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426 Drof. Powell on the Theory of the Aberration of Light.

Agaig, the question was mixed up with the undulatory
theory. It seemed to be considered, at least by some, that a
lengthy and abstruse analytical investigation was now neces-
sary for anything like a complete explanation of what our
predecessors thought sufficiently made out by a short popular
illustration, or at most a simple geometrical construction.

On some of these points the two very able mathemaiicians
who first started the question were themselves at issue: and
though some other points, at first involved in paradox and
mystery, were in some degree cleared up In the course of
the discussion, yet it cannot be denied that much sull re-
mained which called for further clucidation; and even yet it
cannot be said that the minds of the scientific world in ge-
neral have been brought to any agreement, or perhaps any
such clear and definite view of the real state of the case as to
be able to come to a final decision, or to render useless an
attempt to divest the question of some of the ambiguity and
difficulty in which it has been involved. _

I trust then it will not be deemed superfluous if, at a period
when the immediate controversy seems to have arrived at a
termination, I offer a few remarks which may assist in forming
a dispassionate judgement on the merits of the discussion;
and in doing so 1 will premise that the chief point really at
issue scems to me to lie rather in the general natuve of the
reasoning and the principles of philosophical logic invelved,
than in those details to which the controversialists have more
immediately addressed themselves. |

I will then first advert to the question respecting the exist-

ing explanations of the fucfs, and afterwards to that respecting
theories of light.

If we look to past times, from the date. of the discovery of
aberration, there certainly appears to have prevailed some
little hesitation and diflerence of opinion as to the precise
mode of viewing and explaining it.

Bradley himself scems to have felt an anxiety to dwell on

any circumstance capable of aiding the better conception of

his idea. Indecd, in the manner of his whole discussion we
may acknowledge the justice of a remark made by Prof, Ri-
oaud * on one portion of it, viz that it “conveys the strong
impression of its being the result of an inquiry which was new
to the writer of it; and shows an evident unwillingness to
omit anything which might bear upon the subject,” Bradley’s
original ideat (as is well known) was suggested by the chance

# Prof. Rigaud’s Memolr and Miscellaneons Works of Bradley, p xxxiv.

Oxford, 1832, _ _ 1
+ Rigaud’s Mcmoir, p. xxx. Thomson’s History of Royal Society, J36.
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observation that the vane at the mast-head took a direction
intermediate to that of the wind and of the boat: and the
analogy was obvious between the direction in which the wind
seemed Dy this ndex to come to the boat in motion, and that
In which the light from a star seems to come to the earth in
motion; the illustration however is but vague and general.
And m the f}x;ﬂﬁnatiimls thus adopted generally, that there was
stili something wanting to give o firm grasp to the apprehen-
ston, appears clearly, as well from the loose and waverine con-
ceptions betrayed in some of the speculations of that time cori-
nected with the subjeet, as in the partial endeavours made by
others to fix the view of it morg precisely.

It is perhaps a proof of the defective ideas prevalent on
the_ subject, that on the occasion of the transit of Venus, 1769,
Bliss and Hornsby should both have calculated the effect ﬂ;'
a}wrmtlf_}_n as accelerating the phases of the transit: while
Prof. Winthorp of Cambridge, United States *, contended by
means of & detailed illustration (imagining balls fired at a ship
In motion), that the effect ought to be that of referdation, in
which he was supported by Dr, Pricet.

A question somewhat. of the same kind was also debated
amonyg the French astronomers; Monnier, Bailly and Cassini,
contending that in a transit of a planet it was only necessary
to consider the aberration of the sun; while Lalande intro-
duced the difference of the aberrations of the sun and planet :
aud the former principle was defended by M. Jeaurat, on the
ground that the planet was dark, and its existence only shown
by the light of the sun surrounding itf.

"The elaborate discussion of Euler§ contributes little perhaps
to the precise explanation. e treats the whole subject 1in a
geometrical form; considering the various cases of a luminous
body seen by an observer in motion later in time than the
truth, even if the observer be at rest, and different in direction
1t one or both be in motion : but in constructing for the com-
position of motions he makes no reference to any further essen-
tial conditions, | '

Even at a much later period, Dr. Young observed||, *some
mistakes appear to have been made respecting this subject ;
they may be avoided by attending to one general principle
that is, when a body moves uniformly forwards, the relative
situation of another body, whether quiescent or in motion,
appears at all times to be such as it really was at the moment
of the emission of the light of the second hody ; in other words,

* }.’lljilﬂﬁﬂ[]hi[ﬂl Transactions, 1770, p. 359. + Thid, p. 536.
L Mim, dead. Paris, 1786, p. 572, § Comment, DPetrop. xi. 100, 1738,
[ Nataral l’hilﬂsuphy, 1. 204,
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198 Prof, Powell on the Theory of the Aberration of Light.

neglecting the changes n the earth’s motion during the pas-
sage of light, the apparent place of the sun, or of any star
or planet, is its true geocentric place for the instant at which
the light was emitted by the sun or star, or reflected by the
planet.” - | |

This explanation appears to me, I must confess, itself In-
volved in no inconsiderable obscurity. It may however indi-
eate the kind of notions which were commonly prevalent, and
which called for such an answer; and at any rate, the precise
point of view in which the distinguished aunthor thus placed
the subject, will be at once seen to be quite distinct from that
taken in the recent investigations. .

Other writers seem to have felt in like manner the defective
notions which prevailed, and sought to ald the more correct
conception by various analogics. Lalande* illustrated the
case by supposing a carriage with a front window open while
rain falls vertically ; when at rest no rain will enter, but when
s motion it will. Maupertuis referred to the instance of hit-
ting a bird flying, by aiming at a point 1n advance of its true
place ; and others have imagined various like cases.

But thesc popular illustrations fail in conveying precisely
the idea of which we are in quest. The light from the star
ofter all comes directly to us in the position where the earth is
for the instant of observation ; and that it 1s not the same ray
which would have come to us at a previous instant, though it
is one parallel to it {or in the case of a nearer body, differing
only by its parallax), Is ‘ndeed evident, but does not explain
the fact, that the point indicated by the telescope ditfers from
the real place of the star; and where and how, it would still
be asked, does the deviation take place? It is probable that
the more discerning students would have been led to some
answer to this question, from considering attentively the nc-
cessity which obviously exists, and indeed on which the whole
turns, for referring the star 1o some fixed point, that 1s to a
point fixed relatively to the observer, though really in motion
with him and the earth, such as the cross wire of the tele-
sCope.

Now in some even of the earliest explanations offered, 1t 1s,
T think, clear that at least a near approach to a more precise
statement of the case, including this essential idea, is-distinctly
made. In Bradley’s original papert it is worthy of notice
that he specially introduces the consideration of the direction
of the fube of the telescope, and the light passing along 1ts
axis, as essential to the conception of the case (p. 647). DBut
besides this, in his lectures at Oxford (which comnenced in

* Astron, § 2831, + Philosophical Transactions, 1728,
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1729), he employed a small model (still preserved among the
apparatus of the experimental lecture-room), which consists
of a board or ruler made to move parallel to itself, while,
by means of the same motion, a mark on a thread moves pa-
rallel to the ruler over pulleys attached to the fixed part,
and consequently describes the diagonal while the ruler moves
along the base*.

That this contrivance may be spoken of as showing in ge-
neral the apparent -direction in which the light would enter
the eye, is indeed obvious. But the question still remains,
what light is it which thus seems to come out of its real direc-
tion? and it would seem impossible to consider DBradley’s
model without perceiving that the mark passing down the
diagonal must represent the ray passing down the tube of the
telescope, which is itself in motion with the observer; and it is
essentially this light which 1s the medinum of the deception,
since by compositzon of motions the diagonal actually coincides
with another direction in space, viz, the direct course of the
ray from the star: or to recurto the case of the boat, what is it
which corresponds to the misleading vane? the answer could
only be—--the telescope.

The fuller discussions given in the most approved elemen-
tary treatises, in pointing more precisely to the difference be-
tween the real place of the star at the instant, and that shown

* As it may uot be uninteresting to preserve some notice, even of the
slightest ideas, of so great a man as Bradley, I subjoin a rough sketch ex-
hibiting the essential part of the little instrument referred to above, The
top and side of the box are omitted to give a view of the interior; and it
will be seen at a glance that the axis (a g), which at once carries the serew
(s) {working in the tceth (gg,) fixed to 4), and on which the two ends of the
thread (¢ £) wiad in opposite directions, will by the same motion cause that
thread to move over the pulleys (p p)), and give the sliding-board (&) a
lateral motion. On its lower side (which is the part to be exhibited to the
spectator) is drawn a parallelogram, and its diagonal divided into equal
parts, so that the longitudinzl motion of a mark upon the thread may be
clearly traced upon the diagonal as the parallelogram moves laterally.
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by the direction of the telescope, manifestly implying that the
light which comes down the éelescope in motion coincides with
that.from the star af rest, it must be allowed, approach much
nearer to a complete explanation, though they do not expli-
citly give it. It is true, several of these writers refer to specu-
lations of another kind, which would maintain the same con-
ciusion with regard to the naked eye, by supposing two im-
pacts upon it, respectively proportional to the velocities of
light and the earth, the resultant of which coincides with the
direction of the ray. But they give such reasoning as entirely
separate from the former: and Vince (p. 199, 8vo.} m par-
ticular censures those writers who would confound the two.
Such reasonings are obviously insuflicient as explanations of
the aberration, as well from the uncertainty of the analogy
assumed between the effects of light and those of mechanical
impact, as on other grounds. _

But by far the most lucid and satisfactory was the view of
the subjeet taken by Clairaut*. In his memoir he gave per-
haps the first complete investigation of the astronomical
theory, leading to formulas for the aberration, not only in de-
clination but in right ascension also, Bradley having originally
considered only the formert: and itis asthe fﬂundatiun_ﬂft]liﬁ
investigation that he introduces his well-known illu-strathn, 50
deservedly adopted by most subsequent writers, and which is
peculiarly worthy of consideration in relation to our present
Ubjﬂﬂtr |

Fig. 1. | Fig 2. *
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¥ Mém, dead, Paris, 1737, p. 205, + Rigaud’s Memoir, p, xxxiit,
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““In what direction must a tube be held by a person in
rapid motion so as to eatch at its bottom a drop of rain falling
vertically ¢ (Sce fig. 1.) The answer to this question, if put.
Into more geometrical language, would be simply the con-
struction of a parallelogram whose diagonal is the vertical di-
rection of the drop, and whose side and base are respectively-
proportional to the velocities of the drop and the tube, which
consequently give its inclination; end the drop whick was at
the top of the tube at the beginning of the motion will be at the,
bottom of it at the end. It is but to translate this into the
language of the actual case, to say that the light which. comes
down the tube of the telescope in the time in which the earth
moves through the proportional space, will by composition of
motions in the same time come down the vertical or diagonal,
in which the light from the star comes directly, and with
which it will thus coincide. | %

Clairant, it is true, speaks ezplicitly only of the light from
the slar; but the essential reference to the Zube, which he ex-
pressly points out* as representing the direction of the tele-
scope, 1s surely equivalent to the cousideration of the light
which comes along the telescope, or more precisely from its
wire, to the eye. And in Sir J. Herschel's description of
Clairaut’s methodt I coneeive this is the interpretation im-
plied ; and hardly less distinetly, I think, in the same author’s
account of aberration in his treatise on Light (§ 10), as well as
in the more elaborate discussion of Professor Woodhouset,
Still that these writers fail in giving the idea its due promi-
nence and full import, by explicit and formal statements, and
the degree in which this affcets the strict character of the in-
vestigation, will be best seen by a comparison with the pro-
fessedly exact explanation as put forth by Prof. Challis.

That explanation, in the form in which it was stated in the
course of the discussion referred to, was misunderstood ; but
it appeared to me that it readily admitted of being put under

a slightly different form, by which means the essential prin

ciple (divested of all irrelevant and extraneous considetations
with which it had been sometimes mixed up) might be at once
rendered more perspicuous, and guarded against the possibility
of misconception. As the shortest mode of stating it so as
to obviate ail objections, I would propose the following:—

1. Let / and e (see fig. 2) respectively be proportional to
the known velocities of light, ﬂl](f of the earth in its orbit; let
d be the diagonal of a parallelogram of which / and e are

* Mém. dead. Paris, 1737, p. 208, + dstron. pp. 177, 178,
+ Ibid, i, 253, | |
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respectively the side and base; and let « 8 be respectively the
angles which d forms with / and ¢; so that we have

E__ 51':1 (.’3{;
€  Sina
. | £ .
or if 2 be very small,  a= 7 sin g,

Also let 7, be the side opposite and parallel to 2.

2, Then conceiving  ; to be the successive positions of a
telescope moving parallel to itself along with the earth through
¢, light coming from the Zop of I to the observer’s eye at the
bottom, (or, more precisely, from some determinate point as
the cross-wire,) relatively to the tube and the observer, will in
the same time come down the diagonal d relatively to space,
by composition of motions.

8. If at the same time light from a star come directly in
the direction 4, this will coincide with the former ; it will pass
down the telescope as it moves, and the two objects will be
referred by the eye to the same direction, and will appear to
coincide though really separated by the angle «, which is
called the aberration. |

- 4. Since the same inferences would apply also if another
parallelogram be similarly constructed on the same diagonal,
in like manner it will be seen that #wo objects moving with
the observer would be referred to the same direction (in which
they really are), though seen by light which really moves in
the diagonal by composition of motions. -

In this sense 2ke aberration of terrestrial objects is spoken
of; though it cannot be determined by terrestrial observations.
5. In this investigation it is assumed that the light from
the star comes in its original rectilinear course, and with the
same velocity, equally whether the observer be at rest or in
motion. It is also assumed that the velocity of light is that
given by independent observations, and comparable in a
known ratio with that of the earth in its orbit. |
- 6. Thus, referring essentially to the light coming with the
same velocity from the wire to the eye, it is shown that the
aberration is explained by a verz cqusa; and from the es-
treme accuracy® with which the amount of aberration thus
calcalated agrees with that directly observed, it follows that
the aberration is completely accounted for, and that there is no

residual phenomenon. 1fthere were any, then indeed recourse

- * The mean of the direct observations, including the latest, given in
Capt. Smyth’s Cycle (ii. 401), is 2 = 20"43, The result of calculation,
taking the velocity of light from observation of Jupiter's satcllites at 8'2
min, in traversing the radius of the earth’s orbit, gives & = 20" 2,
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must be had to other principles on which to find a complete
explanation. | .

7. On this view the assumption of the rectilinear course is
Justified; and the explanation being complete, it is wholly
superfluous to refer to the undulatory or any other theory of
light, for an explanation of the pheenomenon.

Upon this review of the principles of the explanation, it must,
I think, be fully admitted that its most essential and character-
istic feature is prominently brought out by Prof. Challis with
far more distinct and systematic precision than by any of bis
predecessors in the inquiry: and from what has been remarked
on their explanations, it will be judged to what extent we can
consider them to have really implied the more precise prin-
ciple, though they confessedly did not explicitly or systema-
tically enunciate it. I may also here add, that perhaps it
would render the matter still plainer to many apprehensions,
if, instead of the telescope and its wire, we were to substitute
the 1dea of a lamp elevated so as to appear against the sky to

"an observer below, and in coincidence with a star. Here

then would be distinctly Zwo rays; one from the star at rest,
another from the lamp moving with the observer, apparently
coinciding but really differing in direction. |

"There is perhaps one point on which it may be necessary to
add a remark. In the above explanation it appears that the
course of a ray propagated directly (as from the star) coincides
with that given to another (propagated directly in a different
course, as from the wire to the eye) by the motion of the object
from which it originates along with that to which it comes ; and
itis hence inferred, that the two objects will be referred to the
same direction as if the light from both were naturally propa-
gated in the same direction. In other words, the course by
which the star’s light actually comes to the eye, relatively to the
observer in motion, can be no other than the axis of the tele-
scope, in which direction, the eye moving along with the light
from the wire, at every instant receives an impression from
it, along with one from the star; the one as truly comes down
the tube as the other. But then, it may be asked, when we
consider the very different modus operandi by which they
each respectively take this direction, can we be sure that the
effect ought to be the same?

This question may, I conceive, be answered by the consi-
deration (quite independent of any theory of light), that as the
light from the star comes down the tube only by virtue of the
tube’s motion, the whole effect of the ray still continues to be
in its own direction ; but the actual result must be estimated
by resolving it, only that part of it which is in the direction of
the tube being really effective on the eye. |
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But this question may appear to some perhaps superfluous;
the above explanation, it may be said, only requires to have it
shown that the two rays do actually assume the same direction
in space by whatever meansy and this is all that is necessary to
support the infercuce that the two objects must be referred to
the same direction. Those who agree in this view will then
merely consider any further discussion of this particular ques-
tion as irrelevant to the complete explanation of the fact,
though they may admit it as a question of curlosity.

Others however may not be satisfied without a further ex- .

planation ; and whether that just offered be considered fully
satisfactory or not, I confess it appears to me that some con-
siderations of the kind are necessary for showing that the star
and wire ought to be referved to the same direction.

The question raised as to what that direction is, also seems
to be answered at the same time, if the foregoing view be ad-
mitted.

T'he impression produced is clearly that which results from
the concurrence of two impressions, the one of the ray from
the wire, the other of that from the star; the one simple, the
other arising from its motion of prepagation together with a
motion of translation in the eye, but whose effect coincides
with the former: and a series of such compound impressions
come in succession continuously in the direction of the axis of
the tube to the eye. 'This circumstance appears to me decl-
sive of the question, that both objects must be seen in the
direction of the axis. -

The explanation however was held to be independent of
this question, It was said it would be equally valid should it
be contended (as, for example, on any physiological or other
grounds) that the cye received the imppression nof in the di-
vection of the axis bat in some other, as for instance that of
the diagonal. |

And when such a doubt was started, and when 1t was con-
tended that the above explanation was independent of any such
question, or that the introduction of it was superfluous, a diffi-
culty was raised In many minds; it was construed asif it tended
to overset all the received notions as to the direction of vision,
and to substitute something of an abstruse and theoretical
kind ; and the question raised, whether the star or the wire ig
seen displaced, led to serious objection, especially as coupled
with the use of the term aberration applied to terrestrial
objects. ~

But on the above view of the matter, the direction of vision
does not appear an irrelevant consideration; and the question
scems clearly answered. 'Thus I conceive we arrive at a pre-
cise statement of the case, and at the same time cut off a con-
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siderable source of cavil. 'The point determined by the posi-
tion of the telescope and its wire is that to which the eye refers
the star, which is consequently seen oul of its true place by
the amount of aberration, while the wire is seen. in-its true
divection, The precise explanation then may be stated in all
its essential particulars, divested of the mystery and obscurity
which was sometimes found in it, and rendered at once simple,
exact, and relieved of all perplexity from appearing at vari-
ance with received notions as to the direction of vision. -

-_— —_—— =imrr

But a material part of the question before us relates to the.
investigation of the aberration in connexion with fieories of
the nature of light., A considerable portion of the existing
controversy (we may observe) has arisen not only on the
question of the details of such theoretical analysis, but also on
the more general logical question of the grounds on which
any such investigation should be undertaken at all.

As to the actual application of theory to the explanation of
the phaenomenon, Euler long since, adopting for simplicity:
the emission theory, admitted that some difference in the view
taken of the case would result according to the hypothesis of
light adopted®*. He more particularly notices (¢ 7) the obe
jection which might arise on the emission theory, that light
would partake in the velocity of the body from which it was
projected, which would not be the case on the undulatory.
This is further discussed (§ 24, 25, 28). | -

In the present state of the question it seems on all hands to
be admitted that the point at issue is a very simple one. It
in fact reduces itself ultimately to this: whatever theory we
adopt, will it account for the uninterrupted maintenance of
the law of the rectilinear propagation ot light from a star to
the earth in motion, at «/{ parts of its course, but especially
near the earth, with the same velocity ?

The emission theory obviously fulfills this condition; as does
also the undulatory, if the sther be at rest. ~ But one of the
greatest difficulties attending that theory, as formerly delivered,
was the conception of the ather pervading all bodies and the
interior of the earth yet remaining at rest, a passage being
afforded to it through the interstices of the densest matter, in
the words of Dr. Youngt, ““as freely as the wind passes
through a grove of trees,” while the earth was in rapid 1mo-

* Comm. Petrap. xi. 150. -

4+ Phil. Trans., 1802, Expetiments and Caleulations on Physical C’Ttu:sj
? iv. Itis remarkable that the author says he was led to this idea chielly
rom considering the aberration of the stars,
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tion. This and other attendant objections, have at the pre-
sent day led to the general admission of the mther being set
in motion by the passage of the carth through it.

On this hypothesis the conclusion does not odviously or di-
rectly follow, but it may be shown to do so by an analytical
investigation. 'L'hat the theoretical investigations on the un-
dulatory hypothesis, supposing the ether in motion, given
both by Mr. Stokes and Prof. Challis, are of the highest value
and importance, as evincing the capability of the undulatory
theory to surmount the difliculty here presented, must be on
all hands allowed, whatever may be thought of the points on
which the two distinguished mathematicians difler.,

The principle of Mr. Stokes’s investigation 1s, m a word,
the analogy between sound and light; and the object is to
show that the luminiferous waves are propagated through wtfer
in molion, just as those of air constituting sound are propa-
gated through a mass of air in motion, and that in both cases
alike the impression reaches the organ just in the same man-
ner as if the medium were at rest, Ience some limitations
are introduced in the analysis; the very natural supposition
that the acther near the earth acquires the same velocity as the
earth, and thus remains, relatively to it, at rest, involving the
condition that a certain expression (uda +vdy +wdz) 1s an
exact differential.

Prof. Challis, on the other hand, discards these restrictions,
allowing this expression to be an exact differential or not, and
the motion of the sether any whatever: thus giving a greater
degree of generality to the investigation. o

But on the question whether we can legitimately infer that
the motion acquired by the sether must be precisely equal
to that of the earth, and whether, consequently, the more ge-
neral assumption be necessary for a completely satisfactory
conclusion,—or, on the other hand, whether the restrictions in
the analysis are such as, without impairing its full applica-
bility to the case, are more simple and natural, as well as on
other minor points,.I do not herc enter: the main” question
with which we are at present concerned, is that which refers
to the necessity for such theoretical investigation at all, as re-
gards the complete explanation of the phaenomenon: on which
point also the two eminent disputants are at variance, .

If what has been before advanced be assented to, I conceive
while we deny the necessity for suck an investigﬂti‘ﬂn as regards
the explanation of the fucts, we must at least fully admit its
importance as regards the credit of the /Zeory.

We may illustrate the subject by taking a parallel case:
oranting the laws of reflexion and refraction, and the unequal
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refrangibility of light, the rainbow is perfectly explained with-
out reference to the undulatory or any other theory of the
nature of hight.  Yet it is material to the truth of that theory
that it should explain the dispersion; and if it did so, as it
confessedly explains the laws of reflexion and refraction, it
would explain the rainbow, which is a mere consequence from
them,

In other words, the aberration is not an independent pro-
perty of light, like refraction or polarization, which require a
theoty to explain them, but the result (if the above principles
be admitted) of simpler known causes. Any theory which ex-
plains these causes explaivs the aberration, But it is a mat-
ter of importance for the credit of any theory, that it should
be able to explain them. Thus, more precisely, the question
is not whether any theory explains the aberration, but whether
it accounts for the facts from which the aberration is a conse-
quence.,

On the other hand, there are some, who, not entirely falling
in with the above explanation, may view the whole matter
under a different aspect, and may ask, before coming to any
explanations, does not the naked fact of the aberration stand
out as a primd jacie exception to the strict universality of the
law r::f: rer_:tilinear propagation ¢ and they may argue, as we
are quite ignorant of the cause of the rectilinear motion of
light, or the modus operand: which produces it, we cannot as-
sume that as light approaches the earth in motion, it may not
in some way be influenced, or a deviation caused: and it is
only so far as we assume some theory of the nature of light
that we can form any conception which may guide us to a
conclusion on this point: and assuredly a theoretical investi-
gation would 1n this peint of view be not only desirable for
the theory, but necessary for the explanation of the fact.

Those then who contend for the necessity {for a theoretical
Investigation to explain the aberration, appear implicitly to
assume that we cannot infer the absolute universality of the law
of rectilinear propagation of light at all paris of its course to
the earth in motion; though the result of the investigation on
the undulatory hypothesis, with the =ther in motion, is to
estublish it.

The question then is, whether this assumption be really
called for in the uature of the reasoning: Is our ignorance of
the nature and propagation of light so entire, that, for anythin
we know to the contrary, the mere circumstance of the rnpig
motion of the observer may in some unknown way act upon
the ray of light as it approaches him and divert its course
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o wreerens fCton thousand leagues away . -
| . Into the {lev_it;:us air 7 |
or is such an idea so wholly improbable and unsypported
by analogy that all consideration of it may be discarded, and
the question rather put, What should lead us to imagine such
an exception? or the enus probandi be thrown on the side
of those who would assert it? . - _ o
.- On this question 1 would only observe that every inductive
law is-essentially open to exceptions which may call for some
modification of it, but any such exceptions must be substan-
tiated on the most unequivocal evidence, belore the can be
admitted as influencing the universality qf the taw, 1f this be
pccepted as a fair rule of inductive logic, it will follow that we
need pot trouble purselves with imagined or possible excep-
tions to the general law of rectilinear propagation, which may
concéivably be oceasioned by causes whaily unk_ngwn._ If in-
deed we had any reasonable ground for suspecting that any
Eknown cause, such as e. g. terrestrial magnetism or electricity
‘or heat, might act upon 'ﬁght as it approached the earth, then
it would be a perfectly reasonable demand to see whether those
causes produced any deviation, before we assumed the per-
fectly rectilinear course of the rays. o .
But without insisting on snch gonsiderations as those just
referred to, 1t will I think be ngreed on all hands, that,admitting
the aberration to be wholly accounted for by the known facts
relative to the motion of light and the earth, still the explana-
tion cannot be ¢alled a perfect or philosophical one until those
facts themselves gre completely expiained_ by a_,._thearyﬁ CON=
necting them, and congequently thﬂ,ﬂ-bﬂrrqtlpn, with the whﬂ_rlﬂ
assemblage of laws and phenomena of light; and . therslore
that an appeal to the undulatory {or whatever is the beste
established) theory is in this sense a necessary partof the inves-
tigation, Yet we should bear in mind that it 1s not morc
peculiarly essential in this case than in many others; such ag
e, g. the case of the rainbow before adverted to. S

‘As another parallel case we might refer:to the polarized )

rings. Granting the facts of polavization, and of the mterfe-
rences of polarized light, the formation of the rings is completely
explained without reference to any theory of the nature ot

light, It is a question for the credit of any theory, whether it

will account for the laws of polarization and the interferenees
of polarized light: if it does so, it explains the rings; and the
undulatory theory alone has been shewn to.de-se. At the

same time had we no theory explaining and connecting the

laws of polarization and interference, we should certainly feel
our views of the whole subject very unsatisfactory.

Prof. Powell o the Theory of the Aberration.of Light. 439

In the case of aberration, the only difference perhaps is that
the facts which explain the aherration are so much more simple
and familiar that we feel satisfled almost without any theory
of them at all, T R P ST
- Or again :—the retardation owing to light entering a denset
medium, as the humours of the eye, and the question of
s influence on the aberration, were discussed at sn early
period by Melvill (1753) and Wilson (1782) on the theory of
emission and attraction ; who for a long time. did wot perceive
the compensation effected by the greater refraction®: this is
in itself independent of theory, Yet the theoretical investiga-
tion was not unimportant, - o

Boscovich+ also had maintained that an object viewed
thraugh a refracting medium in motion with the observer, will
change its apparent place; and both heand Prof. Wilson had
proposed to try it by means of a telescope filled with water.
But Mr. Robison 1, besides pointing out the inspracticability
of this project, showed on theoretical grounds an oversight in
the reasoning (though he had himself for a time embraced the
idea), and concluded by establishing, on the emission theory,
this proposition ;—* If a ray of light moving in any direction,
and with any velocity, meet with the surface of a refracting
medium while it is in motion, its final relative motion will be
the same as if the medium had been at rest, and the light had
approached it with the same initial relative motion.” (P. 106.)
And questions somewhat akin to these have occupied the at-
tention of more recent inquirers in connexion with the prin-

ciples of undulations; and especially the conclusion that the

laws of reflexion and refraction in general are uninfluenced by
the motion of the ®ther along with the earth, has formed the
subject of one portion of Mr, Stokes’s investigations. And
that such investigations are requisite for a r:um[:%ete and: satis-

factmg' theoretical view of the case, must on all hands be ad-
mitted, R | .

Or to take a different illustration ;~~when the composition of
forces and the experimental law of falling bodies were known,
the explanation of the pendulum was complete, without any
reference to the theory of universal gravitation. But it was
incumbent on that theory to explain fi)e law of falling bodies
and when it did so, it explained the pendulem.  No one how-
ever doubts that it is highly valuable and satisfactory thus to
connect the pendulum with universal gravitation, Heve, in-
deed, the case is far stronger than in those of light, since we

* See Rigaud’s Memoir of Bradley, p. xxxiii, and 483.

+ Miscell, Works; vols, i1, and iv. 1785. 1 Ed, Trans, ii. 83, 1788,
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can here appeal to a vere causa of the highest and most
comprehensive kind, whilst, however exactly the undulatory
theory may explain any or all phenomena, it still does not
carry us up to any wvera causa, the existence of the ather
having no independent proof, and being thus altogether hy-
pothetical, as there is no more proof that the medium which
resists Encke’s comet is the same with the luminiferous sether,
than there would be that atmospheric air is the same with

inflammable gas.
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LXII. Remarkable Solar Halos seen on the 19th of October
1846. By Epwarp Josern Lowe*,

ON Monday, October 19, 1846, remarkable solar halos

were observed at Highfield House, Nottinghamshire,
The morning was fine with linear-cirri at a great altitude and
cumuli floating beneath. The upper current drove the clouds

~ from south, the lower from south-west,
At 22t the phanomenon might

be said to have commenced, for the
sky had assumed a hazy appear-
ance, and a halo (1.) of 22° 3¢/
radius had become visible: this
was of a pale straw colour and
soon became bright. The sky
within the halo was considerably
darker than that without.

22h 10™m. An inverted arc of
another halo (11.}, of (apparently)
83° radius, also of a pale straw
colour, formed at the vertex of
the other halo, appeared.

At 22b 15m the halo (II.) had
assnmed a brilliant yellow colour,
and the portion (IV.) which
joined the halo (I.) a flame-like
appearance, having widened con-
siderably, being now about 8° in
width and 6° in length. 'This brilliant parhelion, as I shalil
call it, became in a few minutes intense in brilliancy, vieing
with the sun, for that luminary had been deprived of his
usual brilliancy by haze, and had-its rays carried out con-
siderably. No change took place until 23" 30™, when a third

* Communicated by the Author, ..
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hﬂ]? (LI1.), of 83° radius, and also of a straw. colour, was visible.
This circle touched the halos (1 and 2 at IV.), and its centre
was 11° below the true sun.  The upper half of the halo (111.)
was bright; but the lower portion, which is marked by the -
dotted lines, was not visible, owing to cumuli being very
abundant on the south horizon. The lower portion of the halo
(1.) was also at this time nearly invisible, but the parhelion
(IV.) ‘was even more brilliant than before.

This appearance continued until Ot 10m, then the halo (I11.),

togethfer with the lower portion of the halo (1.), vanished. Lhe
parhelion (IV.}, with the halo (11.) and upper half of the halo
(L), was still very bright.
At 0" 40™ the whole of the halo (1.} was again very bril-
liant, as also was the halo (IL) and parhelion (1V.).” The
upper half of the halo (II1.) had again become visible, and a
new feature to the phaenomenon occurred, to describe which
it will be necessary to continne the arc of 2 halo (IL.) so as to
describe a circle, which we will do with dotted lines, to show
that that portion was imaginary.

In a horizontal line with the centre of the circle (I1.} on
the north-east side, and at a distance of 34° from the centre,
was formed an arc of another circle (V.), inverted with regard
to the halo (IL.), of (apparently) 23° radius. This was of a
pale silvery hue. Thearc of a’halo (V.) was formed touching
the 1maginary part of the halo (11.) on a horizontal level with
the centre of the halo (I1.). This was very apparent, though
not very brilliant.

At 0% 45™ halo (V.) disappeared, together with halo (II1.)
and the lower part of the halo (L.).

1* 0™, All the circles had disappeared, and the sky was
scattered over with cumuli.

12 5™, "The halo (11.) and the upper portion of the halo (1.)
and parhelion (IV.) were again visible and brilliant. |

12 7m, All had again disappeared. |

18112, ‘T'he halo (I.) again visible, but the parhelion (IV.)
was not formed, although the halo was visible where it was
before formed. |

12 12m, Halo (I1.) faintly visible.

18 13m, All had again disappeared, and cumuli had be-
come very abundant. |

1" 30™, The halo (I1.) and upper portion of the halo
(I.) together with the parbelion (IV.) were once more formed.
I'he parhelion was very brilliant. Much linear cirri was
visible, with ‘cumuli beneath moving rather rapidly. A cu-
mulostratus also was moving on the south-cast horizon and
another on the east horizon,
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