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XLIX. A4 Theoretical Explanation of the Aberration of
Light. By the Rev. J, Cuarvis, M.A., Plumian Professor
of Astronomy in the University of Cambridge¥,

AT the meeting of the British Association held at Cam-

bridge last June, 1 brought forward a theory of the
aberration of light, the same in principle as that which forms
the subject of this communication, but requiring some eluci-
dation with respect to its applicability on the unduliatory hy-
pothesis of light. My present object is to show how it applies
on that hypothesis, and for. this purpose I proceed to state,
first, the general principle of the theory. -

Let s and w (fig. 1) be simulta- Fig. 1.

neous positions of two visible ob- s

jects, one of which, s, is fixed in

space while the other is carried by

the earth’s motion with the eye of
the spectator. For instance, s may
be a star, and w the wire of a tele-
scope. Let the straight line joining
the positions s and w be produced
to meet the straight line ¢,e¢, in

~ which the spectator’s eye is moving

in the point . "L'ake e to ¢'w in | b

the ratio of the earth’s velocity to ¢ e g

the velocity of light; and let e and _
w be simultaneous positions of the eye and the object w. Now

the light which started from w in the direction wé' at the in-

stant ﬁ'le eye was at ¢, arrives, in company with light from s, ag
¢ when the eye comes to the same point; and the eye receives
the impression that w and s are in the seme direction, because
it receives light from each object proceeding in the common
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322 Rev. J. Challis on the Aberration of Light.

direction swe'. But at this instant the object w is at W/ (w/
being taken equal and parallel to e¢'), and the directions of
the objects from ¢ are really sgparated_ by the angle s ¢ w.
T.et us now consider two objects which both partake of the
earth’s motion, and let p, w, and ¢, be si_multaneaus pﬂEitiﬂﬂS
of the objects and the spectator’s eye in the same straight
line. Draw pp/ and w,% parallel and equal to ¢,¢, and join
¢ w p'. Then, since w,w 1s to wp In the ratio ot th'e earth’s
velocity to the velocity of light, it follows that the object at w,
and the light which started from p in the direction pw when
the eye was at g, arrive at w at the same instant. Hence the
eye at ¢ receives at the same time light from p and w coming
in the common direction p w ¢y and cousequently sees the two
objects in the same direction when they are really at ' and
«/, and therefore really in the same direction from ¢\ ’
It thus appears to be a necessary consequence of the earth’s
motion and the temporaneous and rectilinear transmission of
light, without making any hypothesis about the nature of light
or the manner in which the eye receives impressions, that the
directions of two objects, one of which partakes of the earth’s
motion and the other is fixed in space, are separated by a cer-
tain angle when they appear to be coincident, while two ob-
jects, both of which partake of the earth’s motion, are really
in the same direction when they are seen in the same direc-
tion. The angle of separation, it is plain from the figure, 1
equal to the ratio of the earth’s velocity to the velocity of
light, multiplied by the sine of the angle which the direction
of the earth’s motion makes with that in which the light comes.
"This result is a complete explanation of the phenomenon of
aberration, if only the following remark be added, which, as
far as I am aware, has not been before rfmde w;tl_l l'efe_renc_e
to this subject. The visual direction of a celestial object is
necessarily referred to the visual direction of an object which
partakes of the earth’s motion, and astronomtcal observation
has discovered that these directions are relatively affected by
aberration, but does not determine whether the star or the
wire of the telescope is seen out of its true place. We are
therefore at liberty to suppose, as the foregoing theory re-
~ quires, that the apparent place of the wire is affected by aber-
ration. 1t is clear that observations of terrestrial objects
alone could not detect sberration {its maximum amount being
very small), simply for the reason that two objects partaking
of the earth’s metion are really in the same direction when
they appear to be so, though they may not be seen in their
¢rue direction.  On this account geodetical observations are
unaffected by the aberration of light.
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it will be seen that in the above explanation it is assumed
that light travels from the object to the eye in a straight line.
':A{‘;Eﬂl'-dil}g to the emission theory of ligilt such 1s the case, and
if this view of the nature of light be adopted, nothing further
need be said. The same would be true on the undulatory
hypothesis, if we might suppose the mther to be absolutely at
rest. But it is impossible to conceive that the earth can move
through space without communicating some motion to the
gether which surrounds and pervades it. It is therefore ne-
cessary, iIf we adopt the undulatory theory, to inquire how
far the preceding explanation will be modified by taking ac-
count of the motion of the xther. And here I may remark,
that the theory I am explaining is widely different from that
which Mr. Stokes has proposed in the July number of this
Journal. According to Mr. Stokes’s views, the phanomenon
of aberration is entirely owing to the motion which the earth
impresses on the wther, and which at the earth’s surface he
supposes to be equal to the earth’s motion. On the contrary,
I have to show that the amount of aberration will be the same
whatever be the motion of the ether, and if this cannot be
shown, the undulatory theory, and not the foregoing . expla-
nation, is at fault. U am, however, so fully persuaded of the
truth of the undulatory theory, that I have no doubt this pro-
position admits of proof, and the following 1 consider to be
satisfactory, | |
~ Let, as before, ¢ and w (fig. 2) be simultaneous positions of
the eye of the spectator and a terrestrial object, as the wire of
a telescope, and let luminous waves from a distant fixed object,

Fig. 2.

as a star, proceed in the direction sw ¢, accompanied, after
reaching w, by waves fromw, so that the eye at ¢ receives the
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324 Rev. J. Challis on the Aberration of Light.

impression that w and s are in the same direction. Suppose
the sether which is situated between ¢ and w to be moving
with a uniform velocity, and let 7 ¢ represent in magnitude
and direction the space through which it is carried while light
travels from w to €. The line n ¢’ may be of any magnitude
less than ¢ ¢, and in any direction not necessarily in the plane
eww . Join wn. Now the motion of the luminous waves
from w to ¢ is compounded of two motions represented by
wn and % ¢, the former of which is due to the motion of pro-
pagation of the wave through the mther, and the other to the

motion of the mether itself. It is well known that the motion.

of propagation is in the direction of a normal to the frout of
the wave, and that the front of a given wave continues par-
allel to a given plane so long as it is propagated through fluid
at rest, or through fluid moving with a unjform velocity in a
given direction. Also the normal to the front of a wave is In
the direction of vision. Hence if ¢'s' be drawn parallel to
nw, this will be the common direction in which the objects w
and s will be scen. Consequently, if the front of the wave re-
tained its parallelism the whole distance from the object to the
eye, the zrue direction of the celestial object s from ¢ would
be ¢ s, whén the true direction of the terrestrial object w
from ¢ is ¢ w.  The aberration would consequently be an
angle ¢ ¢, different from the angle we' w/, which is known
from observation to be the actual angle of aberration.

It is not, however, true, as we liave supposed above, that
the front of a wave continues parallel to itself in passing
through the sether put in motion by the earth’s motion. For
evidently the wave is propagated through portions of the
ather moving with different velocities in different durections,
and the effect this circumstance has in altering the direction
of the normal to the front of the wave must now be consi-
dered. For the following method of calculating this effect, I
am indebted to the very ingenious and original mathematical
reasoning contained in Mr. Stokes’s communication above al-
.luded to. I have only given the reasoning a more geometri-

cal form. ' .
Let s a {fig. 3) be a portion of the path in space of a given

point. of a wave of constant form, and let & and 5 be two

points of the wave indefinitely near each other in the same
phase at the same time. Join a b. Since the velocity impressed
on the mther by the earth’s motion is very small compared to
the velocity of light, 5 must be nearly petpendicular to sa.
Let V, and V/ represent the velocity of the eether at ¢ and b,
so far as it is due to the earth’s motion, and let that at a take
place in the direction zam. Also let V represent the uni-
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form velocity of propagation of the wave through the sether.
Then, since the point 2 with regard to the direction of motion
of the @iher 1s in advance of the point b, the velocity of the
ecther is less at @ than at 4. For we are here considering a
position in that part of the wmwther which, with regard to the
direction of the earth’s motion, is in advance of the earth’s
centre; and it is plain that if we trace at any time a line of
motion in that part, beginning at the earth’s surface and pro-
ceeding in the direction of the motion of the particles through
which it passes, the velocity will be less the further we advance
along this line. Let the velocities V,and V/ continue uniform
during the small time 84, and let the small straight lines 2 ¢,
b d be respectively the spaces through which the points ¢ and
b of the waves are carried by the composition of these veloci-
ties with the uniform velocity V. Join de. Draw ac¢ equal
and parallel to 64 and join cd. It is easy to sce that as the
motion of propagation is less opposed by the motion of the
mther at @ than at b, @ ¢ is greater than b 4, and inclined fo-
wards bd. The general effect of the ather’s motion is, there-
fore, to throw the normal to the front of the wave more and
more in the direction towards which the sether 1s moving; and
this effect would be similarly found to take place if we consi-
dered a position on the other side of the earth’s centre.

I proceed now to calculate the amount of deviation of the
normal, and to determinc the planes in which it tukes place,
For this purpose let us resolve the velocity V,into w along ¢ ¢,
« along a b, which we may suppose to be in a given direction
perpendicular to a4¢, and v along a straight line through ¢
perpendicular to & b and a ¢, and let us first consider the ef-
fect of # and w, abstracting from v. The point ¢ will thus be
in the same plane as a b de¢, and if ¢ be the resolved part of
V/.in a b, we have ¢ d — d ¢, which is very nearly c o, equal to
(#/ —u)8¢. Hence if ac =35, it follows that the angle ca o

w —u) & ¢ S _ .
_ 33) . But V = 37 very nearly, neglecting the ratio

of V,to V, Hencé the angle cao =

shle—

2! — 1t
vV

of deviation of the normal in the plane ce¢ . The sum of all
such ‘angles for the whole course of the wave may be found
by taking, since 3 s is perfectly arbitrary, ac of such a length
that «' at ¢ is the same as «/ at &; or, which is the same thing,

, which is the angle

. d
supposing # — ¢ = —&Eds. Hence if #, be the value of « at

the earth’s surface, and #, at any distant point of the course,

2%, — U
i_ 0 Ata

v

the whole deviation in the plane of « and w =
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distance much less than that of the moon from the earth, u,
must be quite insensible. Hence for any celestial body the

. . ﬂ u - : L
deviation = 1;' So the deviation of the normal in the _plane

] ﬁ L * » ]
of v and w is ‘; The resulting deviation is ‘therefore
1‘/&% {Jg L] L) & L]
IV+ L in a plane containing the direction of the motion of

the sther at the earth’s surface and the direction of the course
of the wave; that is, in fig. 8, the plane n a ¢, and in fig. 2 the
plane wé n.  Now since n el in fig. 2 represents the velocity
of the ather at the earth’s surface, ¢/ drawn perpendicular

to w # represents +/u?+v?, so that the angle ¢ w £, which is

2 2

"/"";,J“ ", 'This then is the
aberration arising from the different states of motion of the
parts of the sther through which the wave is propagated, in
consequence of which, when the normal to the front of the
wave is in the direction ¢ ¢/, the object is really in the direc-
tion ¢/ s.  Thus the actual angle of separation between the di-
rections of the two objects s and w is s& @ when they are
seen in the same direction ¢ s'. This angle is the same that
we found without considering the motion of the sther, and it
therefore follows that the amount and law of aberration are

the same whatever motion the earth impresses on the =ther.
The foregoing mathematical reasoning does not appear in
any respect wanting in generality, and Is equally true whe-
ther udz + vdy + wdz be or be not an exact differential. It
may, hnwever,dbe remarked, that as the angle ¢ 2 0 was found
i

ds

the same as sé's, is equal to

to be equal to ——37, so we might find the angle e d 0 equal to

dw ., . : |
P 07, the axis of « being supposed parallel to a5, But if

_ the form of the wave alters in no respect, the angle edo is

du dw

equal to the angle ¢ao, and consequently 15 = T So

dv dw -
= @ It would seem therefore that the motion of the

sther must be such as to satisfy these equations, at least ap-
proximately, the reasoning being only approximate. Now
it happens that whenever the motion of an elastic fluid is such
that the terms involving the squares of the velocity may be
neglected (and the case before us is one of this kind), we gﬂ?e
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for determining the motion the approximate equations follow-

dP du 4P _ o dv  dP_ ., dw

dz = %7q0 Ay Y Tar d= Tt ar
Hence, supposing no force impressed, we obtain approxi-

mately,
d*(dﬂ d'z:)__ﬂ. d. dyﬂ@)“o_
di \dy dz/ = ' di\dz dxz/ 7’
d.fdv dw\ _ 0
di\dz dys |
These equations are true, not because the functions in brackets

| : but hec . I du dv du
do not contain 7, but becanse approximately dy= Iz dz
_dw 1 dv dw
=d» " dzT dy
abeve are accounted for without affecting the generality of the
previous reasoning.

Cambridge Observatory, Sept. 29, 1845.

Thus the corrvesponding equations

T

gl gl

T

L. On the Allotropism of Chlorine as connected with the
Theory of Substitutions. By JouN WiLLiam DRa®ER,
M.D., Professor of Chemistry in the Universily of New
York*.

R _ [With a Plate.]
HE researches of M. Dumas on chemical types have
shown that between chlorine and hydrogen remarkable
relations exist, indicating that the electrical ‘characters of ele-
mentary atoms are not essential, but rather incidental proper-
tigs.

The extension of these researches has given much weight
to the opinion that the electro-chemical theory may be re-
garded as failing to account for the replacement of such a body
as hydrogen, by chlorine, bromine, oxygen, &c.

I do not know that as yet any direct evidence has been of-
fered that the electrical character of an atom is not an essen-
tial quality, but one that chan%es with circumstances, It ap-~
pears to be rather a matter of inference than of absolute de-

monstration. -
It is the object of this memoir to furnish such direct evi-
dence, and to show that chlorine, the substance which has
given rise to the discussions connected with the theory of sub-
stitutions, under the very circumstances contemplated, has its
electro-chemical relations changed. |
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