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XXI11. A4 speculation touching Electric Conduction and the
Nature of Matler. DBy MicuatL Farapay, Lisq.y D.C.L.,
FR.S.. :

p et

To Richard Taylor, Esg.t s

Dear Sir, Royal Institution, January 25, 1844.

AST Friday I opened the weckly evening-meetings here
by a subject of which the above was the title, and had no
intention of publishing the matter further, but as it involves
the consideration and application of a few of those main ele-
nients of natural knowledge, facts, I thought an account of
its nature and intention might not be unacceptable to you,
and would at the same time serve as the record of my opinion
and views, as far as they are at present formed.
" The view of the atomic constitution of matter which I think
is most prevalent, is that which considers the atom as a some-
thing material having a certain volume, upon which those
powers were impressed at the creation, which have given it,
from that time to the present, the capability of coustituting,
when many atoms are congregated together into groups, the
different substances whose effects and properties we observe.
These, though grouped and held together by their powers, do
not touch each other, but have intervening space,.otherwise
pressure or cold could not make a body contract into a smaller
bulk, nor heat or tension make it larger ; in liquids these atoms
or particles are free to move about one another, and in vapours
or gases they are also present, but removed very much further
apart, though stili related to ‘each other by their powers. |
The atomic doctrine is greatly used one way or another in
this, our day, for the interpretation of phaenomena, especially
those of crystallography and chemistry, and is not so carefully
distinguished from the facts, but that it often appears to him
who stands in the position of student, as a statement of the
facts themselves, though it is at best but an assumption; of
the truth of which we can assert nothing, whatever we may,
say or think of its probability. The word atom, which can
never be used without involving much that is purely hypo-
thetical, is often intended to be used to express a simple fact,
but, good as the intention is, I have not yet found a mind that
did habitually separate it from its accompanying temptations;
and there can be no doubt that the words definite proportions,
equivalents, primes, &c., which did and do express fully all
the facts of what is usually called the atomic theory in che-
mistry, were dismissed ,because they were not expressive
enough, and did not say all that was in the mind of him who
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used the word atom in .their stead 5 they did ,not. express the
hypothesis as well as the fagty 1117+ v '

But it is'always safe and phllosoplnc to dlstmlrmeh .as much
as is in our power, fact from theory; the experience of past ages
is sufficient to show us the wisdom of such a course ; and con-
sidering the constant tendency of the mind to rest on an as-
sumption, and, when it answeTs every present pur pose, to forget
that it is an assumption, we cught to remember that it,’in such
cases, becomes a prejudice, and inevitably interferes, more or
less, with'a clear-sightéd judgement. 1 cannotdoubt but that
he who, as a mere plulosophel' ' has most power of penetrating
the secrets of nature, and guessing by hypothesis at her mode
of working, will also ‘be most caleful for his own safe ptogress
and that of others, to distinguish that knowledge which 'con-
sists of assumption; by which (I'mean théory and hypothesis,
from that which'is the knowledfre of facts ‘and-laws; never
raising the former to the dmnlty or authority of the latter, nor
confusing the latter more than is inevitable with the former.

Light. and electricity are'two great and searching investiga-
tors . of -the molecular structure of bodies, and it was whilst
considering the probable nature of ‘conduction and insulation
in bodies not: decomposable by the electricity' to'which they
were subject, and the relation ‘of electricity to space contem-
plated as void of that whicli'by the atomists is called matter,
that' considerations’ somethmg hke those which follow were
plecented to my mind. -J. ot It oAby

+If the view of the constitution’of ‘matter alleady refelred to
be assumed to be cor rect, and }'may be allowed'to speak of the
particles of matter and of the'space between them (in water, or
in the vapour of water for instance) as two different things, then
space must be taken as the ‘only ‘coiitinuous’ party for the par-’
ticles are considered'as sepaldted by space ‘fromi each’other:
Space will ‘permeate’ all-masses: of matter in evely ‘direction
like ‘2 net; except- that 'in"place of ineshes it will form cells,
isolating each atom flom lts nemhboula, and ltselfonly bemu‘
contlnuous. Jede e

“Then take the case of a piece of shell-lac, a non- conductor,
and it would appear at once from such a view of its atomic
constitution that'space is an insulator, for if it were a con-
ductor the shell-lac could not insulate, whatever might be the
relation as to conducting power of its material atoms; ' the
space'would be like a ﬁne metallic web penetrating it in every
direction, just as we may imagine of a heap of 51l|ceous sand
having all its pores filled with waler; or as we may consider
of a stick of black wax, which, thouuh i contmns an infinity
of particles 'of conducting charcoal diffused through every
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pait of it, cannot condugt, because a nou-conducting body
(a resin) intervenes and separates them one from another, like
the supposed space 1n the lac.

Next take the case of a metal, platinum or potassium, con-
stituted, according to the atomic theory, in the sanie manner.
The metal is a conductor ; but how can this be, except space be
a conductor? for it is the only continuous part of the metal,
and the atoms not only do not touch (by the theory), but as we
shall see presently, must be assumed to be a considerable way
apart. Space therefore must be a conductor, or else the
metals could not conduct, but would be in the situation of the
black sealing-wax referred to a little while ago.

But if space be a conductor, how then can shell-lac, sulphur,
&e. insulate? for space permeates them in every direction.
Or if space be an insulator, how can a metal or other similar
body conduct ?

It would seem, therefore, that in accepting the ordinary
atomic theory, space may be proved to be a non-conductor in
non-conducting bodies, and a conductor in conducting bodies,
but the reasoning ends in this, a subversion of that theory alto-
gether ; forif space be an insulator it caunot exist in conduct-
ing bodies, and if it be a conductor it cannot exist ii insula-
ting bodies. Any ground of reasoning which tends to such
conclusions as these must in itself be false.

In connexion with such conclusions we may consider
shortly what are the probabilities that present themselves to
the mind, if the extension of the atoniic theory which chemists
have imagined, be applied in conjunction with the conducting
powers of metals. If the specific gravity of the metals be di-
vided by the atomic numbers, it gives us the number of atoms,
upon the hypothesis, in equal bulks of the metals. In the fol-
lowing table the first column of figures expresses nearly the
number of atoms in, and the second column of figures the

conducting power of, equal volumes of the metals named.
Atoms. Conducting power.
(1400 +eeeerene g0ld eeeerrrns 600
100 eeeereess silver ..o 4466
118 venth., lendes o, 0°5%
F8ONL AEatin o odaked 100
2207 viv o cowew platinamid. . deQde ).
' PRTnn, Save s ZITETSOO MRG0
2°87 veveniess COPPErieeess 6°33
D90 ¢ ssvees v iTOR om0 1900

So here iron, which contains the greatest number of atoms
in a given bulk, is the worst conductor excepting one. Gold,
which contains the fewest, is nearly the best conductor; not



and the Nature of Matter.. 139

that these conditions are in inverse proportions, for copper,
which contains nearly as many atoms as iron, conducts better
stilt than gold, and with above six times the power of iron.
Lead, which contaius more atoms than gold, has only about
one-twelfth of its conducting power; lead, .which is much
heavier than tin and much lighter than platina, has only
half the conducting power of either of these metals. And
all this happens amongst substances which we are bound to
consider, at present, as elementary.or simple. Whichever way
we cousider the particles of matter and the space between
them, and examine the assumed constitution of matter by this
table, the results are full of perplexity. !
- Now let us take.the case of potassium, a compact metallic
substance with excellent conducting powers, its oxide or hy-
drate a non-conductor; it will supply us with some facts ha-
ving very important bearings on the assumed atomic con-
struction of matter. r 2

When potassium is oxidized an atom of it combines with
an atom of oxygen to forin an atom of potassa, and an atom
of potassa combines with an atom of water, consisting of two
atoms of oxygen and hydrogen, to form an atom of hydrate
of potassa, so that an atom of hydrate of potassa contains
four elementary atoms. The specific gravity of potassium is
0°865, and its atomic weight 40; the specific gravity of cast
hydrate of potassa, in such state of purity as I conld obtain it,
I found to be nearly 2, its atomic weight 57, IFrom these,
which may be taken as facts, the following strange conclusions
flow. A piece of potassium contains less potassium than an
equal piece of the potash formed by it and oxygen. We may
cast into potassium oxygen atom for atom, and then again
both oxygen and hydrogen in a twofold number of atoms, and
yet, with all these additions, the matter shall become less and
less, until it is not two-thirds of its original volume. If
a given bulk of potassium contains 45 atoms, the same bulk
of hydrate of potassa coutains 70 atoms nearly of the metal
potassium, and besides that, 210 atoms more of oxygen and
hydrogen. In dealing with assumptions I must assume a little
more for the sake of making any kind of statement; let
me therefore assume that in the hydrate of potassa the atoms
are all of one size and nearly touching each other, and that
in a cubic inch of that substance there are 2800 elementary
atoms of potassium, oxygen and hydrogen; take away 2100
atoms of oxygen and hydrogen, and the 700 atoms of potas-
sium remaining will swell into more than a cubic inch and a
half, and if we diminish the number until only those contain-
able in a cubic inch remain, we shall have 450, or thereabout.
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So a space which can contain 2800 atoms, and amongst them
700 of potassium itself, is found to be entirely filled by 480
atoms of potassium as tllev exist in the ordinary state of that
metal. Sulely then, under the suppositions “of the" atomic
theory, the ‘atoms of potassium must be very'far apartin the
metal, Z ¢. there must be much more of space than of matter
in that body: yet it is an ‘excellent conductor, and so space
must be a conductor; but then what becomes of shell-lac, sul-
phur, and ali the msulatons ? for space must also by the theory
exist in them.

Again, the volume whlch will contain 430 atoms of potas-
siuni, and nothing else, whilst in the state of metal, will, when
that potassium is “converted 11to nitre, contain very nearly the
same number of atoms of potassium, 7. e. 416, 'and also then
seven times as many, or 2912 atoms of nitrogen and oxygen

besides. In carbonate of potassa the space which will con-
tain only the 430 atoms of potassium as metal, being entirely
filled by lt, will, after the conversion, contain 256 atoms more
of potassium, nnkmg 686 atoms of that metal, and, in addi-
tion, 2744 atoms of oxygen and carbon. 0
These and similar considerations miglt be extended through
compounds of sodium and other bodies with results equ'zlly
striking, and indeed still more so, when the relations of one
substdnce, as oxygen or sulphur, with different bodles are
brought into comparison. -
I am not ignorant that the mind is most powerfully drawn
by the phanomena of crystallization, chemistry and physics
generally, to the acknowledgement of centres of force. 1'feel
myself constrained, for the present hypothetically, to admit
them, and cannot do without them, but I feel great difficulty
in the conception of atoms of matter which in:solids," fluids
and vapours are supposed to be more or less apart from each
other, with intervening space not occupied by atoms, and per-
ceive great contradictions in ,the conclusions whlch flow from
such a view. iy
If we must assume at all, as indeed in a branch of know-
ledge like the preseént we can hardly help it," then the safest
course appears to be to assume as little as possible, and in that
respect the atoms of Boscovich appear to me to have a great
advantage over the more usual notion. His atoms; if I un-
derstand’ aright, are mere centres of forces or powers, not par-
ticles of matter, in which the powers themselves reside. -If,
in the ordinary view of atoms, we call the particle of matter
away from the powers a, and the system of powers or foreds
_in and around it m, then in Boscovicl’s theory a disappears, or
is a mere matliematical point, whilst in the usual notlon it'is

1 01

a
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a little unchangeable, impenetrable piece of matter, and m is
an atmosphere of force grouped around it.

_In many of the hypothetical uses made of atoms, as'in cry-
stallom‘aphv, chemistry, magnetism, &c., this difference in-the
assumption makes little or no alteration in the results, but in
other ¢ cases, as of electric conduction, the nature of light, the
manner in which bodies combine to produce compounds, the
effects of forces, as heat or electricity, upon matter, the dif-
ference will be very great.

Thus, refelrmo back to potassmm, in which as a metal the
atoms must, as we have seen, be, according to the usual v1ew,\
very far apart from each other, how can we for a 'moment
imagine that its conducting property belongs to it, any other-
wise than as a consequence of the properties of the space, or
as I have called it above, the m? so also its other properties
in regard to llght or magnetism,_ or solidity, or hardness, or
specific gravity,. . must belon«r to it, in consequence of the pro-
perties or forces of the m, not those of the a, which, “without
the "orces, is conceived of ashavmg no powers. But then surely
the m is the matter of the potassium, for where is thele the least
ground (except in a gratuitous assumption) for imagining a
difference in kind between the nature of that space midway
between the centres of two contiguous atoms and ‘any other
spot between these centres? a difference in derrree, or even in
the nature of the power consistent with the law of continuity,
I can admit, but the difference between a supposed httle hmd
paltlcle and the powers around it I cannot imagine. = ..

. To my mind, therefore, the @ or nucleus vamshec, and the
subst‘mce consists of the powers or m; and indeed what no-
tion.can we form of the nucleus mdependent of its powerq?
all onr perceptlon and knowledge of the atom, and even our
fancy, is limited to ideas of its powers what thought remains
on which to hang the imagination of an « mdependent of the
acknowledged forces? A mind just eutering on the subject
may consider it difficult to think of the powers of matter in-
-dependent of a separate something to be called the matter, but
itis certamly far.more difficnlt, and indeed 1mpossnble, to thmk
of or imagine, that matter mdependent of the powers. Now
the powers we know and recognize in every phaenomena ofthe
creation, the abstract matter in none; why then assume the
existence of that of which we are ignorant, which - we cannot
congeive, and for which there is no philosophical neceSSJty

Before concluding these speculatlons I will refer to a few
of the important differences between the assumptlon of atoms
consisting merely of centres of force, like those of Boscovich,
_and that other assumption of molecules of something specm]ly
material, having powers attached in and around them.
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With the latter atoms a mass of matter consists of atoms
and intervening space, with the former atoms matter is every-
where present, and there is no intervening space unoccupied
by it. In gases the atoms touch each other just as truly as in
solids. In this respect the atoms of water touch each other
whether that substance be in the form of ice, water or steam ;
no mere intervening space is present. Doubtless the centres of
force vary in their distance one from another, but that which
is truly the matter of one atom touches the matter of its neigh-
bours, '

Hence matter will be continuous throughout, and in con-
sidering a mass of it we liave not to suppose a distinction be-
tween its atoms and any intervening space. The powers around
the centres give these centres the properties of atoms of
matter; and these powers agaiu, when many centres by their
conjoint forces are grouped into a mass, give to every part of
that mass the properties of maftter, In such a view all the
contradiction resulting from the consideration of electric in-
sulation and conduction disappears.

The atoms may be conceived of as highly elastic, instead of
being supposed excessively hard and unalterable in form; the
mere compression of a bladder of air between the hands can
alter their size a little; and the experiments of Cagniard de
la Tour carry on this change in size until the difference in
bulk at one time and another may be made several hundred
times. Such is also the case when a solid or a fluid body is
converted into vapour. .

With regard also to the skape of the atoms, and, according
to the ordinary assumption, its definite and unalterable cha-
racter, another view must now be taken of it. An atom by
itself might be conceived of as spherical or spheroidal, or
where many were touching in all directions, the form might
be thought of, as a dodecahedron, for any one would be sur-
rounded by and bear against twelve others, on different sides,
But if an atom be conceived to be a centre of power, that
which is ordinarily referred to under the term skape would
now be referred to the disposition and reiative intensity of the
forces. "The power arranged in and around a centre might
be uniform in arrangement and intensity in every direction
‘outwards from that centre, and then a section of equal inteu-
sity of force through the radii would be a sphere; or the law
of decrease of force from the ceutre outwards might vary in
different directions, and then the section of equal intensity
might be an oblate or oblong spheroid, or have other forms;
or the forces might be disposed so as to make the atom polar;
or they might circulate around it equatorially or otherwise,
after the manner of imagined magnetic atoms, [n fact nothing



and the Nature of Malter. 143

can be supposed of the disposition of forces in or about a solid
nucleus of matter, which cannot be equally conceived with
respect to a centre. ' ‘
In the view of matter now sustained as the lesser assump-
tion, matter and the atoms of matter would be mutually pene-
trable. As regards the mutual penetrability of matter, one
would think that the facts respecting potassium and its com-
pounds, already described, would be enough to prove that
point to a mind which accepts a fact for a fact, and is not
obstructed in its judgement by preconceived notions. With
respect to the mutual penetrability of the atoms, it seems to
me to present in many points of view a more beautiful, yet
equally probable and philosophicidea of the constitution of
bodies than the other hypotheses, especially in the case of che-
mical combination, If we suppose an atom of oxygen and an
atom of potassium abont to combine and produce potash, the
hypothesis of solid unchangeable impenetrable atoms places
these two particles side by side in a position easily, because
mechanically, imagined, and not unfrequently represented ;
but if these two atoms be centres of power they will mutually
penetrate to the very centres, thus forming one atom or mole-
cule with powers, either uniformly around it or arranged as
the resultant of the powers of the two constitnent atoms; and
the manner in which two or many centres of force may in this
way combine, and afterwards, under the dominion of stronger
forces, separate again, may in some degree be illustrated by
the beautiful case of the conjunction of two sea waves of dit-
ferent velocities into one, their perfect nnion for a time, and
final separation into the constituent waves, considered, I think,
at the meeting of the British Association .at Liverpool. It
does not of course follow, from this view, that the centres shall
always coincide; that will depend upon the relative disposi-
tion of the powers of each atom. ,
The view now stated of the constitution of matter would
seem to involve necessarily the conclusion that matter fills all
space, or, at least, all space to which gravitation extends (in-
cluding the sun and its system); for gravitation is a property
of matter dependent on a certain force, and it is this force
which constitutes the matter. In that view matter is not
merely mutually penetrable, but each atom extends, so to say,
throughout the whole of the solar system, yet always retaining
its own centre of force. This, at first sight, seems to fall in
very harmoniousty with Mossotti’s matheniatical investiga-
tions and reference of the phaenomena of electricity, cohesion,
gravitation, &c. to one force in matter; and also again with
the old adage, “ matter cannot act where it is not.” But it
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is' no p'u't of my intention to enter into such considerations as
these, or what the bearings of this hypothesis would be on the
theory of light and the supposed sether. My desire has been
rather to bring certain facts from electrical conduction’and
chemical combination to bear, strongly upon our views regard-
ing the nature of atoms and matter, and so to assist in distin-
guishing in .natural philosophy our real knowledge, i.e. the
knowledge of facts and laws, from that, which, though it-has
theé form of knowledge, may, from its mcludmn' SO much that
Is mere assumption, be the very reverse.
‘1 am, my dear Sir,
‘ . Yours, &e.,
5 A ' . MicuaeL FArADAY.

B
XXI1IV. Proceedings of Learned Socielies.
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. [Continued from p. 76.] - '
April 26, 1843 “ N changes in the Temperature of the Earth, as
(continued). a mode of accounting for the subsidcnce of the

Occan, and for the consequent formation of Sea-beaches above its
present level.” By Robert Harkness, Esq., Ormskirk. .

The formations which are referrible to a period that succceded the
most recent tertiary epoch, and preceded thc period when the carth
was inhabited by man, and which the author terms the post- tertiary
formations, may be divided into the so-called diluvium, the erratic
blocks which have been transported by the actlon of glacicrs, 'md
the remains of ancient sea-beaches.

The so-called diluvium usually consists of clay and erratic boul-
ders, of which the latter are often identical in substance with the
rock of some more or less distant mountam-chain; and in such cascs
may be considered to have been derived from the chains in question.
Since deep valleys, of anterior date to the diluvium, often intcrvene
between the rocks ¢z sitw and the districts over which the derivative
boulders are spread, the transport of these masses has in later times
been attributed by geologists to the action of floating icebergs, an
action which, according to the obscrvations of Scoresby and others,
is fully adequate to remove from the Arctic to more temperate re-
gions great masses of earth and rock, and actually operates every
year in the manner stated to an incredible extent. Were the bed
of the ocean in which these icebergs, on melting, have deposited,
and continue to deposit, their rocky freight, to be now elevated above
the sea-level, it would present a striking resemblance to the so-called
diluvium. What further tends to conﬁrm this theory 1s, that the
diluvium is often found to contain the remains of Mollusca, partly
of arctic origin ; and thesc are frequently in a state of perfcet pre-
servation ; a fact which renders it probable that these remains have
not been removed to any great distance from their native habitat.



