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J ArTicLe XIIT.

The Galvanic Circuil investigated Mathematically. By
Dr. G. 8. Ouw*,

Fig /. '
/

Prerace. _ ;

A - HEREWITH present to the public a theory of galvanic elec- .‘
T e ¢ icity, as a special part of electrical science in general, and shall .
. o 1ccessively, as time, inclination, and means permit, arrange more
uch portions together into a whole, if this first essay shall ¥

. i some degree repay the sacrifices it has cost me. The cir-

¥ Loy 2. umstances in which I have hitherto been placed, have not been ;

adapted either to encourage me in the pursuit of novelties, or
to enable me to become acquainted with works relating to the
ame department of literature throughout its whole extent. I
ave therefore chosen for my first attempt a portion in which
I have the least to apprehend competition. May the well-dis-
osed reader receive the performance with the same love for the
bject as that with which it is sent forth.

THE AUTHOR.

Berlin, May 1st, 1827.
InTrODUCTION.

. Tur design of this Memoir is to deduce strictly from a few
principles, obtained chiefly by experiment, the rationale of
those electrical pheenomena which are produced by the mutual
contact of two or more bodies, and which have been termed L
Galvanic :—its aim is attained if by means of it the varlety A
of facts be presented as unity to the mind. To begin with "
the most simple investigations, 1 have confined myself at the
outset to those cases where the excited electricity propegates
itself only in one dimension. They form, as it were, the scaffold
to & greater structure, and contain precisely that portion, the more
accurate knowledge of which may be gained from the elements
of natural philosophy, and which, also, on account of its greater
accessibility, may be given in a more strict form. To answer

* & e Galvinische Ketle mathematiseh bearbeitet von D, G, ., Ohm:
Berlin, 1827.” Translated from the German by Mr. William Francls, Student
in Philosophy in the University of Berlin,

J Beitre,

O o Fhe iz Coroeied,
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nded to a ring composed of any number of heterogeneous
arts, if each part be of itself homogeneous and of the same
 thickness. I may here take as an example of this extension a
ng composed: of two heterogeneous parts. Let this ring be

electrical, state of the part. The line A B (Plate XXIV.,, fig./1j
may accordingly represent the ring extended in a straight Hine;
and the lines AT and B G perpendicular to A B may indicate’
by their lengths the force of the positive electricities situated at conip _ et $hls |
the extremities A and B. If now the straight line T G be drawn agined as before open at one qf its places of excitation and
from ¥ to G, also F II parallel to A B, the position of F G will. r.etched‘ 0‘1? to form the right line A B C (fig. 2), 50 that AB
give the mode of separation of the electricity, and the quantities nd B C‘ indicate the two hete:rogeneous parts of t.hﬂ ring.  The
B G — AF or G H the tention occurring at the extremities o erpe.n_dmulars AF, BG, will represent by their lengths the
the ring; and the force of the electricity at any other place €5 clectrical forces present at the extremities of the part ABj on
may easily be expressed by the length of C D drawn through € e-other hand, BH apd C L, those present at the extremities of
perpendicularly to AB. But, from the nature of the galvan ¢ part BC; accordingly AF + CIor FK will represent
excitation, merely the quantity of the tension or the length of th e tension at the opened place of excitation, and G H the ten-
line G H, therefore the difference of the lines A F and B G, on oceurring at B at the point of contact. Now if we only
determined, but not at all the absolute magnitudes of the lines’ ear in mind the permanent state of the circuit, the straight
AF and B G; consequently the mode of separation may he nes & and'HI w.mlll, from the reasons above': mentioned, in-
represented quite as well by any other line parallel to thé cate ‘by thtﬂlr position the mode .of separation of the elec-
former, e.g. by 1 K, for which the tension still constantly: rieity in the ring; but whether the line A C will keep its place,
retains the same value expressed by K N, becavse the ordis rmust be advanced furthm: up or d.o'ﬂin, remains uncertain,
nates situated at present below A B assume a relation opposed: nd can only be found out in each distinet case by other se-
to their former one. Which of the infinitely numerous lines; arate considerations. If, for instance, the point O of the cir-
parzallel to ¥ & would express the actual state of the ring can wit is touched a})ductively, and thus deprived of all electri-
not be stated in general, but must in each case be separatel ty, ON would disappear; and thevefore the line LM drawn
determined from the circumstances which occur, Moreover,: irough N parallel with A C would in this case give the posi-
is eaéily concetved that, as the position of the line sought’i on m.f' A C required, It. i‘s hence evide_nt, how so.metimes this,
given,, 1t wouwld be compleﬁely determined for one single part o ometimes aDDthCI:, pOSlthI}. of the line AC m the ﬁgure
the ring by the determination of any one of its points, or, in othe GGHI, representing ﬂ%e separation of the electricity, may be
words, by the knowledge of the electric force. If, for instanc he. one suited to the _mrcumstanges; and herein we recognise
the ring lost all its electricity by abduction at the pl- & C, th hie source of the variability of galvanic phznomena already
line L. M drawn through C parallel to B G would i1 this cas entioned. :
express with perfect certainty the electrical state of' the rin It is, howevery essentially requisite, in order to be able to
This variability in the separation of the electricity is the sowrc dge thoroughly of the present case, to attend to a circom-
of the changeableness of the phenomenon peculiar to the galvani ance the mention of which has hitherto been purposely
circuit. 1 may further add, that it is evidently quite indi voided, that the various considerations might be separated
ferent whether the position of the line G with respect to tha ydistinetly as possible. The distances FK and GH are
of A B be fixed; or whether the position of the line ¥ G re ideed given by the tensions existing at the two places of ex-
moain constantly the same, and the position of A B with respe tation, but the figure FG H 1T is not yet wholly determined
to it be altered. The latter course is by far the more simpl this alone. For instance, the points G and H might move
where the separation of the electricity assumes a more comple own towards G and I, so that G/’ would equal G H,
* form. : . wing rise to the figure F G' H'I, which would indicate quite
The conclusions just arrived at, which hold for a ring ho ifferent mode of ‘separation of the electricity, although the
mogeneous throughout its whole extent, may easily be ex vidual tensions in it still retain their former magnitude,
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mine completely the figure FGH1I in every case, and also: &
distinguish perfeetly the mode of electrical separation in thi
ring. All the peculiarities, hitherto considered separately, . of
the ring composed of two heterogeneous parts, may be summed
up in the following manner: fn @ galvanic circuil consisting ¢
two heterogencous prismatic parts, there takes place in regard b
its electrical state o sudden transition from the one part to ik
ether af each poinl of excilalion, forwing the tension there oc
curring, and from one extremify of each point to the other.
gradual end uniform transition; and the dips of these fwo trams
itions are inversely proportional to the products of the conducti
bilities and sections of each parl. :
Proceeding in this manner, we are able without much diff
culty to inquire into the electrical state of a ring composed o
three or more heterogeneous parts, and to arrive.at the followin
general law: In ¢ golvanic circuil consi *g of any indefinit
number of prismatic parts, there takes pla. in regard fo its elec
trical state at each ploce of ewcitation o sudden transition, fror
one part to the other, forming the fension there prevailing, am
within cach part a grodual and uniform transition from the on
extremity fo the other; end the dips of the various fransition
are inversely proportional to the products of the conductibilitie
and sections of each part. From this law may easily be deduced
the entire figure of the separation for each particular case, ag']
will now show by an example, _
Let ABCD (fig. 8) be a ring composed of three heteroge
neous parts, open at one of its places of excitation, and extended
in a straight line. The straight lines PG, HI, KL repres_eq_t
by their position the mode of separation of the electr%city in each
individual part of the ring, and the lines AF, BG, BH, Cl
CK, and DE drawn through A, B,C and D perpendicularto
AD such quantities that GH, X1 and .M or DL ~
show by their length the magnitude of the tensions occurting
at the individual places of excitation. From the known m
tude of these tensions, and from the given nature of the sin
parts AB, BC, and CD, the figure of the electrical separati
has to be entively determined.
If we draw straight lines parallel to A D, through the poh
F, 1 and K, meeting the line drawn through B, C and Dp
pendicular to A D, in the points I, H', K/, then accordin,
what has already been ‘demonstrated, the lines G F, 1H a

K! are directly proportional to the lengths of the parts A'B,
C and C D, and inversely proportional to the products of the
nductibility and section of the. same: part; cotisequently the
lations of the lines GF, I H' and LK to each® other are
ven. Further, that GF +IH + LEK=GH-KI+ (DL
AF = L M) is also known, @5 the tensions represented by
H, K1 and DL — A Fare given. From thie given relations
Uthe lines G F, I, LK and their known sum, thess lides

ay now be found individually; the figure F GH I KL ¥ evi-
dently then entirely determined. But the position of this fighive’
th respect to the-line’ A D remains from: its very nature still
decided.
If we recollect, that proceeding in the same direction AD; the
nsions represented by GH and DL — AT or LM indicate
#sudden sinking of the electric force at the respective places of
excitation, that represented by I K on the contrary a sudden rise
of the force ; and that tensions of the first kind are regarded and
treated as positive quantities, while tensions of the latter kind
we considered as negative quantities, we find the above ex-

ple lead us to the following generally valid rule : If we divide
the sum of all the tensions of the ring composed of several parts
into the same number of portions which are directly proportional
to the lengths of the parts and inversely proportional to the pro-
wucts of their conductibilities and their sections, these portions
will give in succession the amount of gradation which must be
signed to the straight lines belonging to the single purts and
resenting the separation of the electricity ; ot the same time
he positive sum of all the tensions indicates a genercl rise, on
the contrary the negative sum of all the tensions a general depres-
n of those lines.
I will now proceed to the determination of the electric force
any given position in every galvanic circuit, and here again
hall lay down as basis fig. 3. For this: purpose let a, ¢!, o
icate the tensions existing at B, C, and between A and D,
that in this case also @ and &' represent additive; &' on the"
trary a subtractive line, and A, ¥, AY any lines which are
ectly as the lengths of the parts AB, B C, and CD, and in-
sely as the products of the conductibilities and sections of
same parts ; further, let
a5_+ C:‘;f + af!‘w A \

ZEZ
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and. BC:FX = o,

A+ NN =1 . then
then according to the law just ascertained
G F' is a fourth proportional to L, A and A
IH' | a fourth proportional to L, A and A’
LXK afourth proportional to L, A and A",

Draw the line F M through F parallel to A D, regard thisline as:

""X'Y’:%(A-{—&?’)—

- Thirdly, since CD = K K' and F'X" is equal to the part of
'K K’ which extends from K to the line X"Y", we have

CD: LEK!— Frxn . xXn Yr.’ K FH,

the axis of the abscisse, and erect at any given points X, X', X - whence
. the ordinates XY, X'Y/, X"Y", we obtain their, respective ‘ X1y — LK'. Fn X" R
values, thus: EpT T s .
In the first place we have,lsince AB=TFm r, since KF =K1 4 IH~FH and F H=G0H-GT,
" AB:GF’:FX:XY, o LK . X '
whence follows : rX. G XV = —e ==+ TH + GF ~ (a + d).
XY = AR f now for LK, I H/, G F! we substitute their values
' AN AN Al
or if we substitute for G B/ its .value ALA' > T T Ve obtam
: A . FUXM
XY:%-_——_Ff]%". XY = f("'“ T¢ep ) e+

and if by 4" we represent a line such that
CD:FIX! = Al :

If now x represent a line such that
AB:FX =xa:2
A

XY_L—

Secondly, since BC and F'X' are equal to the lines drawn-
through 1 and Y' to G'H parallel to AD

BC:IH=FX:FH XY,

then ‘we have’

X Yﬂ L (A. + Al + w") —_ (a + af).

These values of the ordinates, belonging to the three distinct
arts of the circuit and different in form from each other, may
be reduced as follows to a common expression, For if F is
‘taken as the origin of the abscisse, F X will be the abscissa

 whenee IR LFPX corresponding to the ordinate X Y which belongs to the ho-
- XY = —sBc FH ‘mogeneous part AB of the ring, and # will represent the length

or,since FH=GH — GF “corresponding - to this abscissa in the reduced proportion of
IH .Y ’ AB:x  In like manner FX' is the abscissa corresponding

- XY = g T GF — a to the ordinate X'Y' which is composed of the parts FF and

) ) A F' X’ belonging to the homogeneous portions of the ring, and

If now for 1 H' and G I.we substitute their values L ™ % & are the leigths reducedgm the pII';pOI‘tIOIlS of AB: i and
A.a btain ‘BO A" corresponding to these parts, Lastly FX” is the ab-
T, Weobta selssa corresponding to the ordinate X Y”, which is composed
XY = AL + T X" N ) - of the parts FF, F'F”, " X" belongm@ to the homogeneous

’ - L ’ ‘portions of the ring, and A, ', #” are the lengths reduced in the

and if by &' we represent a line such that proportions of ABe A, BC: 2, CD:a" If in consequence

of this consideration we call the values @, A + &, A + A+ 27
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the. kind hitherto mentioned, the quantity of electricity passing
through a section of it in a given time is everywhere the same,
because at all places and in each moment. the same quantity in
the section leaves it on the one side as enters it from the other,
but in different circuits this guantity may be very different:
therefore, in order to compare the actions of several galvanic
circuits inter se, it is requisite to have an accurate determination
of this guantity, by which the magnitude of the current in the
circuit is measured. This determination may be deduced from”
figure 3 in the following manner. . It has already been shown
that the force of the electric transition in each instant from
one element to the adjacent one is given by the electric differ-
ence between the two existing at that time, and by a magnitude
dependent upon the kind and form of the particles of the body,
viz, the conductibility of the body. But the electrical difference
of the elements in the part B C, for instance, reduced to a con-
stant unit of distance, will be expressed by the dip of the line H I

reduced adscisse and represent them generally by ¥, we obtain’

A
XY:t-y
A
XV =Ry

A
XY =2 .y~ (a+a),

and it is evident that L is the same in reference to the whols
length AD or FM as y is to the lengths ¥ X, FX/, F XY, on
af:count of which L is termed the entire reduced length of the-“'.
circuit.  Further, if we consider that for the abscissa corre-
sponding to the ordinate X Y the tension has experienced no
‘abrupt change, but that for the abscissa corresponding to the
ordinate X' Y' the tension has experienced the abrupt changes
@, @5 and if we represent generally by O the sum of all the -
abrupt changes of the tensions for the abscissa corresponding -
to the ordinate g, then all the values found the various ordi<
nates are contained in the following expression :

’ i
or by the quotient ]13% ; if, therefore, we now indicate by =

A
¥ —0. he magnitude of the conductibility of the part B C,
But these ordinates express, when an arbitrary constant, cor- ﬁ-}%@— |

re5pondir_1g. to the length AF, is added to them, the electsic
forces existing at the various parts of the ring. If therefore we
represent the electric force at any place generally by » we obtain
the following equation for its determination :

will express the force of the transition from element fo element,
or the infensity of the current in the part B C; consequently if
 represent the magnitude of the section in the part B C, the
quantity of electricity passing in each instant from one section
o the adjacent one, or the magnitude of the current, will be ex-

A
=5y O +e
pressed by

in which ¢ represents an arbitrary constant. This equation is x.w.1H

generally trl{e, and may be thus expressed in words: The jb?’ce _M_BC :

of the elecfmcz';y at any place of a galvanic cz'rcuiz"comosed of" r if § represent this magnitude of the current, we have
several purts, is ascerfained by Jinding the fourth proportional ° w.w. L H!

to the reduced length of the entire circuit, the reduced length of S=—gT

the part belonging to the abscissa, and the sum of all the tensions, . A

and by increasing or diminishing the difference between this gé@an nd if we sabstitute for L H its value L

tity and the sum of all the abrupt changes of tension for the: A x.ow A

S = i . -—-——-WB C s

Hitherto the letters a, A/, A" have represented lines which are
woportional to the guotients formed of the lengths of "che parts
AB, BC, CD, and the products of their conduetibilities and
heir sections. If we vestrict for the present this determination,

given abscissa by an arbifrary quantity which is constant Jor
paris of the cireuit, : :

When the determination of the electric force at each-pla‘ée
the circuit has been effected, it only remains to determine th
magnitude of the electric current. Now in a galvanic civeuit o
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which leaves the absolute magnitude of the lines Ay Ay A
certain, o that the magnitudes Ay Wy A" shall not be merel
proportional to the said quotients, but shall be likewise equ

to them, and henceforth vary this limitation in accordance with -
the meaning of the expression “reduced lengths,” the first of

the two preceding equations-becomes

I
S ==

which gives the following generally: The magnitude of the cur-
rent in any homogeneous portion of the circuit is equal to the
quotient of the difference between the electrical Jorces present’

at the extremities of this portion divided by its reduced length

This expression for the,ferees of the current will be continued
to be employed subsequently. The second of the former equa-

tions passes, by the adopted change, into

A
S-‘—"LM-_,

which is generally true, and already reveals the equality of the
force of the current at all parts of the cirenit; in words it may
- ke thus expressed i Theorce of the current in o galvanic circuit
is directly as the sum of all the temsions, and inversely as the
entire reduced length of the circui, bearing in mind that at
present by reduced length is understood the sum of all the qio-
gths corresponding to
the homogenecous parts by the product of the corresponding con-

tients obtained by dividing the actual len

ductibilities and sections.
From the equation determining th

e
e

e 1o

may be deduced with ease and certainty all the phanomena be

longing to the galvanic circuit. The former I had already some
time ago derived from manifoldly varied experiments* with an ;
apparatus which allows of an accuracy and certainty of mea-

surement not suspected in this department ; the latter EXpresses |

all the observations pertaining to it, which already exist in
great. number, with the greatest fidelity, which alse continues
where the equation leads to results no longer comprised in the
circle of previously published experiments. Both proceed un-
interruptedly hand in hand with nature, as I now hope to

* Schweigger's Jehrbueh, 1826, part 2.

g =O\J\Y‘Y‘<ﬂt) A=voltdff |
| ="veducd langth” = €74 = festan

tee of the current in a
galvanic eireuit in conjunction with the one previously found,
by which the electric force at each place of the cireuit is given,

OHM ON THE GALVANIC.CIRCUIT. 4!

emonstrate by a short statement of their consequences j at t...
ame time I consider it necessary to ohserve, that both equa-
ions refer to.all possible galvanic circuits whose state is per-,
manent, consequently they comprise the voltaic .combmatmn
s a particular case, so that the theory of .the pile needs no
eparate comment. In order to be distinct, I shall con-

1y, i d of loyin theeuationuzfiy-—O—i-c
tantly, instead of employmg q I 3

nly take the third figure, and therefore will merely remark
~ here, once for all, that all the consequences drawn from it hol.d
generally. .
" In the next place, the circumstance that the separation of t.he
- electricity, diffusing itself over the galvanic circuit, maintains
"at the different places a permanent and unchangeable grada*
tion, although the force of the electricity is variabh? ajc one
- and the same place, deserves a closer inspection. This is Fhe
reason of that magic mutability of the phsnomena which
admits of our predetermining at pleasure the action of a given
- place of the galvanic circuit on the electrometex:, and en‘ab}es
“us to produce it instantly. To explain this peculiarity
T will return to figure 3. Since the figure of separation
FGHIKL, is always wholly determined from the nature of
any circuit; but its position with respect to the circuit A D, as
' was seen, is fixed by no inherent cause, but can assume any
| change produced by a movement common to all its points
" in the divection of the ordinates, the . electrical condition of
* each point of the circuit expressed by the mutual position of
~the two lines, may be varied constantly, and at will, by ex-
ternal influences. When, for example, A D is at any time the
- position representing the actual state of the ecircuit,  so that,
] therefore, the ordinate S Y" expresses by its Ienglth the force
" of the electricity at the place of the circuit to whlcl} that or-
dinate belongs, then the electrical force correspondmg to the
point A, at the same time will be represented by the line A F.
If now the point A be touched abductively, and thus be
©entirely deprived of all its force, the line A D will” be
brought into the position ¥ M, and the force previously ex-
sting in the point 8 will be expressed by the length X" Y,
this force, therefore, has suddenly undergone a change, corre-
sponding to the length 8 X". The same change would have
- ocourred if the circuit had been touched abductively-at the point

SL=A guv.te TR=V

.
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Z, because the ordinate Z W is equal to that of A F. If the cir ur

. : U = .
cuit were touched at the place where the two parts A B and B, r+ R

‘The intensity of the electricity receied by the body will, there-
ore, be the more nearly equal to that which the circuil po.?sess.ed
it the place of contact before being fouched, the smaller R ig with
espect {o v i will amount to the half when R = r, and becpme
eaker, as R becomes greater in compurison with r. Since
hese changes are merely dependent on the rela.tlve _mag-
itude of the spaces » and R, and not at all on the quah.tatwe
atnre of the circuit, they arve merely determined by the dimen-
ions of the circuit, nay, even by foreign masses brought into
onducting connexion with the circuit. If we connect this f.act
ith the theory of the condenser, we arrive at an explanation
f all the relations of the galvanic circuit to the condensor,
oticed by Jager*, which is perfectly surprising, I content my-
elf with regard to this point to refer to the memoir itself, to
ive room here for the insertion of some new peculiarities of the

alvanic circuit. o o

The mode of separation of the electricity, within a homeo- .
eneous part of the cirenit, is determined by the magnitudes f)f
he dips of the lines F G, HI, KL, {fig. 3,) and there again

' . G I LK
0y the magnitudes of the ratlos-K—E,r B¢ CD But, as

join, but so that the contact was made within the part B C,
we should have to imagine AD advanced to N O the elec:
trical force at- the point S would in this case be increased to
the force indicated by T Y, But if the contact took place,
still at the same point, viz. where the parts A B and B C touch
each other, but within the part A B, the line A D would be
moved to P Q, and the force helonging to the point 8 would
sink to the negative force expressed by UY". 'If, lastly, the
pile had been touched abductively at the point D, we should
have prescribed for the line AD the position R L, and the
electrical force at the point 8 would have assumed the negative
force indicated by V Y". The law of these changes is oby
vious, and may be expressed generall thus: each place of a
galvanic circuit undergoes mediately;. «v regard fo its outward-
ly acting electrical force, the same change which is produced:
immediately at any other place of the circuit by ewternal in-
Jluences, , _
Since each place of a galvanic cireuit undergoes, of itself, the
same change to which a single place was compelled, the change-
in the quantity of electricity, extending over the whole cireuit, i§
proportional, on the one hand, to the sum of all the places, 4. ¢ to
the space over which the electricity is diffused in the circuit, and
moreover, to the change-in the electric force produced at. one’
of these places. From this simple law result the foltow-,
‘ing distinet phmnomena.  If we call # the space over
~which the electricity is diffused in the galvamic circuit, and
imagine this circuit touched at any one place by a non-con:
ducting body, and designate by u the electric force at this place
before contact, by w that after contact, the change produced
m the force at this place is u - u; consequently the change
of the whole quantity of electricity in the circuit is {(wy—u)r. .
If, now, we suppose that the electricity in the touched body is
diffused over the space R, and is at all places of equal strength, ¢
and, at the same tirae, that at the place of contact itself thy
circuit and the body possess the same electric force, viz. 4, 1
it is evident % R will be the quantity of clectricity imparted to
the body, and ‘ :

Was-already shown, _ N
‘ A

GF = —%—.A, TH =20, LR =3 .5

ience it may be seen, without much trouble, that the magl:;itm‘ie
f the dip of the line corresponding to any part of the cireuit,
“iand representing the separation of the electricity, is obtained

A .
by multiplying the value - by the ratio of the reduced to the

ctual length of the same part. 1f, therefore, (A) represent the
- reduced length of any homogeneous part of the circuid and.(l)
“its actual length, the magnitude of thfa dip of the str.alght line
“belonging to this part, and representing the separation of the

lectricity, 1s ;

- vhich expression, if we designate by (x) the conductibility,
(w, ~u)r =uR, :
_whenee we obtain # Gilbert’s Annalen, vol. xiii

i
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and by (w) the section of the same part, may also be mité

thus:
‘ L7 () )
T_h1s_ expression leads to a more detailed knowledge of ‘the
separation of the electricity in a galvanic circnit. For s
A and L designate values which remain identical for each ps
of the same circuit, it is evident that fhe dips in the sp
rate homogeneous ports of a circwit ave fo one another in.
versely as the products of the conductibility, and the section of
the part. 1f consequently a part of the circuit surpasses all
0.t11.e.rs from the circumstance, that the product of ifs conduc.
tibility and its section is far smaller than in the others, it wil
be t‘h‘e most adapted to reveal, by the magnitude of jits dip
the differences of the electric force at its - arious points, If it;
actual length is, at the same time, not _...celor to those of the
other parts, its reduced length will «far surpass those of ths
other parte; and it is easily conceived that such a relation be-
tween the various parts can be brought about, that even its re-
duced length may remain far greater than the sum of the
reduced lengths of all the other parts. But in this case the
reduced length of this one part is nearly equal to the reduced
lengths of the entire cireuit, so that we may substitute,.

{4

w ) for L, if () represeﬁﬁ :

the ElCtl‘.laI length of the said part, () its conductibility, and (!
its section ; but then the dip of this part changes nearly into -
. A -

without committing any great error,

&’
whence it follows that the difference of the electrical forces of
the ?mtf‘emi:z‘ées of this part is nearly equal to the sum of all the
tensions evisting in the circuif. All the tensions seem, as it
were, to tend towards this one part, causing the electrical sep
ration to appear in it with otherwise unusual energy, When
all the tensions, or, at least, the greater part in numb’er dnd
magnitude, are of the same kind. In this way the scarcely
perceptible gradation in the separation of the electricity, in
.clfased_ circuit, may be rendered distinetly evideﬁt, which ;tﬁe
~wise, would not be the case without a condénsor, on 'accc’mnt
the weak intensity of galvanic forces. . This remarkable pr
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erty of galvanic circuits, representing, as it were, their entire
ature, had already been noticed long ago in various, bad con-
ucting bodies, and-its origin sought for in their peculiar con-
titution * ; I have, however, enumerated in a letter to the editor
£ the Annalen der Physikt, the conditions under which this
roperty of the galvanic circuit may be:observed, even in the
est conductors, the metals; and the necessary. precauti'ons,
unded on experience, by which the success of the experiment
assured, described in if, are in perfect accordance with the’

resent considerations.
A B
Lo
he circuit, vanishes when L is indefinitely great, while A
. (A)
0 .
efinitely great value, while A remains finite, the dip of the
‘straight lines representing the separation of the electricity, in
-all such parts of the circuit, whose reduced length has a finite
‘ratio to the actual length, vanishes, or what comes to the same
thing, the electricity is of equal force at all places of each such
.part. Now, since L represents the sum of the reduced lengths
f all the parts of the circuit, and these reduced lengths evi-
dently can only assume positive values, L. becomes indefinite as
“soon as one of the reduced lengths assumes an infinite value.
‘urther, since the reduced length of any part represents the
uotient obtained by dividing the actual length by the product
if the conductibility and the section of the same part, it becomes
‘infinite “when the conductibility of this part vanishes, 4. e. when
“this part is a non-conductor of electricity. When, therefore, a
part of the circuil is @ non-conductor, the electricity expands
niformly over each of the other parts, and its change from one
art to the other is equal to the whole tension there situated.
his separation of the electricity, relative to the open cireuit,-
far mote simple than that in the closed circuit, which has
itherto formed the object of our consideration, as is geome-
rically represented by the lines F G, H I, K L, {fig. 3) taking
‘position parallel to A D. - It distinctly demonstrates that the
ifference between the electrical forces, occurring af any fwo

The expression denoting the dip of any portion of

retain finite values, Consequently, if L assumes an in-

* Gilbert’s -Annalen, vol, viil. pp. 205, 207, and 436, Vo, x. p- 11.
+ Jahrgang, 1826. Part v.p. 117.
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change, by each variation originating either in the magnitude of
gtension or in the reduced length of a part, which latter is itself
sgain determined, both by the actual length of the part, as
well as by its conductibility and by its section. This variety of
change may be limited, by supposing only one of the enu-
merated elements to be variable, and all the remainder con-
stant, We thus arrive at distinet forms of the general equa-
tion corresponding to each perticular instance of the general
capability of change of @ circuit. To vender the meaning of
this phrase evident by an example, I will suppose that in the
circuit only the actual length of a single part is subjected to
a continual change; but that all the other values denoting the
magnitude of the current remain constantly the same, and, .
consequently, also in its equation. If we designate by # this
variable length, and the conductibility corresponding to the
same part by », iis section by w, and the sum of the reduced

places of - the circuit, is egual to the sum of all the tensions sitie
ated between these two places, and consequently incredses <.m'fi
decreases exactly. in the same proporlion as this sum.. W}zém
tﬁffrq;”are, one of these places is. fouched adductively, the swm;-
of all the tensions, situated between the two, makes its. gppear-
ance at the other place, at the same time the direction of the
tensions must always be determined by an advance: from the
latter place; ALl the experiments on the open. pile, with the
help of the electroscope,. instituted at such lIength ,by Ritter;
Erman, and Jiger, and described in Gilbert’s Annalen aré-'
expressed in this last law. o
All. the electroscopic actions of a galvanic circuit of the kind, .
described at the outset, have been above stated 5 I therefore pas;-
at present to the consideration of the current originating in the
cireutt, the nature of which, as explained <bove, is expressed
at.every place of the circuit by the equ- ’ ’

A .
8 = s lengths of all the others by A, so that L= A + xmw, then the
Both- t'he forx.n of this equation,. as well as' the mode by which general expression for the current changes into the following:
we an;ve at it, s.how directly that the magnitude of the current: g = A .
n-such a galvanic circuit remains the same af all places of the A+ i ww’

circui?, and is solely dependent on the mode of separation of the
electricity, so that it does not vary, even though. the elecm'c:
forf:e at any ploce of the circuit be changed by abductive contuct,
or én any other way. This equality of the current at all pia‘ce;
of the mrcz;tit has been proved by the experiments of Bec t'l‘e-: ;
relT,‘and its' independency - of the electric force at any’qdéJ:
termmc?te-place of the circuit by those of G.. Bischof} An
abd.uctlf)n or adduaction does not alter the current of th‘le al-;
vanic circuit so long as they only act immediately on a sing e
place of the circuit; but if two different places were a'ci:,ge'-eli
ull)_l(.)nh‘contemporaneou_sly-, a-second current -would be:formed;
ﬁs ;cCh:](;h;lhleleﬁCj;ts:anIy, according: to circumstances, more or
The equation - A

shows that the current of 2 galvanic cireuit is subjected to o

ot if we multiply both the numerator and denominator by x w,
and substitute @ for x w A, and & for = w A, into the following :
a

S=73 + &

where @ and & represent two constant magnitudes, and z.the
variable length of a portion of the circuit fully determined with .
respect to its substance and its section. This form of. the
general equation, in which all. the invariable elements have
been reduced to the .smallest mumber of constants, is that
which T had practically deduced from experiments to which
the theory here developed owes: ity origin®. The law which it
expresses relative to the length of conductors, differs essentially
from that which Davy formerly, and Becquerel more recently,
were led to by experimentss it also differs very considerably
fom that advanced by Barlow, as well as from that which I
had previously drawn from other experiments, although the
two latter come much nearer to the truth, The first, in fact,

* Vol viil, xii,, and xiii. S

+ Bulletin universel, Physi i p
el. gue. Mai, 1825,

1 Kastner's Archiv, vol. iv, Part 1. '

-

» See Schweigger’s Jahrbuck, 1826, Part 2,
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is nothing more than a formula of interpolation, which is vall
only for a relatively very short variable part of the entire i
“cuit, and, nevertheless, is still applicable in very differen
posgible modes of conduction, which is already evident, from
its merely admitting the variable portion of the circuit, and:
leaving out of consideration all the other part; but all partake
in common of this evil, that they have admitted a foreign
soutce of variability, produced by the chemical change of the "
fluid portion of the
hereafter. 1 have already treated, in other places, more at:
length of the relations of the various forms of the law to one’
another,

From the numerous separate peenliarities of the
circuit resulting from the general equation

: A
S e IT’

I will here merely mention a few. It i immediately evident
that a change in the arrangement of the parts has no infly-
ence on the magnitude of the current if the sum of the ten-
sions be not affected by it. Nor is the magnitude of the cup.
rent altered, when the sum of the tensions, and the entire reduced
length of the circuit, change in the same proportion ; conse-
quently a circuit, the sum of whose tensions is very small in
comparison to that of another circuit, may still produce a cur-
rent, which, in energy, may be equal to that in the other cir-
cuit, when merely that which it loses in force of tensions
is replaced by a shortening of its reduced length, 7 this
circumstance is the source of the peculiar difference between,
thermo- and hydro-circuits. In the former only metals ocent
as parts of the circuit; in the latter, hesides the metals, aqueous
fluids, whose power of conduction, in comparison to that
of the metals, is exceedingly small; on which account the
reduced lengths of the fluid surpass, beyond all proportion,
those of the metallic parts, with in all respects equal dimen-
sions, and even remain considerably greater when diminished
by shortening their actual lengths, and increasing their sec-
tions, so long,
far. And thence it is that the reduced length of the ther
mo-circuit-is, in general, far smaller thap that of the hydro-
cireuit, whence we may infer a tension smaller in the same pro-
portion in the former, although the magnitude of the current,

circuit, of which I shall speak more f'ully.:

galvanic -

at least, as this diminution is not carried foo
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he thermo-eircuit, cedes in nothing to”that in the hydl'.o..
reuit.  The great difference between a thermo- and ﬁydro‘—cz%
it, both of which produce a current of the same energy, is em_deazt
lien the same chanye is made on both, as will be shown in the Sl
lowing comsideration. Let the reduced length of a thermo-
revit be L, and the sum of its tensions A, the redw.:ed- length
of an hydro-circuit m L, and the sum of its tensions m A,
then the magnitude of the current in the former is expressed by
A, in the latter by m___A, and is consequently the same in

m .
hoth eireuits. But this equality of the current no lf)nger
éxists if the same new part A of the reduced length be intro-
duced into both, for then the magnitude of the current is in

the first
A

L+ ¥
n the second
m A
ml + A

£ we conaect with this determination an evaluation, even'if'
inerely superficial, of the quantities m, L, and A, we shf‘xll rf:achly
o .coflviuced that in cases where the simple hydro-cireuit can
1l produce in the part A actions of heat or chemical decompo-
fti'on, the simple thermo-circuit may not possess the hlu.ndredth,
nd in some cases not the thousandth part of the requisite force,
vhence the absence of similar effects in it is easily to be under--
tood. We are also able to nnderstand why a dimin%:tic‘m of the
educed lengths of the thermo-circuit (by increasing, for'mstance,
he section of the metals constituting it} cannot give rise to t‘he
8§ production of those effects, although the magnitude of its

crrent may be increased by this means to a high‘er c%e_gree thz‘m
the hydro-circuit producing such effects, This dlf‘ferer_me in
he conductibility of metallic bodies and aqueous ﬂU.I(IS,' Is ‘?he
ause of 2 peculiarity noticed with respect to hy.drmczrfmts,
hich it is here, perhaps, the proper place to mention. Dndfer,
e usual circumstances, the reduced length of the ﬂuld-
irtion is g0 large, in comparison to that of the metaﬂic‘portu‘m,
iat the latter may be overlooked, and the former alone taken in-
cad of the reduced length of the entire eircuit; but then the
dgnitude of the current in circuits which have the same ten- _
on is in the inverse ratio to the reduced length of the fluid

VOL. II. PART VII. 27

L
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portion. Consequently, if merely such circuits are compared
in which the fluid parts have the same actual lengths and the
same conductibilities, tken the magnitude of the current in these
eireuits is in direct ratio to the section of the fluid portion,
However, it must not be-overlooked, that a more complex defi-
nition must take the place of this simple one when the reduced
length of the metallie portion can no longer he regarded a
evanescent towards that of the fluid, which case oceurs when-
ever the metallic portion is very long and thin, or the fluid
portion is a good conductor, and with unusually large teyminal
surfaces, : S
From the equation

A

ST
we can easily perceive that, when a portion is taken from the
galvanic circuit, and is replaced by anol” , and after this
change the sum of the tensions as well as the energy of the
current still remains perfectly the same, these two parts have
the same reduced length, consequently their actual lengths gre
as the products of their conductibilities and sections. The actual
lengths of such parts are therefore, when they have like sections,
as their conductibilities, and when they have like conductibilities
a8 their sections, By the first of these two relations we are
enabled to determine the conductibilities of various bodjes In
a far more advantageous manner than by the previously men-
tioned process, and it has already been employed by Bec-
querel and myself for several metals*. The second relation may
serve to demonstrate experimentally the independence of the
effect on the form of the section, as has previously been done

by Davy, and recently by myselft,
~ In the voltaic pile, the sum of the tensions, and the redyced
length of the simple cirenit, is repeated as frequently as the
number of elements of which it consists expresses. If, there-

fore, we designate by A the sum of all the tensions in the simple

cireuit, by L its reduced length, and by n the number of ele-
ments in the pile, the magnitude of the curvent in the closed
pile is evidently

* DBulletin universel. Physique, Mal 1825, and Schweigger's Jahrbuch,

1826. Part 2, . .
+ Gilbert’s Annalen, . Folge, Vol xi. p. 253, and Schweigger's Juhrbuch,

18327,
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A
n I’

while In the simple closed circuit it is

A
'"E-

If we now intreduce into the simple cirevit, as well as into the
pile, one and the same new part A of the reduced length, upon
which the current is to act, the magnitude of the current thus
sitered in the simple cireuit will be

n

It is hence evident that the current is constantly greater in a
ollaic pile than in the simple cireuit, but it is merely imper-

- ceptibly greater so long as A s very small in comparison with L ;
on the contrary, this increase approzimates the nearer fo n times,
the greater A becomes fo n1L, and consequently the more so in
comparison with L. Besides this mode of mereasing the mag-
“nitude of the galvanic current, there is a second one, which con-

sists in shortening the reduced lengths of the simple circuit,

~which may be effected by inereasing its section, or placing seve-
‘ral simple circuits by the side of each other, and connecting them

in such a way that together they only form one single simple

-citcuit.  If we now retain the same signs, so that

A
L+ A
again denotes the magnitude of the current in one element,
then, in the above-mentioned combination of elements into-a
single circuit, the magnitude of the current is evidently

A nA
L ';X’ LTI RA
7 '

which indicates a slight increase in the action of the new combi-
nation when A is very greal in comparison with, L; on the con-
Irary, a very powerful one when A is very small in comparison with

=~ and conseguently the more so in comparisonwith L. Tt hence

2r 2
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follows that the one combination is most active in those cases

where the other ceases to be so, and wice versd. If therefore
we are in possession of a certain number of simple circuits in-
tended to act npon the portion whose reduced length is A,
much depends on the way in which they are placed, in order
to produce the greatest effect of current; whether all be
side by side, or all in succession, or whether part be placed

by the side of each other, and part in series. It may he mathe-.

matically shown that it is most advantageous to form them into

2 voltaic combination, of so many equal parts, that the square of:

this number be equal to the quotient % When % is equal ta,
or smaller than A, they had best be arranged by the side of eack
other, and in succession when —% is eq~ ~
square of the number of all the elements. We see in this de-
termination the reason why in most cases o simple circust, or
at least a voltaic combination of only o few simple cireuits, is
sufficient to produce the greatest ¢ffect. 1f we bear in mind,
that since the quantity of the current is the same at all places of
the cizcuit, its intensity at the various places must be in invesse
propertion to the magnitude of the section there situated, aud
if we grant that the magnetic and chemical effects, as well as the
Eh;enomena of light and heat in the circuit, are direct indica-
twong of the electrical current, and that their energy is deter
mined by that of the current itself, then a detailed analysis of the
current, here indicated merely in outline, will lead to the perfect
explanation of the numerous and partially enigmatical anoma-
lies observed in the galvanic circuit, in as far as we are justified
in considering the physical nature of the circuit as invariable¥,
Those great differences which are frequently met with in the,
statements of various observers, and which are not consequences
of the dimensions of their different apparatus, have undoubtedly
their origin in the double capability of change of the hydro-cir-
cuits, and will therefore cease when this circumstance is taken
into consideration on a repetition of the experiments.

The remarkable variability in the circle of action of one
and the same multiplier in various circuits, and of different
nivltipliers in the same circuit, is completely explained by the

~» or larger than the

* 3ee Schweigger's Juhrbuck, 1826, Part 2, where 1 Lave given a sumewhat

more detailed explanation of the separate points.
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‘preceding consideration. For if we denote by A the sum of
the tensions, and by L the reduced length of any galvanic
circuit, . ‘

A

L

expresses the magnitude of its current. I we now imagine
a multiplier of n similar convolutions each of the reduced

length A,
A
L+nx
indicates the magnitude of the current when the multiplier is

‘brought into the circuit as an integral part. Moreover, if we

grant, for the sake of simplicity, that each of the n convelutions
exerts the same action on the magnetic needle, the action of the

‘multiplier on the magnetic needle is evidently

nA
L+nr

when the action of an exactly similar coil of the cireuit, without
the multiplier on the needle, is taken as

A

i»
Hence it follows directly that the action on the magnetic needle
is augmented or weakened by the mulliplier, according as nLi
is greater or smaller than L 4+ n A, 4. e., according as n times the
reduced lengih of the circuil without the multiplier is greater or
smaller than the reduced length of the circuil with the multiplier.
Further, s mere glance at the expression by which the action
of the multiplier on the needle has been de ermined, will show
that the greatest or smallest action occurs | s soon as L may
be neglected with reference to n A, and is ex -essed by

A

A
If we compare this extreme action of the multiplier with that
which a perfectly similarly constructed convelution of the cir-
cuit without the multiplier produces, we perceive that both
are in the same ratio to one another as the reduced lengths L
and A, which relation may serve to determine one of the vaiues
when the others are known. The expression found for the exireme
action of the multiplier shows that it is proportional lo the ten-
sion of the circuit, and independent of iis reduced length ; conse-
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quently the extreme action of the same multiplier may serve: ircuit is given by the quotient of the difference between the
fllot merely to determine the tensions in various cireuits, but it tectrical forces existing at the extremities of the portion and
:,180 1§d1cateslthat the exireme action mfiybe also augmented to ts reduced length. It is true, this rale was only advanced
1e same degree as the sum of the tensions is increased, which hove for the case in which the circuit nowhere divides into
may be effected by forming a voltaic combination with several everal branches; but a very simple consideration, analogous to
simple cirouits., If we represent the actual length of a coil of he ope then made, derived from the equality of the abducted
the multiplier by /, its conductibility by x, and its section by and adducted quantity of electricity in all seetions of each pris-
matic pait, is sufficient to prove that the same rule holds good
for every single branch in case of a division of the circuit. Tet
‘ us suppose that the circuit be divided, for instance, into three
e : branches, whose reduced lengths are 2, A, a"; and, moreover,
l o that at each of these places the undivided circuit and the single
branches possess equal electrical force, and consequently no ten-
sion ocours there, and designate by « the difference between the
clectrical forces at these two places; them, according to the
agnitude of the current in each of the three

v, 50 that A = ! i
w, 50 that A = ——, the expression for the extreme action of the

.

multiplier is converted into

from which it will be seen that the exireme action of twoe mul-
tipliers of different melals, constructed of wive of the same
_tiaic;’mess, are in the same ratio to each oth.  the conductibi-
lities of these metals, and that the extreme actions of two multi- above rule, the m
pliers formed of wire of the swme metal, are in the same pro- branches is
pm‘.)f’éon to each other as the sections of the wires. All these @ 22
x_farl'ous peculiarities of the multiplier I have shown to be ' o W AT
iotizfege:sinzxp:ﬁingz; t?arig t(})]I;S sxgemmentlsle*performed by. Whe].)CC it directly f_'ollows that the currents in the three branches
rocont experi;n onts madeyon s qub'}; inyﬁ"e th. The. most wre inversely as their reduced lengths 3 50 that each separate one
e e Cert: : jec ~on ert‘no—mrcmts, may be found when the sum .of sll three together 1s -known.
ﬂlrea,d . ofnded thé con,c hlSion. ; 31 1 :;enf, opplomte manner, Put the sum of all three is evidently equul. tf’ the magmtude of
aire Uf e aia fhuc_e & fove from an equa- _tbe c}u’rent at any other place of the non—d1v1ded‘porjmon of the
th it 18 far w gins, _the sum o the tensmr}s in 2 ‘eivcuit, for otherwise the permanent state of the cl}*cmt, which is
ermo-circuit is far w eak(_ar than in the (?rd:naxy hydro-circuits still constantly supposed, wonld not be maintained. If we
and a prel}llmiary‘ comparson has convinced me, that, with re- i connect with this the conclusion resulting from the above con-
SPetCt_ 'EEO tne ‘iat}ng eﬁ@C‘tSJ ‘lf they are to be predicted with siderations, namely, that the magnitude of the current, and the
certaim v, & VO t:cuc fzon}bmatm.n. of some hundred well-chosen ‘pature of each homogeneous part of the circuit, give the dip of
simple th‘ermo—clrcmts is requisite, and for chemical effects of ‘the corresponding straight liné, representing the separation of
:gne en(eil'gg a fag grea&er apparatl}s. Experiments, which place the electricity, we are certain that the figure of the separation
thus pre 1ction heyon doubt, will afford a new and not un- ‘belonging to the non-divided portion of the circuit must remain,
important c‘onﬁrmatu.m to 'the theory here propounded. ' the same so long as the current in it retaing the same magni-
The previous conm‘deratlons are also sufficient to indieate the tude. and wice versd; whence it follows that the vartability of ]
process Wthh: is carried on when the galvanic circuit is divided " the qurrent in the non-divided portion necessarily supposes | -
at any place into two or more branches. For this purpose I _that the difference between the electrical forces at the extremi-

call attentlon to the circumstance, that at the time we found ies of this portion is constant. If we now imagine, instead of
he separate branches, a single conduetor of the reduced length ;

cude of th ent | N " A brought into the circuit which does not at all alter the magni-
eo e current in any homogeneous part of the galvanic tude of its current and its tensions, then, according to what has ‘
¥ Schweigger's Julwbuch, 1826, Part 2; and 1827, ' ‘st been stated, the difference between the electrical forces -

, A .
the equation S = %, we also obtained the rule that the magni-
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at-its extremities must still always remain «, and conseqent}

tcuits on which the atmosphere exercises some. influence, and
be

hose condition varies with time, without t‘his change o-rigifx-
ting in a progressive chemical transformation of the cn:cult,
nd is thus distinguished from all the others by the magmtude
f its current being different at different places,—I have been
ontent, with rexpect to each of these, always t? treat of only
he most simple case, as they but rarely ocour 1n nature, Em.d
n genecral appear to be of less intevest. I have s.tdopteld thxs.
Jlan the more willingly, as 1 intend to return fo th1sl subg,'ec-t at
ome future time. But with regard to thafj modl_lﬁcat{on of
Jvanic circuits which is produced by a chemical change in the
ircuit, proceeding first from the current, and then again react-

o &
| =5 tw
or
1 1 1 1
ATH TR T
which equation serves to determine the value of A. But if this
value is known, and we call A the sum of all the tensions in the
cirenit, and L the reduced length of the non-divided portion of
the circuit, ‘we obtain, as is known, for the magnitude of the cur:
rent in the lasi-mentioned circuit -

. ne on it; I have devoted separate attention to it in the Ap-
b A pe?ndix. The course adopted is founded on a vast nlumll)er og
which és equal to the sum-of the currer  curring in the separate | experiments performed on this subject, the communication ©

which, however, I omit, because‘they appear to be capable of
being far more accurately determined than I was able. to do at
that time, from failing to attend to several elemem':s in opera-
tion; nevertheless, 1 consider it proper to mentl{?n the‘ cir-
cumstance in this place, in order that the careful manner

branches. Now since it has already been proved that the cur-
rents in the separate branches are In inverse proportion to oné
another as the reduced lengths of these branches, we obtain for -
the magnitude of the current in the branch whose reduced
length is A, '

A A with which I advance in the inquiry, and Wh‘ic}} 1 conslider to

LA be due to truth, may not operate more than is just against its

e hosexedusd Lvah 2 leclefgzz.sought for the source of the chemical changes cansed

2 ) A5 by the current, in the above-described peculiar mode of separa-

na tion of the electricity of the circuit; and, I can scarcely d'oubt,

and in the branch whose reduced length is 27, have at least found the main cause. It is imm.edie‘iteljf ev1d?nt
A A that each disk belonging to a section of a gal:vamc circuit, which

Lt ar obeys the electric attractions and repulsions and does not

uppose their movement, must in the closed circEJ.it be propelled
alwajrs towards one side only, as these atﬁre.lctlons anc‘l 1‘(;pul-
sions, in consequence of the contmual.ly varylng elCCFTlC force,_
are different at the two sides; and 1t 1s r'nathematlcally .d'e—.
monstrable that the force with which if is driven fo the one side,
is in the rafio compounded of the ﬂraagvaiiiofle af ihe‘ eleciric cur-
rent and of the electric jforce m tfac: disk. 1t is true, how-.
ver, that merely a change of position in space would be imme-
tately produced by this. But if this dl_sk be rega]::ded as & com-
pound body, the constituent parts of Whmh_, accordn}g to e}ectro- |
chemical views, are distinguished by a difference 1n their ele{.z_-
trical relation to one another, it thence direetly follows that this.

This remote, and hitherto but slightly noticed peculiarity of the
galvanic circuit, I have also found to be perfectly confirmed
by experiment®,

I herewith conclude the consideration of such galvanic cir-
cuits which have already attained the permanent state, and
which neither suffer modifications by the influence of the
surrounding atmosphere, nor by a gradual change in their che-
mical composition. But from this point the simplicity of the
subject decreases more and more, so that the previous element-
ary treatment soon entirely disappears. With respect to those

* Schwelgger’s ahibuch, 1327,
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one-sided pressure on the various constituent parts would in

most cases act with unequal force, and sometimes even in con

trary direction, and must thus excite g tendency in them to se;a'
. m one her. From this consideration results a di-
stimct activity of the cireuit, tending to produce a chemical change:
m 1ts parts, which T have termed its decompasing force, and.T'

: e its magnitude for each particus-
ar case. 118 determination is indene 3 i
dependent of the mode, in.

parate from cne anothey.

have endeavoured to determine

which the electricity may be conceived to be asssociated- with-

the atoms.* Granting, which seems to be most natural, that:

the electricity is diffused proportionately to the mass over the

space which these bodies then oceupy, a complete analysis will-

show that the decomposing force of the circuil is in direct propor
tion to the energy of the current, and, moreover, that i depends
on ¢ coefficient, to be derived from the nature  the constituent.
parts and their chemical equivalents. From the nature of this de-
composing force of the circuit, which is of equalenergy at all places
of an homogeneous portion, it divectly follows, that when it is
capable‘ of overcoming, under all circumstances, the recipfocal-
conxexion of the constituent parts, the separaﬁion and abduc-
tion of the constituent$ to both sides of the circuit are limited:
sqlely by mechanical obstacles; but if the connexion of the con-
stituent parts infer se, either immediately at the commencement
everywhel:e, or in the course of the action anywhere, overcome the
decomposing force of the circuit, then from that time no further:
movement of the elements can take place. This peneral deserin.
tion of the decomposing force is in accordance xbvith th .
ments of Davy and others.

There is a peculiar state which seems to be produced in
most cases of the separation of the two elements of a chemicallys
compound liquid, which is especially worthy of attention ang
\yl'%ich .is caused in the following manner. When the deco}m 0 |
sition 1s confined solely to a limited portion of the circut zfnci
the cqnstituent parts of the one kind are propelled toward’s the
one side of this part, and the constituent parts of the other
kind to i‘?s opposite side, then, for this VETY reason, a nde
tural limit is prescribed to the action 5 for the con’stituent

€ experl-

* 1 shall shortly have oceasion to speak of the
mark, when I shall attempt to reduce the
cuit o one another, as discovered by
tions and repulsions.

) peculiar fmport of this ye-
actions of the parts of a galvanic ¢ir-
Ampeére, to the usual electrica] atlrac-
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part preponderating on the one side of any disk, within the
rtion in the act of decomposition, will, by:force of its innate
repulsive power, constantly oppose the movement of a similar
constituent to the same side, so that the decomposing force of
the circuit has not merely to overcome the constant connexion
of the two constitnents infer se, but also this reaction of each
constituent on itself. It is hence evident that a cessation
in the chemical change must occur, if at any time there arizes
an equilibriura between the two forces. 'This state, founded
ob a peculiar chemical and permanent separation of the con-
stituents of the portion of the cireuit in the act of decom-
position, is the very one from which 1 started, and whose
ature I have endeavoured to determine as accura{ely as pos-
sible in the Appendix. . Even the mere description of the mode
of origin of thig highly remarkable phenomenon shows that
4t the extremities of the divided portion no natural equilibrium
can occur, on which account the two constituents must be re-
tained at these two places by a mechanical force, unless they
pass over to the next parts of the circuit, or, where the other
cireumstances atlow, separate entirely from the circuit, Who
‘would not recognise in this plain statement all the chief cirecum-
‘stances hitherto observed of the external phznomenon in che-
ieal decompositions by the circuit ?
If the current, and, at the same time, the decomposing force,
e suddenly interrupted, the separated constituents gradually
turn to their natural equilibrium ; but tend to re-assume im-
mediately the relinquished state, if the current is re-established.
‘During this process, both the conductibility, and the mode of
excitation between the elements of the portion in the act of
decomposition, obviously vary with their chemical nature;
but this necessarily produces a constant change in the electrical
separation, and in the magnitudes of the current in the gal-
vanic circuit dependent thereon, which only finds its natural
limits in the permanent state of the electrical separation. Tor
the accurate determination of this last stage of the electric
current it is requisite to be acquainted with the law which
‘governs the conductibility end force of excitation of the vari-
‘able mixtures, formed of two different liguids. Kxperiment
‘has hitherto afforded insufficient data for this purpose, I have
‘therefore given the preference to a theoretical supposition,
which will supply its place until the true law is discovered.

1
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/ith the help'of this law, which is not altogether imaginary,
now arrive at the equations which malke known for each og
all the individual circumstances constituting the  permanent’
state of the chemical separation in the galvanic circuit; I haw
however, neglected the further use of them, as the present state
of our experimental knowledge in this respect did not appear
to me to repay the requisite trouble. Nevertheless, in order to
compare in their general features the results of this examination.
with ‘what has hitherto been supplied by experiments, T have
fully carried out one particular case, and have found that the:
formula represents very satisfactorily the kind of wave of the

SCIENTIFIC MEMOIRS.

VOL.

1I.—PART VIII

force, as I have above described it*.

Having thus given a slight outline of the contents of thi
Memoir, [ will now proceed to the fundamental investigatio

of the individual points,

* Behweigger's Jahrbuch, 1826. Part 4.

{To be continued.]

Anticne XIIL continued.

The Galvanic Circuit tnvestigoted Mathematically. By
Dr. G. 8. Onm*,

, Tre Gavvanic Circuim,
A. General observations on the diffusion of electricity.

1. A PROPERTY of bodies, called into activity under certain
circumstances, and which we call elecéricity, manifests itself*in
space, by the bodies which possess it, and which on that ac-
count are termed electric, either attracting or repelling one
nother. ' . ‘

In order to investigate the changes which occur in the
lectric condition of a body A in a perfectly definite manner,
his body is each time brought, under similar circumstances, into
ontact with a second moveable body of invariable electrical con-
dition, called the Klectroscope, and the force with which the
leciroscope is repelled or attracted by the body is'determined.
This force is termed the electroscopic force of the body A ; and

ore the expression for its measure the sign -+ in the one case,
nd — in the other. : _
The same body A may also serve to determine the elec-

urpose we take the body ‘A of very small dimensions, so that
hen we bring it into contact with the part to be tested of any
hird body, it may from its smallness be regarded as a sub-

* « Die Galvanische Kette mathematisch bearbeitet von Dv. . 5. Ok
erlia, 1827.”

VOL. 1I. PART VIII, 2a

o distinguish whether it is attractive or repulsive we place be- |

roscopic force in various® parts of the same body. Tor this -
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changes occur in a constant form, are therefore of the highes
importance for testing this assumption: for if the conclusion
drawn from the supposition are thoroughly confirmed by those
phenomena, it is admissible, and may then be applied withou
any further consideration to all analogous researches, at least
within the same limits of force. '
We have assumed, in accordance with the observations hitherto
made, that when by any two exteriorly like constituted elements,
whether they be of the same or of different matter, a mutual
change in their electrical state is produced, the one loges just 30
much force as the other gains. Should it hereafter be shown
by experiments that bodies exhibit a relation similar to that
which in the theory of heat is termed the capacity of bodies,
the law we have established will have to undergo a slight alter
tion, which we shall point out in the prop~~ ~~ee. :
4. When the two elements E and E are no. of equal magni:
tude, it is still allowed to regard them as sums of equal parts,
Granting that an element & consist of m perfectly equal parts,
and the other B! of m/ exactly similar parts, then, if we imegine -
the clements T and E' exceedingly small in comparison with
their mutual distance, so that the distances from each part of
the one to each part of the other clement are equal, the sum
of the actions of all the m/ parts of the element E’ on a part of
E will be =’ times that which a single part exerts, and the sum
of all the actions of the element B/ on all the m parts of E will
be m m! times that which a part of B exerts on a part of E. It
is hence evident, that in order to ascertain the mutual actions
of dissimilar elements on each other, they must be taken as pro<
portional not merely to the difference of their electroscopic forces
and their duration, but also to the product of their relative mag-
pitudes. We shall in future term the sum of the electroscopic
actions, referred to the magnitude of the elements-~by which
therefore we have to understand the force multiplied by the
magnitude of the space over which it-is diffused, in the case
where the same force prevails at all places in this space—the
quantity of electricity, without intending to determine anything
" thereby with respect to the material nature of electricity. The
same observation is applicable to all figurative expressions intr :
duced, without which, perhaps for good reasons, our language

could not exists
In cases where the elements cannot be regarded as evanescent

in comparison with their relative distances, a funsétion, to be de-
termined separately for each given case from their dimensions
and their mean distance, must be substituted for the product of
the magnitudes of the two elements, and which we will desig-
nate where it is employed by F. :
5. Hitherto we have taken no notice of the influence of the
mutual distance of the elements between which an equalization
of their electric state takes place, because as yet we have only
considered such elements as always retained the same relative
dstance. But now the question arises, whether this exchange
is directly effected enly hetween adjacent elements, or if it ex~
tends to, others more distant, and how on the one or the other
pposition is its magnitude modified by the distance? Fol-
lowing the example of Laplace, it is customary in cases where
molecular actions at the least distance come into play, to em-
ploy a particular mode of representation, according to which
direct mutual action between two elements separated by
athers, still occurs at finite distances, which action, however,
decreases so rapidly, that even at any perceptible distance, be
it ever so minute, it has to be considersd as perfectly eva-
nescent. Laplace was led to this hypothesis, because the suppo-
tion that the direct action only extended to the next element
oduced squations, the individual members of which were not
of the same dimension relatively to the differentials of the vari-
ahle quantities*,—a non-uniformity which is opposed to the
it of the differential calculus. . This apparent unavoidable

# Polsson, in his Méwmoire sur la Distribution de la Chaleur, Jouwrn., de

ole Polytechn. cah. xix. expresses himself on this subject thus :—
«1f g bar be divided, by sections perpendicular to the axis, inte an infinite
umber of infinitely small elements, and if we consider the mutual action

three consecutive elements, that is to say, the quantity of heat that
the intermediate element at each instant communicates to and abstracts from
the two others, in proportion to the positive or negative excess of its tempera-
e over that of each of them, we may thence easily determine the augmenta-~
tion of temperature of this element during an infinitely smell instant; assu-
ming therefore this quantity equal to the differential of its temperature taken
with respeet to the time, the equation of the propagation of heat according to
‘the length of the bar is formed ; but on examining the question more atten-
vely, it is seen without difficulty that this equation would be founded_on the
mparisen of two infinitely small non-homogeneous guantities, or of different
rders, which would be contrary to the first prmciples of the differential caleulus,
his difficulty can cnly be made to disappear by supposing, as M. Laplace
15t remarked, {Mémoires de la lre classe de I'Institut, année 1809,) that
e action of each element of the bar extends itself beyond the contact, and.
ab it exerts itself on all the elements contained within a finite space, as small
{ we please.” :
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onstant at all times, it merely depends on the magnitudé of the
nstant of time d{, we can consequently extend it to the unity
ftime ; if we place the present constant difference of the forces
W — u equal to the unity of force, it then hecomes

dispropottion between the members of a differential equation;
belonging nevertheless necessarily to one another, is too rem :
able not to attract the attention of those to whom such inquiries
are of any value; an attempt therefore to add something to the
explanation of this eenigma will be the more proper in this place
as we gain the advantage of rendering thereby the subsequeu',c
conside ations more simple and concise. We shall merely take
as an iustance the propagation of electricity, and it will not be
difficult to transfer the obtained results to any other similar
§ubject, as we shall subsequently have occasion to demonstrate
in another example.

6. Above all, it is requisite that the term goodness of conduc-
tion be accurately defined. But we express the energy of con-
duction between two placeg by a magnitude whi-* ---der ather-
vY'ise similar eircumstances, is proportional to theyaantity car
ried over in a certain time from one place to the other multt
plied by the distance of the two places from each other. If :
th_e‘ two places are extended, then we have to understand by
tl}en* distance the straight line connecting the centres of the -
dimensions of the two places. If we transfer this idea to two .
electric elements, E and ¥/, and call ¢ the mutual distance of
their centres, ¢ the quantity of electricity, which under aceu-
rately determined and invariable circumstances is carried over -
i‘;om one element to the other, and « the conductibility between I:

em,

This quantity of electricity is for the two elements E and B/
whosé position is invariable, constant under the same circum-
stances, on which account it may be employed in the determi-
nation of the power of conduction just mentioned. For if we
understand by ¢ the quantity of clectricity transferred from
E' to E in the unity of time, with a constant difference of the
eleotroscopic forces equal to the unity of force, we have

g = amm,
i and then

w=oamm s

Tf we take from this last equation the value of & m ' and sub-
stitute it in the expression

wmm (W—u) di,

we obtain for the variable quantity of electricity which passes
over in the instant of time d ¢ from E to E, the following:

" (4
# (4 Su) d f’ (3)

which expression is not accompanied by the above-mentioned
disproportion between the members of the differential equation,
as will soon be perceived. :
7. The course hitherto pursued was based upon the suppo-
ition that the action exerted by one element on the other is
proportional to the product of the space occupied by the two
elements, an assumption which, as was already observed in § 4,
can no longer be allowed in cases whexe it is a question of the
‘mutual action of elements situated indefinitely near each other,
‘because it either establishes a relation between the magnitudes
of the elements and their mutual distances, or prescribes to
these elements a certain form, The previously found expres-
ion (&) for the variable quantity of electricity passing from
one element to the other, possesses therefore no slight advan-
tage in being entirely independent of this supposition ; for what-
“ever may have to be placed in any determinate case instead of
the product m m/, the expression (&) constantly remains the

o= g . 8a

We will now endeavour to determine more preecisely the quan
tity of electricity denoted by ¢. According to § 4 the quantit

of electricity, which is transferred in an exceedingly short timy
?‘rom one element to the other, is, the distance beine invariable
in g(‘zneral proportional to the difference between D’6he electro.
scopic forces, the duration, and the size of each of the two ele
ments. If therefore we designate the electroscopic forces of th
two elements I and E' by » and #/, and the space they occupy
by m and m/, we obtain for the quantity of electricity carried

over from E' to E in the element of time d # the foﬂowiﬁg
expression :’ ' -

amm (v —u)dit, :
where a represents a coefficient depending in some way on the
“distance s. This quantity changes every moment if 4 — :
variable; but if we suppose that the forces #' and u remain
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same, this peculiarity being*solely referrible to the power
conduction x, ]
§ 4, the funetion, corresponding to such a case, of the dimen
sions and of the mean distance of hoth elements, the expressio
amm (W —u)dt?

not merely changes apparently into

P —udt,
but also the equation
x=am m’ &
into the other, ‘

x=F.¢

(@)

s0 that if we take the value of T from this equation and place it

in the above expression, we always obtain
(U —u)dt
8

Moreover, the circumstance of the expre.son (&) still remain-.

ing valid for corpuscles, whose dimensions are no longer inde-
finitely small, is of some importance when the same electrosco-

pic force only exists merely at all points of each such part. ITtis

hence evident how intimately owr considerations are allied to
the spirit of the differential caleulus; for uniformity in all points
with reference to the property which enters into the calewlation
is precisely the distinetive characteristic required by the differ-
ential caleulus from that which it is to veceive as an element,
If we institute a more profound comparison between the pro-
cess originating with Laplace and that here advanced, we shall

arrive at some interesting points of comparison. If for instance

we consider that for infinitely small masses at infinitely short
distances all particular relations must necessaxily have the sate
weight as for finite masses at finite distances, it is not directly
evident how the method of the immortal Laplace-—to whom
we are indebted for so many valuable explanations respect-

ing the nature of molecular actions,—according to which the -
elements must be constantly treated as if they were placed at
finite distances from each other, could nevertheless siill afford

correct vesults; but we shall find on closer examination that it
acts in fact otherwise than it expresses. Indeed, since Laplace,
when determining the changes of an element by all surrounding
it, makes the higher powess of the distance disappear compared
with the lower, he therewith assumes, quite in the spirit of the

If, for instance, ¥ designate, as was stated in:.
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ferential calenlus, the difference of action itself to be inﬁnijcel_y

mall, but terms it finite, and treats it also as such ; W‘hen?e }t is

mediately apparent that he in fact treats thz}t Whlclll is infi-

tely small at an infinitely short distmllcg as finite, lD1sregard-

ing however the great certainty and d1st1nct¥1ess Wllilch accom-

any our mannexr of representation, there milght._ still b.e some-

thing more to gay, and perhaps with some Justice, against La-
place’s mode of treatment in favour of curs, in thlS. vespect, that

the former takes not the least account of the possible nature of
the given elerents of bodies, blllt merely has.to do with dmagi-

nary elements of space, by which the physical nature of the

‘bodies is almost entively lost sight of. We may, to renfler_our
gsertion intelligible by an example, undoubtedly imagine bo-
ies in nature which consist only of homogeneous‘elgme-nts,

‘but whose position to each other, taken in one direction, ._mlght
‘be different than when in another direction; such bodies, as
our mode of representation immediately shows, might conflu(':t
‘the electricity in one direction in a different manner than in
another, notwithstanding that they might appear un]form and
equaily dense. In such a case, dic} it oceur, we should. have to
take vefuge, according to Laplace, in considerations which have
Temained entirely foreign to the general process. On the other
hand, the mode in which bodies conduct‘aﬁ;brds us the means
by which we are enabled to judge of their mterna‘l stracture,
which, from our almost total ignorance cn the sub.]e?t, canpqt
be immediately shown. Lastly, we may add, t.hat ‘Fh1§, our 111—.
therto developed view of molecular actions, ul}l‘ces m itself the
“two advanced by Laplace and by Fourier in his theory of heat,
and reconciles them with each other.

8. We need now no longer hesitate about allowing the elec-
trical action of an element not to extend beyond t}m adjacent
surrounding elements, so that the action eatirely chsapp?ar.s at
every finite distance, however small. Thel ext}"emely‘ limited
circle of action with the almost infinite velocity with which elec-
tricity passes through many bodies ‘mlght liﬂfleed appear sus-
picious ; but we did not overlook on its admlss.lon, 1Eha-t our cotn-
parison in such cases is only effected by an lmaginary relative
standard, which is deceitful, and does therefm:e not justify us to
_vary a law so simple and independent until the :.:oncluswns
drawn from it are in contradiction to nature, which in our sub-
ject, however, does not seem to be the case.
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* The sphere of action thus fixed by us, has, »
nitely small, Dprecisely the same eircum
by Laplace, and called finite,
the distance vanish compared
may be found already in what

thotgh it is iuf
ferencr as that introduee
where he lets ne higher powers of
with the lower, the reason of which
has been stated above, The sup--

ire force is situated immediately at t}1e surfac.e? W.hich inva-
iably “happens when it has entered into equilibrium ;t gnd
hence, therefore, it happens th'at the atmosph::—:re exer 15 ng
erceptible influence on galvanic phanomena in the close
ireuit when this is composed of good conductors, so Fhat the
Position of a finite distance of action in our sense would corre changes produced by the presence of the atmosphere El 22:_
spond to the case where Laplace still retains higher powers of @ homena of contact-electricity maay be neglected in sqcthc s,
distance together with the lower., This conclusion, moreover, receives new support from. thie 01;-—
ot copodies on which we ob cumstance, that in the same cases the‘ con!;act—electrlcéty only
In most cases surrounded by the atmosphere ; it is therefore re- temains during an exceedingly short time in the con }llltctors,
quisite, In order to investigate profoundly the entire Drocess, and even on that account wou;d fmly give up a very ?lilg- por-
not to disregard the changes which may be produced by the tion to the air, even if it were in 1mmed1atle contact wit lt.d "
adjacent air. According to the experiments lef us by Coulomh Although, from what has been stated, it is placed bey.{;]x; &
on the diffusion of electricity in the surrounding atmosphere, doubt that the action of the atmosphere has no perceptible }}cnd
the loss in force thus occasioned is (during a very short ‘con- fluence on the magnitude of effect O.f the usual galv‘amc cn"c:u;;l 8,
stant time), at least when the intensities are . + very congider. it by no means is intended to admit the reverse of the -cbolnc-u_
able, on the one hand proportional to the energy of the electri- siorl, viz. that the galvanic coné{uctor exerts no perceptrlthe in-
iy, and on the other s dependent on a coefficient varying fluence on the electric state of the atmosphere i_"or mi? en}a-
according to the cotemporaneous nature of the air, hut other- tical investigation teaches us that the _electr.oscopzc ac 101:1to z;,.
e el body on another has no diréet connexion with the quanti ¥ ©
electricity which is carried over from t%u:‘: ong to the other, .
10. We arrive at last at that position founded on experi-
ment, and which is of the highest importa.nce for the whole of
natural philosophy, since it forms the basis .of a‘H the phaeno-
mena to which we apply the name Pf\galvamc: 1t may be ex-
pressed thus: Different bodies, which touch eacillofcher, c%n—
stantly preserve at the place of contact the same dlhﬁ’er‘ence e-
tween their electroscopic forces by virtue of a contrariety pro-
ceeding from their nature, which we are aqclustomed to de?fg"
nate by the expression electric tension, or d’gﬂ"ere?zce af boa{z?s.
Thus enounced, the position stant.is, without Iosu_ng any of its
simplicity, in all the generalivty which belor}gs to it ; for we are
nearly always referred to it by every sn_ngle Phaenome;;llpn.
Moreover, the above expression is ac}opted in a%l its generality,
action on each other, we are justified in concluding, that where either expressly or tacitly, by all philosophers in the ~eXP1ajia_
the electricity is uniformly diffused throughout the entire mass tion of the electroscopic Phaenomena-of the voltal.c p1ie. :1:-
et hody, or ab least 50 that proportionately hut  small cording to our previously developed ideas respecting the mode
quantity resides in the vicinity of the surface,
not in general occur when it has entered into
which. is occasioned by the circumambient a
tremely small in comparison to that which tak

serve electric phanomena are -

phere on galvanic pheeno-
erever it might be requisite, It must
ed here, that Coulomb’s experi

mena into caleulation wh

and was no longer in the

process of “excitation, with respect to
which both observation an

d calculation have convinced us that

5 ¥ penetrates to a
very slight depth into their interior; for from thence may be
drawn the conclusion, of some importance with respect to our
subject, that all the electricity present in those experiments may

have been djrectiy conecerned in the transference to the atrg-
sphere.  If we now connect with this observation the law Just
announced, according to which twe elements, situated at any
finite distance from each other, no longer exert any divect

which case does
motion, the logs”
ir can be but ex-
¢s place when the

of this pheenomenon in the elements directly in contact, and con-
sequently we must allow the abrupt transition to take place from
: oncé body to the other in an infinitely small extent of space.

in which elements act on one another, we must seek for the source
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x (ul.-— u) dt o
city in a homoge indrie o ) . ; ' ) .. dw.

: ogencous eylindric or prismatic body, in whick 3 the quantity of electricity passing over from M, to M when
: he expression is positive, and from M to M, when it is nega-
tive. The total change of the quantity of electricity which the
.disk M undergoes from the motion of the electricity in the in-
‘terior of the body in the particle of time d 2, is conseqitently
' w(u +u,—2u) df '
_ d >
and an increase in the quantity of electricity is denoted when
this valie is positive, and when negative a diminution of the

scopic .force, so-that the motion of the electricity can oply.t k
p.la.ce m the direction of its axis, If Wwe imagine thisvi)ade
divided .by & number of such sections ino disks of inﬁnitﬂ I.Y
51.11&11 thickness, and so that in the whole circumference of ¢ @}31’
dr_sk the electroscopic force does not vary sensibly for each nix
of such di-sks, the expression & given in § 6 can he a' Il):;
to determine the quantity of electricity passing from onfl:j I::Iissk '
to th(? oth‘er; but by the limitation of the dist;]ce of action tq
only m.ﬁmtely swmall distances mentioned i the preceding par
graph, its nature is so modifieq that it disappea —~ ag soongas t}? X
divisor ceases to be infinitely small, "
. If we now choose one of the nfinite number of sections
invariably for the origin of the abscissze, and imagine apn
where a secoml, whose distance from the first we denote b Z:‘
the.n dx represents the thickness of the disk there situafedl
which we will designate by M. If we conceive this thickness:
of the dzsk‘to be of like magnitude at all places, and term y the
eleci:rosc.oplc force present at the time s in the disk M, whose
abscissa is % 80 that therefore « in general will be a fun;tion of
tand «; if we further suppose o and #, to be the valyes of
“when @ + de and & — gz are substituted respectively for 4
tl.len u" and #, evidently express the electroscupic forces of the’
d{sks situated next the two sides of the disk M, of which we
will denote the one belonging to the abseissa o + da by M
and that belonging to the abscissa @ 4 d by M,; Iandyit js"
clearly evident that the distance of the centre of fe:ach of the
disks M and M, from the centre of the disk M is ¢ 4. Conf
sequently, by virtue of the expression () given in $ 6, if x re-
presents the conducting power of the disk M’ to M, ’ ‘
% (u — w) ¢
dx

is the quantity of electricity which is transferred during the in-
terval of time d# from the digk M to the disk M, or from the -
latter to the former, according as o —y is positive or negative;
I.n the same manner, when we admit the same power of condue-~
tion between M, and M, ' :

_same,
But according to Taylor’s theorem
du A da?
. a4 —
—u_l_dm'dz'_}-dmg' 2

i1 aay

-and in the same way
: {0 d?u  da®

U, =% — Ay 4 e,
o d x dx® " 2

—_— .
ey
e

consequently
o+ u m2u+d—23dx9.
! da®
According to this the expression just found for the total change
of the quantity of electricity present in the disk M is converted
during the time d¢ into '
2
% %g dw dt,
where x represents the power of conduction which prevails from
one disk to the adjacent one, which we suppose to be invariable
throughout the length of the homogeneous body. It must here
be observed, that this value » is, on account of the infinitely
small distance of action, proportional to the section of the cylin-
_ dric or prismatic body ; if therefore we denote the magnitude of
- this section by w, and separate this factor from the valye %,
always calling the remaining portion x, the former expression,
- changes into the following :

a7
% wd—;;udw dt,

. in which x now represents the conductibility of the body inde-_
“pendent of the magnitude of the section, which we will term

the absolute conductibility of the body in opposition to the for-
~ mer, which may be called the relative. Henceforward wherever
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hange in their electroscopic force by the same quantity oti' elec-
ity, then there would still remain to be addec.l a coeﬁime‘mt v
orresponding to this property of the various bodies. Experience
has not yet decided respecting this supposition borrowed from
he relation of heat to bodies. ‘ .
“If we assume the two expressions just found for the‘ entire
change in the quantity of electricity in the disk M during the
moment of time 4 ¢ to be equal, and divide all the members of
the equation by » da df, we obtain

du du _be
U T T R (@
from which the eleciroscopic force » has to be determined as a
function of « and & :
" 12, We have in the preceding paragraph found for the‘ changer
in the quantity of electricity occurring between the disks M
and M during the time d ¢
% (g ) d

dax

mnd have seen that the direction of the passage s op-p‘osed to
the course of the abscissee when the expression s posiive; on
the contrary, it proceeds in the direction of the abscisse vt'li‘_en
it is negative. In the same way the magnitude of the transmition
‘between the disks M, and M, when we retain the same relation

to its direction, 1s

the word conductibility occurs without any closer definition, th
absclute conductibility is always to be understood.
Hitherto we have left out of consideration the change whie
the disk suffers from the adjacent atmosphere. This influence
may easily be detertained. 1If, for instance, we designate by !
the circumference of the disk belonging to the abscissa &, then :
¢ d # is the portion of its surface which is exposed to the air;"
consequently, according to the experiments of Coulomb, men:
tioned in § 9, ‘ :
boeudedt oo
is the change of the quantity of electricity which is occasioned :
in the disk M by the passing off of the electricity into the at- -
mosphere during the moment of time ¢, where b represents 4"
coefficient dependent on the cotemporaneous nature of the:
atmosphere, but constant for the same atmospher Tt expresses
a decrease when u is positive, and an Increase wh. . w is nega-
tive. Bu¢ in accordance with our original supposition, this
action cannot occasion an inequality of the electroscopic force
in the same section of the body ; or at least, this inequality must
be so glight that no perceptible alteration is produced in the
other quantities a circumstance which may nearly always be
supposed in the galvanie circuit.
Accordingly, the entire change which the quantity of elec-
tricity in the disk M undergoes in the moment of time d ¢ is
d%; de.dit—beudodi,
g
in which the portion is comprised which arises from the motion
of the electricity in the interior of the body as well as-that
which is caused by the circumambient atmosphere.
But the entire change of the electroscopic force % in the disk
M effected in the moment of time df is
du
- dt,
consequently the total change in the quantity of electricity in
the disk M during the time d? is :
du
> 7 dy df, -
where, however, it is supposed that under all circumstances
similar changes in the electroscopic force correspond to similar
changes in the quantity of electricity, If observation showed
that different bodies of the same surface underwent a diferent

X w

x (u,—u) d ¢

da )
" If we substitute in these two expressions for u, and ' the tI'EEnS-
formations given in the same paragraph, and: at the same time
x w for x, 4. e. the absolute power of conduction for the relative,
we obtain in both cases

du

x o o ai, |

whence it results that the some quantity of electricity which
* enters from the one side into the disk M during t.he eieme:nt of
time d ¢, is again in the same time expeﬂefl fl‘Ol’l;l it towards jche
other side. If we imagine this transmission o the elect‘r1c1ty,
oceurring at the time ¢ in the disk beio.r%gmg to the absc1§sa @,
of invariable energy reduced to the unity of time, call it the
electric current, and designate the magnitude of this current by

8, then

/
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a ‘ du ay .
S=uw gg; i) “body A, «' that of the body B, and (cTw-)J (ﬂ) the pall‘tlcular

al
“values of gu’ EZ;— immediately belonging to them at the com-
& [

and in thjs equation positive values for 8 show that the ci:rre_n'
takes placeopposed to the direction of the abscissz ; negative
that it oceurs in the direc.ion of the abscissa,

13. Inthe two preceding paragraphs we have constantly had
in view a homogeneous prismatic body, and have inquired into
the diffusion of the electricity in such a bady, on the supposi-
tion that throughout the whole extent of each section, perpen-
dicular to its length or axis, the same electroscopic force exists
at any time whatsoever, We will now take into consideration
the case where two prismatic bodies A and B, of the samé
kind, but formed of different substances, are adjacent, and touch
each- other in a common surface. If we establish for hoth A
and B the same origin of abscissze, and desig. . . the elec-
troscopic force of A by u, that of B by ', then both » and o' are
determined by the equation (@) in paragraph 11, if x only retain
the value each time corresponding to the peculiar substance of
each body : but u represents a function of # and i, which holds.
only 80 long as the abscissa corresponds to points in the body :
A: w on the other hand denotes a function of ¢ and &, which-
holds only when the abscissa z corresponds to the body B, But-
there are still some other conditions a this common surface
which we will now explain, If we denote for this purpose the
separate values of % and «, which they first assume at the
common surface, by enclosing the general ones between crotchets,
we find according to the law advanced in § 10 the following -
equation between these separate values : '

mon surface, and in which it was assumed that the origin
cof the abscisswe was not taken on this common surface. The
necessity of this last equation may easily be conceived ; for
were it otherwise, the two cwrrents would not be of equal
energy in the common surface, but there would be more con- _
veyed from the one body to this surface than would be abs-
dracted from it by the other; and if this difference were a
Afinite portion of the entire current, the electroscopic force would
inerease at that very place, and indeed, considering the sur-
prising fertility of the electric current, would arrive in the
shortest time to an exceedingly high degree, as observation has
long since demonstrated. Nor can a smaller quantity of elec-
tricity be imparted from the one body to the common surface
than it is deprived of by the other, as this civcumstance would
be evinced by an infinitely high degree of negative electricity.

It is not ahsolutely requisite for the validity of the preceding
determinations, that the two bodies in contact have the same
hase. The section in the one prismatic body may be different
in size and form to that in the other, if this does not render
the electroscopic force sensibly different at the various points of:
the same section, which, considering the great energy with which
the electricity tends to equilibrium, will not be the case when
the bodies are good conductors, whose length far sUrDasses
. their other dimensions. In this case everything remains ag
.: before, only that the section of the hody B must everywhere b_e
- distinguished from that of A ; consequently the second condi-
tional equation for the place where the two bodies are in contact
- changes into the following i—

duy ' M)
%)Hk (da’ :

- where o still represents the section of A, but & that of the
-body B, which at present differs from the former,

There may even exist in the prolongation of the body A two
rismatic bodies, B and C, separated from each other, which
re both situated immediately on the one surface of A, If in
this case »' &'« signifies for the body B, and » o, ! for the hody
VOL. IT. PART VIIIL 2n

() —~ @) = a, .
where a represents a constant magnitude otherwise dependent
on the nature of the two bodies. Besides this condition, which
relates to the electroscopie force, there is still a second, which
has reference to the electric current. Tt censists in this, that
the electric current in the common surface must in the first
place possess equal magnitude and like direction in both bodies,
or, if we retain the common factor e,

duy _ . (4
" dm)* (daf)’

where » represents the actwal power of conduction of the :
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C what %« u does for A, we obtain instead of the one conditional
equation the two following +—

) — (@) =aq,

() — (") = o,
Where @ represents the electric tension between the bodies A
and B and ¢ that between A and C. In the same manner wo
now obtain instead of the second conditional equation the fol-

lowing tme
w (@) = i f (@) 4wl (Ezﬂf)
da daz dal’

It is immediately apparent how these equations must change
when a greater number of bodies are combined. We shall not
enter further into these complications, as what has been stated -
suffices to throw sufficient light upon the changes which have
in such a case to be performed on the equations.

14. To avoid misconception, I'will, at the close. ~*hese gene-
ral observations, once more accurately define the ciicle of appli-
cation within which our formule have universal validity. Our
whole inquiry is confined to the case where all the parts of the
same section possess equal electroscopic force, and the magni-
tude of the section varies only from one body to the other. The
nature of the subject, however, frequently gives rise to circum-
stances which render one or the other of these conditions super-
fluous, or atleast diminishes their importance. Since the know-
ledge of such circumstances is not without use, I will here illus-
trate the most prominent by an example.

A cirenit of copper, zine, and an aqueous fluid, will wholly
come under the above formula when the copper and zinc are
prismatic and of equal section ; when, further, the® fluid is like-
wise prismatic and of the same or of smaller section, and its
- terminal surfaces everywhere in contact with the metals. Nay,
when only these last conditions are fulfilled with respect to the
fluid, the metals may possess equal sections or not, and touch -
one another with their full sections, or only at some points,
and even théir form may deviate considerably from the prisma-
~ tic form, and nevertheless the cirenit must constantly obey
the laws deduced from our formulse ; for the motion of the elec-
tricity produced with such ease in the metals, is obstructed to
such a considerable extent by the nen-conductive nature of the
fluid, that it gains sufficient time to diffuse itself thoroughly

ith equal energy over the metals, and thus re-establishes in the
“fluid the conditions upon which our calenlation is founded. But
it is a very different matter when the prismatic fluid is only
‘touched in disproportionately small portions of its surfaces by
the metals, as the electricity arriving there can only advance
slowly and with considerable loss of energy to the untouched
surfaces of the fluid, whence currents of various kinds and di-
rections result. The existence of such currents has been suffi-
clently demonstrated by Pobl’s manifoldly varied experiments,
and nothing more now stands in the way of their determination
by analysis, after the additions which it has received from the
successful investigations respecting the theory of heat, than the
complexities of the expressions. Since their determination
éxceeds the limits of this smail work, which hag for its object to
investigate the current only in one dimension, we will defer them
to a more fit occasion, '

We will now proceed to the application of the formule ad-
vanced, and divide, for the sake of a more easy and general
survey, the whole into two sections, of which the one will treat
of the electroscopic phmnomena, and the other of the phwno-
mena of the electric current.

B. Electroscopic Phenomena.

15. In our preceding general deferminations we have con-
stantly confined our attention to prismatic bodies, whose axes,
upon which the abscissa have been taken, formed a straight line.
But all these considerations still retain their entive value, if we
imagine the conductor constantly curved in any way whatso-
ever, and take the abscisse on the present curved axis of the
conductor. The above formulse acquire their entire applica-
bility froma this observation, since galvanic circuits, from their
ery nature, can but seldom he extended in a straight line.
‘Having anticipated this point, we will immediately proceed to
the most simple case, where the prismatic conducter is formed
in its entire length of the same material, and is curved back-
wards on itself, and conceive the seat of the electric tension to
where its two ends touch. Although no case in nature re-
sétnbles this imaginary ome, it will nevertheless be of great
rvice in the treatment of the other cases which do really occur

nature,
2H2




456 OHM ON THE GALVANIC CIRCUIT,

-The electroscopic force, at. any place of such a prismati
body, may be deduced from the differential equation {a) foun

in §11. For this purpose we have only to integrate it, and to"
determine, in accordance with the other conditions of the pro=
blem, the arbitrary functions or constants entering into the in-
tegral. This matter is, however, generally very much facili-.
tated, with respect to our subject, by omitting one or even two"
members, according to the nature of the suhbject, from the equa-~-
tion {a). Thus nearly all galvanic actions are such that the
phenomena are permanent and invariable immediately at thelr.
origin. In this case, therefore, the electroscopic force is inde .

pendent of time, consequently the equation (@) passes into
0=x diu_ be #
, d z* w
Moreover, the surrounding atmosphere has (asv ave already
noticed in § 9.) in most cases no influence on the- .ectric na-

ture of the galvanic circuit; then 4 = o, by which the last equa-
tion is converted into

) u
T da*
But the integral of this last equation is

u=jz+c, {¢)
where /" and ¢ represent any constants remaining to be deter-
mined. The equation (¢} consequently” expresses the law of
. electrical diffusion, in 2 homogeneous prismatic conductor, in all
cases where the abduction by the air is insensible, and the
action no longer varies with time. As these circumstances in

reality most frequently accompany the galvanic circuit, we shall -

on that account dwell longest upon them.

We are enabled to determine one of the constants by the
tension occurring at the extremities of the conductor, which has
to be regarded as invariable and given in each case, If, for
instance, we imagine the origin of the abscisswe anywhere in
the axis of the body, and designate the abscissa belonging to

one of its ends by #,, then the electroscopic force there situated .

is, according to the equation (¢),
S +e;

in the same way we obiain for the electroscopic force of the -

other extremity, when we represent its abscigsa by 2,
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S, + e

If we now call the given tension or difference of the electro-
‘scopic force @, we have

=+ f (2 —az).

But @, ~2, evidently represents the entire, positive or negative,
Jength of the prismatic conductor ; if we designate this by 7, we
-0btain accordingly

= j:fzs
whence the constant f may be determined. If we now intro-

duce the value of the constant thus found into the equation {¢),

it 18 converted into

41
T
so that only the constant ¢ remains to be determined. We may
consider the ambiguity of the sign + to be owing to the ten-
sion ¢, by aseribing to it a positive value when ‘the extremity
of the conductor, belonging to the greater abscissa, possesses
the greatest electroscopic force, and when the contrary &
negative. Under this supposition is then generally

L e A

uz.‘liw+c. _ ()

The constant ¢ remains in general wholly undetermined,
which admits of our allowing the diffusion of the electricity in
the conductor- to vary arbitrarily, by external influences, in
such manner that it occupies the entire conductor everywhere
uniformly. ‘ ‘
 Among the various considerations respecting this constant,

“there is one of especial importance to the galvanic ewreuit, I

mean that which supposes the ecircuit to be connected at some
one place with a perfect conductor, so that the elect‘roscopic'
force has to be regarded as constantly destroyed at this place.
If we call the abscissa belonging to this place 2, then according
to the equation (d) ‘
o=Sn+te
By determining from this the constant ¢, and placing its value
in the same equation {d), we obtain
w= > (e=1),
from which the electroscopic force of a galvanic circuit of the
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lelngth i, and of. the tension. @, which is touched at any given
place whose abseissa is A, may be found for every other place.’
If any constant and perfect adduction, from outwards to tl'w'-"
ggllmm‘c crcuit, were to be given instead of the permanent':
:. tiillctlon qutwards, g0 that the electroscopic force pertaining::
o the &bSC:ISSEt A were compelled to assume constémtly a given
energy, Wh.lch we will designate by «, we should obtain for the
determination of the constant ¢ the eguation )

from one extremity to the other, to the extent of an éntire
" tension.

5. When any place of the circuit is disposed by any circum-
stance to change its electric state, all the other places of
the cireuit change theirs at the same time, and to the same
amount.

16. We will now imagine a galvanic cireuit, composed of two

" parts, P and P/, at whose two points of contact a different elec-

tric tension occurs, which case comprises in it the thermal cir-

cuit. If we call w the electroscopic force of the part P, and o

that of the part P, then, according to the preceding paragraph,

as here, the case there noticed is repeated twice, in consequence
of the equation (¢},

a
o= -—[ A + L’:
and for the determination of ic fa :
¢ the electroscopic faree of the cir-
cuit at any other place the following : b T
o
nm o {F—2) w=gwke

We have seen how the constant ¢ may be dete -~ined when : for the part P, and

the electrog,copic force is indicated at any place of th. circuit b
external circumstances; but now the question a;‘ise% V-‘hajtr
vah}e are we to ascribe to the constant when the circuii: islleft
entirely to. itself, and this value can consequenily no longer b
deduc:erl_ .from outward circumstances? The answer t§ 1‘5]1":
?I}E.St.lon is found in the consideration, that each time both ele::—
ricities prqcefed contemporaneously, and in like quantity from
1=:1hlcar'evl(.)l:asly 111:d1ﬁ"ferent state. It may, therefore, be asserted
at a simple circuit of the present kind, which is formed in ’
pf:rfectly neutral and isolated condition, would assume on ea ;
side .O.f the place of contact an equal but opposite eIectC"
FDn.dltlon, whenee it is self-evident that their centre would l;nlz
?Iz]diﬁ'erent, Fox: the. same reagon, however, it is also apparént
; a _whe_n the cirenit at the moment of its origin is compelled
by any circumstance fo deviate from this, its normal state,-i't'

d Certﬂ-ln].y assu: h
W{Hll me t e & T i
‘”LbnO mﬂl one untl}- agﬂ.ln CauSEd tU

weflas
for the part P!, where f; ¢, f', ¢ are any constant magnitudes to
he deduced from the peculiar circumstances of our problem,
and each equation is only valid so long as the abscisse refer to
that part to which the equations belong. If we now place the
origin of the abscisse at one of the places of contact of the
part P, and suppose the direction of the abscissee in this part
to proceed inwards ; moveover, designate by I the length of the
part P, and by # that of P': and, lastly, represent by «, and 4
the values of » and % at the place of contact where #=0, and
by u, and o/, the values of » and #/ at the place of contact where
@ = I, we then obtain
' Wo=f! (1) + ¢ =0

uwy,=fl+c¢ ~ =14 ¢,
If we now designate by ¢ the tension which occurs at the place
of contact where # = o, and by « that which occurs at the place
of contact where = [; and if we once for all assume, for the
sake of uniformity, that the tension at each individual place of
contact always expresses the value which is obtained when we
deduct the electroscopic force of one extremity from the elec~
troscopic force of that extremity belonging to the place in gues-
tion, upon which the abscissa falls before the abrupt change takes
“place—(it is not difficult te perceive that this general rule con-
tains that advanced in the preceding paragraph, and which, in
fact, expresses nothing more than that the tensions of such

ha?ehii gsgertles ‘of' a simple galvanic circuit, such as we
pve b rto conmd:ered th(?m tP be, accordingly consist essen-
lally in the following, as is directly evident from th
tion (d) : T
a. The electroscopic force of such a cireuit varies throughout
the whole length of the conductor continually, and on Lk
extents‘ cj‘onstantly to the same amount ; but w:rhere the twg
extremities are in contact, it changes suddenly, and, indeed
¥
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places of contact, by the springing over of which, in the direc-
tion of the abscissze, we arrive from the greater to the smaller
¢lectroscopic force, are to he regarded as positive, in the can-
trary case ag negative, where, however, it must not be over.
looked that every positive force has to be taken as greater than
every negative, and the negative as greater than the actually
smaller}, we obtain

a=Ff{I4+D+ e~

d=Ffl—Fl4c—¢,
whence directly results
@+ d = 1L
But now at each of the places of contact when x and w repre-
sent the power of conduction and the section of the part P, and
' and o the same for P/ > 1o accordance with the consideraong
developed in § 13, there arises the conditional equation ™

e () e (5)
“\az) =" A\GE)

d f ]
where (E”‘;) and (% represent the wvalues of gg and %

at the place of contact. From the equations at the commence-

and

teent of this paragraph for the determination of the clectroscopic
force in each single part of the cireuit, we, however, obtain the :

value of # to be allowed to each,
' du do :
dg =/ and oo =,
which converts the conditional equation in question inte
xwf== o w f,
From this, and the equation @ + o’ = £l + 17 just deduced
from. the tensions, we now find the values of Fand #' thus;
_ etd) A
S = ey
e+ dynw
S = I A
and with the help of these values we find
N AR xa i)
Crme—a4 Al t xwd .
Hence the electroscopic force of the circuis in the part P ig ex-
pressed by the equation
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(a+d) w2

U= Wl l - newd

+ 6

‘and that . the part P/ by the equation

g +ad)nvwe —nwl4+ ol
Wl + wwl

|

— &+ c.

U

l ¥ SO
If we substitute A and A’ for — and TP the following more

sl

simple form may be given to these equations :—

, - N
=4te =z . : ]
AN T xw

a - a ,:vw-.l_,_l_ —d e
u‘:}\+7\’ xl ! x W

From the form of these equations it will be immediately per-

(L.

«ceived, that when the conductibility, or the magnitude of ther
::section, is the same in both parts, the expressions for » and «

‘undergo no other change than that the letter representing the
conductibility or the section entirely disappears. .

-~ 17. We will now proceed to the conszderatlfon of a r%aiva{:n}c’
eircuit, composed of three dis“fmct perts P, P, and P, which
' ises the hydro-circuit. _

Casi‘} (i;:q;;f;:sent b:;rr w, v, u' respectively 1:]."16 eIectroscopﬁc
forces of the parts P, P/, and P, the¥1, aceording to § 15, t.e
case there mentioned being here thrice repeateq, we have, in
accordance with the equation (¢) there found, with respect to

the part P,

u=Fr+c
with respect to the part I, A
o = f!.:r 4+,
and with respect to the part P/,
W= Flao +

where £, /', /", ¢, ¢/, ¢! may represent any constant magmglfdes-
remaining to be determined from the nature of the prﬁ EIIbl,
and each equation has only 50 long any meaning as the aI;_
scissze refer to that part to Whlch. the equations appe'rtalr}. @

we suppose the origin of the abscissae at that” extremity o the
part P, which is connected with the part PY, and choogeP_te
direction of the abscissa so that they lead from the part . 10
that of P/, and from thence into P; if we further respectively
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designate by 4 #, and ¥ the lengths of the parts P, P, P"; and

lastly, let «”, and 7, represent the values of a,nd}u a’t t;e

p}ace of contact where & = o, and #, and o’ the values of ¥ and

uf at’ the plice of contact where # = 1, and 'y and u| the values

zb t@:ﬁ Iiznd @' at the place of contact where » = [ + ¥, then we
. u!.’g‘ mJt'.'! (Z + 7 + C”) -+ ot w, = ¢

y =flc wy =l

Wy =1+ + ¢ wly = f1(1 4 1) 4 o,

If we ca_a,ll @ the tension which occurs at the place of contact

where # = 0, ¢ that at the place of contact where 2 = I, and ¢

that at the place of contact where » =7 + 7. we obtai; if we

pay due attention to the general rule stated’in the rei:ed'

paragraph, g i

a =f'f.' (Z+ Z,'+ lﬁ) -+ C”—‘-C

@ =fl—f 0 o —

@ = f (14 1) A (2 ) ¢~

a+a'+a”mfl+f'fzf+fﬂgﬁ'
But from the considerations developed in § 13, when » a.n-d-
w repressnt the power of conduction and the section for the
part P, » and o' the same for the part P!, and »” and «* for the

part P', at the individual places of contact, th i i
. t e foil -
tional equations are obtained ; ’ Toing cond

du du i
xw = " du
) dz) =% (dm) = #lat (“Jg)
; 2 d /e a
where s w) 5 ?Z_x)’ (?gf;) represent the particular valnes
du du du'

of i belonging to the places of contact. From

and hence

the equations stated at the commencement of the Ppresent para-
g.raplh fortthe; determination of the electroscopic force in the
single parts of the circui ai : issi
" i P ¢ circrit, we obtain for every admissible value

du d uf d

T ey
?Jy which the preceding conditional equations are converted
into

% wfz x!wff! — X" waH‘

¥rom these, and the equation between S S5 and £ above de-
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duced from the tensions, we now find, when 2, A, A/ are respect-

. I i l“
Vely substituted for a, -}ﬂm’ o
f. . a + a{ + Q‘,” __L
T AN AT " e’
pomtkdtd 1
}\‘,“?‘-!’i"?‘-” * ®! 1

o
g atad+ o 1
Jh= PR

and by the aid of these values we find further,
g+d+d (1 l
’=——L-~—~——m)—-a’—|—c,

fo gt , I+ 0
g 2teta (%_i _;._Lw)—-(a’—l—a”)%*c.

R S U U 2" ol ®
By substituting these values, we obtain for the determination of
the electroscopic force of the civenit in the parts P, ¥, P! re-
spectively, the following equations :

Card+d 2 ]
AN T e j]
etd+d (p—1 1
w}mA+Ap+}\rr'(xfwf+;_w)_af+c -
s a+d+d (“’”—(l_hr B S’ l
=T . L D I (a+a)+cJ| '

and it is easy to see, that these equations, with the omission of
the letter » or w (beth where they are explicit, as well as in the

expressions for i, ¥/, A"}, are the true ones ior the cage » = »/, or
w == C!}’ = CU”.

18. These few cases suffice to demonstrate the law of progres-
sion of the formule ascertained for the electroscopic force, and
to comprise them all in a single general expression. To do this
with the requisite brevity, for the sake of a more easy and ge-
neral survey, we will call the quotients, formed by dividing the
length of any homogeneous part of the eircuit by its power of
conduction and its section, the reduced length of this part; and
when the entire circuit comes under consideration, or a portion
of it, composed of several homogeneous parts, we understand
by its reduced length the sum of tlie reduced lengths of all its
parts. Having premised this, all the previously found expres-
sions for the electroscopic force, which are given by the equa-
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tions (L) and (L), may be comprised in the following general

statement, which i3 true when the circuit consists of any num-
ber of parts whatever.

The electroscopic force of any place of a galvanic cireuit,
composed of any number of parts, is found by dividing the sum
of all its tensions by its reduced length, multiplying this quo-
tient by the veduced length of the part of the circuit comprised
by the abscissa, and subtracting from this product the sum of
all the tensions abruptly passed over by the abscissa ; lastly, by
varying the value thus obtained by a constant magnitude to be
determined elsewhere. |

If, therefore, we designate by A the sum of all the tensions of
the cireuit, by L. its entire reduced length, by y the reduced
length of the part which the abscissa passes through, and by O
the sum of all the tensions to the points to which the abscissa
corresponds, lastly, by w, the electroscopic force of any place in
any part of the circuit, then

o

A S
uzfy'_o"!'cs ;fi

where ¢ represents a constant, but vet undetermined .a'ilétg-
nitude.

Thus transformed, this exceedingly simple expression for the
electroscopic force of any eircuit will allow us hereafter to com-
bine generality with coneiseness, for which purpose we will, more-"
over, indicate by y the reduced abscissa. This form of the equa-
tion has besides the peculiar advantage that, without anything
. further, it is even applicable when in any part of the circuit the
tensions and conductibilities constantly vary; for in this case
we should merely have to take, instead of the sums, the cor-
respording integrals, and to define their limits according as the
nature of the expression required. Since O does not change
ity value within the entire extent of the same homogeneons
part of the circuit, and y constantly varies to the same amount
on like portions of this extent, the following properties, already
demanstrated less generally with respect to the simple cireuit,
evidently apply to every galvanic circuit, and in these is ex-
pressed the main character of galvanic circuits :— :

a. The electric force of each homogeneous portion of the

circuit varies throughout its entire length constantly,
and on like extents always to the same amount; but

where it ceases and another commences, it suddenly -
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chanees to the extent of the entire tension situated at that
ang ‘
lace' . . - ) -

b. Iif any single place of the circuit is 1ndL:Lced by' any cireum-
stance whatsoever to change its electric condition, aﬂ.the
other places of the circuit change theirs at the same time,
and the same amount. ‘ .

The constant ¢ is in the rule determined by ascertainiog the

electroscopic force at any place of the circuit. 1f, for instance,

we designate by« the electroscopic forceat a place of the (')11_‘(11111:,
the reduced abscissa of which is#/, then, in accordance with the
general equation above stated,

W o= %y’—-O’—(—c,

where O represents the sum of the tensions abruptly passed

over by the abscissay'. I wenow subtract this equation, valid
for a certain place of the circuit, from the previous one belong-

ing i es, W ain
ing in the same manaer fo all places, we obta

uwu"z% ly — " -——(O-——O’),

in which nothing more remains to be c%etermmed. -
If the circuit, during its production, is exposed to no externa
deduction or adduction, the constant ¢ must b_e ‘sou.ght for n
the circumstance that the sum of all thfa electricity in the cir-
cuit must be zero. This determinationlls fom}defi on the fu;}-:
damental position, that, from a prev;ously indifferent s ; ey
both electricities constantly originate at the same t&m(.a an7h‘ 1;11
like quantity. To illustrate, by an examplt?, the mode 11'1{1“ ;;:1 "
the constant ¢ is found in such a case, we will again co'11151 ler th
case treated of in § 16. In the portion PP of that circuit, u 18

where y = ;%, and in the portion P we

A g el . Since
have constantly u = ‘i y—d +e¢ wherey =—r— + A in

A
generally = YT

now the magnitude of the element, in the porf;iog P, is wdbm
or x »* dy, but in-the portion P s w’da:r’ or ®' e dy, we o }
tain for the quantity of electricity contatned i an element o

the first portion N
xwt dy(iy —;—c),

and for the quantity contained in an element of the second

portion i
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w= -0 +¢g

bich indicates that the electroscopic force in the whole extent
f each other homogeneous portion of the circuit is everywhere
the same, and merely changes suddenly from one part to the
ther to the amount of the entire tension prevailing at its place

rof contact.

# o dy (%y - o+ c).
If we now integrate the first of the two preceding expressions

from y = O toy = », we th :
v, - 1 534 ’)bt fi T ; :
electricity contained i:l the part P, ain for the whole quantity of .

A
- % w? [ﬂ?@—i-c)\:l;
in i i
¢ same manner we obtain, by integrating the second ex-

ressi = =
pression from y = A to y = A + A, for the entire quantity of -

clectricity contained in the portion P!
A
; :
xl w2 I:—QL (W4 2000 —al A cA’:i.

‘E:ﬁ; t?}(:esz{}:lo ::' le]i z:(c;el;stf fown:}nd quar:lltities must, in accordance
- undament iti 2 ;

thus obtain the equation required foratlﬁeosdlzltoez;;n?eﬁtdiem. £ e
constant ¢, and it only remains to be observed that Ondo ! e
th(?‘ ;'reduced 1e%1gths corresponding to the portions P axﬁi ]F)’: e
i ; hz}\;e hllthfarto always tacitly supposed only posiﬁive"ab—

. but 1t 1s easy to be convinced that negative abscisse.

may be introduced quite as well. For let — ¥ represent such

; negajcivehreduced abscissa for any place of the circuit, th
~—y 1s the positive reduced ahscissa ini same
] & pertaining to the sam
placc?, for which the general equation found is valid; w y
cordingly obtain S

A
v=7 =g} ~0+e¢ )

or A

v=—5y—{0=A)4q

Bl;t O-A evid.ently expresses, if regard be had to the general
rule ;xpressed n § 16, .the sum of all the tensions abrupﬂ
passed over by the negative abscissa, whence it is evident tha{

the equation still retains entire its former signification for ne-

gative abscisse,

19 I'f we imagine one of the parts of which the galvanic.
c11£)01i11t is composed. to be a non-conductor of electricity, 4. ¢
af oh y whose capacity of conduction is zero, the reduced lénétﬁ
of the entire circuit acquires an indefinitely great value, If we
now ;nal.ie ita rul'e never to let the abscissa enter into the non-
cgn(f}clfctlng part, in order that the reduced abscissa 4 may con
stantly retain a finite value, the gene quati into
N 3 general equation changes into

the electroscopic force,
If we call this «, and the sum o
passed over by the abscissa O, we have .

-an open ecircuit, . e.
- conductor,
situated between the two places, and the
placed before this sum is always easily to be determined from

mere inspection.

To determine the constant ¢ in this equation, we will suppose
at anyone place of the cireuit, to be given.
f the tensions there abruptly

w—u = — (0 -0,

“The difference of the electroscopic forces of any two places of

a galvanic circuit interrupted by a non-

is consequently equal to the sum of all the tensions
sign which has fo be

20. We will now notice another peculiarity of the galvanic
ircuit, which merits especial attention. To this end let us
cep in view exclusively one of the homogeneous parts of the
ircuit, and imagine, for the sake of simplicity, the origin of
he abscissa placed in one end of it, and the abscisse directed
swards the other end, If we designate its reduced length by
A, and the reduced length of the other portion of the circut by

A, then

v=xya? e

: within the length A3 the following form may also be given to

this eguation :

A
A
U = e Y+ 03
the extent is consequently similarly circumstanced to a simple

ccours.

N L AR
homogeneous circuit, at whose ends the tenston + "y

If, accordingly, A has a very sensible value, such as it can

i s . . s o A
acquire in the voltaic pile, and if the 1.at10 i approaches

. AN e .
to unity, then the tension 7= will likewise be still very per-

.‘*]



468 OHM ON THE GALVANIC CIRCUIT,

ceptible ; consequently its various gradations in- the extent o
Fhe portion A are very easily perceptible. This conclusion is o
importance, because it affords the means of presenting te th
senses the law of electric distribution even on compound cir

cuits, when it is no longer possible on the simple ecircuit, on -
account of its extremely feeble force. It is, moreover, immedi-

atel.y e.vident, that, with equal tensions, this phmnomenon will
be indicated with greater intensity, the greater A is in COILpAL
son with A. ‘

21. A phanomenon common to all galvanic circuits is the .
sudden change to which its electroscopic force may incessantly,

and arbitrarily, be subjected. This phaenomenon has its source

in the previously developed properties of such circuits. Since,

as we have found, each place of a galvanic cireuit undergoes the
same alterations to which a single one is exposed, we the‘ 1t in
our power to give sometimes one, sometimes & ther value 4o
the electroscopic force at any certain place.‘ amnong thess

changes those are the most remarkable which we are ahle to

produce by deductive contact, i. e. by destroying the electro-
scopic force sometimes at oxe, and sometimes at another place
of the circuit; its magnitude, however, has its natural limits in
the magnitude of the tensions,

There is another class of phanomena which is immediately
connected with these. If, for instance, we call # the space
over which the electroscopic force is diffused in a given gal-
vanic circuit, » the electroscopic force of the circuit at one of
its points, which is immediately connected with an external
body M, and «' the electroscopic force of the same eircuit at
the same place as it was previous to contact with the body M,
u' — u is evidently the alteration in the electroscapic force 'proj
duced at this place; consequently, since this change likewise
oceurs usiformly at all the other places of the circuit, 7 (v —u)
is the quantity of electricity which the change produced over
the entire circuit comprises, and accordingly that which has
passed over into the body M. If now we suppose that in the
state of equilibrium the electroscopic force is everywhere -of
equal intensity at all places of the body M in which it occurs, and
represent by R the space over which it is diffused in the ,body
7 (0 )

v R '
force 1s in the state of equilibrium equal to the «/, which the

M, then its electroscopic force is evidently . But this
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place of the circuit, brought into contact with M, has assumed
when no new tension originates at this place of contact ; under

this supposition therefore
7 (1 — )
v=—g—>
whence we find
ool
T r+ R
From this equation it results that the electroscopic force in the
body M will constantly be smaller than it was at the touched place
before contact; and also that both will approximate the more
to each other, the greater » is in comparison to R. If we regard
R as a constant magnitude, the relation of the electroscopic
forces % and « to each other depends solely upon the mag-
nitude of the space which the electricity occupies in the civeuit ;
we can therefore bring the electroscopic force of the body M
nearver to its greatest value solely by increasing the capacity
of the circuit, either hy a general increase of its dimensions,
or by attaching anywhere to it foreign masses. Upon the
natuye of these masses, when they are merely conductors of
electricity, and do not give rise to new tensions, none of this
effect, in my opinion, depends, but solely upon their mag-
nitudes. If the attached masses occupy an infinitely great
space, which case occurs when the circuit has anywhere a com-
plete deduction, then the electroscopic force in the body M will
constantly be equal to that which the place of the eircuit touch-
ed by it possesses.

To connect these effects with the action of the condenser, we
have merely to bear in mind, that a condenser, whose magnitude
ts R, and whose number of charges iz m, must be con-
sidered equal to a common conductor of the magnitude m R,
yet with the difference that its electroscopic force is m times
that of the common conductor. If, therefore, we designate
by  the electroscopic force of the condenser, which is brought
into connexion with a place of the circuit whose foree is #/, we

obtain

_ mry
U= U
- whence it follows that the condenser will indicate m times the
force of the touched place when ¢ is very great in comparison
with 7 R ; but that it will have a weakening action so soon as 7 s
VOL. II. PART VIIIL. 21
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equa’ll to, or smaller than R, Masses attached anywhere to
the circnit will accordingly make the indications of the con:
denser approximate to its maximum in proportion as they are :
greater, and a circuit touched at any place will constantly pro-
duce in the condenser the maximum of inerease.

The preceding determinations suppose that one plate of the
condenser remains constantly touched deductively. We will’
now take into consideration the case where the two plates of
an ms.ul'ated condenser are connected with various points of
a galvanic circuit. In the first place, it is evident that the two
plates' of the condenser will assume the same difference of free
'electmcity_ which the various places of the cireuit with which
they are in contact require unconditionally, from the peculiar
nature of galvanic actions. Consequently, if represents the
dlf.f'erence of the electroscopic force at the two plaes of the cir
cuit, and % the free electricity of one plate of t.  ~ondenser,
th.?n.  + d is the free electricity of the other plate, and ever\zj
th%ng. will depend on finding, from the known free electricities
existing in the plates of the condenser, those aétually present in
them. I, for this purpose, we call A the actual intensity of
electricity in the plate, whose free electricity is w + 4, then
A —u:—d represents the portion retained in the same pla,te :in
th.e same manner B — w designates the portion of electricity: re-
tained in the plate, whose free electricity is 4, when B represents
the actual intensity of the electricity in this plate. T now we
represent by n the relation between the electricity retainéd by
one plate, and the actual electricity of the ather plate, the fol- -
lowing two equations arise: ’ '

A and B, and at the same time 1 — 2—177—% for m, which is per-

siitted when m, as is usually the case, denotes a very large
number, we obtain

A=md4+tu,

B=—=md+}u+id
Or when m is a very large humber, and 7 not much greater than
d, we may, without committing any perceptible error, place

A=umd,
. B=—md, _

in which is expressed the known law, that when two different
places of a voltaic pile are brought into connexion with the two
plates of an insulated condenser, each plate takes the same

pile, had been touched deductively. At the same time our con-
siderations show that this law ceases to be true when # can no
longer be regarded as evanescent towards m d. This case would
occur if, for instance, two places, near the insulated upper pole of
a voltaic pile, constructed of a great number of elements, came 1n
contact with the plates of the condenser, while the inferior pole
of this pile remained in deductive connexion with the earth.
The determinations hitherto given respecting the mode in
which the galvanic circuit imparts its electricity to foreign
bodies, and which appear to me to leave nothing more to be
wished for in the explanation of this subject, might, however,
give rise to researches of a very different kind, and of no slight
interest. For it is placed beyond all doubt, both from theore-
tical considerations, as well as from experiments, that electricity
in motion penetrates into the interiox of bodles, and its quantity
- accordingly depends on the space occupied by the bodies; while,
on the other hand, it is no less ascertained that static elec-
' tricity accumulates at the surface of bodies, and its quantity

A—t—d+nB==o,
Be—u4rnA=0,
from which the values A' and B result, as follows :
A= d+u(l —n)

1—n? 7 . . . C
' therefore is dependent on the extent of surface. But it would
B= M—;——'Z-L;-n—(—j hence result, that in the closed galvanic circuit,  in the above
" formulze would express the volume of the eircuit; in the open -

But from the theory of the condenser, it is well known that civcuit, on the contrary, the magnitude of its surface, on which
point, in my opinion, experiments might decide without great
difficulty.

92. We have hitherto kept in view a cixcuit on which the
swrrounding atmosphere exercised no influence, and which has

212

| R .
l—n= —, if m is the number of charges of the condenser; .

. . 1 .
;f", therefore, we substitute pous for 1 — n? in the expressions for

charge as if’ the other plate, and the corresponding place of the
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already arrived at its permanent state, and we have treated it at :
a length which it merits from the abundance and importance of
However, not to let even

the phznomena connected with it.
here the other circuits pass entirely unnoticed, we will briefly
indicate the method to be pursued for the most simple case, and

thus point out the path to be followed, although only at a
distance.

If it is intended to take into consideration the influence of

the atmosphere op the galvanic circuit, the member be % must
B W

S J2
be added to the member % of the equation (g) in § 11, we
then obtain for the circuit which ha# acquired a permanent

state, for which % = 0, the equation
d?u be

0=~ pus
. be '
out B — a2
or if we pu = <2 A ‘
d*y )
Ozdm‘-‘hﬁgu'

The integral of this equation is

u=c.ef? 4+ d.¢~h,
where e represents the base of the natural logarithms, and ¢, &
any constants to be determined from the other circumstances of
the problem.

If we now call 217 the length of the entire circuit, and fix
the origin of the abscisse in that place of the circuit which
1s equidistant from the point of excitation ; if, further, we de-
signate by ¢ the tension existing at the point of excitation, we
obtain

= (c—d) (eftme—B],
If we write the previously found equation thus,

we= (c—d) Bt g d (e 4 g=By),

. and substitute for ¢ = d, the value Just ascertained, we have

ol (efE 4 ey,

If we now suppose for the determination of the other constant
that the sum of the two electroscopic forces, mtuated at the
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oint of excitation, is known, and is equal to &, which case
ways occurs when the electroscopic force of the cireult is
“given at any one of its places, we obtain

o (P! 4 e—PYh
Bl o~

b= +2d(eP! + e fh;

and after substitution and proper reduction,

1a(eft memPH 3 (P4 e )
ePl_gmBi ehl o e— Bl

=
-~ which for b = 0, i. e. for a circuit left entirely to itself, changes
- into . ,
| jafels—e=tn)

ePl—e—Bl 7 _

These equations, which hold for a circuit homogeneous and pris-
‘matic in its whole extent, changewhen 8 = 0 again into the above,
‘where the influence of the atmosphere on the circuit was, under
“ the circumstances given above, left out of consideration, Since
e b
=
" the galvanic circuit must be less, the smaller the conductmg -
. power of the atmosphere is in comparlson to that of the cireuit,

W=

—, it follows that the influence of the atmosphere on

and the smaller the quotlent —1is. But the quo‘uent = eX~

,\presses the relation of the sulface of a dise of the conductor
~surrounded by the atmosphere to the volume of the same dizc,

and it might therefore appear that % must constantly be in-

* finitely small. However, it must not be forgotten that we
have not here to deal with mathematical, but with physical de-
terminations ; for, strictly taken, ¢ does not represent a surface,
- but that portion of a disc of the circuit on which the atmosphere
. has direct influence, and w in fact signifies nothing more than
that part of a disc of the circuit which is traversed by the elec-
tricity continually passing through the circuit. In general,
therefore, ¢ is indeed incomparably smaller than w; hut where,
the electric current can only move forwards with the greatest
difficulty, and on that account but very slowly, as is more or
less the case in dry piles, the magnitude ¢ may, in_ accordance
with what was stated in the preceding paragraph, become
very nearly equal to w; for undoubtedly a gradual transition,
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Men remains for the determination of the function v, which still
possesses the same form s the equation {x), but differs from it
n this respect, that v is a function of @, and ¢ of a different
nature from «, by which its final determination is much facili-
tated. '
“The integral of the equation (), in the form in which it was
first obtained by Laplace, is
-+ Bt . _—_
L—fe—y Flat2y VA1) dy, (9)
V'
where ¢ represents the base of the natural logarithms, = the
satio of the circumference ofa circle to its diameter, and f an
arbitrary function to be determined from the peculiar nature of
each problem, while the limits of the integration must be taken
fromy=—w toy = + ». For =10 we have v = fz, be-
cause between the indicated limits fe =% dy = vz, whence it
results that if we know how to find the function v in the case
where f'== 0, we should thereby likewise discover fa, conse-
quently the arbitrary function /. Now in general v=u — u' ;
but if we reckon the time # from the moment when, by the
~ contact at the two extremitiés of the circuit, the tension origin-
ates, then u, when ¢ = 0 has evidently fixed values only at these
extremities, at all other places of the circuit « is=0; accord-
ingly, in the whole extent of the circuit v =~ ' in general when
¢t = 0; only at the extremities of the circuit at the same time
p=u— . If, therefore, we imagine a circuit left from the
first moment of contact entirely to itself, then v constantly = 0
. at its extremities, so that therefore in the interior of the circuit
v = — o/, when ¢ == 0, and at its extremities v = 0. Since, in
accordance with our previous inguiries, « may be regarded
as known for each place of the circuit, this likewise applies to
v when £ == 0; we know then the form of the arbitrary function
F2, so long as @ belongs to a point in the cireuit.

However, the integral given for the determination of v re-
quires the knowledge of the function fa for all positive and ne-
pative values of #; we are thus compelled to give, by transfor-
‘mation, such as the researches respecting the diffusion of heat

modified by the cotemporaneous circumstances, must oceur
from that which is peculiar to the rapid current te that e
longing to the state of perfect equilibrium. Here, then, is &
_ wide fleld open for future researches. -
23. In cases where the permanent state is not instantaneously
assumed, as it usually is in dry piles, we should, in order to be-
come acquainted with the changes of the circuit up to that peried,
proceed from the complete equation
du d?u be
Vi T r AT (%)

P =

du
i

be . s
ber o must either remain in it, or be removed from it, accord-

bacause in this case we cannot corbsider = 0, and the mem-

ing to whetherit is considered worth while to take “he influence
of the atmosphere on the circuit into consideration not. If

we again place, as in the previous paragraph, 5% = LE, and,
, o ©

F . .
also?.z #, the preceding equation changes into the fol-.

lowing : doe , fd%u '
and we immediately perceive, that on admitting 8 = 0, the
action of the atmosphere 1s left out of the question.

In the present case 4 represents a function of 2 and ¢, which,
however, in. proportion as the time # increases, becomes gra-
dually less dependent on £, and at last passes over into a mere
fonction of &, which expresses the permanent state of the cir-
cuit, with the nature of which we have already become ae-
quainted. If we designate this latter function by o, and place
u = % + v, then » is evidently a function of # and ¢, which indi-
cates every devistion of the circuit from its permanent state,
and cousequently after the lapse of a certain time entirefy disy
appears, 1f we now substitute o/ + v for u in the equation (),
and bear in mind that ' is independent of #, and of such
nature that ‘ B

12 o
0= Cfi_;é — B, have made us acquainted with, such a form to the above equa-
the equation ' ‘tion that only pre-supposes the knowledge of the function f
dv _  (d*v - for the extént of the circuit. * The transformation applicable to
dt“”(&"}?“ﬁ”) (2)
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th‘? present case g_ives, when 2 [ designates the length of the cip
cuit, and the origin of the abscissw is placed in its centre®, )

o= Bt ek ¥ . Ay
v= 0 [2 (¢ @ +sin— [ sin Tyjydy)
— (24 1)2 422 (2_ ) .
4+ 3 (e 472 t— 1w a (2’:‘:—-1‘7!’2 .
( cos z] fcos 3 l) nydy):'

where the sums must be taken from ¢ = 1 to 7= , and the

;tﬁ’fegrals f:rom y= = {toy=+1 If we now substitute in
18 equation for fz its value — +/, whereby according to our

supposition in the preceding paragraph, if @ represents the ten-

sion at the place of contact,

L (e‘“—e“ﬁ“)

=2

L eflue—pl 7 )
and then inteorate, w in, si ndicated
pod ! grate, we obtain, since between the indicafed’

) . A —— X N 4
%a‘/.sm zy;y.e;; e ;51"' _ _airlcasin
Bl =Bl " = 3,3 T4
. a4 B
BY mp— By
Ia/.e e (2i—-Dwy
70 [ i mar « cos 37 LAy =10,
for the determination of # the equation
L imsin 202 _ynaay
EY I wda ) SR
32 2 -]-ﬁglg - € 3
and, lastly, since v = @' + »

— éa(eﬂx_e"ﬁﬂ-‘) ' pe i sin Ez-(—z-iiv—) "'”",”?iqt
=R gL R / 2
Bl g1 X3 ) - €

. #nt o B

;:'llzmh eql‘;t;.monf for B8 = 0, 4. e. when it is not intended to take
o consideration the influence of the atmosphere, passes into”

¢ m-}-az(-—l.- sin ir(l+2) e*w’ﬂgigtﬂ
i I ) 2 *

U=
21
Il‘i is easi%y perceived that the value of the second member to
the rlght in the equations which have been found for the deter-
mination of », becomes smaller and smaller as the time increases.
7

* See Journal de I Eeole Poiyteekﬂégue, cap, Xix, p. 53.
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and that it at last entirely vanishes; the permanent state of the
circuit has then occurred. This moment can, as is evident from
the form of the expression, be retarded by a diminished power of
conduction, and in a far greater degree by an increased length of
the eireuit.

- This expression found for w, however, helds perfectly only
so long as the circuit, which we have supposed, is not induced
by any external disturbance to change its natural state. If
the cirenit is at any time compelled by any external cause, for
instance, by deductive contact at.any place, to approximate to
an altered permancut state, the above method has to undergo
some changes, which I intend to develope on another oceasion.
I will, moreover, observe, that it is in this last class of galvanic
circuits, in which the peculiar phanomena of dry piles, and, in
general, of circuits of unusually great length, have to be sought
for; to which class likewise belong the circuits of very great
length employed in the experiments of Basse, Erman, and Aldini,
i the influence of their great length be not annulled by an in-
creased goodness of conduction, or by an ncreased section.

C. Phenomena of the Electric Current.

24. According to what was advanced in paragraph 12, the
magnitude of the electric current, in a prismatie body, will in
general be expressed for each of its places by the equation

' du
S —_— WA E*l"";?,
where § denotes the magnitude of the current, and % the elec-
troscapic force at that place of the circuit whose abscissa is #,
while w represents the section of the prismatic body, and » its
- ‘power of conduction at the same place. To connect this equa-
tion with the general equation found in § 18 for any circuit,
composed of any number of parts, we write it thus
du dy
S=xw ETJ . ﬁ,

%’ the value A resulting from that general

and substitute for T,

equation, and for 9Y the value ;a—) easily deducible from the

da
same paragraph, both which values are valid for each place,
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situated between two points of excitation, we then very simply

obtain

A
_L_:
gllée;z i‘ dfemlnltf?s the eutire reduced length of the circuit, and A
the st ;;1 ) gmi gtz tenfsTl];ls. | By means of this. equatioﬁ we ob-
ude of the electric current of a galvanic civeu
: : . gaivanic circuit
it(;m];;ised of any numbe?' of prismatic parts, which hag acquireé
atm]_:; S mhanent statke, vxfiuch 18 not affected by the surroundin
pOintSpoilf;e, ar&dt?e single sections of which possess in all thei%
and the same electroscopic foree; 1 i
‘ ; this cate
are comprised the most fre e o pt
quently occurring cases e
account we shall dissect this result i : L e,
] ult in the most careful many .ei°
anglrfeti repr eser?:s I‘ihe sum of all the tensions in the circﬁ;t‘
, e sum of the reduced lengths of all the indivi 1
| ‘ the individual
parts, there results, in the first pl i d
. ace, from the equati
the following general pr s relatl o
roperties relat ' i
e v Circuit{) P elative to ‘the electric current
L 1;11‘23 eie;tnc rlzurrent is decidedly of equal magnituée at all
ces of a galvanic cireuit, and is independ '
of the constant ¢, which : e the ot
, which, as we have seen, fixes the intensi
. te
of the .elec.troscoplc force at a determin’ed place Innstlliy
Qp;n circutt the current ceases entirely, for in this case th:
Ij[re’]j;ced leng.fth L acquires an infinitely great value.
- The magnitude of the current, in a galvanic circuit, re
n;ilil.ns uﬁchanged when the sum of all its tensions an(}i its
:a ire re uce(% length are varied, either net at all, or in the
mn‘lei prcg;lortmn ; but it inereases, the reduced length re
aining the same, in proportion as the .
‘ _ sum of the tensi
Increases, a‘nd the sum of the tensions remaining the s;;rf
]1; 1E)ropml';m:-n as the reduced length of the cirenit dimi’.
ishes. From this general law we will, m e
larly deduce the following. o moreoeL, partie
1.ifnkdi(j.r1if§'ir€3nce_ui thg arrangement and distribution of the
points of excitation, by = transpositi ‘

‘ | exC position of the .
parts 'of which the circuit consists, has no influence on thi
I{Hagrfltﬁ%; of the current whegn the sum of all the tensions

emains the same. Thus, for instance ' '
ains . 15, f , the current woul

rfalmam unaltfared in a circuit formed in the order cuppezEi

silver, lead, zinc, and & fluid, even when the silver and leati

S=

_circuit' when they alternatively form 2 portion of it, and both
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change places with each other ; because, according to the

laws of tension observed with respect to metals, this frans-

position would, it is true, alter the individual tensions, but
not their sum. :

9. "The intensity of a galvanic current continues the same, al-
though a part of the circuit be removed, and another pris-

matic condncior be substituted in its place, only both must
have the same reduced length, and the sum of the tenstons
in both cases remain the same: and wice versd, when the
current of a cireuit is not altered by the substitution of one
of its parts for a foreign prismatic conductor, and we can
be convinced that the sum of ihe tensions has remained the
same, then the reduced lengths of the two exchanged con-
ductors are equal, ‘

3. If we imagine a galvanic civcuit always constructed of a
Yike number of parts, of the same substance, and arranged
in the same order, in order that the individual tensions may
be regarded as unchangeable, the currvent of this cireuit in~
creases, the length of its parts remaining unaltered, in the
same proportion in which the sections of all its parts in-
crease in a similar manner, and the sections remaining un-

altered, in the same proportion in which the length of all-
its parts uniformly decrease. When the reduced length of
a part of the circuit far exceeds that of the other parté, the
magnitude of the current will principally depend on the
dimensions of this part; and the law here emounced will
gssume a much more simple form, if, in the comparisorn,
attention be solely directed to this one part. _

The conclusion arrived at in I1. 2. presents a convenient
means for the determination of the conductibility of various
bodies. If, for instance, W¢ imagine two prismatic bodies,
whose lengths are {and 7, their sections respectively o and o,
and whose powers of conduction are # and #, and both hodies
possess the property of not altering the current of a galvanic

leave the individual tensions of the circuit unchanged, then
l i

x @

consequently
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merits peculiar attention in this place, from the

simple circuits, . ‘
‘ d experimental results obtained- by 1its

dumerous and varie

means. ' .
If A represent the sum of the tensions of a closed galvanic

cireuit, and Tu its reduced length, the magnitude of its current
is, as we have found, A

T
Now, if we imagine n such circuits perfectly similar to the
former, but open, and constantly bring the end of each one in
direct connexion with the commencement of the next following
one, in such a manner that between each two circuits no new
tension occurs, and all the previous tensions remain afterwards
as before, then the magnitude of the current of this voltaic com-

the powers of eonduction, therefore, of hoth bodies are directl¥
proportionate j:o‘thelrlengths, and inversely proportionate to their
se.ctlogs. If 1t 1s intended to employ this relation in the deter
mination of the powers of conduction of various bodies, and we
cho'ose.for thelexpem‘nents prismatic hodies of the same section

;V’thI’IIl indeed is requisite for the sake of great accuracy thei;
engths will enahl i i tctibi

1itiegsa e us to determine accurately their conductibi-
. d25. In the preceding paragraph we have deduced the magni-
ude of the eurrent from the general equation given in § 18

. . ’

A
u=Fy—04o e

and have found that it is expressed by T the coefficient of 3.

To . AL C
ascertain the value f, 1t 1s m general requisite to possess

an accurate knowledge of all the single parts of the circuit,
¢

and theit reciprocal tensions; but our general equation indi
cates a means of deducing this value likewise from the natur;
of any single part of the circuit in the state of action which
we will not disregard, as it will be of great service to u,s here~
fa,ﬁer. If, namely, we conceive in the above equation y to b'-
increased I?y any magnitude Ay, and designate by AJO the'
corresponding change of O, and by A v that of u, there result:

from that equation

Au:%ao_ﬁo’

and we thence find
A _ Aut+ A0
L Ay ?
we 'ﬁmd.J theref_‘ore, the magnitude of the electric current by
g\.ddmg to the fhﬁ‘erence of the electroscopic forees at anv two-
places of the circuit the sum of all the tensions situated bet‘:’WEen‘
t{hese two places, and dividing this sum by the reduced length of
the p’a;'t of _the circuit which lies between these same places. If
there ghould be no temsion within this portion of the cireuit,.
then A O = 0, and we obtain ' "
A_ Au
L T Ay
26. The voltaic pile, which is a combination of several similar

bination, closed in itself, is evidenily

nA
nL’

consequently equal to that in the simple circuit, This equality

of the eircuit, however, no longer exists when a new conductor,

which we will call the interposed conductor, is inserted in hoth.

If, namely, we designate the reduced length of this interposed
conductor by A, then, when no new tension is produced by it,
the magnitude of the current in the simple circuit will be
' A
L+ A _

and in the voltaic comhination, consisting of #, such elements

‘_M_E.A.-.—— or _.-_--_—uA ;

nli+ A L + g

n

therefove in the latter circuit it is constantly greater than in
the former, and, in fact, a gradual transition takes place from
equality of action, which is evinced when A disappears, to where
the voltaic combination exceeds % times the action of the simple
circuit, which case occurs when A is incomparably greater than
‘wL. IfbyA we represent the relative length of the body upon
which the circuit is to act by the force of its current, then from
the observations just brought forward it results that it is most
‘advantageous to employ a powerful simple circuif when A is
very small in comparison to L and, on the contrary, the voltaic
“pile, when A is very great in comparison with L. :
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But how must, in each separate case, a given galvanic appd
ratus be arranged so as to produce the greatest effect? FLet
suppose, in solving this problem, that we possess a certain mag

nitude of surface ; for instance, of copper and zine; from which-
we can form, according to pleasure, a single large pair of plates;.

or any number of smaller pairs, but in the same proportion;

and, moreover, that the liguid between the two metals is constant-

ly the same, and of the same length, which latter supposition
mieans nothing more than that the two metals between whick
the liquid is confined retain, under all circumstances, the same
distance from each other. :

Let A be the reduced length of the body upon wh*™ the
electric current is to act, L the reduced length of the a_jaratus
when formed into a simple circuit, and A. its tension; then;
when it is altered into a voltaic combination of @ elements, its
present tension will be # A, and the reduced length of each of
its present elements » L, accordingly the reduced length of -all
the z elements #* L, consequently the magnitude of the action of
the voltaic combination of # elements is

@A
2L 4 A

This expression acquires its greatest value when

A
| 2 VAL
=4 % We hence see that the apparatus in form of a

simple circuit is most advantageous, so long as A is not greater

than L ; on the contrary, the voltaic combination is most use:

ful when A is greater than L, and indeed it is best constructed of
two elements when A is four times greater than T, of three ele-
ments when A is nine tithes greater than L, and so forth.

2%, The circumstance that the current always remains the
same at all places, affords us the means of multiplying its ex-
ternal action, as in the case when the current influences the
magnetic needle. We will, for perspicuity, suppose that, in
order to test the action of the current on the magnetic needle;
each time a part of the cirenit be formed into a circle of a given
radius, and so placed: in the magnetic meridian that its centre
coincides with the point of rotation of the needle. Severel
such distinct coils; formed of the circuit in exactly the same
manner, willy taken singly, produce, on account of the equaiity
of the current in each, equally powerful effects on the magnetic

eedle if we imagine them, . :
nothe;, that though they are separated by a ron-condueting

on of each one tow :
s the same, they would produce a greater effect on the magnetic

‘peedle in proportion as their number increazed. Such an ar=
‘rangement is termed a multipler.

its reduced length ; let also A he the red—uce.d 1fength of one 0.?
he interposed conductors formed into a multiplier of ‘n-convoll}‘
ions ; then, if we represent the reduced length of one such

convolution by A, A :
magnet needle will be proportional to the value

But the action of a similar coil of the cireuit, without the multi-
pliex, is, according to the same standard,

18
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therefore, so arranged near one

er, they are yet Gtuated so close together that the posi-

ard the magnetic needle may be regarded

Now, let A be the sum of the tensions of any cireult, and L

— n», the action of the multiplier on the

nA
T+ ah 7

A

T
and we will suppose the portion of the circuit, W.her}ce‘ the coil
is taken, to be of the same nature as in the multiplier aceord-
ingly the difference between the former and the present effect

nhi—Li4+ar A
L rnr L
which is positive or negative accordh}g as m Li is greater or Yess
than L + # A. Conseguently the action on the magnetic needle
will be augmented or diminished by the multiplier formec% of n
coils, according as the n times reduced length of the circwt,
without interposed conduetor, 1§ greater o less than the entire
ceduced length of the circuit with the 1n'terposed‘ cfmduc.:tor.

1f  » is incomparably greater than I, the action of the.mul-
tiplier on the needie will bie .

A

To this value, which indicates the extreme limit of the .ac’.uon
by means of the multiplier, whether 1t be 'streng@enmg 0111
weakening, belong several remarkable: properties, Whlc}% we wil
briefly notice. 1t 1s constantly suppossad that tbe‘ mulltlpher is )
formed of so-many-coils that the magnitude of its action may,
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without committing any sensible error, be considered equal to

the limit value.
A

Since the action of a coil of the cireuit is —, while fhe &e-

L

:cion of the multiplier, in connexion with the same ciréuit, is
B it is evident that the two actions are in the same ratio to

each other as the reduced length A and L; if, therefore, we are
‘acquainted with the two actions, and with one of the two re:
duced lengths, the other may be found, and inthe samé manner
one of the two actions may be deduced from the other, and the
two reduced lengths, 25

Since the limit of the action of the multiplier is é, i fhe
A

creases when A is nvariable in the same proportion as the sum

- of the tensions A in the cireuit increases; we may, therefore, by .

comparing the extreme actions of the same multiplier in various
circuits, arrive at the determination of their relative tensions.
At the same time we perceive that the extreme action of the mul-
tiplier increases, when several simple circuits are formed into a
voltaic ' combination, and, indeed, in direct proportion to the
number of the elements. In this manner if is always in our
power, in cases where the multiplier in connexion with the
- simple circuit produces a weakening effect, to cause it fo in-
dicate any increase of force whatever,
If we call the actnal length of a coil of the multiplier ], its

conductibility », and its section w, then A = ig and conse-
%w

quently the extreme action of the multiplier
' xw, e

whence it results that in the same cireuit the extreme actions of
two multipliers of coils of equal diameter, are in the rativ to’
each other of the products of their conductibility and their sec-
tion. These extreme actions are, therefore, in two multipliers,
which differ only in being formed of two distinet metals, m pro-
portion to the conduetibility of these metals; and when the
multipliers consist of similar convolutions, and of one metal,
their extreme actions are proportional ta their sections,

But all these determinations are based upon the supposition
that the action of a portion of the circuit on the magnetic
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needle, under otherwise similar circumstances, is proportional
to the magnitude of the current. But long since direct ex-

“periments have established the correctress of this supposi-

tion.
28. We will now proceed to the consideration of a multiple

conduction existing at the same time. If, for instance, we

~ imagine an open circuit, whose separated extremities are con-

nected by several conductors, arranged by the side of each

“-other, it may be asked, according to what law is the current

distributed in the adjacent conductors? In answering this
question, we might proceed directly from the considerations con-

. tained in § 11 to 18 ; but we shall more simply attain the re-
. quired object from the peculiarity of galvanic circuits ascertained

in § 25, in which case we will, for the sake of simplicity, sup-
pose that none of the former tensions is destroyed by the open-

. ing of the circuit, nor a new tension produced by the conductor

which is introduced.

For if a, ¥, 3, &c. represent the reduced lengths of the con-
ductors brought into connexion with the extremities of the open
circuit, and « the difference of the electroscopic forces at the ex-
tremities of the circuit, after the conductors have been intro-
duced, the same difference will also occur at the ends of the
single adjacent conductors, since, according to the supposition
we have made, no new tension is introduced by the conductor.
Since now, according to § 13, the magnitude of the eurrent in
the circuit must be equal to the sum of all the currents in the
adjacent conductors, we may imagine the circuit to be divided
into as many parts as there are adjacent conductors; then, ac-
cording to § 25, the magnitude of the current in each adjacent
conductor, and in the corresponding part of the circuit, will re-
spectively be

24 o2 -2

'A') ’f: ;\T;‘:
whence, in the first place, it results that the magnitude of the
current in each adjacent conductor is in inverse ratio to:its re-
duced length, If we now imagine a single conductor of such
niature, that, being substituted for all the adjacent conductors
in- the circuit, it does not at all alter its current; then, in
the first place, », according to § 25, must retain the same
value, and, if we' designate by A the reduced lerigth of this
eonductor, must moreover he

VOL, IT, PART VIIL 2K
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From the preceding explanations we may conclude, that
when A denotes the sum of all the tensions, and L the entire
reduced length of the circuit without adjacent condactors, the
magnitude of the current, while the adjacent conductors ate in
connexion with the circuit, will be expressed in the cireuit itself

by

the atmosphere exercises a perceptible influence on 2 galvanic
eircuit, or not, we will therefore enter into this case at greater
Jlength. '
Since, according to § 12, the magnitude of the electric cuy-
vent is given by the equation
du
dz .
du

we have only in each separate case to obtain the value of s

S=xw.

.

A
L4+ A7 from the eguation found for the determination of the electro-
in the joint conductor, whose reduced length is A, by scopic force, and to place it in the one above. Thus, for a cir-
A A cuit which has assumed its permanent state, but upon which
TiA % 3 “the su.m‘ounding atmosphere exercises no sensible influence,
in the joint conductor whose reduced length is A, b ccording to § 22,
ctor, gin 1s A, DY . Ly eﬁ”’—-e"ﬁ.“"‘_i_l oty g B
E_A_A'&ri B0 EI BT Bl R
. Ce taAx - where ¢ represents the tension at the place of excitation, and
in the joint conductor, whose reduced length is »", by the sum of the electroscopic forces immediately adjacent on
A A both sides of the place of excitation. We hence obtain
_ L+ AT fr g e—PT i g—Be
and so on, where for A its value obtained from the equatioﬁ S=wap (% e +il W)‘
71{. — % N ’:':T + —?%-,-; + & : This express:lon .gives the magnitude Qf the cu.rrent at each
. place of the circult; but the law, according to which the altera~

tion of the current at various places of the circuit is effected,
may be rendered more easily intelligible in the following man-

.

ner. If, for instance, we differentiate the equation

has to be .placed. ,
29, That in the above the galvanic current is found to be of
equal ‘magnitude at all places of the circuit, arises from the

d
vajue of ﬁ, deduced from the equation _ § == o %%,
A . .
w=Ty = O + ¢ we obtain the equation g P
being constant. This circumstance no longer happens if we dv S
start f;gom the equations given in § 22 and 23, In all thesg and by multiplying both together,
cases < is dependent on #, which indicates that the magnitude A8 _ ey du

da
of the current is different at different places of the circuit. We
may hence draw the conclusion, that the electric current is only
of equal intensity at all places of the circuit, when the circuit
bas already assumed a permanent state, and the atmosphere |

du_ Y dF

. .
If we now substitute for % its velue 8* u, as obtained from

the equation 0 = %—E;—; — p*4, we have

has no sensible action upon it. This property likewise appears a3
“best adapted to enable us to find. out, by experiment, whether To™ Kt BT




488 : OHM ON THE GALVANIC CIRCUIT.

and we hence obtain by integration
: SE o C“Z + xE wQ ‘69 uQ,

where ¢ represents a constant remaining to be determined. If
we designate by « the smallest absolute value which « occupies
in the circumference of the circuit, and by §' the corresponding -
value of 8, and determine, in accordance with this, the constant .

¢, we obtain
. 52— 8% =kt B (0 — uM),

Tt may easily be deduced from this equation, that the current of

a circuit, which is influenced by the atmosphere, is weakest
where the electroscopic force, without regard to the sis*“is
smallest, and that it is of the same magnitude at plaé. with
equal but opposite electroscopic forces. '

APPENDIX,

ON THE CHEMICAL POWER OF THE GALVANIC CIRCUIT.

On the Source and character of the Chemical Chunges in o Gal-
vanic Circuit, and on the Nature of the Fluctuations of its Force
dependent thereon.

80, In the present Memoir we have constantly supposed that
those bodies, which are under the influence of the electric cur-
rent, remain unchangeable; we will now, however, take into

consideration the action of the current on the bodies subjected
to it, and the alterations im their chemical constitution thence
resulting in any possible manner, as also the changes of the.
If what we here give

current itself produced by reaction.
does by no means exhaust the subject, nevertheless our first
attempt shows that we are advancing in this path towards im-

portant conclusions respecting the relation of electricity towards

bodies. _

To proceed on sure ground, let us return to what has been
enounced in § 1 to 7, and connect our present considerations
with those expressions and developments. We will suppose,

therefore, two particles, and designate by s their mutual di-

stance, by # and «' their electroscopic forces, which we admit
to be of equal intensity in all points of the same particle ; then,

as may easily be deduced from what bas been previously stated,

&
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~the repulsive force between these two elements is proportional
to the time df, to the product ue/, and, moreover, to 2
function dependent on the position, gize, and form of the two
‘particles, which we will represent by F'; we accordingly ob-
‘tain for the repulsive force between two particles the expres-
“slon

¥ oy dt.
If we here proceed in the same manner as in § 6, and signify

by the moment of action ' between two places, the product of
¢/, which expresses the force produced under perfectly deter-
' mined circumstances between both, and its mean distance ¢, so

that

el d,
and determine ¢ by putting » =1 = 1 in the expression
F' w d¢, and extending the action to the unit of time, we have

W =T S.l’r
whence it follows that '
x®

F! = “:ST.

Let us now imagine, as we did in § 11, the prismatic circuit

_to be divided into equally large, infinitely thin discs, and call

M/, M, M, those immediately following one another, which
belong to the abscisse » + d 2, 2, # — d 2 ; then, according to

what has just been shown, the pressure which the dise M’
- exerts on the disc M is

¥ oud di;

* and if we admit that the position, size, and form of the particles

remain in all discs the same, the counter pressure, which the
dise M, exerts on the disc M, is :

Fwu di;
the difference between these two expressions, viz.
. Flouw—u) di,
gives accordingly the magnitude of the force, with which the

disc M tends to move along the axis of the cireuit.” This force
- acts contrary to the direction of the abscisse when: its value is
positive, and in the direction of the abscisse when it is ne-

gative. 7 . ‘

If we substitute for of —u its value proceeding from the deve-
lopments given in § 11 for «' and w; the expression just found
changes into the following:
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‘ du

and if we take, instead of the function I¥ dependent on the né-

_ !
ture of each single i =, thi i i
gle body, its value rE this expression, since s

is evidently here & #, changes into
du

da

2x

dit;

or if we redu_ce the moment of action ¥/, referring to the magni-
tude of the section w, to the unit of surface, and at the same

time extend the action to the unit of time, into

_ gy
2l wu Eﬂ”

where‘ the present «' represents the magnitude of the moment
of action reduced to the unit of surface. If we write this latter

expression thus:
x! du
2 -;* XU a—‘%’
in which x denotes the absolute power of conduction of the
N . . du .
eircuit; and if we substitute for x o 77 by which, according to

the equation (3) in § 12, the magnitude of the electric current

is expressed, the sign 8 chosen for it, and i instead of 3‘1, it is
H

changed into
2iul,

‘/Ye h-ence pe‘rceive that the force, with which the individual
fihscs in the circuit tend to move, is proportional, both to their
innate eleciroscopic force, and to the magnitude of the current;
ansﬂ_ that this force alters its direction at that place of the cir-,
cuit where the electricity passes from the one into the opposite
state. And here occurs the circumstance which must not be
overl'oollqed, that this expression still holds, even when the elec-
roscopic force % of the element M is changed in the moment
of action, by any causes whatsoever,. into any other abnormal
T:T,_ while the electroscopic forces of the adjacent particles con-
tlnue.the same ; only that in this case the value U must be
substituted for » in the expression 27% 8. It must also be ob-

served, that the expression 2 ¢u S which we have found refers to .

the whole extent of the section @, which belongs to that part of
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the circuit which we have especially in view if we wish to
* reduce this motive force of the civeuit to the unit of surface,
~ we must divide that expression by the magnitude of the sec-

‘Hon w.

With respect to the causal relation between the law of electric

attractions and repulsions, and that of the diffusion of electricity;
or respecting the mutual dependence of the functions » and
# on each other, we will, for the present, not enier into any
favther inquiries, as shortly an occasion will present itself for this
purpose. We will here content ourselves with the observation,
that the above mode of explanation has arisen from the endea-
sour to render the similarity of the mode of treatment in the
octrines of electricity and heat very .obvious.

31, Without pursuing any further these conditions to an ex-
teynal change of place of the parts of a galvanic circuit, let us
now turn to those changes in the qualitative state of the circuit
which are produced by the clectric curtent, 4. e. in the internal
relation of the parts to each other, and which derive their ex-
planation from the electro-chemical theory of bodies. Accord-
ing to this theory, compound hodies must he considered as a
anion of constituents which possess dissimilar electric states ; or,
in other words, dissimilar electroscopic force. But this electro-
scopic force, quiescent in the constituents of the bodies, differs
from that to which our attention has hitherto heen directed, in~
asmuch as it is linked to the nature of the elements, and can-
not pass from one to the other, without the entire mode of ex-
istence of the parts of the body being destroyed. If we con-
fne ourselves, therefore, in the following - considerations, o
ihe case where changes, it is true, ocour in the quantitative re-
lation of the constituents, and where consequently chemical
changes of the hody, composed of these constituents, also occur,
but where the constituents themselves undergo no alterailon
déstroying their nature, we are able to show the validity of all
the laws above developed of eleciric bodies with reference to

. their reciprocal attraction and repulsion, only the trangition of

the electricity from one particle to the other entirely disappears
in the consideration of chemically different constituents. A di-
stinction here exists with reference to electricity exactly similar
to that which we are accustomed to define relative to heat, by
calling it sometimes latent, sometimes free heat. For the sake
of brevity, we will in lke manner term that electroscopic force
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which belongs to the existence of the particles, which therefore
they cannot part with without at the same time ceasing to
exist, the electricity bound to the bodies, or lafent electricity,
and free electricity, that which is not requisite for the existence
of the bodies in their individuality, and which therefore can pass

from one element to the other, without the individual parts-
being on that account compelled to exchange their specific.

mode of existence for another. :
32. From these suppositions advanced n electro-chemistry,

in connexion with what was stated in § 30, respecting the mode

in which galvanic circuits exert a different mechanical force on

discs of different electrical nature, it immediately follows that-
when a disc belonging to the circuit is composed of constitu-

ents of - dissimilar electric value, the neighbouring discs will
exert on these two constituents a dissimilar attractive or repul-
sive action, which will excite in them a tendency to separate,
which, when it is able to overcome their coherence, must pro-
duce an actual separation of constituents. This power of the
galvanic circuit, with which it tends to decompose the particles
into their constituents, we will call its decomposing force, and
now proceed to determine more minutely the magnitude of this
foree. '

Employing for this purpose all the signs introduced in § 30,
we will, moreover, imagine each disc to be composed of two
constituents, A and B, and designate by m and n the latent
electroseopic forces of the constituents A and B, supposing the
disc-M to be occupied solely by one of the two, entirely ex-
chuding the other, in the same manner as  represents the free
electroscopic force present in the same disc, and equally dif-
fused over both constituents. If we now admit, in order to
simplify the calculation, that the two constituents A and B,
before and after their union, constantly occupy the same space,
and designate the latent electroscopic force, corresponding to
each chemical equivalent, contained in the disc M, and pro-
.., ceeding {rom the constituent A, by m z, then » (1—2) expresses
“the latent electroscopic force present in the same disc M, but

ofiginating from the constituent B: for the intensity of the
forée diffused over a body decreases,in the same proportion as
the space which the body occupies becomes greater, because by
the increased distance of the particles from each other the sum
of their actions, restricted to o definite extent, is diminished in.
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the same proportion. ~But when two constituents corcxl*sbll])ae, b)(;
‘both veciprocally penetrating one another, each exten ;31 an:; ‘ ‘
the entire space of the compound, on ‘Whmh account t };‘: in o
sity of the force proper to ench constituent decreases DY €O .
bination, in the same proportion as the space of the c.or(;ql))m;n
is greater than the space which each constituent occupie ;{o}x;e
the combination. Consequently ijf 2 denote the relation 3 the
space which the constituent A, 1 thfz disc M, occupxgt PEE-
yious to combination to that space which t}}e compound in. t.e
© dise M occupies; and also, since: we admit that both cons 1.-
* tuents, before and after the combination, occupy the 1sa‘mel ef-
“tent of space, 1 —z will denote the same re}atlon relatively to
- Gonstituent B3 then, ‘since m and 2 des1g1}ate the ele;jcro—
séopic forces of the constituents A and B previous to compina=
will represent the latent electroscopic
' forces of the constituenis A and B, which correspond 0 eac.}i
chemical equivalent of the disc M' ; and, at the same time, 1
follows from the above, that the variable values 2 and 1—z can-~
imits 0 and 1. .

nogjxcf;i' t;J:}cl:.:‘alacex‘ts;ﬁn the portion of the free ellec.tnc%ty U per(—a-
taining to each constituent, we will assume that it 1s dlstrxbuttif-
over the single constituents in Proportmn to thmrhmasses.es '0;-
therefore, we represent respectively by fc.apd 3 the III%;.SS x
the constituents A and B, on the supposition that one alone, °
the exclusion of the other, occupies ﬂ.le entire divsc, then a z (ainB
8 (1 —2) will represent the masses of the cos'ashtuents Aran
. united in the disc M consequently the portions

auz and ,8%(1-—-5_)
artBl—2) wz+p (1—2)

of the free electricity appertain to jche constituet}ts A‘and B;
. instead of which, for the sake of conciseness, We will write
aUz,andﬁU(l-—z). .

1f we now take into consideration what was sjcatfed‘1n.§ 30,
respecting the motive force of the galvame c%rcult;i 1:0111;11:)15;
diately evident that ¢he tendency of the constituen
along the circuit, 13 expressed by ,

2i (m+aU)z5
or that of the constituent B by
o 2i (4 pU)(1—2) 8

tion, m # and n {1 —2)
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In both . cases a positive value of the . expression shows that
the pressure takes.i place in an opposite direction to that of t‘lj
abscissae ; a negative value, on the contrary, indicates that 1;11e
pressure is c?xerted in the direction of the abscisse, To ded .
frf)m the‘se individual tendencies of the constituents theef oo :
with which- both endeavour to separate from each other "o
must remember that this force is given by-the twofold 'dfﬁwe
ence betw_een the quantities of motion which each constiti ot
would of itself agsume, were it associated to the other buent
coherence, and those quantities of motion which each com
stituent must assume were it strongly combined to the :I:_m'_
We thus readily find for the decomposing force of the c{i)”"‘ﬁﬁ

the following expression :

4@.3(1_3).% S,

f‘f‘om which we learn that the decomposing force of the circuit
1s proportional to the electric current, and also to a coeffi

cient dependent on th : :
circuit. e chemical nature of each place of the

- If this expression has a positive value, it indicates that thel

sepa}ration of the comstituent A takes place in 2 contrary di
chtloy to that of the‘ abscisse, that of the constituent B in the
1iect1(‘)n of the abscissie ; but if this expression has a negative
Ea 1}5, it df.-notes a separation in the reverse direction. It is
: }(:Sl s Ef;u.c'lent, at first sight, that the decomposing force of
e circuit 1s constantly determined b :
. ¥ the absolute value of the
If « = B, the decomposing force of the cirenit changes into
4i.2{1=~2) (m—n).8,

Homz+4n (L—z} =0, i e if the latent electroscopic forces,

existing in the united constituents, are equal and opposed; or, -
? 3

;‘vhat is the same, if the body, situated in the disc M, is per.
_ecltly neutra]'i, in which case m and » have constantly opposite
- values, we obtain, for the decomposing force of irou
values, _ th

following expression: e o the cirout, fe
man

44, .
m—n

' The form of th_e gc?néral expression found for the decompos-

mg force of the circuit shows that this force disappears; first
. —_— . . N hd ?

when 8 = 0, & e, when no electric current exists secondly:

I
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when z=0, or z =1, i.e when the body to be decomposed is
not compound 3 thirdly, when m 8 —n2z=0, i. e. when the den-
sities of the constituents are proportional to the latent electro-
scopie forces which they possess, which circumstanee can never
ocour with constituents of opposite electric nature.

_ All the expressions here given for the decomposing force of

the cireuit refer to-the entire section belonging to the respective
place ; if we wish to reduce the value of the decomposing force .
10 the unity of surface, the expression must be divided by the
magnitude of the section, to which attention has been already
called in § 30, in a similar example.

33, If this decomposing force of the circuit is able to over-

come the coherence of the particles in the dise, a coherence pro-
duced by their electric opposition, this necessarily occagions
a change in the chemical equivalent of the particles. But such.
a change in the physical constitution of the civcuit must,
at the same time, react on the electric current itself, and give
sise to alterations in it, with which a more accurate acguaintance
is desirable, and which we will therefore spare no trouble to

acquire.

For this purpose we will imagine a portion of the galvanic
cireuit to be a homogeneous fluid body, in which such a decom-
position actually takes place; then, at all points of this portion,
the elements of one kind will tend to move with greater force

towards one side of “the circuit than those of the other kind;

and sinee we suppose that, by the active forces, the coherence
is overcome, it follows, if we pay due attention to the nature

of fluid hodies, that the one constituent must pass to one side,

" those of the other constituent, on the contrary, towards the

other side of the portion, which necessarily produces on one
side a preponderance of the constituent of one kind, and on
the other side a preponderance of the other kind of constitu-
ent. But as soon as a constituent is predominant on one side
of any disc, it will oppose by its preponderance the movenent
of the like constituent in the disc towards the same side, in con-
sequence of the repulsive force existing between both ; the de-
composing force, therefore, has now not merely to overcome
the coherence hetween the two constituents in the disc, but
also the reacting force in the neighbouring discs. Two cases
may now occur; the decompesing force of the electric cur-

rent either constantly overcomes all the forces opposed to it,
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and then evidently the action terminates by a total separation
of the constituents, the entire mass of the one passing to the
one end. of the portion, and the entire mass of the other consti-
tuent heing impelled towards the other end of this portion; or
such a relation takes place between the forces in action, that the
forces opposing the separation ultimately maintain the decom-
posing force in equilibrinm; from this moment no further
decomposition will occur, and the portion will be, in a remark-
able state, a peculiar distribution of the two constituents oc-
_cutring, into the nature -of which' we will now inquire. If
we call Z the decomposing force of the current in any disc of
the portion in the act of decomposition, ¥ the magnitude o

the reaction by which the neighbouring discs oppose the de
composition by the electric current, and X the force of th

coherence of the two constituents in the same disc, then evi-
dently the state of a permanent distribution within the supposed

portion, will be determined by the equation
X+Y¥Y=%;
and it is already known, from the preceding paragraph, that
o _ mp—no .
Z=4iz{1 z)u———z+ﬁ~m-—(1_z) .8
for 8,

du

or if we substitute z w
de

_ au . mb—na
2’—-4xwd—m’.22(1 —-Z);m—(l—_‘gj.

Before we proceed further, we will add to what has been
above said the following remarks. At the limits of the por-
tion in question, we imagine the circuit so constituted, that
insuperable difficulties there oppose themselves to any further
motion ; for it is obvious that otherwise the two extreme strata
of both constituents, which it is evident could never of them-

selves arrive at equilibrium, would quit the portion n which..

we have hitherto supposed them, and either pass on to the
adjacent parts of the circuit, or from any other causes separate

entirely from the circiit, We will not here follow the last- '

mentioned modification of the phmnomenon any further, al-
though it frequently occurs in nature, as sufficiently shown by

the decomposition of water, the oxidation of the metals on the °

one side, and a chemical change of a contrary kind occurring
on the metals at the other side of the portion hitherto less ob-

OHM ON THE GALVANIC CIRCUIT. 497

served, but placed entirely b?yond doubt by Po‘hl’s remal*.l.(l-l
“able experiments On the reaction of me'tals. .Bes:ldes, we \1111

" direct our attention to a difference W_h1ch exists between 1¢
distributioh of electricity above examined, a}nd the molecular
moverment oW under consideration. If, for 1pstance, thelsalzn’e.
forces, which previously effected the conduc‘.mpn of ‘the c:ﬁ ec m;
. city, and there, a8 it were, incorporez'ﬁly W1th9ut 11}(;%213 rxztsce;}nS
strove against each other, here enter into conflict Wi ma}il h,
by which their free activity is restncte.d, a restriction W -1?5 »
whether we regard the electricity de se ipso a3 son:w:‘dmlg(;1 puts 1-2_:
rial or not, must render their present velqcmes, heyon cz ”
parison, emmaller than the former omnes; therefore we canno o
the least expect that the permanent state, which we at pr;s "
examine, will instantaneously occur tike that above motic G;
arising from the electric distribu{:mn ; we have rathgr tlo expe.a_
that the permanent state resulting f:rom the chemica eq;:v
lent of both constituents, will make its appearance only after a
perceptible, although longer or shorter time.

After these remarks, we will now proceed to the determina~

tion of the separate values X and Y.

34. To obtain the value X, we have t@erely to bear in m{n;&l .
that the intensity of coherence is determined by the force wit
which the two adjacent constituents attract or repel each othrer
by virtue of their electric antagonism, and consequently, %115 *:‘as
shown in § 30, proportional to the product of the latent e ect 10}
scopic forces m 2 and n (1 — 2) possessed by the constituents 1())
the disc M, and is, moreover, dependent on a function to be
deduced from the size, form, and distance; \‘thch we will des1§-
nate by 4 ¢. Accordingly, when we restrict: the coherence 10
the magnitude of the section o,

X= —4d¢mnz (1 —2) o

We have placed the sign — before ‘the expre‘ssion ascertm?ed
for the strength of the coherence, since 2 reciprocal atirac 19{;1
of the constituents only occurs when m‘and n have 01?p031te
signs ; when 7 and n have the same 81215, the clona‘?t}len::
exert a repulsive action on each other, which no ong‘? Pr -
vents, but promoies the decomposing. force. .After i 1ej t%‘e
mark it will at first sight be evident that a positive or nega ive
yalue must be ascribed to the function &, af:cordl.ln‘g as the ex-
pression taken for the decomposing force z 18 positive or nega-

-
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tive; the sign of the function ¢, therefore, changes when the
direction of the decomposition is transposed from the one con-
stituent to the other. The nature of the function ¢ is as little
known to us as the size and form of the elements on which it is
dependent ; nevertheless, we may, in our inquiries, regard its
absolute value as constant, since the size and form of the cor-
poreal particles, acting on each other, must be congeived to be
unchangedble so long ag the two constituents remain the same,
and the supposition that the twe constituents constantly main-

tain for every chemical equivalent the same volume, venders.

attention to the mutual distance of the chemically different

particles unnecessary, as regard has already been paid, when de- .

termining the electroscopic forces in the disc M, to the relative
distances of the elements of each constituent,

35. To determine the magnitude of the reaction Y, which in
the dise M opposes the latent electricity of the neighhouring
dises to the decomposing force, we have nothing further to do
than to substitute in the expression for 2, instead of u, the sum
of all the latent electroscopic forces in the dise M. Since now

" the sum of these latent forces is mz - n {1 —2), we obtain for
the determination of the force Y, which is called into existence
by the change in the chemical equivalent of the constituents,
and which opposes the decomposition, after due determination
of its sign, the following equation:

mB—no
az+ B (1—2)

If now we substitute for #, ¥, and 2z, the values found in the
equation

— .3

Y:f{xmﬁi (n—m).2{l—2z).

X+Y=7,
we obtain, after omitting the common factor 42z {1 —2), and
ez4 5 (1—2)
i (m B a)
the permanent state in the chemical equivalent of the two con-
stituents, the equation

d dmn
Omwmgs + imB—na)
dz

EE,

multiplying the equation by » as the condition of

X [ez+L 1 —2)]a

—xw (m — m)

‘which, when we put
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¢mn ._4,_%,
imE—na) A (mp-na)

passes into .
0= xall s buleztpll—A]—xali=m g (8)

d - *
This equation undergoes no change, as indeed is required by

the nature of the subject, when mz, 2, 2, and‘ n, B, 1 —# are re-
spectively interchanged, and, at the same time, the sign (()if &
is changed, as according to the‘: remark m.ade in the prece 1{:1g
paragraph, must take place, since by this transformation the
Jirection of the decomposition is transferred from one consti-
1o ther.
t'—ﬁlﬁt. t?nﬂ;i((l)er to be able to deduce from 'tl}is eq_uati.on fche
i’:ﬁode of the diffusion of the two constituent‘s in the ‘ﬂmd, i e
the value of 2, we ought to know the power of congluct}on %, and
the electroscopic force u at each point of the_pormon in the act
‘of decomposition, the values, however,l of which, are themselv?s
dependent on that diffusion. Experience, as‘yet? %e.aves uslnﬁ
uncertainty respecting the change of ?onauct1b111tj¥*, w}u‘c
oteurs when two fluids are mixed in various proportions 7v1th
one another, and likewise with respect to the law of tensions,
which is followed by different mixtures of the same consti-
tuents in various proportion; for, if we do not etr, no ex-
criments have been instituted relatively to the lf%tter law, and
the law of the change produced in ‘the conductm‘g power of
a fluid, by the mixture of another, is not yet decidedly es}t]?-
blished by the experiments of Gay Lussac 'and Davy. For tlus
reason we have been inclined to supply this want of experience
by hypothesis. We have, it is true, consta?,ntly. enldeavoured. to
" conceive the nature of the action I question, in its conuexion
with those with whose properties we axe bette%r acquainted ;
“but, nevertheless, we wish the determma.tmns given to be re-
gardéd as nothing more than fictions, wh1fsh are only to remain
" until we become by experiment in possession of. the true laTw. ]
With regard to what relates to the change in the power o
conduction of a body, by mixture with another, we have b;en
guided by the following considerations. We suppose tw::ha JEi.—
cent parts of a circuit of the same section @, whose leng shme
# and w, and whose powers of cor%ductmn_ are a and &; then,
when A is the sum gf the tenslons in the‘ cireuit, an.d L the re‘-
duced length of the remaining portion of the circuit, the mag-
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part -of the circuit, in which no chemical change occurs, are

nitude of its current, which results from the above-found fs wvhich :
| unalterable and given, it is, in accordance with the general

-mule, 1s

4 equation given in § 18, which likewise holds for our pxjesent
v, o’ case, only requisite for the perfect knowledge of the function
bt zs t b that we are ahle to determine the tensions and reduced lengths

for each place within the extent in which the chemical change

takes place. ] ‘ ‘
But evidently the reduced length of the dise M is

If now a conductor of the length » + w, and of the power of con- :
duction » with the same section, being taken instead of the two
former, leaves the current of the circuit unchanged, then must

1 . _vtw Egﬁ;
aw bw xw’ *w
whence we find ab (0 + ) 46ré/r if we substitute for x-its_ value just found,
T bvtaw ' a+(b—a)z da;

gbw

iwe accordingly obtain the reduced length of any part of .th'at
extent, if we integrate the above expression, and take the limits

But it is perfectly indifferent for the magnitude of the cur-
rent, whether the entire length » be situated near the entire

length w, or any number of discs be formed of the two, which
are ayranged in any chosen order, if only the extreme parts re
main of the same kind, as otherwise a change might result in

the sum of the tensions, consequently also in the magnitude
of the current, If we extend this law, which holds for every

mechanical mixture, likewise to a chemical compound, the above
value found for x evidently gives the conducting power of the
compound, where, however, it has been taken for granted that

the two parts of the cireuit, even after the mixture, still occupy
the same volume, for » and w are here evidently proportional
to the spaces occupied by the two bodies mixed with each.

other.

If we now apply this result to our subject, and therefore
put, instead of v and w, the values 2 and 1 — 2, which express
the relations of space of the two constituents in the disc M, we
obtain, when ¢ denotes the conducting power of the one consti-
tuent 4, and 4 the same forthe constituent B ; further,  the
power of conduction of the mixture of the two contained in the
dise M, the following expression for x,

o ab
=TT (b—a) 2
37. Having thus determined the power of conduction at each
place of the extent in the act of decomposition, there only re<
mains  to be ascertained the mature of the function # at each
such place ; and since all tensions and reduced lengths in the

of the integral correspending to the commencement and end of
the part. If now we bear in mind that the integral

a+ {(b—a)z Py
f abw
may also be written thus:

! b—ua
7 -+ ""#—vabwg!fzwda’,

when ] represents the length of the part, over which the in-

tegral is to be extended, and zwd expresses m‘.e-rely the
space which the constituent A in the dise M occupies 3 conl-
sequently /= @ dx, the sum of zll the spaces which the con-
stituent A fills in the part whose reduced length has to be
found, it is obvious that the reduced length of the entire
portion, in the act of decomposition, remains unchangeable
during the chemical change, since, as we have supposed, each
constituent maintains, under all circumstances, constantly the
same volume. The same result may also be directly deduced
from what was advanced in the preceding paragraph; however,
this unchangeability only refates to the reducedllength of the
entire portion ; the reduced length of a part of it .does not 1n
general depend merely on the actual length‘of .thm. part, but
likewise on the contgmporaneous chemical distribution of the
nstituents in the extent, and must therefore, in each separate
-case, be first ascertained in the mannerindicated.
'YOL. 11. PART VIIL 2 L
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88. We have lastly to determine the alteration in the ten
sion of the circuit, which is produced by the chemical altera
tion of the extent, which has hitherto been considered. For
this purpose we assunre, till experience shall have taught us
better, the position, that the magnitude of the electric tension :
between two hodies is proportional, first to the difference of
their latent electroscopic forces, and secondly to a funection,
which we will term the coefficient of the tension, dependent on
the size, position and form of the particles which act on each
other at the place of contact, . Not only from this hypothesis
may be deduced the law which the tensions of ‘the metals ob
serve inter se,—nothing further being requisite than to assume
the same coefficient of tension between all metals placed under -
similar circumstances,—but it likewise affords an explanation
of the phznomenon, in accordance with which the electric
tension does not merely depend on the chemical antagonism of
the two bodies, but also on their relative density, and can for
this reason exhibit themselves differently, even in different tem-
peratures. For the same reasons which we have already men-
tioned in § 34 on the determination of the coherence which
occurs between the two constituents of a mixed body, we shall
likewise admit here, in the circumference of the chemically
variable extent as constant, the unknown function dependent
on the size, form and position of the particles in contact, and
designate it by ¢'. Since now the latent electroscopic force in
the disc M, to which the absclssa @ belongs, is expressed by

mlcally changeable portion, which are in connexion with the
other chemically unchangeable parts of the circuit, undergoing
a gradual change dumng the decon1p031t10n till they arrive at
their permanent state, giving rise at those places to an altered
tension. 1f, for instance, we call ¢ the value of z, which
helongs to all places of the extent in question, before chemical
change has begun in it, and designate the coefficient of the ten-
sion occurring at the extremities of this extent, supposing that
it is the same at both ends, by ¢/, and moreover express by u
and v the latent clectroscopic forces of those places of the che-
~~ zally unalterable part of the cireuit which are situated adja-
ent to the chemically changeable extent, the tensions existing at
‘these places can be determined individually. They are, namely,
previous to the commencement of chemical change, the fol-
lowing :

¢! (o — (n+ (m—n) §)], and
¢ f{n+ (m—n) §) —v];
and after the permanent state in the decomposition has been
attained, if we, as above, let 2/ and 2”7 be those values of 2
which belong in this state to those places, they arve the fol-
lowing :
\ & [~ (n+ (m—n) 2], and
¢ [n + (e —m) 2") = 4]
their sum is therefore in one case
¢ (g — )y
and in the other

¢ (=) o+ & (m—m) (=215
consequently the increase of tension at those places is

&" (m — ) (z” — 2.

If we add this change of the tension to that above found, we
obtain for the entire difference of the tension, produced by the de-
“composition until the cormmencerent of the permanent state,

(6~ &) (=) (&' 21,

: which, if we substitute ¢ for ¢ — ¢/, changes into

D (n—m) (&"—2).

“If now we represent by 8 the magnitude of the current, and by
A the sum of the tensions in the circuit, before any chemical
. change has commenced, by 5" the magnitude of the current,

after the permanent state has been attained; lastly, by L the
L2

4 (m—n) 2,
and that in the disc M, to which the abscissa # + d belongs,

by
nt (m—n)z4 (m—n)dsz,

the tension originating between the discs M and M’ is
— @' (m—n)dz;
consequently the sum of all the tensions produced through-
out a portion exposed to chemical change
e ! (e m) (27— 21,
~ when 2" and z” represent those values of 2z, which belong to the '
commencement and end of the extent in guestion.

But the tension of the circuit undergoes, besides the change
Just explained, a second one, from the extremities of the che-
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reduced length of the entire cireuit, which, as we have seen, res
mains under all circumstances the same, it results
Ao (n—m) (2" —2)

Y =

L 2
. . A, .
or, if we write for T its equivalent S,
, B (g wmii R
§ o g 2= (=)
@ (n—m) (2'—2)

so that, therefore, 1

produced in the magnitude of the current by the chemical al
teration. '

39. After all these intermediate considerations, we now pro
ceed to the final determination of the chemical alteration in

the ehangeable portion, and.the change of the current in the -

whole circuit produced by this chemical alteration, where, how-
 ever, we have constantly to keep in view only the permaneat
state of the altered portion. If we substitute in the equa-

tion (&) given in § 35, for x @ % its value &, which, as we

have just found, is solely dependent on the fixed and unalter-
able values of &, and therefore has to be treated in the calculation
as a constant magnitude; further, for x its value ~—a?——-,'

a+(b—a}z

given in § 36, this equation changes into

Q:S,_*".\I}wﬁ +dow {a—p) z—% 'g_::;;

or if we place S’V-J;- Yuf=2, and Yula—p) =1Q,Iinto

abwn—m) dz

O=E+szm- T’

from which, by integration, we deduce the following:

(b —a) % —~all 240z
abwn—m) a+ (b—ay%

¢ z + log

where ¢ represents a constant remaining to be determined. If
-we designate by x the abscissa of that place of the chemically,
changed portion for which z has still the same value, which,
previous to the commencement of the chemical decomposition;,
belonged to each place of this portion, for which therefore z =,

designates' the decrease _
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© and determine in accordance with this statement the constant ¢,
© our last equation acquives the following form :— '

%+0: _ 3408 G
at+{b—ayx at+(b—a)l’
where e denotes the base of the natural logarithms. The fol-
. lowing consideration leads to the determination of the value x.
Since, namely, { represents the space which the constituent A
" occupies in each individual dise of the changeable portion pre-
- vious to the commencement of the chemical decomposition, if
© we _.ote by I the actual length of this portion, /¢ expresses
" the sum of all the spaces which the constituent A occuples on
the entire expanse of the changeable portion ; but this sum
" must constantly vemain the same, since, according to owr suppo-
sition, no part of either of the constituents is removed from this
portion, and both maintain, under all circumstances, the same
" Volume, even after chemical decomposition has taken place ; we

Z?;:/zdm,

where for % is to be substituted its value resulting from the pre-
vious equation, and the abscissee corresponding to the com-
menceraent and end of the changeable portion are to be taken
as limits of the integral. '

These two last equations, in combination with that found at
the end of the previous paragraph, snswer all questions that
can be brought forward respecting the permanent state.of the
chemical alteration, and the change in the electric current thus
produced, and so form the complete base to a theory of these
phenomena, the completing of the structure merely awaiting a
new supply of materiels from experiment. :

_40. At the conclusion of these investigations we will bring
prominently forward a particular case, which leads o expres-
sions that, on account of their simplicity, allow us to see more
conveniently the nature of the changes of the current produced
by the chemical alteration of the circait. If, for instance;
we admit ¢ = b, and « = §, the differential equation obtained in
the preceding paragraph changes into the following &

(x—z) -

¢btain, therefore,

0=2dr—aw(n-—m)dz

‘whence we obtain by integration
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_ Ee—x

= (n—m)’

when 5 designates the value of a, for which » = {. Since in
this case the value of » constantly changes to the same amount -
on like differences of the abscissz, the abscissa y, which belongs
to its mean value ¢, as it was at all places of the changeable
portion previous to the commencement of the chemical decom-
position, must be referred to the middle of ihis portion. I1f -4
therefore, » and =, as above, represent the values of z, which
correspond to the commencement and end of the variable por-
tion, and ! the actual length of this portion, it follows; from our
last equation, that ‘

AwnricLe XIV.

 Belections from o Memoir on the Expansion of Dry dir. By the
‘ ‘ lute Professor F. RUDBERG.

[ From Poggendorl's Anmalen, B. 41. 8. 271.]

AMONG the constants in physics there is certainly not one
which is usually considered to be determined with greater preci-
Sion than the expansion of dry air, or of dry gases generally, under
a constant pressure, between the standard points of the thermo-

Wt 1 P> meter scale. The numerous experiments made by Dalton and
T T Raw (n—m) Gay Lussac, almost at the same time, about the beginning of
and - the present century, appeared to show, beyond all doubt, that

the amount of this expansion from 0° to 160° C., under a con-
stant pressure, was 0-375 of the volume of the air at 0°,  Their
great skill in experimenting, and the magnitude and pumber of
the services they had rendered science, left no room for any
doubt as to the accuracy of this result; consequently, for more
than thirty years in all computations in which the expansion of
gas ocours, it has been assumed to be 0-375.

The constant in question is undeniably of the greatest im-
portance in Physics, since it forms the basis of all methods of
measuring temperature ; it is used in the explanation of most of
the phmnomena caused by heat; and lastly, is requisite in the

I S S R
# =3 P gwn—m)

and from these two cquations results

() (=) = o - T3

or, if we put, instead of aiw’ by which here nothing further is

expressed than the unchangeable reduced length of the chemi-

cally variable portion, the leiter 2, the following :
(nme ) (2 — /) = 7 3

If we place this value of (n — ) (2" — ) in the equation found -

“in § 38, . reduction of many observations in Pﬁysics and other sciences;
: Y =8 — P (n—mj (2 —z)’ . as, for example, in determining the velocity of sound, in the
- ' L measurement of heights by means of the barometer, and in com-
and at the same time substitute for % its value 8'-+ & wa, we puting astronomical refractions. This being the case, it will no
obtain doubt appear surprising, that the value of this constant, which

=8 — % (87 4+ w @), has been employed up to the present time, is erronecus to no

small amount, since, as will be shown in this memoir, it appears
1o be not more than from 04364 to 0365, instead of (375,

The change of volume produced by heat can be determined,
either by heating cold air and measuring the increase of its vo-
lume, or by cooling warm air and determining the diminution
of its volume. I have adopted the latter method, as being by
far the most accurate.

In most of the experiments, a glass globe, having a neck
made of thermometer tabe A B € (fig. 1.), and capable of con-

an equation, the form of which is extremely well suited to indi-
cate in general the nature of the change of the.current pro-
duced by the chemical alteration, and the expressions {:-f which
coincide exceedingly -well with the numerous expenments‘I
have made on the fluctuation of the force in the hydro-circuit,
and of which only a small part have been published*.

# Schwelgger’s Jakrbueh, 1823, Pars 1 and 1826, Part 2.




