, therefore, the line A ¢, fig. 22. move
paralldl to itself apon the line (‘¢ d,) and generate the equal
spices ¢ e, m f, » g, &c. then the rectangular epace 4, B,
¢ d, may stand for and represent the whole quantity accumu~
lated 3, and because, &s we have endeavoured to shew (29) the
controlling power ja conatantly decreased, as the quantity of
miatter is increased, until i€ vanishes at the time of the exe
plosion; therefore, it may be représented by any magpitude

* Esperimenial Resosrches, on the Laws of Magnetlo Acilon.
L
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supposed to flow ; and at the mamatime continually decrease
aa the sccumnulation increases, Let therefore the line A ¢, alas
move parallel to itself, in the direction ¢ d, and continually
decrease by the quantities ¢k, f'i, gk, §c. which are pro-
portional to the linee a6, Af, A g, §c. that in, to the re-
spective quantities of matter, and 90 generate the diminiching
triangular space A d ¢, which may cousequently stand for,
and represent the whole of the conirolling power: then the
quantity of matter first accumulated being represented by the
space ¢ e, the quantity controlled will be represented by the
space ¢ h, and the quantity set free by the triangle, A e A ; in
the same way, a double quantity of matter will be represented
by the double space ¢ f; the quantity controlled by the space
c i, and the quantity set free by the triangle, A f ¢, and 90 on.
" But the triangles & ¢ &, A f i, are to each other as the square
of Ae, to the square of 4 f; and since Af, i double of ae,
these triapgles are to each other as four to one. In the same
way it may be shewn, that the triangles o ¢ b, 2 g K, are
to each other an nine to one, and 8o on @ and as these triangles
stand for the free action, whilst the sides Ag, Af, Ae, are
proportional to the respective quantities of matter accumn-
lated; it is so far demonsirable that the free action of any
given accumulation, is, all other things remaining the same,
directly proportional to the square of the quantity of matter.

In a similar way, if the linea A e, A f; stand for the inferw
vals which the force of the free action can pass, and the relative
quantitics set free, be represented by the triangles A ek, 4 f§
&ec. as before, then in drawing & curve line o, v, B, ¥, 0, so that
the ordinates p ¢, B f, &c. may vary in an inversa ratio of the
squares of their distances from the point A; these ordinates
v & E f, &c. may siand for the relative altractive force of any
given quantity of matier at the respective dictances A ¢, A f,
&e, (20, exp. 14.)

If therefore, when the quantity set frecis A o &, the explos
uion takes place, the interval being A ¢, and the attractive force
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ne, then, in suppoaing the interval Ae to be made twice as
great, that is to become Af, the attractive force of the same
quantity of matter would be represented by B Jf, and the
explosion could mot occur at this interval with the eame
quantity accumulated ; bat in doubling the accumulation, the
quantity set fres would be represented by the triangle A fi,
that i, it would be four times as great, and the magnitude of
the whole attractive force, woald become equal to four times
R f; that is, it wonld be equal to e, as before, and the explo-
mion moust then again take place. In aaimilar way, it may be
shiewn, that when the interval Ae¢; in extended to A g, the at-
tractive force b B, of the same quantity of matter A ek, is
reduced to one.ninth of De, that is, to » g, whilst the quantity
set free, when three times the matter iz accamulated, being
represenied by the triangle A g k, becomes nine times as great;
the explosion will therefore again pass at this interval, for the
whele attraction will become nine tiwes 7 g, that is, p ¢ as
before, and so on;* hence the interval which the explosion can
pess, will be directly as the quantity accrmalated, (20)

84. The duplicate ratio observable in comparing the effects
of the explosion, (23) would seem to be of a more intricate cha-
racter, the concurring causes by the joint action of which it is
produced not being very apparent. We might indeed be led
to conclude, from the circumstance of the effect being as the
quantity of matter set free, (29) that it depended exclusively on
the state of thefree action; which we have seen is as the square
of the quantity accamulated, (21) But such a conclusion is
pot warranted by the submequent phwenomens, for the same
quantity of matter is always equivalent to the same effect,
whatever be the ares of the coating, or the thickness of the
glass, provided the surface be in an undivided state, and
all other things remain unchanged. (exp. 21,) Since there
fore, the same acoumulation, disposed on jars, varying in size
and thickness, exists in very different states of cootrolled

SThat fs: equal to De, at a double, triple, ko, distaote—see page 04
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action, the effect must have reference only to the quantity of
matter accymulated,

This question however, may poseibly admit of much elaei-
dation, by taking into considerntion, not only the quantity of -
matter accumulated, but the velocity with which it passes
from the positive to the negative coating, Now it is not ume
reasonable to suppase, that ths latter will be as the attractive
fores, exerted between the opposite electrical states; which
being an effect proportionate to a given canse, mast necessa~
rily be as the deviation from » state of equal distribution; that
ia as the quantity accumnlated : apd hence, a double guantity
of matter, will exert a double attractive force; and conse=
quently, pass with a double velocity—it will therefore, have
Jour times the momentim, Furnsiniﬂlrmon.ah-ipleqm-
tity of matter, would have three times the attractive force, and
consequently pess with a3 triple volocity; and hence, have
nike times the momsptum,*

35, The attractive force, exerted between the oppolita
electrical states, will necegsarily be independant of all those
indications developed by the uncontrolled action; even those
resulting from the ares of the coating, or thickness of the
glnes: it must in fact be considered, ag the disposition or ten=
dency of a certain natural power, or powers, to a state of equal

* In aszuming the attractive force 1o be proportionsl to the qeantity seow
wilsted, we have o sonsider the immediate foree sxeried betwsen the ppposka-
sivataics! stutos, at the Lostast the diroult is mads semypleto, ead pot theekrestive
<oree ofhe freve notien, 16 relation to the quantisy spcamuinted, whish na sirpady
obaerved, 1s propartional {0 the square of the sccumalstion. We haye alrpady
showp, (29) thag this effect results from an increased quantify of matier, and &
dmuu!!smt;oﬂinspom; so ihat {f whh a donble socumalation, there i»
evinoed four Hmes the aitractive fores, It ls bocausa there is four timses the
qesntity of matter set free s and the attractive foree Is still propertionais i the
quantity of mater [n setion, & we bawe jpst assumed.
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distcibution, throogh a given ciscwit. For although we some-
tmes ohserve, that the sttmactive farce exerdod between the
oppuuicuﬁngl.hnﬁdmhbrukdmtha intervening
giass, when scoomulstsd on o mmall extest of conting, which
does pot bappen on 6 more extended surface; yet, weo must
not from ¢this effoct conelnde, that the mntusl attraction of the
epponite cloctrieal stutem, through a givem cireuit, is on this ac-
count either incressed, or otherwise dimimished. The tendency
to an equnl distribation, capnat ba in any ether proportion than
that of the veristica from the naturel state, that is to ey, of
the quantity accumulated. The power indicated by a spon.
taneous explosion, through the sides of a glaas jar, depends
exclusively on the nweber of pointe, to which the attrsotive
foroe s confined, a0 that on a great sxtent of coating, there is
Loas aetien in awy given direction. Bat the ahwolute quantity
of estractive foree, s peluting to the deviation from the natuval
oéete, pening unchaugend ; the sccumulation, whilst in the
act of pessing through a given circuit (s b} fig. 14, being
drawa from every peint of the intervening gless through the
mediye of the apposed coatings, and finally concsntraied upen
what mmy be considared as two centras of action (d) (4. ) So
long as the civentit, and the quantity of matter therefore, ra=
muin wnchanged, the same attraotive farce ‘st the instant of
the explosion will be i actin; whether the matter shall have
baen previowsly diffwsed over a layge surfice, or a small one;
or otherwise, whether it be dispossd on thick glam or on thin,

‘We are heace led to infer, that when the circuit ia made
complets, that is, when all distance between the oppesed eoat-
inge, is, a8 it wers, anxibilated ; it 3 no longer the attractive
fores, s exavted theough the intervening glam, or the extent
of osated sarface, or the indioations of the fiwe netion which
we have to gonsider, Every thing reluting ta thess, st once
vapishes ; for the gyest oondition wpom which thair observed
influence rested, that is to say, the separstion of the apposite
states, by the intervening glass in destroyed ; and we have now
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“only to look to the variation, from the natural siate of dietri-

bution, that is to the quantity of matter accumulated, and to
its attyactive force through a given cirenit, that is to the rela-
tive veloecity with which it passes; and therefore, it is not
unreasonable toinfer, that the duplieate proportion observable
in the explosive effect of the accumulation on @ metallic wire,
(23) may dcpend on these two canses, taken together; wo that
when the matter is doubled, and the velocity alao necemarily
doubled, the effect must be quedrupled; or, in other warda,
it must be proportionate to the momentum, with which the given
quantity of matter pervades the metal,

86, These views derive much support from a few admitied
and important facts—thus, when a given charge is caused to
pervade a great extent of circuit, much of ite power islost, and
the explogion of the buttery at other times vemarkably loud,
is then scarcely audible,® and to fuse any quantity of metal
with a given charge, we make the circuit as short as poesible ;
the effect of the explosion on the wire of the electrometer,
Jfiy. 8, is found to be greatly diminished by incremsing the
length of the circuit, that is to my, by retarding the velocity
of the charge, and the effect seems 0 decrease in an inverse
ratio to the obstacle to be overcome, so that in transmitting the
charge through imperfeet conductors, sach as water contained
in glams tubes, the valocity of the explosion i 50 much dimin-
ished, that tha effect, otherwise considerable, is no longer to ba
appreciated,

It is not improbable, but that the decressed effect of the
explosion obeerved in disposing the accumulation on a divided
surface, (22) arises in a great measure, from this cause ; since,
in employing many jars, we necessarily increase the number
of charging and connecting condastors; indeed, the results
given in Table I, seem to warrant such a conclosion; for eup-
posing the number of jers to stand for the respective incrense

* giogur’s Eleotriclty, p. 178,
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of conductors, the corresponding decrements in the effect, will
be nearly in a direct proportion to the number of conductors,

87. In the analysis which has been given of the progress
of an electrical aceumnlation, (33) it may be inferred from
the equality of the triangles A d ¢, A d B, that at the instant of
the explogion, the free action is equal to the controlied action ;
which may bk readily conceived to be the caso—for at this
instant, the tendency of the free action through the balle of
the electrometer (a) (3) fig. 14, being equivalens to neutralize
all the controlling power, the whole aceumnulation is set firee in
the act of exploding, and a state of equal distribution ensues,

. If therefore, we suppoee the explosion to oceur with a eingle
quantity of matter c ¢ at the interval A ¢, fiy, 23, then the free
action will be representod by the triangle 4 ¢ m, and the coo-
"wrollod action by the triangle A m ¢; when the intervel is in-
crensed to A f; snd the quantity of matter to ¢ 7, then the free
action is representad by the triangle 4 f », and the controlled
nction by the triangle A » ¢, and so on; it is only necesmry to
obeerve, that in estimating the free action by ita attractive
force, as indicated by & moveable electrometer, the free action
of the firet quantity of matter ¢ ¢ will mo longer be represented
by the triangle A m ¢, when the interval A ¢ is doubled, bat by
the triangle A e r or oneshalf of the former—that is by one-
quarter part of the trisngle A f = ; since ¢o obtain a double
accumulation, by means of a moveable electrometer, we must
oppose to the attractive force of the free action et the time of
the exploeion, four times the weight (exp. 10.) ; when, there-
fore, the interval is doubled, the respective quantitics set free
will be repressutod by the triangles A er, A £5; when the
intervel i tripled by the trianglea A € 5, A £ ¢t, A g 0 ; when
the interval is quadrupled by the trianglw a s X, A1, A gk,
ABd Tkﬁmmhmguthanqmeofﬂuqmnﬁty
accmhudanhmdyahorwd(m) .
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I bave veatured on these theoretical obeervations, xrore
with a view of tracing the connection which necessily sub-
sists betwoen these interesting phenomens, and of applying
general principles to the explensiion of perticalar facts, than
with apy intention of having such cbwervations conzidered as
incontrovertible, Tho theery which they include, must rest
cb obsexrvation and experiment, and its ovidense muat therefane
increaso or dearcase with the number of facts te which it ean
be applied, and the precision with which it explains them.

98 It may wot be improper, before concluding this peper,
10 notice some circumstanoes espnectod with alaetzion] investi-
gations, which appear calculated to involve them in some
uncertainty 5 on whieh sceoynt they mewit particular atten-
tion,

Iu the application of electrioal jara 1o the purposs of
invesdigation, it ik quite cmeontinl i ocnthin cxperiments xo-
quiring grest prepicion, sot only that they exposs the same
extent of coated surface, bet that thay be in every othur
respect precisely simtiler. Now thareare.many circusstanscs
aiiecting the idemtity of comted jaws-o-it is already known,
thet the chaigo which a jur cam rechive anestimatid by iis
sitractive force, v in seme direct ratie of the arva of the
.comting, and in-some imverse matio df the thickness of theglam,
A thin jor, having the syme extatd of coatod sovfues; will
tharefors, with the samio sttoastic, slways iguite: mors. wise
than & thick ome: it mned bas pemembored homoner, thas this
@ not im consequence of the difaenes in the thicksom, hat
hecamee thevs is abwelutoly tawe sheowritity soevvsnmintad with
& gires sttonctive force. 449 16 wes shawin (sxp. 1) that the
-qumatity of mattcy heing' tho s, the offéat dees Dot vesy
whatever be she thicknes of the glam, or cuup the sres of the
cating, previded the jor com ressive the given acsunultion,
The way in which the cogtimgt ie sppljod, iv ancthey’ cvcuns.
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stanee which will also meteriaily influence the action of a jar;
»0 that although the thickness of the glas, and the area of the
coating be the same, the quantity of matter correspoading to
a given attractive force, shall greatly vary; and the quantity
of matter being the same, the effect shall no longer be identical.
This is the case when a layer of paper ia interposed between
the costing and the glasi; which is sometimes resorted to in
order to diminishi the chance of fracture,® Thus in selecting
some jars from a battery constructed by Mr. Cuthbertson, it
was observed, that one of them materinlly differed from the
rest; it would ademit of a much grester quantity of matter
being disposed on it, with a given intensity—but the quantities
of matter beiug eqnal, the action of this jar was less than
ejther of the othiers by nearly one balf. On examining the
Jar attentively, a layer of writing paper was found to be ip~’
betwetn the outer coating and the glass; - this being
removed, and the codting réstored, the jar acted in every
respect like the others. The paper therefore being an impers
fect conductor, impedes thé’ free transmission of the zecamue
Iation upon the surfice of the glass; aiid hence the force of
the explowion becomes diminished : for the same reason it keeps
down the tendency of the accamulation, through the balls of
the electrometer, by whic¢h the controlling power is increased,
us before explained (29.): every species of cement employed.
to attach the coating to the glass, will consequently operate
more or less to the disad vantage of the action ofthe jar, ncrord-
itg o it has a greater or lem insulating power, and is applied in °

grester or less quantity.

3B, Itis therefore essentinl, where great accuracy is re-
quired, to ascertain in some investigations, the action of each
jar soparately. If two jars, with the same quantity of matter,
explode over a given interval, or exhibit th¢ mme attrac- -
tive fores, or produce the same effect as estimaated by amy
of the feregouing miethods, (13, 15, 7) then they may be cons -

® Singer’s Elactriaity, ps 180.
M
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sidered as identical; if not, the separute effects due to each
should be noted, and the mean resuit taken.

40, The way in which a series of jars are arvanged, may
aleo affect our results; when for instance, we incresse the
number of jars, and instead of aranging them about a com-
mon centre, as in Jfig. 17, in which case, eath jar may be
supposed to aperate, as if disconnected with the others; we
dispose them as in fig, 18, one jar only being connected with
the conductor, and the remaming jars with each other ; there
appears to arise in the latter arrangement, a greater impedi-
ment to the free transmission of the accuraulation, and although
the difference is not considerable when two or three jars only
are employed, yet in an extensive series it is of great import=
ance, Iarranged abattery of five jars, each jar containing five
square feat, (according to these methods,) and having charged
it in both cases alike, the corresponding effects on the wire of
the electrometer amounted to 66° and 70°; the los being by
the arrangement in fig. 18, about one-fifth. This circomstance
may also arise from the increased namber of conductoss, which
the accumulation has to traverse; sinve each jar, except the
first, instead of discharging through the iine (a 5 ), hea to
discharge through that line, and its conpexion with the fivst

JSI'

41, .The usual method of estimuting the quantity of mat-
ter by the fusion of wire being very uncertain in practice,
our results may be rendered unsatisfactory from this circum-
stance; indeed it is admitted, by many careful experimentalists,
that wires may become fused, with but alight variations in
appearance, when very different quantities of electricity are
passed through them:* beside which, the difficulty of escer-
taining with precision, the point at which the fasion takes place,
oo that the wire may be just made red through its whole length,
and then drop into balls, is very considersble; and we seldom

Bingw’s Electricity, p. 180,
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foel sswured, that the given charge is not adequate to a some=
what greater effoct: this in many investigations, is of material
eonsequence; since the quantity of wire fused, varies in a
duplicate ratio of the quantity of electricity pased through,

On this subject, Mr. Cuthbertson hes the following obser~
vations; be says, alluding to some experiments by Dr. Van
Morum, * That he, (Dr. Van Marum) might not have been
aware of the different degrees of ignition, cansed by electrical
discharges, but only judged of the force, by the wires being
converted into balls, by which great mistakes will happen; for
if a wire be taken, eighteen inches fong, and of such a diameter,
that when a jar or battery is charged to snch a height, as just
to cause it lo run into balls, much shorter lengths of the same
wire, may be subjected to the same force, and stili be only
converted into balle, If only seven inches were taken, nothing
but balls appear; the ouly difference will be that the balls
will be smaller, and dispersed- 0 & greater distance ; which
may be easily overlooked,” He concludés by observing,
« That the lowest degree of ignition must be had, =0 that when
the charge is passed, the wire chall be red hot through its
whole length, and then fell into balls,” #-

42, The method sometimes resorted to by electricians, i
order to increase the capacity of a coated jar, by breathing or
damping the uncoated interval on the inside, is also calculated
to change materiaily the conditions of the experiment. Mr,
Cuthbertson happened casually to discover, that & coated jar,
when it was a little demp on the inside, would teke a higher
charge, than it would do after it had bheen coated for some
time, and was quite dry op the inside. From this he says, “It
appearsd evident to me, that if T could by any means render
the inside of the jers regularly damp, it would answer the
sarae purpose. Breathing into a jar was tried, and the success.
was such, that it wounld reccive and retain nearly double the

* Cuibbertscn's Praciical Eloctricty, pe. 189, 185, 168,
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quantity of electricity it could retain when dry; and in trying
to ignite wire with the charge of one jar in a dry state, no
mare then five inches could be ignited ; though affer breathing
mto it, twelve inches were fused,”*® Hence, it s evident, that
by damping the inmer surface, we completely change the
relative operation of the jar: it is in fact, little more than en
ingenions method of increasing the inner coating, but in such
way as to extend the surface, by means of an imperfect con=
ductor, over which the electricity is diffused, and so0 increase
the quantity ; the attractive force of the free action remaining
the same. If we counsider the intensity therefore, in relation
to the quantity of matter, it may be said to be diminished;
more especially at that point, from which it has the greatest
tendency to explode: in the application of this method to
the purposes of accurate investigation, we are conseguently
exposed (o great uncertainty.,

Thus, in experiments 146 and 147 of Mr, Cuthbertson’s
useful work, it may be observed, (exp. 146) that two inches
of wire became fused, by a charge of fifteen graine; and in
exp. 147, eight inches became fused, with a charge of thirty
grains: but in the latter case it was necessary to breathe into
the jar, 50 as to accnmulate a given quantity of matter, which
must have been more than equivalent 1o an sttractive force of
thirty grains; every thing remaining as in the previoua expe.
riment. To have been accurate in these experiments, the jar
.hould bave been damped in each case alike; by whick it
would have been placed under the same circamstances when
a charge of fifteen grains was accumulated, as those under -
which it was placed when & charge of 30 graing was acco~
malated; and then the result as before ohserred by Mr.
Cuthbertson, would have been widely different; for the jar
in the former case, would have been adequate to a much
greater effect, so that from these experiments we cannot arrive
at any just conclusion, respecting the relation which subsists

* Cathberteon’s Pracilal Eleciridty, p. 170
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between the quantity of wire fused, and the intensity of the
accumulation ; which from the investigations already detailed,
(21, 98) may be easily determined: since the quantity of
matter iv av the square root of the attractive force ; (21) and
tho effect ia ns the square of the quantity of matter;(23) The
effect, and the indicated attractive force, should therefore vary
together ; all other things remainiog the same, and con-
sequenily the charge of thirty gruins, shonld only have fused
twice the length of wire.

It is rather important to notice the circumatance, that such
would actually have been the case, or very nearly so, provided
the jar had beesu damped in the previous instance, when a
charge of fifigen grains waa accumulated ; according to what
ia previoysly stated by Mr. Cuthbertson, and which has been
Just detailed ; since the same proportionate increase of capacity
a8 that abovesmentioned, must bave taken place, even with the
gamge ingepsity ; that is to say, the jar being damped, could
bave received with the given intensity of fifteen grains, an
additional quantity of matter. Now the effect being as the
square of the accumulation, it would only have required the
sddition of about half es much more matter, with the sams
intensity, in order to have doubled the quantity of wire fayed ;
whieh, considering the inflacnce of the increased capacity,
might have been soon effected. Indeed, if we suppase the ratio
of 12:5 alrsady stated, which is nearly a5 2: 1, to expresa
the increased capacity with a given intensity, then the result
would correspond, or very neariy s0. When the difficulty of
ascertaining the precise quantity which the respective charges
could fuse is taken into account, the difference will not appear
to be very cansidersble.”

* There does nol peom to be any dificuity in accumulaiing the reguisite
eharge in a jur, provided the positive coating is furnished with a papor band, e¢
ingeniously recosumondsd by Mr. Blager, and the jar froed from & cover: and
T ordar to preserve the state of the jar irvariable, all the uncoated interyal bath
knalde sod ou, shonld bo carefully yarnlabed-—in thls case the action of ihe jur
@Ay be depanded oo,
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43, The various circumstances which we have détailed
being duly considered, it will not seem extraordinary, that
many well contrived experiments should have been productive
of unsatisfactory results ; and that the conclusions arrived at
by practical electricians should have been different. Thus
Dr. Van Marum fouad his batteries to increase in power only,
in the same proportion us the coated surface: viz. that a double
surface of coated glass could only ignite douhte lengths of
wire, of the same diameter, which Mr. Cuthbertson considers
to be erroneous, because he found by his method of experi-
ment, that double gnautities of electric fluid in the form of a
discharge, will ignite four times the lengths of wire, that is to
say, he fouud the effect, in this instance, to be as the square of
the quantity of matter, Yet we find p.182, exp. 149, that this
result varied ; and p. 180 we observe, that when the quantities
of matter were as 3 : 2, this law was no longer apparent; for
exps, 1560 and 151 shew, that in this case, the lengtha of wire
ignited, instead of being as 9:4, were us 8:2; dhatin, s 3: 1,
No general couclusion therefore could be arrived at, concern=
ing this law of electrical action on wires, which we have found
(23) is always directly as the square of the quantity of master,,
al} other things remaining the same.

44, Mueh uncertainty in electrical investigations may be
avoided, by mensuring the quuntity of matter acenmulated by
mesans of the explosions of & small jar charging from the onter
coatings, as already explained fig. 16, the discharge being
effected by means of the discharging electrometer, represented
im fig. 4. In this case, the electrometers usually employed to
measure the charge by its atiractive force, may be dispensed
with; thus the experiment is placed under the simplest form,
since the same quamtity of matter o0 estimated, is always
equivalent to the same effect, the surface being constant,
whatever be the thicknew of the glam, or the area of the coat.
ing, exp. 21, whilst the measure we employ may be considered
as invariable—the jar and the diecharging electrometer affixed
to it always remaining the seme,
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In referring 1o the works of Mr. Cuthbertson and Mr. Sin<
ger, my object bas been solely to elucidate an intricate, bat
interesting, philosophical inquiry; and I bhope it will be
understood that in so doing, it is my wish to preserve every
proper respect for the exertiona of two able and ingenious
men, whoso loss the scientific world has g0 much to regret.

45, 1 shall pow conclade with a short recapitulation of a
few facts, which seem to be established by the preceding in=
L] - :

1—An electrical accumulation may be supposed to proceed
by equal innrements.

A coated surface charging in any degree short of saturation,
receives equal quantities in equal times, all other things re-

The quantity passing from the outer coating, is always pro-
portional (o the quantity added to the inner.

2—The quantity of matter accumulated, may be estimated
by the revolutions of the plate of the electrical machino, sup-

mnma@teofumﬁmnexcm ot it may be measured
by the explosions of a jar connected with the outer emungs.

. Ituaslhesur&semnlhplmdbythemmvaiwhmhthe
accumulation can pass:

When the surface is comstant it is as the interval :
When the interval is conatant it is as the wurface,

It iz aleo uthﬂmrfacemnluphad by the square root of the
frec action. .
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When the surface is constant, it is therefore as the square
rook of the attractive force, "

3.—The interval which the accumulation can pass, is directly
proportional to the quantity of matter, and inversely propor-
tional to the surface:

It is aa the quantity divided by the surface :

If the matter and surface be either increased or decreased
in the same proportion, the interval remains the same:

If as the matter be increased, the surface be decreased, the
interval will be as the square of the quantity of matter,

4—The force of electrical attraction varies in the inverse
ratio of the square of the distance between the points of contact
of the opposed conductors, supposing the surfiaces to be plane
and parallel; or otherwise between two points, which fall within
the respective hemispheres, at a distance equal to one-fifth of
the radius, supposing the opposed surfaces to be spherical,

6—The free action ia in a direct proportion to the square of
the quantity of maiter, and in an inverse proportion to the
square of the surface,

It in directly as the effoct of the explosion on & metallic wire,
all other things remaining the aame,

If the matter and the surface incresse or decrease together,
and in the same proportion, the attractive force remains the
same.

If as the matter be increased, the surfuce be decreased,
+ the attractive force in aa the fourth power of the quantity of
matter.
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6—The effect of an electrical explosion, on u metallic wire,
depends excluwively on the quantity of matter, and is not in-
fluenced by the intensity or free action.

It is diminished by accumulating the matter on a divided
surface.

i It is 2a the square of the quantity of the matter.

It is as the square of the interval which the accumulation
can pass.

It is directly as the attractive force of the free action, all
otherthingummining,iqeachme, the same.

It is as the momentyms with which the explosion pervades
the metal.

Piymouth, Nevember 17, 1895
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