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The green colouring matter of leaves affords an excellent example of the identity
of the effect produced on light by natural bodies and of ordinary absorption; for the
same very peculiar system of absorption bands which are displayed by a clear solu-
tion of the colouring matter may be observed directly in the leaf itself. However, it
is needless to bring forward arguments to support a theory now I suppose universally
admitted ; my present object is merely to point out the mode in which the colours
which bodies reflect, or more properly scatter externally, depends upon the absorb-
ing power of the colouring matter, so as to justify the conclusions deduced in Art.
142, from observations made in the manner there described.

176. Let white light be incident on a body having an irregular internal structure,
such as a coloured powder. A portion will be reflected at the first irregular surface,
but the larger portion will partly enter the particles, partly pass between them, and
so proceed. In its progress the light is continually reflected in an irregular manner
at the surfaces of the particles, and a portion of it is continually absorbed in its
passage through them. For simplicity’s sake, suppose the light incident in a direc-
tion perpendicular to the general surface, and neglect all light which is more than
once reflected. Let £ be the thickness of a stratum which the light has penetrated,
I the intensity of the light at that depth, or rather the intensity of a given kind of
light, so that the whole intensity may be represented by /' Idu, w being the refractive
index in some standard substance. In passing across the stratum whose thickness
is dt, suppose the fraction gd¢ of the light to be absorbed, and the fraction rd¢ to be
reflected and scattered in all directions, then

dl=—(g+r)ldt.
Integrating this equation, and supposing I, to be the initial value of I, when #=0,
we have
I=Te @ . . . . . .. (a.)

For the sake of simplicity, suppose the body viewed in a direction nearly perpen-
dicular to the general surface; and of the light reflected and scattered in passing
across the stratum whose thickness is d¢, suppose that the fraction #» would enter the
eye if none were lost by absorption, &c. Then the intensity of the light coming from
that stratum would be nrIdf. But in getting back across the stratum whose thick-
ness is 7, the intensity is diminished in the ratio of I, to I. Hence if I' be the inten-
sity of the light actually entering the eye,

dl'=nrly ' Tdt=nrl e ***"qys.
If we suppose the thickness of the body sufficient to develope all the colour which

the body is capable of giving, the superior limit of # will be oo, and we shall have
nr

I=goigle © o o o o L (b)

177. The colour which accompanies ordinary reflexion being usually but slight, I
shall neglect the chromatic variations of ». It is ¢ which is subject to extensive and
apparently capricious variations, depending upon the refrangibility of the light.
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Imagine two curves drawn whose abscisse are proportional to w, and ordinates pro-
portional to the ratio of I to I, for the first, and the ratio of I' to I, for the second.
These curves will serve to represent to the mind the composition of the light trans-
mitted through a stratum of the body bhaving a thickness ¢, and of that reflected
from the body when seen in mass. It is plain that the maximum and minimum
ordinates in the two curves will correspond to the same abscissae; but unless ¢ be
very small, so small as to be insufficient to bring out the colour of the medium seen
by transmission, the maxima and minima will be much more developed in the first
curve, whose ordinates vary as e™%, than in the second, whose ordinates vary as
(g+r)~'. If, then, the absorbing power be subject to fluctuations depending on the
refrangibility of the light, the bands of absorption may be observed either in the
reflected or in the transmitted light, but they admit of being better brought out in
the latter.

178. If the nature of the substance be given, ¢ will be given. If now the body be
of a loose nature, as for example blue glass reduced to a fine powder, r will be con-
siderable. Hence, in accordance with the expression (b.), the quantity of light
scattered externally will be considerable, but the tint will be but slight. If the
powder be now wetted, the reflexions at the surfaces of the particles will be di-
minished, » will be diminished, and, as appears from (b.), the quantity of light scattered
externally will be diminished, but at the same time the tint will be deepened, since
the chromatic variations of I' are increased. If the body be compact and nearly
homogeneous, » will be small, and therefore very little light will be returned, except
what is regularly reflected at the first surface. The tint of the small quantity of
light which is reflected otherwise than regularly, will be somewhat purer than before,
inasmuch as the chromatic variations of I' tend to become the same as those of ¢~

On the nature of False Dispersion, and on some applications of it.

179. It bas been already stated that a beam of falsely dispersed light seen in a
fluid bas generally more or less of a sparkling appearance, indicating that it owes
its origin merely to motes held in mechanical suspension. Sometimes, however, no
defect of continuity is apparent. This is especially the case when two fluids ave
mixed together, of which one contains in solution a very small quantity of a sub-
stance which we might expect to be precipitated by the addition of the other, or
when a slightly viscous fluid has remained quiet for a long time. If some part at
least of a falsely dispersed beam be plainly due to motes, that does not of course
prove for certain that there is no part which may have a different origin, and may
be essentially connected with true dispersion; nor do the theoretical views which I
entertain of the cause of the latter lead me to regard it as at all impossible that a
beam polarized in the plane of reflexion, and having the same refrangibility as the
incident light, may be a necessary accompaniment of true dispersion. However,
observation, I think, points in a contrary direction; for although more or less of
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false dispersion is almost always exhibited along with true dispersion, the quantity of
the former seems to have no relation to the quantity of the latter, but does seem to
have relation to the greater or less degree of clearness which we should be disposed
to attribute to the fluid.

180. The phenomenon of false internal dispersion seems to admit of being applied
as a chemical test to determine whether or not precipitation takes place. Thus, if a
little tincture of turmeric be greatly diluted with alcohol, and then water be added,
a yellow fluid is obtained which appears to be perfectly clear, exhibiting no sensible
opalescence ; but the occurrence of a copious false dispersion when the fluid is
examined by sunlight, reveals at once the existence of suspended particles, though
they are too minute to be seen individually, or even to give a discontinuous appear-
ance to the falsely dispersed beam. Although such a precipitation could not, I
suppose, be used as a means of mechanical separation, it might still be useful as
pointing out the possibility of an actual separation under different circumstances as
to strength of solution, &ec.

181. One of the best instances of false dispersion that I have met with, best, that
is, in forming a most excellent imitation of true dispersion, occurred in the case of
a specimen of plate-glass which was made, as I was informed, with a quantity of
alkali barely sufficient. This glass, which was very slightly yellowish brown, when
viewed edgeways by transmitted light, had a bluish appearance when viewed pro-
perly, strongly resembling that of a decoction of the bark of the horse-chestnut,
diluted with water till the dispersed light is no longer concentrated in the neigh-
bourhood of the surface. But when the glass was examined by sunlight, the polariza-
tion of the dispersed beam, and the identity of its refrangibility with that of the
incident light, showed that this was merely an instance of false dispersion. Another
very good example of false dispersion is afforded by chloride of tin dissolved in a
very large quantity of common water.

182. When a horizontal beam of falsely dispersed light is viewed from above, in a
vertical direction, and analysed, it is found to consist chiefly of light polarized in
the plane of reflexion. It has often struck me, while engaged in these observations,
that when the beam had a continuous appearance, the polarization was more nearly
perfect than when it was sparkling, so as to force on the mind the conviction that it
arose merely from motes. Indeed, in the former case, the polarization has often
appeared perfect, or all but perfect. It is possible that this may in some measure
have been due to the circumstance, that when a given quantity of light is diminished
in a given ratio, the illumination is perceived with more difficulty when the light is
uniformly diffused than when it is spread over the same space, but collected into
specks. Be this as it may, there was at least no tendency observed towards polariza-
tion in a plane perpendicular to the plane of reflexion, when the suspended particles
became finer, and therefore the beam more nearly continuous.

183. Now this result appears to me to have no remote bearing on the question of
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the direction of the vibrations in polarized light.  So long as the suspended particles
are large compared with the waves of light, reflexion takes place as it would from a
portion of the surface of a large solid immersed in the fluid, and no conclusion can
be drawn either way. But if the diameters of the particles be small compared with
the length of a wave of light, it seems plain that the vibrations in a reflected ray
cannot be perpendicular to the vibrations in the incident ray. Let us suppose for
the present, that in the case of the beams actually observed, the suspended particles
were small compared with the length of a wave of light. Observation showed that
‘the reflected ray was polarized. Now all the appearances presented by a plane-
polarized ray are symmetrical with respect to the plane of polarization. Hence we
have two directions to choose between for the direction of the vibrations in the
reflected ray, namely, that of the incident ray, and a direction perpendicular to both
the incident and the reflected rays. The former would be necessarily perpendicﬁlar to
the directions of vibration in the incident ray, and therefore we are obliged to choose
the latter, and consequently to suppose that the vibrations of plane-polarized light
are perpendicular to the plane of polarization, since experiment shows that the plane
of polarization of the reflected ray is the plane of reflexion. According to this
theory, if we resolve the vibrations in the incident ray horizontally and vertically,
the resolved parts will correspond to the two rays, polarized respectively in and per-
pendicularly to the plane of reflexion, into which the incident ray may be conceived
to be divided, and of these the former alone is capable of furnishing a reflected ray,
that is of course a ray reflected vertically upwards. And in fact observation shows,
that, in order to quench the dispersed beam, it is sufficient, instead of analysing the
reflected light, to polarize the incident light in a plane perpendicular to the plane of
reflexion.

Now in the case of several of the beams actually observed, it is probable that many
of the particles were really small compared with the length of a wave of light. At
any rate they can hardly fail to have been small enough to produce a tendency in the
polarization towards what it would become in the limit. But no tendency what-
soever was observed towards polarization in a plane perpendicular to the plane of
reflexion. On the contrary, there did appear to be a tendency towards a more com-
_ plete polarization in the plane of reflexion.

M. Basiner has been led by the same reasoning to an opposite conclusion
respecting the direction of the vibrations in polarized light, resting on an experiment
of M. AraGo’s, in which it appeared that when light was incident perpendicularly on
the surface of white paper, and the reflected or rather scattered light was viewed in
a direction almost grazing the surface, it was found to be partially polarized in the
plane of the sheet of paper*. But the actions which take place when light is inci-
dent on a broad irregular surface, like that of paper, bounding too a body which is
so translucent that a great part of the light must enter it and come out again, appear

* Comptes Rendus, tom. xxix. p. 514.
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to me to be too complex to allow us to deduce any conclusion from the result respect-
ing the direction of vibration. Besides, the result itself admits of easy explanation,
by attributing it to the light which has entered the substance of the paper and come
out again, which might be expected to be polarized by refraction.

Effect of Heat on the Sensibil-ity of Glass, &c.

184. The sensibility of glass is temporarily destroyed by heat. The glass may be
heated by holding it in the flame of a spirit-lamp, as a heat much short of redness is
sufficient. This takes place even with glass coloured by oxide of uranium, which is
in general so highly sensitive. The sensibility returns again as the glass cools. A
bead of microcosmic salt, containing uranium in its highest state of oxidation, is very
sensitive when cold, but insensible when hot. The sensibility gradually comes on as
the bead cools. A solution of nitrate of uranium in water on being heated has its
sensibility impaired, very much so by the time the temperature reaches the boiling-
point. The sensitive compounds, whatever may have been their precise nature,
obtained by fusing the sulphates of soda and potassa on charcoal before the blow-
pipe, were insensible while hot. The few vegetable solutions which I have
examined with this object did not seem to have their sensibility affected by being
heated. ‘

Effect of Concentration and Dilution.

185. In investigating the change of refrangibility produced by a sensitive substapce
in solution, it is almost always convenient to have the solution weak. This however
is by no means merely a matter of convenience, for the quantity of light which the
medium is capable of giving back with a changed refrangibility is often materially
diminished by increasing the concentration of the solution. Thus a solution which, -
when in a concentrated state, exhibits no sensible dispersive reflexion, will often
exhibit when much diluted a very copious appearance of that nature. On the other
hand, the dilution may of conrse be carried too far, so as to render imperceptible the
peculiar properties of the substance dissolved. Yet it is wonderful what a degree
of dilution a highly sensitive solution will bear before its sensibility ceases to be
perceptible. "

That the sensibility will be diminished, and will at last become imperceptible, if
only the dilution be carried far enough, is nothing more than might have been pre-
dicted with the utmost confidence. In such a case the light passes completely
through the fluid long before it has produced all the effect which it is capable of pro-
ducing. But that concentration should be an obstacle to the exhibition of the phe-
nomenon is not perhaps what we should have expected, and deserves an attentive
-consideration.

186. Imagine a given sensitive substance to be held in solution, in a vessel of which
the face towards the eye is plane, and the breadth in the direction of vision as great
as we please ; and suppose the solvent, or at least the fluid used for diluting the solu-
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tion, to be itself colourless and insensible. Suppose the fluid to be illuminated by
light of given intensity and given refrangibility entering at the face next the eye, and let
the eye E from a given position look in the direction of a given point P in the nearer
surface of the vessel. In short, let everything be given except the strength of the
solution. For the sake of simplicity regard the eye as a point, and make E the vertex
of an indefinitely thin conical surface surrounding the line EP. Call this conical
surface C, and let ¢ be the surface within the fluid generated by right lines coinciding
with the refracted rays which would be produced by incident rays coinciding with
the generating lines of the surface C. This latter surface we may if we please regard
as ¢ylindrical, since we shall only be concerned with so much of the fluid contained
within it as lies at a distance from P less than that at which the light entering the
eye in consequence of internal dispersion ceases to be sensible; and in the cases to
which the present investigation is meant to apply this distance is but small compared
with PE. Let the fluid within ¢ be divided into elementary portions by planes
parallel to the surface of the fluid at P, and at distances from P proportional to the
strength of the solution. It is evident that an element of a given rank, reckoned
from P, will contain a constant number of sensitive molecules, and the incident light
in reaching this element has to pass through a thickness of the medium such that a
plate of the same thickness, and having a given area, contains a given number of
sensitive or absorbing molecules. The same is true of the dispersed light which
proceeds from the element and enters the eye. Now it seems natural to suppose that
if the strength of a solution be doubled, trebled, &c., or reduced to one-half, one-third,
&e., the quantity of light absorbed will be the same provided the length of the path
of the light be reduced to one-half, one-third, &c., or doubled, trebled, &c. This
comes to the same thing as supposing that each absorbing molecule stops the same
fractional part of the light passing it, whether the solution be more or less dilute.
We should similarly be inclined to suppose that each sensitive molecule would give
out the same quantity of light, when influenced by light of given intensity, whether
it belonged to a stronger or a weaker solution. If we admit these suppositions, it is
plain that the quantity of dispersed light which reaches the eye from the element
under consideration will be independent of the strength of the solution. This being
true for each element in particular will be true for the aggregate effect of them all,
and therefore the quantity of light exhibited by dispersive reflexion will be indepen-
dent of the strength of the solution. It may be readily seen that the result will be
the same if we take into account the finite size of the pupil.

187. Now this is by no means true in experiment. On examining in a pure spec-
trum a highly concentrated solution of sulphate of quinine, a copious dispersion was
observed to commence a little below the fixed line G. It remained very strong as
far as H, and beyond. In the weak solution first mentioned in this paper, it will be
remembered that the dispersion seemed to come on about GFH. The reason of this,
or at least one reason, is evident, and was very prettily shown by the form of the
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space to which the dispersed light was confined. On looking down from above, so
that this space was seen in projection, it appeared in the case of the weak solution
to have approximately the form of the space contained between one branch of a rectan-
gular hyperbola, one asymptote, and a line parallel to the other, the first asymptote
being the projection of the anterior surface, and the line parallel to the other being the
course of the least refrangible of the active rays which were capable of producing a
sensible quantity of dispersed light. The breadth of the illuminated space, which among
the most highly refrangible rays was almost insensible, continually increased, until
the space ended in a blue beam which went quite across the vessel. But in the case
of the strong solution the illuminated space had throughout an almost insensible
breadth, except just close to its lower limit, that is, the limit corresponding to the
least refrangible of the active rays, where it ended in a sort of tail or plano-concave
wedge, which penetrated to a moderate distance into the fluid. Hence one reason,
though perhaps not the only reason, why the strong solution showed a copious
dispersion from G to G3H, where the weak solution showed hardly any, is plain
enough. But in the region of the invisible rays beyond the violet, the dispersion
was plainly more copious with the weak than with the strong solution. It appears
then that in such a case the sensitive molecules do not act independently of each
other, but the quantity of light emitted by a given number of molecules is less, in
proportion to the light (visible or invisible) consumed, than when a solution is more
dilute. We should expect & priori that when a solution is tolerably dilute further
dilution would make no more difference in this respect. This seems to agree very
well with experiment. For when a pretty dilute solution and one much more dilate
are compared with respect to the quantity of dispersed light given out in a given
portion of the incident spectrum, they appear to be alike. I suppose the comparison
to be made with respect to such a portion of the incident spectrum, or in the case of
solutions of such strength, that the dispersed light is confined to a space extending to
no great distance into the fluid in either solution. Under these circumstances the
comparison may be made easily enough. ‘

188. In the actual experiment, the elementary portions of light coming from the
elementary strata of fluid situated at different distances from the anterior surface
enter the eye together. Let us however trace the consequences of the very natural
supposition, that in passing across a given stratum of fluid the quantity of light
absorbed, as well as the quantity given out by dispersion, is proportional, ceteris
paribus, to the intensity of the incident light. The incident light is here supposed
to be homogeneous, and to belong indifferently to the visible or invisible part of
the spectrum. In crossing the elementary stratum having a thickness d¢, let the
fraction gdt of the incident light be absorbed, and the fraction rd# dispersed in such
a direction as to reach the eye; and of the latter portion let the fraction sd¢ be
absorbed in crossing a stratum having a thickness dt, s being different from ¢ on
account of the change of refrangibility. Then by a very simple calculation similar to
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that of Art. 176, we find for the intensity I' of the dispersed light which enters the eye
r
I'= E:"—S 05

I, being the intensity of the incident light. Since a sensitive fluid is in general coloured,
and the dispersed light is in general heterogeneous, s will in general be different for
the different portions into which the dispersed light would be decomposed by a prism.
However, if the fluid be colourless, or all but colourless, as is the case with a solution
of sulphate of quinine, s will be insensible, so that I' will be proportional simply to
rg~'. Hence from the observed variations in I, arising from variations in the strength
of the solution, we may infer the corresponding variations in r¢~".

If, then, we represent by the ordinate of a curve the ratio of the quantity of light
given out to the quantity of light absorbed by a given number of active molecules,
the abscissa being the ratio of the quantity of diluting fluid to the quantity of the
sensitive substance in solution, it appears that the curve will be concave towards the
axis of the abscisse, and will have an asymptote parallel to that axis.

On the Choice of a Screen.

189. We have seen that white paper, the substance commonly employed as a
screen on which to receive the spectrum, gives back with a changed refrangibility a
portion of the light incident upon it. This might in some cases lead an observer
not aware of the circumstance to erroneous conclusions. Since the colour of dispersed
light depends upon its refrangibility, which is different from that of the active light,
the colours of a spectrum received on white paper must be somewhat modified. In
truth the intensity of the light dispersed is so small compared with the intensity of
the light scattered, that the modification is quite insensible except in the extreme
violet. But beyond the extreme violet the spectrum seems to be prolonged with a
sort of greenish gray tint, which belongs neither to that nor to any other part of the
true spectrum. In experiments on absorption, if instead of receiving the light
directly into the eye it be found convenient to form a pure spectrum on a screen of
white paper, then, if the absorbing medium be placed in the path of the incident
light, the scattered light forming any part of the spectrum cannot be cut off or
weakened without at the same time cutting off or weakening the dispersed light coming
from the same part of the screen. But if the absorbing medium be beld in front of
the eye, its effect on the spectrum will sometimes be very sensibly different from what
it would be were the screen to send back none but scattered light.

It is true that the quantity of light dispersed by white paper is so small that this
substance may very well continue to be used as a screen, without any danger of the
observer’s being deceived, if only he be aware of the fact of dispersion, so as to be on
his guard. Still, it is not unreasonable to seek for a substitute for paper, which may
be free from the same objection.

190. A porcelain tablet appeared to be unexceptionable in this respect, for it exhi-
MDCCCLII. 3z



536 PROFESSOR STOKES ON THE CHANGE OF REFRANGIBILITY OF LIGHT.

bited no perceptible sensibility, even when examined by a linear spectrum. However,
the translucency of the substance gave the spectrum a blurred appearance, and the
fixed lines were not shown so well as on paper.

Chalk scraped smooth is well adapted, from its fineness, its whiteness and its opa-
eity, for showing the most delicate objects. The finest fixed lines are beautifully seen
on it, decidedly better than on paper. Its sensibility too, though not absolutely null,
is much less than that of most kinds of white paper. Indeed, it would be an unne-
cessary refinement to seek for anything better, were it not that a piece of sufficient
size might not always be at hand. From what I have seen, I believe that the best
kind of screen will be obtained by the use of some white inorganic chemical precipi-
tate, but my experiments in this department have not yet been sufficiently extended
to authorize me in recommending any particular process.

191. The object of the observer may however be altogether different, and he may
wish to extend the spectrum as far as possible, for the purpose of viewing the fixed
lines belonging to the invisible part beyond the extreme violet, or making experi-
ments on the invisible rays. For this purpose it would be proper to employ a clear
and highly sensitive solid or fluid. A weak solution of sulphate or phosphate of
quinine would do very well, or a weak decoction of the bark of the horse-chestnut
(no doubt a solution of pure esculine would be better), or an alcoholic solution of the
seeds of the Datura stramonium. But perhaps the most convenient thing of all would
be a slab of glass coloured yellow by oxide of uranium. This would be always ready,
and in point of sensibility the glass does not seem to yield to any of the solutions above
mentioned, at least so far as relates to those rays which are capable of passing through
glass*.

192. In making experiments on the invisible rays, it is well to get rid, as far as
possible, of the glare arising from the bright part of the spectrum, and therefore a
clear solid or solution is preferable to an opake screen. If it be desired to show the
fixed lines in the visible and invisible parts of the spectrum at the same time, a screen
may be employed consisting of paper washed with a moderately strong solution of
sulphate of quinine, or an alcoholic solution of stramonium seeds. Turmeric paper
is not, I think, quite so geod for showing the fixed lines of very high refrangibility,
but is at least equally good for the extreme violet and for the rays a good distance
further on, especially if it has been washed with a solution of tartaric acid. It is
likely that many other acids would do as well. Very excellent screens might pro-
bably be prepared by washing paper with a solution of esculine, or even of the bark of
the horse-chestnut+, or by covering pasteboard with yellow uranite reduced to fine

powder, and made to adhere by a weak solution of pure gum Arabic; but these I
have not tried.

* See note F. + See note G.





