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PREFACE. ix

guite capable of being stated in a way entirely uncon-
nected with any physical hypothesis, will be evident to
any one who has studied them. And that they no more
necessarily involve a theory than any of the properties
of lenses or reflectors, but in reality stand as completely
on their own basis of experimental facts, reducible to
mathematical laws, the author trusts will be rendered
evident to the satisfaction of every reader in the follow-
ing pages. '

To the neglect of this consideration is probably owing
much of the reluctance which has prevailed to the gene-
ral introduction of the study of the more recondite and
delicate investigations of the science: and the notion
that they were identified with a gratuitous and doubtful
theory, would seem actually to have thrown discredit on
some of the most thoroughly established matters of fact
which the science discloses, and cunsid'erabi}r impeded
its advance. The idea of a physical polarity, and the
theory of fits, would appear to have been so viewed that
the credit of the experimental conclusions seemed to be
at stake along with the terms.

But these distinctions must now be generally recog-
nized ; and instead of making a division between classes
of facts, where no essential difference can be pointed out,
the more correct mode of proceeding will be, throughout
the whole course of optics, to keep separafe the state-
ment of the experimental laws, and of the theoretical
principles by which they may be accounted for. In the
higher portions of the subject, this distinction has hardly
perhaps entered into the views of any writer. It has
been a main object, however, with the author of the pre-
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PREFACE. xi

&e. are shewn to be such as ought to result from a pe-
culiar system of motions propagated according to given
laws, consistent with acknowledged dynamical principles.
For the establishment of some of the most important
points of this theory the student must consult the Papers
of Professor Airy, in the Cambridge Transactions. An
able article on the subject will also be found in the Solu-
tions of Cambridge Problems, 1831.

In extending his range of subject the author has been
restricted in the selection of topics, from the desire of
keeping the work within a small compass. His choice
has therefore been always directed with a view to general
results rather than to a multitude of details, which how-
ever valuable in themselves, and in their practical relations,
might rather encumber than advance the study of prin-
ciples. This must be his apology for the omission of
many points which he would willingly have introduced
or discussed more copiously. Secarcely any mention is
made of the numerous experimental and practical appli-
cations of the theory, beyond the two important cases
which refer to the principle of the telescope and micro-
scope, and these are but very briefly discussed: equally
destitute will the treatise be found to be of particular ex-
amples to the formulae, or deductions from, and problems
founded upon, the theorems. DBut the former class of
illustrations are generally of such a nature as to be readily
understood as soon as described or seen, by any one who
is well possessed of the principles here laid down: whilst
ample descriptions may be found in professedly practical
treatises. To this class belong the various singular op-
tical exhibitions; of which a remarkable case may be




























































AT PLANE SURFACES. 13

the law of refraction, whilst another portion undergoes internal
reflexion. As the incidence increases the portion reflected in-
creases; but when the angle arrives at the position to which we
have just referred, where ¢, has arrived at the limit of refrangi-
bility, then the ray is no longer refracted: but suddenly the re-
flected portion receives the addition of all the remaining portion

of the light, and thus an internal reflexion of great brilliancy
takes place. At this position the value of ¢, as stated above, is,

¢, = sin. _l(i_z)

if therefore we observe the angle, we can thus determine m.
Dr. Wollaston suggested a method of finding the refractive
powers of substances, founded on this principle. It is on this
principle also that the instrument called the Camera Lucida is
constructed. A solid piece of glass is cut with plane sides at
such an angle that rays of light entering it from an object shall
be totally reflected at the internal surface upwards to the eye;
which eonsequently refers the image to a horizontal plane below;
as a table or paper on which the image appears painted, and
may be traced out with a pencil.

From this consideration of the limit of refraction, it follows
that an eye placed in a more refracting medium, as that of a fish
under water, will receive the ray coming from an object on the
horizon in a considerably inclined direction, and such an object
will appear therefore elevated in the air. Thus all objects
above the water will appear contracted into a circular space
round the vertical point ; and in the region immediately without
this will be seen the objects at the bottom of the water by in-
ternal reflexion from the surface.

The atmosphere consists of air decreasing in density, and
therefore in refractive power, as we ascend. Hence a ray of light
coming from any of the beavenly bodies is refracted slightly on
entering our atmosphere, and undergoes a greater deviation at






















































































































































































































































































































































INTERFERENCES OF LIGHT. 127

fully applied in explaining the most recondite phenomena by
M. Fresnel and Professor Airy.

106. We have here supposed the case of two sets of rays
coming from origins at equal, and great distances, so that the
portions of concentric circles marking the corresponding intervals
upon the diverging rays of the same pencil, might be taken as
sensibly parallel straight lines. If we suppose the distances less,
we could not in this way find the value of »; though the inter-
vals ¢ would still be equal. If to the last supposition we add
that of unequal distances to the origins, we might still have a
similar construction of arcs intersecting; but the values of ¢
would be unequal. In the former cases also, if we take any
series of the points of intersection, they will lie in diverging
straight lines ; or, if the origins be very distant, these lines will
be nearly parallel ; and the light received on a screen, or the eye,
at successive distances, will give the dark and bright stripes at
equal distances along the screen, which will contract gradually
and uniformly as we approach the source. If we suppose the
origins at unequal distances, the construction would give stripes
not only at unequal intervals along the sereen, but these inter-
vals varying rapidly as we approach the origin. If we consider
any one set of consecutive points, it will be evident in this case,
upon the simplest geometrical principles, that as they are the
intersections of two radii originally differing by a given quantity,
and constantly increasing by equal increments, their locus will be
an kyperbola, of which the two origins are the foci: and if one
be infinitely remote the hyperbola will approach to a parabola.
We shall presently recur to this case.

107. The existence of similar and dissimilar points at given
equal intervals along a ray being established as an experimental
fact, we may observe as a consequence from it, that if we con-


















































































































































































































