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vf an important determination made by Sir William Thomson®,

the preceding figures give a superior limit of the attraction
of the coatings, which is as large as one ninth of the optically
oquivalent compressing weight. As to a definite solution of
the question, 1 Eope to attempt that, or something e equivalent,

very soon, in a set of experiments w]:ueh I have bad in ﬁaw
for some time.

Gllsagow, %th August, 1885,
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Seguel to Paper on the Seat of the Electromotive Forces

ina Voltaic Cell.” Theories of Wiedemann and of Helmholtz.
By Professor OLiviEr Lopaef.

N a recent Beiblaiter], Prof. G " ledemann points out that

0 my summary of views and work in connection with
the Hﬂat of B.M.F. in the pile I have ignored his theory., I
had in fact been mainly concerned witl possible explanations
of the Volta-effect; while Prof." wdemms“ rts with thisas
a datum, and on the atreng‘hh of it e explaing the action of the
pile. Moreover, since most of the ﬁhenmtmal opinions held on
ﬂllﬂ ﬁllb](l(‘t are summarized at the end of the second vohime of
his Flektricitit, while his own theory is given in the first volume,
along with Hm necount of Volta-foree experiments, I had over-
lookad it.  To mako nmonds for this ovorsight, for which I
bog to oxpross my rogrot, und hoenuso 1 find it difficult to
summarizo his opinions briefly, I trust 1 may be permitted
to givea rough semi-literal translution of hix moxt CONSPICUOUS

pasﬁages as a help to other students ol the subjoct.

Theory of G. Wiedemann, 1870. (Wied. Elek. i. p. 251 et seq.)

“We have now to investigate in what way the electrical
foroes in a elosed cireuit of two metals and a liquid (¢.g- Zm, C
dilate HO1) are excited. We know that the &Bnstituents of
the bma.ry compunnd contamed in the liquid =eparate by th;
passage of the current in such a way that the one (H) i is E@t- reo

at th . copper and an: equivalent quantity of the other (Ul? aﬁ

the zine, and that the latter combines with an equivalént 1

guantﬂ:y of zine to form ZnCl. This process shows that the
@por ned
longer only in a simple overbalancing attraction of its whole

mass for one or the other electricity, ns in metals, but also in

¢ Reprint of Papers on Electrostatics (§ 340),

4+ Communieated by the Author, in eantinuntiml of paperin Phil, m
for M’a:_ ch; _April, May, and June o§ tho ourvent year,

i den Annalen der Ihysik und Chemie, 1885, No. 7

ent of the binary body between the metals consists no
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a special action of its constituents. Since the constituent Cl
is liberated where the + current enters the liquid, and H
where the negative enters, we Suppose that aaoh equwa,lent of
Clin the compound HCl is ch rged with a definite quantity
of noga ive electricity, which cor liﬂﬂa its attraction for the
Eposita positive elee‘ammty. It is the electro-negative e%mw
the :ec»tmd. lli alm must the equivalent H be chargec
ith + B electro-positive element. Thes
uld be produoced d by the combmam ofl a*ﬂé 01

we muﬁt s pﬁﬁe thafl Wata -of tha + and —é cunatltuents
contain equal quantities of + and —E.
“1f now we immerse a Zn and a Cu plate into the dilute

tha can conjecture that the zine has a stronger attraction
¢ electro-negative constituent g(}ll) than f'c}r the TI. In
H(

consequence of this the molecule o il touching the zinc
will so lay itself that its electro-negativo elomont is near the

zinc and its electro-positive element near the copper. At the

same time the molecules thus polarized act by electrical attrac-
tion . on the s wonstituents of the successive molecules of HCl,
arrangmg the whole row of molecules between ishe Zn anﬂ the

Cu plates as in the figure.

* By induction the negative electricity of the ; zinc-touching

electro-negative constituent, chlorine, would act on the K in
the zine in such a way that ‘the near pa.rl:s will charge them-
selves positively, the furthe tﬁ&rts negatively. In the same
way the copper adjace e -electro-pa '-ftim element (H)
of the HCL atom lyir Ig agamat 1t will receive negative elec-
tricity. The positive will remove itself to the remoter regions.

Lhereupon the positive electricity in the zinc would com-
bine: with the negative of the next-lying Cl atom, and this
latter with zine to form unelectrical Zn/ I The electro-positive
atom H which was formerly joined to that Clatom would itsolf

unite with the neighbouring atom of Cl belonging to the second
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atom of HCI, at the same time combining with the electricity
contained in this atom ; in the same way the hydrogen of the
socond atom—I[the welcome letters . s. /. are now not far
aliead, and we will let them serve for the next fifteen or six~
teen lines |. B ST R

« Tt is ovident that in this process there oecurs a continual
loss of wis viva, since the elements of the binary compound

1shing uff to the metal move with a definite velocity to the .
etal, &nd

metal, and then are reduced to rest, either with f?rmaﬁﬁn
of ZnCl or by being set free (H). This loss of vis viva 18 the
equivalent of the heat which is evelved by the obviously occur-
ring chemical process, which essentially is the solution of an
equivalent of zine in the acid. The same valoe must like~
wise be the work applied in effecting the redistribution of
EIQGtricity- | | . ) |

“ When, therefore, electricity begins to flow, work must
be done, during the solution of Zn and liberation of an eq. jof
11 from the liquid in the whole cireuit, whether It be in the

form of heat or of external work, which is equivalent to the

hent-production attending that chemical process: -
(¢ 'll‘lm oloctricn]l shearing-force E is an accelerating forde,

wo A work A in unit time 18 cqual to 1ts product with dhe

quantity of eloctricity movoed inunit time, m, and the distance
a whioh tho samo travels, or

A=1.mas.

Tho product ms oxprosses the quantity of oloctricity which

travels per second through the cross soction of tha uun({uctor.
] ] ¥ "1 .

« If we have different combinations, as Zn, HCl, Cu; or

Mg, H,80, or NaCl,Cu; or &c., we suppose that the same

Pea_]. to the

antity of E travels per equivalent....[a long a
quantiy o ©18 per eq his]; hence

facts underlying Faraday’s law is made to prove ]

ms= const.,

| R Aﬂeonst B |
or the EM.F, is directly proportional to thf&: heat gemerated
by the decomposition of an equivalent of the binary compound
and the solution of the zine. R

¢« For the production of steady curronts, that electrical foree

"can alone be active which depends on the unequal attraction

and polarization of the atoms of the binary compound in

exciting liquid of the cell ; the electrioul force at the contact-
place of the metals which no mechanical changos can prelpée
must, on the other hand, be innctive. That this latter, if it
perhaps opposed the metal liquid J.M.I. (as by immersion
of zinc and lead in KCy solution), is not compensated by
a definite part of the tension force, is proved by the atore-

ends, is Cu/Aq+Aq/Zn.
directly obtain if we connected the Ou and Zn immorsed in

Eleotromotive Foross in a Vollal: (Tell, 375

said complete tE portionality of the total aleetelual faron (nnd
E.M.F.) in the closed circuit with the mid henlsuquivalent
of the chemical processes. It must then be neuteiliead In
some other way. This would most simply happen on tha
hypothesis that, li? contact of the exciting ﬂultl with the
metals, the E.M.F. is excited in-a double way: firat, by
an unequally strong atiractien of the masses of fluid and inotal
as o whole for the one or the other eladtrioify ; and, secondly,
bf;gthe {y
210 s

upeqnal stiraction, of the metals for the opposite

ed components of the H&teid,_ ~ (This double pro-
perty would be quite analogous to the following : a metal (e. g.
zipe) can not only atiract %o itself by adhesion the whole mass
of any given fimid (FCL), but slso can exert » much stronger
attraction - for one 'constituent of the same (chlorine); just
also g8 a magnet attracts iron, not only by reason of gravi-
tation, but much more because of the magnetic polarization
of its individual particles.)

“In consequence of the first unequal (mass) attraction for
the electricities, the decomnposable liquids would behave exactly
according to the metallic law of tension, and in a closed circuit
f metals and liguids a cnm(f)lete neutralization of electrical
orces {(and H.M.F.) would obtain; the second (chemical)
ction would, on the other hand, alone produee the electrical
shearing-force effective in current formation and its accom-
panying H.M.F. ' '

‘“ We will therefore in the sequel denote the total E.M.F, at
the various junctions with strong letters, and that portion of

1

* the same of which no part engages in exciting the current

-

by italics in brackets, and by italics without birackets the

pertign corresponding to the chemical work. In tho closed

circuit—rzine, sulphuric acid, coppor—tho wholo active 1. M.I7
would then be

Cu/8+8/2n + Zn/Cu= Cu/S + 8[Zn 4+ (Cn/S) + (8/7Zn) + (Z/in/Cu).
~ %The experiments of Hankol and othors give the fotnl .M. F.
between the metal M and water, which wo donote by M/Aq,
and which is compounded, according to tho forogoing hypo-
thesis, of the F..M.F. excited by tho mass action of the wator

(M/Agq), and that excited by reason of its chomloal poluriza-
tion A

n MjAq. If therefore we (Fut into water a coppor and a
zinc plate, the total potential difference, or I1.M.1%, holweon its
[his is the quantity wo should

water with the same named plate of a zino-copper condonser,
and after breaking the connection determined the churge of

 the condenser,
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““On our hypothesis,

Cu/Aq+ Aq/Zn=(Cu/Ag)+ (Ag/Zn) + Cu/Ag+ Aqf Zn

If we close the circnit by connectin the gine and cop %er
by a copper wire, the force Zn/Cu adds itself to these

and this foree removes from the tension series of the metals

the follomng forces, ( Cufdq) + (Ag/Zn) ; wherefore we get .
CujAq + Aq/Zn +ZnCu= Cul[Aq+ Ag/Zn. -

Bu’bﬂm last is the part of the total E.M.F. applied to the

formation of the carrent. Hence to the directly found contact-
forces between different metals and water we must add the
electromotive excitation of one metal on the other in order o get
the cumnt-formmg E. M F. in the cireuwst of o blﬂsad eell.”

So far as I am able to see to the bottom of the foregoing

theory its foundation appears to be as follows :—Contact ex.
];rerlments compel us to accept the mmmatwn law for.&
olta~effects, or total differences of potential,

F = Cu/Aq + Aq/Zn + Zn,Cu. _
The chemienl theory constrains us to admit that the E.M.F. of

.}r__

n ool in the equivalent of the chemical action going on, and

thus saggonts that. it mllllllﬂ tho sum of some chemical contact

forcos ; or, in Wicdomunn’s notation, K ought also to equal
Cu)Ag+ AglZn.

How are these two requirements to be reconciled 7

Assume that at every junction there is a totul forco made |

up of two portions—a chemical force, such as Cu [ Ag, and
a phyamal force, which may be denoted by (Cu / A ), and
write the whole B.MF. of a cell equal to the sum of all these
chemical and physical junction-forces,

B=Cu/Aq+(Cuf dg)+Ag 1 Zn+(Aq/ Zn)-a-(znmu)
- 'We have then only to make tha physical forces ebey ?@Ita’
-ﬂerim law; so that
(Cu/Ag) +(A4q [ Zn) + (Zn [ Cu)=0;
' and we get the raqmred relation
E Cu/ﬁg+Ag/Zn,

which harmonizes chemical and contact views.

. Prof. Wiedemann’s reconciliation of contact and chemieal
theories would thus seem to be somowhat of the same order as
the later and less complete one of Floeming Jenkin,

in my paper, § 6; but I cannot help feeling that the ghem'y

. 5 A demwa.l contact-force betweoen metal

ﬁi
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of Prof. Wiedemann is rather fullor of h ﬂmﬂlﬁih thinn mosl
other contributions to the subject with whiali T win svguninted |
for it postulates

1. An unexplained djﬁ‘emm}e IEIf polential betwoan metals in
- " contact.
2. A similar difference 0f pﬂtﬂntlal hetween the olumonts uf
& compound.

3. An unequal attraction of bodies for + and -- E.
i An unequal atiraction of metals for ehamlml elements,
s and liquids,
on No. 4, not obeying Volta's law.
contact fm'ca, d@pmdmg on Nﬁ. 3, obeying

B olta’s law. .

7 Prd“ . _-;tma]it? of the chemical cantacfpformﬂ and the
hieats of combination.

8 A mechanical falling together of atoms accounting for
heat-production at electrodos; and

9. That ellactmca,l actions go on between the molecules of a
hqmd and between those molecules and metals im-

0 me _‘...111 it, according to the ordinary laws of electro-

 Not aIl(}f ‘bhﬂ abﬂwhypotbeses, however, are to ba regarde
as independent : the dependence of Nosa. 5 and 6 is Etabed and
1t is posmble that some oli' the others are intended fo be like
endent, though I do not clearly see how.

some of these hypotheses, for instance Nos. 4 and 5,
wd., m’th considerable ﬁemnces Nos. 6 and 7, Prof. Wiedo-
‘mann’s ﬂlﬁm‘}' bears 2 wsemblance to the views sot forth by
'the present writer | in the paper to which this communicntion s
a sequel.

One obvious objection may be {nken to the theory on n
question of fact. According toit, zino half Immorsd in wador
18 negative to ('nppm half lmmmﬂml ih wnter ( Mo tllnglum
abova% but experiment has fuilod to oxhibit unything of {he

. and it is well known that. Sir W. Thomson, Prof. (‘llllun,
‘and Gﬂl@m have shown that zine and coppor imunornod in wator

or dilute acid are electroscopically at the same, ¢ nourly the
same, potential. -

Theory of Von Helmbholtz, 1847 and lator.

~ There is another theory which I did not indood | ignora, but
which I passed over with very insufficient maontion, in the
‘paper referred to (see footnote to § 9, Phil, Mag. April, p 2hH8);
viz, the theory of Professor von Helmholu whwh lm first statod
in his great memoir of 1847, Die Erhaltun g der Kraft, and
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which he has improved and elaborated since (see Faraday
Lecture of 1881). | o
lmfi‘his fascinatizlg theory has a small yypothehgal ’9&313, viz.
Nos. 3 and 9 of the above list; and on this foundation is erected
an explanation of the Volta effect, a theory of electrolysis, and a
great part of a theory of chemical combination. L
Once grant, (1) that every substance has a specific attraction
for positive or for negative electricity which can be exerted
only through molecular distances, and (2) that the laws of
electrostatics may be applied to the charges of atoms in a
liquid ; and the ease with which a mulfitude Pf phenon%e_na are
oxplained is surprising. I do not feel certain that a little too
much is not explained ; but we can postpone the gggmdmtmn
of possible objections until the theory itself is bmﬂﬂﬁ' stated.
Metals, and “electropositive” elements generaly, attract
positive electricity or Pﬁsitivelx elecftnﬁed atoms nglen&var
these come within range, ¢. ¢. within some molecnlar distance
of the surface. Potassium and zinc attract Etrgn%ly, copper
and gold feebly. Oxygen, chlorine, and other “electronega-
tive” elements, attract negative e}ect.r’lclty_mig simila malmer
Bring now two metals, say zinc and copper, I ito contach
and (he superior atiracting-power of zinc for positive e}eo-r
tricity will al oneo ¢hnrgo it ut the oxpense of the copper, 3_3
thut tho zine touching-surfuce becotues strongly positive, an
the coppor surfuco strongly nogativo, Sopurato the mfatalls,
and thoy mostly dischargo mto onch other; but a feeble
charge remains if the surfaces in contact wore lurge, and 1f
they have been neatly separated ; and this is the Volta cftect.
Moreover since each metal has a definite attracting-power
depending on itself only, Volta's series law is an obvious
neclefa?g. of the substances had begﬂ an msulm:r mueh legs
loss need take place while separating them, and accordingly
high charges are then f,o;md upon them even after separation
“frictional electricity ). _ S
( gﬁiﬁ.w simﬂya.rly two atoms 1 con tact, fGMI.ng, say,
o water molecule. The hydrogen will be iomtwely charg:d,
the oxygen negatively. If some atoms 8 ould get knocked
asunder they retain their charges and therefore tend to unite
a;gain but, while sgparate, their mutual attructions and repul-
siona ;Vlll Presﬁrve a uniformity of distribution th rou ghout the
liqmd-—-e g. the repulsion of similar chargos will prevent a
number of oxygen molecules crowding togother ; and if am’
cause should remove oxygen atoms from u_ny'lmrt of the liquid,
the vacancy will be instantly supplied by similar atoms repelled
there.
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The remarkable thing about the charges of atoms is, how-
ever, that they are all equal,and even for different atoms are still
the same, or differ only according to simple multiples of some
one absolute quantity; so that one atom may have three times
as much negative electricity as hydrogen has positive, but not
apy fractional number. Such an atom may therefore combine

with -three of hydrogen atoms, and thus be called a triad.
Another may be a dyad, &c. A given constant charge belongs
to every unit of affinity which the atom possesses ; and thus is
the fact of chemical equivalence stated, though not accounted
for. Faraday’s law compels us to believe that atomie charges
are thus multiples of one definite electric quantity, but w

elmy should be so we are wholly unable to say. 1t looks as 1%‘

10ity: ‘were atomic as well as matter; a sufficiently
riting idea, as Helmholtz says.

* Chemical affinity is thus duo to the electrical nttruction of
oppositely charged atoms ; not so mueh due to tho attreetion
of the atoms themsolves.  Thig lnitor kind of attraction Helm-
holtz would not indecd deny, and he considers it may account
for ¢ molecular > modes of combination ; but he regards it as
much weaker than the electric forces, and as not effecting

definite chemical combination.

- We have ideas now concerning the size of atoms, and can
ealculate roughly what an atomic charge is. The charge of
each atom is but small, but the aggregate charge of an appre-
ciable number of them isenormous. It can be easily reckoned
that if you take the opposite electricities out of a milligramme
of water and gi tgﬁm to two spheres a mile apart, those

ive
two spheres will attract each other with a force of ten tons!
Or, again, the electrical attraction of two atoms at any dis-
tance exceeds their gravitative attrnction 71 thousund billion
times. Upon such charges as thoso oven vory foohle oxiormal
electrical influence muy oxert considornblo forco, nud (uito
overpower any othor kind of chemical uffinity,

Plunge, therefore, two platinum plutes into the liquid and
keep them at some slightly difterent potentinl, sy n volt or
two : their surfaces are oppositely chargod, nnd even this
feeble charge may be sufficient to tear asundor the wloms of
molecules which come close up to it*. Ifitis not sufticiont, it

* Itis easy to calculate the surface-density, and tha diffirenco of po-

tential, en the above hypothesis, needed to tear asundor opponitoly charged

toms atiracting each other across molecular distanoe v lwtit bo o, and
let the charge of an atom be ¢; then

Moreover we know that 19,820 electromagnetic units can decomnpose 18
grammes of water, whieh allows 638X 810! electrostatic units of each
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will nt least hold a layer of oppositely charged atoms facing
townrd 1t across molecular distance ; so that near each plate
wo have an excessively thin condenser of enormous capacity ;
but in the mass of the liquid is no such strain, the slightest
E.M.F. being sufficient to redistribute the atoms here and to

E y the electrode and liberated, fresh ones are continually sup-
plied by the rest of the liquid, the state of strain being con-
stantly re-formed and instantly broken down.

Thus are the phenomena of polarization and electrolysis
explained. _

Now insert into the liquid a pair of plates of zinc and copper
in contact. By the contact the zinc Eas ‘become positive and

the copper negative, and accordingly the zine atiracts the

oxygen (or SO, radical) and combines with it : the copper
attracts the hydrogen, and does the best it can with it.
This crudely is Helmholiz’s view of a voltaic cell. Ny
There is, however, one important detail not yet mentioned.
I have spoken as if the work done by an electrode were to tear
tho atom {rom its combinations. Tﬂ
holtz's view. Ile adduces arguments to show that the work
roquiread Lo offoet decomposition has for its object, not the
wopnration of the atom from the liquid, but the separation of the
atom from sla electrio charge. 1w to this that it clings, and
this thut has to bo taken fromit,  If it bo mude to give this up

AT o o el w TR TR =A== e’ T orm embesmem e

kind of electricity per grammeo; wo if 2* bo tho numboer of molocules in a
gramme of water, tho charge of each dyad atom is

1-6 % 101

g==—"5—; 2 16x10~" probably.
Hence 16 x 102
L ¢=

e g o gy 10712 probably ;

and, the difforence of potential between either plate and liquid being given
by 4nza, the whole difference of potential between the electrodes ia |

| - 1618 o
V=8msr=64X -2-; 4 0064 lectrostatic unite probably,
~ In reckoning the afproma rimate numerical values above, I have agsumed
that #=10°% and that nx=1. The resulting decomposition force comes
out, quite accidentally as far as I am coneerned, very near that needed to
decompose acid-water, Bub I need hardly point out that order of mglg-
nstude is all that is really caleulated in these figures ; and that not only
decimals but even num@rals, prefixed to the power of 10, have very little
meaning. The value of £ may perhaps vary somewhat for different sub-
stances; and as to the value 0¥ n, though that is detinite enough, itis very
probable that it ought to be something more like £ X 10" than what T have
above assumed it.

It is at any rate satisfactory that the cloctrostatic hypothesis should
give, a8 a polarization E.M.F,, a number so entirely comparable with
actual results.

is is not exactly Helm~
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by a sufficient E.M.F\, it is of small or no moment whather
the ion be really set free, or be dissolved, or otherwise kept in
the liquid. But when the electrode is of such a metal that an
ion can combine with it, that ion refains its charge, and
accordingly very little E.M.F. is sufficient to decompose the
liquid under such circumstances. R

Without this statement it might be objected, that when a
piece of zinc is plunged into acidulated water, since it has a
strong attraction for positive electricity, it ought to attract
the positively charged Aydrogen atoms up to itself, instead of
oxygen as commonly miﬁpo'sed. I suppose Helmholtz would
admit that it must do this to begin with, when isolated from
other metals, on his theory, but that it bas no way of sepa-
rating and liberating atoms because it cannot get rid of their
charges, - If it be kept at a sufficiently negative ]potentia]
artificially it can indeeg dispose of these charges, and it then

| does attract and liberate hydrogen. DBut contact with coppor

raises 1t to a posifive potontial, und it thon attructs nogatively
charged oxygen, rather than hydrogon, and combines with it ;
while the negatively electrified copper sovizes hydrogen atoms,
tears their charges away from them, and sets them free.

. I must confess, however, that I feel a difficulty here. The

* natural tendency of zinc is;, by hypothesis, to attract positive

and repel negative atoms; but, while a very feeble positive
elactrification applied to it is sufficient to reverse this tendency,
a comparatively strong negative electrification is needed to
enable it to exert that force which by the hypothesis is sup-
posed to be natural to it.

__In considering a Daniell cell, zine /ZnS0, / CuS0;, / copper,
'Helmholtz obtains the energy producing the curront, by point-
1ing.-out that electricity is removed from coppor, which only
attracts it feebly, and given to zinc which uflracts il strongly.
Zinc goes into solution and becomoen positively charged, leilu
-an equivalent of equally positive coppor comes out 3 niul sineo
-this results ina gain of enorgy, it follows that eloeiricity must
do more work in going to zine, than in going lo coppor,

. Bui if zine attracts electricity so much more strongly than
copper, why is it 8o easy to drive electricity acroms n vopporfzine
junction? And why does no energy manifostation rosult at
th%iuncﬁon from such an operation? |

Ihe answer probably is, because of the largn clinvgo nlready
existing at the junction ; the zinc has pulled nx mmﬁx [rositive
.electricity out of the copper as it wants, and {lore oxists at
the contact an electrical double layer, whoso oxintonce makes
1t quite easy for extraneous electricity to flow oither way
across the junction,
But, then, if zin¢ pulls so much electricity out of a piece of
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copper with which it is put into contact, where does it all
come from? And why does it not leave the copper strongly
negative instead of only feebly so, as evidenced by Sir W.
Thomson’s electrified-needle form of experiment ? Why, again,
does this method of observing the Volta~effect, with the plates

permanently in contact, agree so well with the old method of

observing it by separation of the plates, if a great but uncer-
tain part of the charge leak back as soon as separation beyond
molecular distance is attempted ?

These and similar difficulties occur to me in connection with
this most interesting theory ; and I state them, not with any
idea that they are final and unanswerable, but because it is
always serviceable to point out the apparent defects of a theoiy
as well as its merits, e |

It will be seen that, whereas Helmholtz's theory starts with
a hypothetical differential attraction of matier for electricity,
and explaing the chemical attraction of matter for matter on
the strength of 16, my view starts with a differential chemical
attraction of matler for matter (1. e. zing attracting oxvgen

theory of the voltaic cell and of the Volta-effoct

In olectrolysis proper both views may be at one, because
hore wo v concorned with olectrical attractions only ; buf
Prof. Holmholtz's lnw the ndvantage, because it explains the
fuot of ntomie chargon, which mino has 1o assumo. My view
of oloctrolysis hus hithorto boon muah less  oloetrostutic than
Prof. Holmbholtz’s, but also it has boen much more vagne, A

great deal 18 to be said for the ussumption of ordinary clectro-

more than copper attracts it), and on this basis works out &

static attraction over molecular distances, and by adopting -

such more definite ideas I am in hopes of improving my theory
further. And though, after all, none of these views can be
really absolute, because they begin and end with action at a
distance, still electrostatic attraction is a fact, an®@ we know
that it can be accounted for by a strain in a continuous
medium. Henee phenomena reci'n_cad to electrostatics may be
held to be provisionally “ explained.” ]

~ But beyond electrostatic attraction some other primary
force is necessary ; either chemical affinity, the attraction of

atom for atom, or electrival afinity, so to speak, the attraction

of atoms for electricity. ,

Chemical affinity is a fact, however it be accounted for ;
but, to enable it to explain everything, the fact of atomic
charge must be permitted to likewise go without explanation.
These are the necessary data for my view,

¥ Electrical affinity ' is not known to ho a fact ; but if it be
granted, everything is explained (barring a few outstanding

* :
l *"t‘ =" “w;
[ A

28), even the fact of atomic charge itself, though not

g oxygen

Eleotromotive Forces in a Voltate Cell. 383

it numerical exactitude. This is the datum required for

Helmholtz’s theory.

It may thus be said that while the writer’s view rests on
two admitted facts which it does not attempt to explain, but,
assuming them, explains other things from them ; Helmholtz’s
theory rests on one unverified hypothesis, whieh, being granted,
everything else follows ; except indeed the numerical equaliis
demonstrated in both theories. - -

Aceording to my view, the zinc of a cell pulls up the neg:
tively charged oxygen atoms (or 80, radicals, whateve

real ions may be) to itself, not because they are electri

because they are oxygen, The electrical current produced
i3 a secondary result ¢aused by the chemical action.

- Aoordin g fo Helmholtz, the zinc -pulls the oxygen atoms
becanse it 1s itself electrified by contact with copper, and
because they are oppositely electrified by contact with hy-
drogen. The chemical action resulting is u socondary result
caused by the electric forcos.

-+ Helmholtz’s is thus a true “ contact theory,” and is in many

eots like Sir W. Thomson’s. Sir Willlam postulates an
ctivn of. zine for copper, and from this explains the Volta-

resp

%ﬁ'ect and the production of a current. I am unableto picture

to myself exactly how the attraction of zinc for copper results

‘in-a difference of potential when they are put into contact;

but undoubtedly such a force, if granted, would put a supply
of energy at disposal which could account for the Velta-effect.
And a difference of potential thus set up may result in an
electrical decomposition of water and maintenance of current,
yust as in Helmholtz’s theory.

.1 musl confess that I am unable to feel quito comfortable
about energy considerations with cither of theso theories of
the voltaic cell; because it. seoms ay if' the motallic junction
were, after all, driving the curront, whatovor he suid about
ehemical energy. But in this I must oertainly bo wrong ;
that is to say, trﬁere must bo soino thorough wny of roconoiling
these, by such men advocated, views with energy considorniions,
thongh I am unable satisfactorily to perceive it.

Both these contact-theories, in explaining the Vollu-oflect,
ignore the existence of the oxidizing medium surrounding the
metals. My view explains the whole effect us 1 result of this
oxygen ba,fg, and of the chemical strain by it xol up, The
other theory which likewise took account of tho nlmosphere
is the old chemical one ; but this leaves tho uspoct of the
matter . exceedingly vagne. The strictures applied to it by
Prof. Helmholiz Bzm 1y Lecture, 1881) are woll desorved: —

“The so-called chemical theory of Voltu's fundamental
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experiment was rather indefinite; it scarcely did more than
teﬁ us—here is the possibility of a chemical process, here
electricity can be preduced. But which kind, how mueh, to
what potential, remained indefinite. I have not found in.all
the papers which have been written for the defence of the
chemieal theory a clear explanation why zinc opposed to cop-
per in lignids, where zinc really is oxidized and dissalved,
secomes negative, and why in air and other gases it -becomes
positive, ifgﬁm same cause (viz. oxidation) is at work.,” = '

" To the chemical strain theory, held by me, none of this
remark is in the least applicable. This theory does not say
that zine opposed to copper in a liquid is negative. It says
that, changing the surrounding medinm from air to acid-water,
makes Bcar%y any difference ; and that accordingly connect-
ing zino and copper by e drop of water leaves them with the
same respective potentials as they had before. The strain of
oxygen-atoms towards a metal exists whether in air or water,
but it can produce no effect in either case until at some point

the oxygen be swept away by contact with another metal.

Then instantly the chemical forces are able to do work, and to
produce, if in air or other dielectric, the Volta~effect ; if in acid
or othor electrolyte, the voltaic current. The metallic con-
tanot oquulizes tho potential of the two metals in the one case;
in the othar il porpotaally fids to oqualize their potential.

The oynalization of an otherwise disturboed potential is its only

offoct.

And no indefiniteness exists ns to oithor tho kind or amount
of the Volta-effect as so produced, for 1 have shown fully that
a Volta-effect can be calculated in absolute measure for any

pair of clean metals immersed in any medium, from purely
thermo-chemical data ; but whether this effect is the real one

or not is at present a matter of opinion.

' These so-calculated effects undoubtedly agree in some cases
with experimentally observed omes; but whether they all so
oree, and, if not, the extent to which they are erroneous,are
matters mainly for future experiment to decide; and “upan
such agreement or disagreement betwcen calculation and

esperiment my theory definitely stands or falls.

A i : S ——
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ON A DIFFERENTIAL RESISTANON THERMOMETER.
BY T. 0. MENDENHALL.

'HE determination or registration of the temperature at & d

A . or not easily accessible point is so extremely desirable thet
nany methods for accomplishing this ond have been proposed, and

many methods

¢

largely (but not entirely) on the length of the plati)
:;mpem meﬁ: mercury in the tube, and_ this will don
%&mimmgoi:%em éxposed. When this temporature rises
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to some extent made use of during the past fifty va R
enough electricity has been uti]jzged in psom@ \3:&; 3; a;}thliaii‘gmélﬂg
ma%?lmty of these atzst{e!m]sj of telethermometry,
. -6 requirements of the problem seem to he that ¢ Vi
mstrnmenﬁ used at the point, the temperatare of w}iﬁcgbi?iz l?;
ascertained, shall be of the greatest possible simplicity of construe-
Itlﬁﬂ, involving little or no motion in its parts, so that the Liability
to “ get oul of order ” shall be reduced to the minimum ; and that
at the observing or registering station, the neces sary appliances
sl;g__al_l possess & maximum of durability and simplicity—so that a
mimmum of time and skill will be demanded in making the obser
vations. The wholp system must be certain in its indications

Eg nfhﬂ;eélthyr;tﬁmalectncquncﬁon, which has prabably been moro ox-
i Yy made use of than any other form of olootric thormometer.
v rénders necessary, however, the use of a comparntively dolienta
g&lvanqm_etey, and as the cleetromotive foreo of g singlo couplo js
small (it is diflicult, to use more than one in gmorn pr'ﬁt'-i';it'nsl) the
results are subject to considerably orroms arixing from unknown or
neglected Sources of electromotive foren. This source of error
%come& Inore mmportant as the range of temperature measured
becomes __:s_m_a:l_ler; although it may be almost entirely avoided by
care and skill on the part of the operator, The well-known
remstama meth _d'mf Siemens satisfies the same condition Vory or-
fectly, and 18 certainly capable of giving good results when skilfyll
ap]i‘lllled& &b leai,;ab throughout moderate ranges, ’
-0 desire 1o possess some form of electric thermomet '
m;ght be uin]med 1n the study of certain problems conn acf;dwxls;f][:
meteorology, especially the observation of soil and carth Lompern-

tave, and the use of which would not demand groator skill than

that of the ordinar meteorological observer, lod 1. '

1% OL the ordinary i . . , 0 tho dovies
eﬁﬁ;ﬂmctwn_ﬂf the_' mstrument to be describod, whiceh may l:a mﬁgg
g ¢ dlﬁer?nh.al resistance thermometer,” It connintn ommemiiinl} of
a merc’ur}ﬁl thermometer, not unlike ordinnry forme, exeopt l:‘,l'mt
the bulb is greatly enlarped so thad the stem 1uny have o dinnmoter
of something like a millimetre, nnd wlill lenve the wenlo tolorably

i i} ? ‘
open.” In one of the instrumonis nlrendy mmdo 19 (1, corranponda
g down through the stemn

to about 5 millim. of the scale. Runmin

1s a fine pilabmum wire about ‘08 millim. in diamotor, ‘he lowop
end may be secured in the bulb so that it is xopt mhnght in the
bore of ‘the stem, and at the lower end a heavior wirn In xonlod in
the glass, so that metallic contact can be made with thim wire hoth

at the upper end and through the mereury ab the lower, 1t i

evident that the resistance between these two points will depond

wiro which
dopend on the

-

ased by an smount equal to the differonce

between that of the platinum wire which 18appears and that of
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