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k. On the Constitution of the Luminiferous Zther, viewed
with reference to the phenomenon of the Aberration of Light.
By G. G. Stokes, M.A., Fellow of Pembroke College,
Cambridge*.

N a former communication to this Magazine (July 18435),

I showed that the phznomenon of aberration might be

explained on the undulatory theory of light, without making

the startling supposition that the earth in its motion round

the sun offers no resistance to the sether. It appeared that

the phaenomenon was fully accounted for, provided we sup-
posed the motion of the wther such as to make

vdx +vdy+wdz . . . . . (a)

an exact differential, where u, v, w are the resolved parts,
along three rectangular axes, of the velocity of the particle of
sether whose co-ordinates are 2, y, 2. It appeared moreover
that it was necessary to make this supposition in order to ac-
count in this way for the pheenomenon of aberration. I did
not in that paper enter into any speculations as to the physi-
cal causes in cousequence of which (2.) might be an exact
differential. 'The object of the present communication is to
consider this question. :

The inquiry naturally divides itself into two parts:—First,
In what manner does one portion of @ther act on another be-
yond the limits of the earth’s atmosphere? Secondly, What
takes place in consequence of the mutual action of the air and
the ether?

In order to separate these two questions, let us first con-
ceive the earth to be destitute of an atmosphere. Before
considering the motion of the earth and the ather, let us take
the case of a solid moving in an ordinary incompressible fluid,
which may be supposed to be infinitely extended in all direc-
tions about the sohid. If we suppose the salid and fluid to be
at fivst at rest, and the solid to be then moved in any manner,
it follows fram the three first integrals of the ordinary equa-
tions of fluid motion, obtained by M. Cauchy, that the motion
of the fluid at any time will be such that (a.) is an exact dif-
ferential. From this it may be easily proved, that if at any
instant the solid be reduced to rest, the whole of the fluid will
be reduced to rest likewise; and that the motion of the fluid
is the same as it would have been if the solid had received by
direct impact the motion which it has at that instant. Prac-
tically however the motion of the fluid after some time would
differ widely from what would be thus obtained, at least if the.

% Communicated by the Author.
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motion of the solid be progressive and not oscillatory. This
appears to be due to two causes; first, the motion considered
would probably be unstable in the part of the fluid behind the
solid; and secondly, a tangential force is called into play by
the sliding of one portion of fluid along another; and this force
is altogether neglected in the common equations of hydrody-
namics, from which equations the motion considered is de-
duced. If, instead of supposing the solid to move continu-
ously, we supposed it first to be in motion for a very small
interval of time, then to be at rest for another equal inter-
val, then to be in motion for a third interval equal to the
former, and so on alternately, theoretically the fluid ought to
be at rest at the expiration of the first, third, &c. intervals,
but practically a very slight motion would remain at the end
of the first interval, would last through the second and third,
and would be combined with a slight motion of the same kind,
which would have been left at the end of the third interval,
even if the fluid immediately before the commencement of it
had been at rest; and the accumulation of these small motions
would scon become sensible.

Let us now return to the ather. 'We know that the trans-
versal vibrations constituting light are propagated with a ve-
locity about 10,000 times as great as the velocity of the earth;
and Mr. Green has shown that the velocity of propagation
of normal vibrations is in all probability incomparably greater
than that of transversal vibrations (Cambridge Philosophical
Transactions, vol, vii. p.2). Consequently, in considering the
motion of the sther due to the motion of the earth, we may
regard the wther as perfectly incompressible. To explain
dynamically the pheenomena of light, it seems necessary to
suppose the motion of the zther subject to the same laws as
the motion of an elastic solid. If the views which I have
explained at the end of a paper On the Friction of Fluids,
&e. (Cambridge Philosophical Transactions, vol. viii, part 3)
be correct, it is only for extremely small vibratory motions
that this is the case, while if the motion be progressive, or not
very small, the @ther will behave like an ordinary fluid. Ac-
cording to these views, therefore, the earth will set the sether
in motion in the same way as a solid would set an ordinary
incompressible fluid in motion.

Instead of supposing the earth to move continuously, let us
first suppose it to move discontinuously, in the same manner
as the solid considered above, the sther being at rest just
before the commencement of the first small interval of time.
By what precedes, the mether will move during the first inter-
val in the same, or nearly the same, manner as an incompres-
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sible fluid would ; and when, at the end of this interval, the
earth is reduced to rest, the whole of the @ther will be re-
duced to rest, except as regards an extremely small motion,
of the same nature as that already considered in the case of
an ordinary fluid. But in the present case this small motion
will be propagated into space with the velocity of light; so
that just before the commencement of the third interval the
zther may be considered as at rest, and everything will be the
same as before. Supposing now the number of intervals of
time to be indefinitely increased, and their magnitude indefi-
nitely diminished, we pass to the case in which the earth is
supposed to move continuously.

It appears then, from these views of the constitution of the
@ther, that (a.) must be an exact differential, if it be not pre-
vented from being so by ihe action of the air on the ether.
We. know too little about the mutual action of the ather and
material particles to enable us to draw any very probable
conclusion respecting this matter; I would merely hazard the
following conjecture, Conceive a portion of the sther to be
filled with a great number of solid bodies, placed at intervals,
and suppose these bodies to move with a velocity which is very
small compared with the velocity of light, then the motion of
the sether between the bodies will still be such that (a.) is an
exact differential. But if these bodies are sufficiently close
and numerous, they must impress either the whole, or a con-
siderable portion of their own velocity on the ather between
them. Now the molecules of air may act the part of these
solid bodies. It may thus come to pass that (a.) is an exact
differential, and yet the @ther close to the surface of the earth
is at rest relatively to the earth. The latter of these condi-
tions is however not necessary for the explanation of aberra-
tion.

There is one curions consequence of the theory contained
in my paper of last July, which I did not at the time observe.
On referring to this paper, it will be seen that if the motion
of the ®ther is such that (a.) is an exact differential, the
change in the direction of the ncrmal to a wave of light, as
the wave passes from a part of space where the disturbance
of the ather due to the motion of the earth is insensible to
another part where the disturbance is sensible, is given by the
equation

_ Y
“2_“1—Va

which is what (6.) becomes when #; and v, are each put equal
to zero; and the plane passing through the direction of the
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light and the direction of the motion of the xther at the point
considered is taken for the plane x 2. Now, in consequence
of the motion of the wther, the direction of the light in space
will deviate from the normal to the wave through the angle

l{% in the contrary direction, as may be very easily shown
(see Phil. Mag. for I'ebruary 1846, p. 78). Hence the di-
rection of the light coming from a star is the same as that
of a right line drawn from the star, not merely at such a di-
stance from the earth that the motion of the wther is there
insensible, and again close to the surface of the earth, where
the @ther may be supposed to move with the earth, but
throughout the whole course of the light; so that a ray of light
will proceed in a straight line even when the ether is in mo-
tion, provided the motion be such as to render (a.) an exact
differential. The orthogonal trajectory represented in fig. 2
of my paper of July, must not be confounded with the path
of a ray of light. In that paper I supposed that the wther
close to the surface of the earth was at rest relatively to the
earth; in fact, the very object of the paper was to get rid of
the apparent necessity of supposing the zther to pass throngh
the whole atmosphere and through the earth itself. It shonld
be observed, however, that the phznomenon of aberration
allows us to suppose that the zther passes through the atmo-
sphere and through the earth with any velocity, either con-
stant, or varying from point to point, provided only (a.) be an.
exact differential.

P.S. 1 take this opportunity of adding a few words on the
subject of Prof. Challis’s last communication. There is no-
thing so far as I can make out in which we differ, except the
sense in which we use the expression ezplaining a phanome-
non from certain causes. According to my use of the term,
a person would be said to explain a pheenomenon when he has
shown that certain causes being assumed, the phenomenon
would necessarily follow. In this sense we explain the forma-
tion of images in common optics, assuming the properties of
rays. We are able to show what must be the form, &c. of
the image. In this sense Prof. Challis has not explained
aberration by assuming merely the motion of the earth and
the velocity of light, since, for aught that appears from his
reasoning, a star might be displaced through double the angle
through which it is observed to be displaced. It was for this
reason, that in order to allow that Prof. Challis had explained
aberration, I attached, in a former communication, a peculiar
meaning to the word aberration.
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We may divide the causes which we might conceive con-
cerned in the production of aberration into three:—(1), the
motion of the earth; (2), the velocity of light; (8), the change
in the direction of the light coming to the earth. Professor
Challis has shown that a certain apparent displacement of a
star would result from the first two causes; and as this kap-
pens to be the whole displacement observed (neglecting a
quantity which may be considered insensible), so that there is
none left to be attributed to the third cause, he says that he
has explained aberration, assuming merely the first two
causes. It is evident that the two senses attached to the
words, 2o explain a phenomenon, are quite different. Ac-
cording to the sense in which I used the words, the explana-
tion of the absence of any change in the final direction of the
light would have to be included in any theory which professed
to explain aberration by means of the first two causes onfy.
In the present communication I have used the words in my
own sense, for I believe that there is no impropriety in it; but
Prof. Challis may, if he pleases, consider the object of my
July paper to have been the explanation, not of aberration,
but of the absence of any change in the final direction of the
light. Whichever of these results be arrived at, the other
readily follows.

IIL. On Electrical Endosmose. By Mr. JAmEs Napier*,

HAT two dissimilar solutions, separated by a porous par-

tition, will pass the one into the other, is a phenomenon
long observed, the only necessary condition being that the
liquids have a strong tendency to combine, and that the one
is more capable of entering into or wetting the porous par-
tition than the other. The liquids eminently fitted to effect
this are alcohol and water, and saturated solutions of some
salts and pure water. But the pheenomenon of endosmose
takes place also when an electric current passes through liquids
separated by a porous partition. When all the above con-
ditions are absent, and even when these conditions are pre-
sent, the endosmotic current will follow the electric, although
in a contrary direction to that which would take place were
there no electric current passing, showing that, under these
circumstances, it has its origin in the passage of the electric
force. This fact was first made known by Mr. Porrett in the
Annals of Philosophy for 1816.

* Communicated by the Chemical Society; having been read December
15, 1845,



