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Light«soatterine in homoreneous media reparded asreflection from ennroprinte Tt} elastic wevestherme 1

by

of
a¥ ¥.%,Krishnan ane

University Allehebad,
ABS TRACT

Attributing the soattering of light in a homogeneous

transparent liquid tc the local fluctuetions in density,
and the latter to the superposition of the thermel elastic
waves of different wave- enJfhamaintained in the encloecure,
one may, following Hinstein, eveluate the scattering co-
efficient of the liquid alone any given direction. The

expression for the scattering coefficient invclves a

trivle infinite series, which Rinstein evaluateaby suit-
nobly replacing it by a triple intesral, The series, how-

ever, cin be directly summed, and the contributions from
nat£incor i ner proaressive wevees to scatterine atudied in
detail, This method brings out prominently the avpropri-
ateness of recurding scattering as regular Brags rofl ec-
tions from suitable elastic waves; and also reveals sony
interesting feitures which are missed when the summation
ie replaced by interration,

The intensities of the Brillouin components, are
ealculated on this basis, both in a fluid me dium ant in
@ crystal; and in the latter ease the axpression for the
over-all intensity of the Brillovin components is shown

to be identical with the well-known expression of Waller
in X-ray scattering.
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1. BINSTRIN'S TREATMENT OF LIGHT-SCATTERING IN

A LIQUID

The intensity ef light scattered by @ homogeneous liquid
is calculated by Einstein (1910) in the following manner.

Consider for simplicity a monatomi ¢ liquid contained in a

large cube of edge-length L, O<c< L, O<¥<L, 0<Z2<L.
The local fluctuations in the density of the liquid, due to
thermal agitation, which ultimately produce the scattering,
may be expressed in terms of the stationary elastic waves

maintained in the cube ;
D=

ere 6
A= 21 21 gee Gly

ZT ec

where A is the fluctuation in density at any point xyz
from the mean value D , and eo are positive integers
which define as usual the stationary elastic waves; a, station-
ary wave defined by Hlven € will consist in general of

waves hose wave-length is equal
to 2U/(e +a +T ) and the direction-cosines of whose

wave-normals ( one in each octant of cordinate space are
given by the eight combinations of (tf, +

( 2 )

where N is the frequency and V___ is the phase velocity,
of elastic waves of wave-lencth Ao.

Consider a small cube of edge-length 1 of the liquid,
with its edges parallel to those of the large cube. The

fraction of the incident light scattered by this element of
3

volume 4 , per unit solid angle, along a direction making
an angle cP with the incident direction, will then be given
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by

L = _-_ yO; B 2. oee(9)

3

3

where So is the scattering coefficient per unit volume of the

liquid per unit solid angle along the direction congidered,
'and U, is the corresponding coefficient for an individual

N

not isolated atom in the liquid, n is the number of atoms

per unit volume, Ben is the time-average of Boog » and

it (e
0 (4)_-

where Co T, are positive numbers, not necessarily integers,
which analogously to Co-tdefine certain wave-normal direct-
ions, and a wave-length, and are such that

(1) one of the four pairs of wave-normals defined by

them is along the bisector of the exterior angle
between the directions of incidence and

them satisfies the Bragg condition for reflecting
the incident light-waves along the direction of

(2) the wave-length A= 21/ (eeent)" defined by

of observation,

observation, namely
2A Lom Dr, - &)

where A. is the wave-length of the incident light.
In other words, if there were elastic waves in the liquid

of the above wave-length, and progressing along the above

bisector in either direction, the coefficient of reflection
of the incident light-waves from these elastic waves would

be @ maximum in the direction selected for observation of
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scattering.
In (3) we have expressed the scattering coefficie

5 of the liquid along any given direction in terms@
of the scattering coefficient. of the atom, i.e., the

atomic cross-section for scattering, along the same

direction, namely . The introduced here is
analogous to the well-known atom form factor for

intensity in X-ray scattering. will be propor-
tional to M? where M is the dipole moment induced in
the atom per unit "field in the medium", and since
the actual field acting on the atom which produces
the dipole moment M is not merely the field in the

medium but includes the polarization field due to

surrounding atoms, will not be an atomic constant,
but will depend also on the density of packing of the

atoms in the medium.

We may mention here that in Einstein's derivation,
S is expressed in terms of the local fluctuations

60
in the refractivity of the liquid accompanying the
fluctuations in density. We shall dfscuss the value of

in the liquid in relation to the density of
ce

packing of the atoms, and the refractivity of the

liquid, in a later section of the paper (See Section 6).
We should, however, emphasise here a fundamental

assumption that underlies the derivation of relation
(3). Consider a small element of volume ay in the

liquid containing on an average N atoms, the linear
dimensions and thedisposition of the volume el ement

being such that the scatt_ered radiations from the
different parts ofthe element reach the observer in

is the meanpractically the same phase. If an™

square of the fluctuation in the number of atoms in
the volume element from its average value Ne the assump-
tion referred to is that the contribution from this
volume element to the scattering by the liquid is given

5 AN* + 06)ce
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We shall discuss the validity and the implications of
thie agssumction when we take up in Section 6 below the

question of the relation batween the atomic scattering
coefficisnt in thm liquid and the density and the refreeti-
vity OT the liauid.

2. EVALUATION OF THE SERIES APPEARING IN

(3) BY INTEGRATION

Coming beck to axpression (3 ) for S since theeg?
wave-lensth of light is long in sompsrison with the inter-
atomic distance, tha values of en To even for the
beckward direction of obaervation, will be much smaller
than the maximum values of € C C for the elastic wavea,

and C respectively, the summations in (3) may be taken
tc extend over 61] nermitied (discrete) values of 5 or y
or S o8 the case may be, from ~60 to +00,

How @ vary in steps of unity, and for ziven
directions of incidences and observation, i.e. for given

$ ths co¥rasponding steps in the variation of

5 " D will be W/2. ' L/L. » and ean be made infinite-

end since the sienificant velues of Aw
2 c/s" are confined to smell values of yand Am

simally small by making suffisiantly emall in compari-
son with L. Doing sh, and regarding Boot fas inde-
pendent of COT which will be practically the casa
at room temperiture which is high mough for the term]
enersios of ths lone a waves thet are involvadc here

4

to be nearly proportional to the absolute tenperature --

We obtain

(2)
3

d
(7)

from which we obtain



see (8)

At the hich temperatures that we are considering

5 {9}
3

where (2 is the isothermal compressibility of the liquid,
and @ is the Boltzmann constant, and we obtain fer the

scattering coefficient per unit volume, per unit solid
angle, along the direction consi dered

eee (10)

For a gas obeyine Boyle's law, ART and Sep
becomeaa aqual to YL + As should ba axpected since
seattered radiations even from atoms will
then be of random phases, In the other extrame ease where

all thedtoms scatter in the gmgge zhase, S will evicently

. RTP

be equal to oy .

3. DIRECT SUMMATION CF THE SERIES

We wish to point out here thet the series apc
on the left henc side of (7) may be summed up directly, and

to draw ettention to certain interesting features in scate

tering thet are revealed by the summation, and sre missed
when it ie replaced by integration in the manner described
above. Want is required is the sum of the values of
ace§[$* » at sequel intervals = 7/2. U/L » and

it can be shown that

N=
* o(11)It

+ 00 p e (na + 8)

where Yu is am intecer, OCH é<. 81, and OB isa
constent. © in our problem is equal to 7772. ULtimes
the fractional part of © or G or T, » ag the case may

fre)
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/ be). The proof is as follows'¢

Theory of Infinite Series®, Macmillan, 1931, p.371, ex. 5.

Consider the known series*
- -('2)

+ 007

(3
in which (A is a constant, n an# integer, and 0 <U< 27iC 'The

series can be integrated term by term with respect to in any
closed interval (7,3 ), where O< Y < y <2 , since it is

uniformly convergent in this interval, We then obtain
+ CO

yon +

Cxy=
Keeping 3 constant and making Y-» © , it is readily seen

+ 00 cosi(r+ (2)d$ 1 o
o (m+ fe)"

sinee the first series on the left hand side of (13) is

that (13) reduces to

uniformly convergent, and therefore represents a continuous
function of Putting

now

> = =QX, and a
(0

= @ . andnow

dividing both sides by we obtain, for OLKL LTC
+A 2 _-

This can be seen to be true for & =/U also, and hence (11)

™

C1)
VU = BQ

holds over the interval O< x Iv

-#-"Prroo
* See

October 2S, (747,
or example Z. Bromwich, "An Introduction to the

+ We are thankful to Professor Norbert Wiener for the

Letfollowing elegant alternative proof of.(11).
Pope) de

be the Fourier transform ef the function
m + 8)

Ae) =
4

9

Then +O . 2. tu U7

"Ee ae

f° uSten - ASO <td,6

170
Poissons (powmula

Hay fate
Nous aecomding

4 Cmtwsd at
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bé ). The proof is as followss

paw [3G
sider the wok-known series*

Cyst(12)
in which fe is an ints ereconstant and

ouraetves Im the interval © <
4s
Law s thé series m

6324 oan be intezreted term by term (i.e., the sum of the

series of intecrals thus obtained will be equal to the

of the sum), since it is uniformly conversent

in the owJ oourhood of zero, and is bounded edbyes conversent

over the whole interval inclwine zewo, Replacing each sine

tern in (12) by the product of & sins und [cos ne term and

@ we have

9.> (13)

n= \

Putting y/2 = Oo
? 0B

= 6, transposing fat * Lee to

the left hand side, and dividing both si des by a Oo Os

we obtain for O <M ft
+ 06 Aen (WL +8) ff

This oan be readily seen to be true for C= it

and hence (11) holds over the interval O <& & TT,

also,
(MX + 8)*

* See for exancle J, Bromwich, "An Introduction to
2x, 5,

the Theory of Infinite Series", Macmillan, 1931, p. S7t

+ We are thankful to Professor Norbert Wiener for the

following elecunt al ternative proof (11).
Let 2

+ 00

be she Fourtar tranaform ofwhefunetion
. NN

1
, Bay,

Then
=

ustem -2LU LZ

Now according to Poisson's formula,



a asin,

We notice in particular that the sum in (11) is
independent of O.

Coming back to the series appearing on the left hand

side of (7), we obtain using (11)

.3

the same result as obtained in (7) by integration.
Since the series can be summed up, it is not necessary

to mke 4 small, One may choose A as large as one likes,
even make it equal L 9 in which case becomes equal to

uaking Loli, one obtains (3)
and still satisfies the condition <OX Thoms

ee «(152.3

where

2. y; eee (16)
Tran ®D (t

and 0, = 1/2 times the fractional part of © , etc.
zach of the three sums appearing in ee) is obviously

equal to 2, giving for See the same valueSon before.
4. LIGH- SCATTERING REGARDRD AS REFLECTION

FROM APPROPRIATE ELASTIC WAVES

Expressions (15) and (16) for
Sep

ing information »
3

(1)

give us the follow-

For any given stationary wave (specified by given
+ (= ),5

where HE is an integer, and &>o . If further, as

in our problem, a is not greater than there is only
one value of " for which 4 a differs from ©, namely
VY = O e and 8 00) = Se )

and is independent
of 9 « Hence

277+
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eat (16) and (16) give the variation of its
contribution to Qe with the change in the direction
of incidence or of observation, i.e. with the changes

fhe variation is 4sin

P/E Y/Y
Fao whee P= etc., and

(2) For any given directions of incidence and of obser-

vation, i.e, for any given €, TU, (1%) and

(18) give the contributions to ee from different
stationary waves, i.e. stationary waves of differ-
ing e oT these contributions also are pro-
portional to E/E. aon ' ane6) S™ b being
zero when P=, etc., and a change of © or ©

or C by unity, as will occur when we pass from one

stationary wave to the adjacent one, corresponding
to @ change of T/2. in 5, or 7 ,

oF G , respective
~ly.

It can be readily seen that the resolving power of the

stationary waves regarded as forming a reflection grating is
just half that necessary to resolve, in the Rayleigh sense,
the reflections from adjacent stationary waves, by which we

mean stationary waves vhose or @ or T values aiffer by

uriity. Hence the significant part of the contribution to Ox,
comes from waves whose € 9 T lie close to ¢ 0, T, + and

practically lie in the range ©, £2, £2, «

Hence it is not now necessary to assume the independence of

Pore on € We choose for B* the value appro-
priate to the neighbourhood of € T..

On the other hand when the scattering volume is restrict-

eemmnenteed

-ed to a small element Lek, the resolving power of

the elastic waves inside the element regarded as forming a
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reflection grating naturally becomes smaller by a factor L/L,
and hence not only the few elastic waves whose € C values
lies in the close neighbourhood of € T,, but waves cor-

responding to a much wider range m= (C-2l/L)cec(e+alete. -
will apparently contribute to the scattering along any given
direction.

4-00

in (18) is equal to 2, which is just twice the value of
> 2 etc. appearing

=

Now/ea ch of the sums t = d

ae % e* at Fao, etc. Their product will therefore be

8 times the value at F=4=T= 0. Now in reflection from a

stratified medium, it will be seen by applying Huyghens's

Principle, that the variations in density along the normal to
the piens=of reflecti will affect the intensity of
reflection in the Bragg direction. Hence the above result
indicates that S is eight times the coefficient of reflee
tion along the Bragg direction of reflection from a pair of

progressive elastic waves, extending over the whole volume

of the liquid, the two progressive waves travelling in
opposite directions along the bisector of the exterior angle
between the directions of incidence and of observation, the

wave-length of these waves,A= 2L[crotet*)™ _ A/(2.ae~ elt)
being that appropriate for giving @ Bragg reflection of the
incident light-waves of wave-length A along the direction
of observation, and the energy of each of the two progressive
waves being one-eighth of the energy associated with a normal

mode of vibration*, or one-eight.of the energy of a Planck
oscillator of frequency N, corresponding to the wave-length

/\, « It follows that See may also be taken to be just the

[alone

3

coefficient of reflection along the Brage direction of reflec-
ge

* since eight such progressive waves constitute one

normal mode of vibration.



tion, from these two progressive waves, provided we assign to

each of these waves the full energy of a Planck oscillator of

the appropriate frequency N,

5. INTENSITY OF SCATTERING IN TERMS OF THE

ENERGY AND VELOCITY OF PROPAGATION OF THE

REFLECTING ELASTIC WAVES

In the last section we noticed that practically the whole

of the contribution to the observed scattering along any given
direction comes from the few elastic waves in the close neigh-
bourhood of those in a position to reflect, in the Bragg sense,

the incident light waves along the direction of observation,

i.e. from those elastic waves whose eo values lie in the

close neighbourhood of » and hence expression (8)
for So » namely B

Se =
60 S

will be valid even under conditions when Be may not be

Sndependent of ect» CoB at low temperatures, provided we

E . In that caseuse for B2 the value appropriate for e

it will be convenient to express Bert, in terms of the

energy and the velocity of propagation ofthe elastic waves

defined by © G>T,» instead of in terms of RTP as We

did at the high temperatures. The expression for Oo will now

be of the form

El)
e VD

velocity of propagation of elastic waves of this frequency in

1
$e (18)

whose E (N.) is the energy of a Pla 0scillator of frequency

N, andequal to &N [RT ) LAN, and V, is the

1/2

al /(¢,*
the liquid

+

For the long elastic waves A. > involved in light-scatter-
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practically independent of the wave-lengthing, \VV, will be
be

leading to the same expressional to

We have confined ourselves till now to & fluid medium, in
which the elastic waves concerned in reflecting the incident Aght
waves, and thus producing the observed scattering, are longitu-
dinal waves, the direction of displacement of the atom@s under
these waves being along the wave-normal, i.e. along the norml

for S as before.

to This wil 1 be the case in an elasti-Weta 02
cal ly/ani 80 ropic solid, the wave-length A

_ and thedirection
"> of the elastic waves which by +of the wave-normal, say

reflection of the incident light waves produce the scattering,
Will still be determined in the same manner as before, namely
by €, 00 T, , but the frequency N, and the velocity of pro-
pagation of these elastic waves will now be de pendent on

the direction of prepasation-of the wa veg/in the crystal, and

will have three different values, corresponding to the three
directions of displacement in the crystal associated with elasti
waves of a given wave-length, and given wave-normal direction,

Further, the directions of displacement will not in
general be parallel and perpendicular respectively to the
direction of the wave-normal » 48 in an elastically isotro-
pic medium, but will be inclinedito this direction. Let 842, 2) 0,
be the angles which the three directions of displacement make

with the direction of the wave-normal of the elastic waves.
According to the Huyghens's Principle it isened ene components
of the sae lacements along the normal to the/plane

P tea wt
that

will sffeot, the intensity of reflect on. Hence the

scattering wil
now be given by

EIN ) * ¢ (18)



where N. =v. /K, » and Ve 21,23) are the
Ni

frequencies and the yelocitd es of propagation of the
three polarized elastic waves associated with the

wave-] ength \, , and the wave normal 7%, both defined

by

Expression (18) can be readily recognised as

Waller's (1925) expression for the intensity of

scattering of X-rays of wave-length
A - » can be expressed as usual

in terms of the elastic constants of the crystal,
which for such long wave-lengths A, a8 are involved

here, will be practically the same as the static
elastic constants of the crystal.

6. THE ATOMIC CROSS-SECTION FOR SCATTERING

Coming back to the liquid medium, we proceed to

evaluate the cross-section of the atom in the liquid
for scattering, namely Top If the incident light
is linearly polarized, and the direction of observa-

tion makes an angle 9 with the electric vector of
the incident light ( and cp with the direction of

propogation of the incident light, as before ) 9
40

as we have defined it, will evidently be given by
a

(19)

where M is the dipole moment induced in the atom per
unit "field in the medium", as usually defined, of
the electric vector of the incident light-wave, and

is given by

e (20)

where X_ isthe optical susceptibility and € is the
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square of the refractive index, of the liquid.

We should emphasise here that the field actually

Hence

(21)
ce

acting on the atom, and producing the dipole moment M, is
not merely the field in the medium, say &, but also includ-
es the polarization field P due to the dipole moments

similarly induced in all the surrounding atoms. Hence in
expression (20) will not be just proportional to

(except in a gas where Er! ) but will be greater. If the
polarization field P has the Lorents value, namely

4, the total field which acts on an atom

and induces the dipole moment M, will be

or E+ 2)/2 timesE, where @ is the mean dielectric
constant of the medium. Hence neither My nor

nor TG as wé

have defined it, whichis proportionalto M , will be
atomic constants, but will depend also on ths density of
packing of the atoms in the medium. If the dislectric
constant conforms to the Lorentz formula, Te will be

proportional to will be correspondingly muchand

higher in the liquid than in the gaseous state.
Expressions (19) and (20) are intended to refer to

the case when the incident lighti polarized,
and the direction of observation makes an angle 9 with
the direction of the electric vector of the incident light
wave. If the incident light is unpolarized, in the
above expressions will have to be replaced by (I+
and for other polarizations of the incident light by a

suitable factor t(P) which can be readily calculated.
Substituting the value of ee deduced here in

'expression (10) for Soe we obtain

71RTP (22)
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7, COMPARI WITH BINSTBIN'S VALUE

We expressed in the first place in terms of the:
atomic scattering coefficient Op ,» and thence deduced

expression (22) for De » whereas in Einstein's deriva-

tion, as we mentioned in an earlier section, Sig i8 con-

nected directly with the local fluctuations in the refracti

vity of the liquid accompanying the fluctations in density,

the two are related in the following manner.

in our notation gives the scattering per unit

volume from an element of volume when all the atoms in the

element scatter in the same phase. This wou1 d correspond

Kinstein adopts the Lorentz relation

NT

in Binstein's dirivation to T/* (D 2¢/aD)a In evaluating

(23)

differentiating with reference to Dwhich gives on

eee (24)De

which leads to Rinsteing's expression for namely
2

- ~!

This ad ffergs from (22) in that it includes the factor
which is not prea in (22).

This discrepancy is due to the following circumstances

0¢/aD occurrine in Binstein's expression for Ye denotes

the fluctuation in © in any small element of volume of the

liquid accompanying the fluctuation in its density,', per
unit value of the latter, Adopting a suitable formula

connecting © and for the liquid, for example the

Lorentz formula (23), as we have done, we would not be

justified in obtaining the required value of a€/AD by

differentiating € in the expression with reference to

D . Such a differentiation would give the change in HE
consequent on a change of D, per unit value of the later,
when the density D of the liquid is varied uniformly theo.
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throughout the liquid, whereas the variations of density
we are concerned with here are local fluctuations, the
fluctuations in different regions being uncorrelated with
one another. In order to ob'ain the value of dE/OD
appropriate for such local variations in density, we need
to know how the polarization field at any point, which is
equal to YT 1/3 =(€-1)/2 times the field in the medium, and
which together with the latter fives a total field

times the field in the medium, varies with the
fluctuations of density at the point. Now the polarization
field at any point will be determined not only by the
density of distribution of the atomic dipolesin its close
neighbourhood but in the whole of the surrounding regions.
Hence though © apvearing in the numerator of-(23) will
vary in accordance with the fluctuations in density at the
point, € occurring in the denominator of (23), which
comes through the factor (E+2)/3 « Which gives the ratio
of the actual field to the field in the medium, both at
the point, will not vary in the same manner. From some

arguments put forward by Ramaathan (1927 ) it appears that
to a first a-proximation the polarization field at any
point in the medium should be independent of the fluctua-
tion in density at the point. In other words the value of

appropriate to our problem would epproximate
more closely to the expression

ace (26)
oe

Cx 2rather than to
oe

34
BE =

obtained by direct differentiation of Lorentz's express-
ion, and civen in (a).

The fundamental assumption underlying our deri vation
of expression (3) for Seo 3 namely that the contribution
to

Sep from a small element of volume 03 in the liquid
containing on an average N atoms, and so small that the'
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scattered radiations from different parts of the volume

may be regarded as being in practically the sams phase, i8

Ue ,given by (6) Bolg is indeed

equivalent to assuming that the Lorentz polarization field
at any point in the liquid is practically independent of

the local fluctuation of density at the point. Hence the

absence of the factor in our expression for
Seo

ag compared with Binstein's.
The avaihable experimental data for light-scattering

in a large number of liquids, 2s wes shown by one of us

several years avo (Krishnan, 1926), point definitely to

the need for deleting the factor from Binstein's

expression (20) for the scattering coefficient in a liquid,

8. BRILLOUIN SPLITTING IN LIGHT-SCATTERING

We have neglected till now the small changes in

frequency accompanying scattering, i.e. the enhancement

and degradation in frequency accompanying the reflections

respectively from the two sets of progressive waves ... c.

travelling in opposite directions, to which attention was

first 'drawn by Brillouin ( 1914, 192%.}. Consider an

ala ati Cc wave defined by Tand having a frequency

eontri ion rom 18 weve scattering coeffi
selected for obser-cient S.. along the direction

vation of scattering, which we shall denote by oTe

will now consist of two terms, as Brillouin (1933) has

shown, namely

(27)
[S.

where the two tterms with superscripts + and - corres

pond respectively to scattering of enhanced and degraded



frequencies, namely _. Let us denote

5 Ry and the components of the wave-vector K
of the incident light-wave, ,ond by R,

) Kyand Re the compo-
nents of the wave-vector le' of the scattered radiations

fie'=1/n = u/ywhere wo and v are the velocities
in the liquid of the incident and the scattered radiations
respectively; " hesides being slightly different from

, Will also be slightly different for the two values

v/v. and
A

of lo' . Bither of the two terms in (27) will now be given
by

8I28Dsa Dee T (2

in which » € sre now given by

o0a(29)

t{a € LkS

L ey
- le.7 7

TL e

[Sel and corresponding respectively to
the two values of R, ¢

It will be seen from (29) that the condition F=y=S=0
which defines the directions of maximum intensity of refle
tion for the two frequencies, is not now the same as the

Bragg condition, namely C=, co=9; and C= ®t, but

corresponds to slightly different values of ¢

will also be slightly different for the two Brillouin
components.

which we shall denote by ©. TU, respectively. e' a' 7'

f
In the special case when } is put equal te R,

i.@e, when we neglect the change in frequency accompanying
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reflection, Qe, a> Tv, reduce to ¢ g> T, as they should

and ill th#be equal to and

will be twice the walue given by the right hand side of

(28).
Considering the general case, and confining ourselves

to a given direction of incidence, and a given direction of

observation, it will be readily seen from (29) that as we

pass from one elastic wave to another, the corresponding
change in (and similarly in y or G ) will be given
by

Ag/ae = + TL AR /ae, +630)

which in view of the relation K,= e L)wh e K,is the
= component of the elastic wave-vector \€ and

(2L) becomes

eo

(31)ae @

Ae +L AK je' K

Now

AE Ae
Hence

eee (32)Alar e') + A (VK)

(33)AN/AK + SI

¢AK Av/AR
where + and Gr are the group velocities of the
scattered light-waves, and of the elastic waves in the

neighbourhood of the waveenumber re , respectively.

* (34)le'
Ca Gra

22 IK

In the second term inside the square brackets, Re /Ie'
and /K are direction-cosines, and hence will
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will in genera] be of the same

order of magnitude as Vor' » the ratio of the velocity of
sound to thet of light, and hence the second term will be

negligible in comparison with the first term, and Ag/ae,

Sat AE

and similarly AY) [ao and » will be almost exactly
equal to In other words as we pass from one station-E-
ary elmstic wave to the adjacent one, and the or @
or values change by steps of unity, the corresponding
chanzes in S " will be in a teps practically of T/2 as
before.

Since AN[ae 1
etc., are practically w/e, [Se].

of in the close neighbourhood of the correspond-

ing CatC. , or practically of C,I> T+ since e'-@ ,ete.
can be readily showm to be less than 41 + V/0™,
and hence less than 1 when L is of the order of unity. In
other words the frequencies Neer and the mean square of
amplitude Bere » for the elastic waves concerned

or IS will be significant for only few values

effectivel in scattering either of the Brillouin compo-
nents will be practically those corresponding to

n other words for any given direction of incidence, and of
obser vation atanangle the changes in frequency
will be practically t+ N, » and the intensity of either
component will be given by

(35)
5

5
128D>

ce lo De
E(N.)

(36)

Thus the coefficient of scattering of either of the Bril-
louin components separetely, of enhanced or degraded

frequency, N. per unit volume, per unit solid
angle, will as before be equal to eight times the maximum
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appropriate frequency N, 'ravellins along the appropri

the three components on any one side, corresponding to the

sities of the three being given respectively by (See(18))

intensitywe of reflection from * progressive weve of the

ate direction, and
extending

over the whole volume ° of
the liquid, and having kpMa ® energy ot Planet oscillator of

frequency N, .
This result is the aame ug tthat ob".ained by Brillouin

(1933) 'ss sumed the two progressive waves that give
rise respectively to the two 5 peetral components in sout-

wn

teringi> as each hav the full ener > ofa Planck oscilla-
tor, and further arbitrarily took the scattering coeffi-
cient aa equal to. t he reflection coefficient tc. + the noxious
correspondine to ta4 = FC=0.

In 8 erystal too, the wave numbers K of the elastic
WAVAS weick effactively contribute topacattering alone any
civen direction, will be defined as before by €, o T, and

precticelly by but in general there will be

three differ ent values of No asgeciated with the three
velocities of Props ation of a weve whose wave-leneth and

8- -normal are defined by e. gS Ts and hence there wil
be three poirs of Brillouin components whose frequencies
are

2 3.
a

On this basis the intensities of Brillouin components

corresponiin - t the same frequency shift on either sida,
ity, whereas the intensities ofwill be w& the same

three values of will be widely different, the inten-

and © and Nes and hence also, being widely differ=

Te ECV; )
y 2

t 2 (57)

ent for the three components.
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9, RELATIVE INTENSITIES OF THE STOKES AND THE °

ANTI-STOKES BRILLOUIN COMPONENTS

From the point of view adopted above, which regards
the Brillouin components on either side as Doppler shifts
accompanying reflections from the appropriate progressive
waves moving in opnosite directions the enhanced and degras
ded frequencies corresponding tothe same frequency ~ shift
N, should be of the same intensity. Though this will be

temperatures. The intensities will then have to be calcula-
ted on the quantum theory, as in the ease of the intensitie
of the Raman spectra. Indeed the Brillouin compongats are.

the Stokes and the anti-Stokes Raman lines respectively,
due to acoustic frequencies, whereas the usual Raman spec-
tra are due to the vibrational anrotati onal fr equenci 88

characteristic of the mediun, j.e., due to the optical
branches of the elastic waves, which also will be present
in general, and which for simplicity, we have neglected
till now, in the erystal explicitly, and in the liquid
implicitly by assuming the liquid to be monatomic.

fhere is one strikine difference between Raman

spectra due to the acoustic and the optical branches of the

elastic waves. Whereas for the optical branch of the elasty

wave-length A = r » and hence the corresponding
Raman shifts AY. =+ Ny are independent of /A , and

therefore of the direction of scattering, for the acoustic
branch Ne is nearly proportional to V/A » and hence the.

frequency shifts of the Brillouin components are propor-
tional to JA » and hence vary 48 pin &,

The effect of including the optical branch will be

true at all ordinary temperatures where

is the Boltzmann constant, this will not be the case at. low

waves the frequency N. is practically independent of the

two-fold. Besides the appearance of the usual Raman spectra
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the polarigetion characteristics of ordinary scattering
@lso will be vreatly altered since for the scatter-
ing waite will be a function of the direction of the élac-
tric vector of the incident light wave in relation to' the
dispositions of the different atoms. In other words the

optical branch of the elastic spectrum will not only pros
duce Raman apectra corresponding to much larger frequency
shifts than are involved in Brillouin splitting, but will
affect the polarization of ordinary scattering ina
liquid the effect will be the same as that attributed in t
the usual treatment to the optical anisotropy of the moles

¥

cules in the medium.

8U1ARY
fhe intensity of light scattered by a homogeneous

monatomic licuid can be calculated readily, following
Binstein, by attributing the scattering to the local
fluctuations in density, and rersarding the latter as due to

the superposition of the standing or progressive elastic
_waves of different wave-lengths. The expression for the

scattering coefficient along any given direction involves

a

. & triple infinite series, each of which is of the fom

Ve~ 20 0MK +
and 6 are positive constants. By splitting the medium

+B)
where " is en integer and

into amall volume elements, of may be made sufficiently
and the summation may be replaced by integration,

and this is usually done. But this is not necessary, since
the series can be summed even when of is not so small,
provided O<xX <7 5 which is actually the case, since,
even when the volume element chosen is the whole of the

medium of is pust
Taking the medium ag a whole, one finds that the

sma

elastic waves recurded ag forming a reflection grating,
have a high resolving powyr, actually half that necessary
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to resolve in the Rayleigh sense the reflections from

adjacent elastic waves; and hence it becomes convenient
to regard scattering in terms of reflection from the eppro-§
priate elastic waves.

On this basis, the coefficient of scattering along
any eiven direction comes out to be eight times the coaffi-
cient of reflection at the maximum from just two procress-
ive waves in the medium which satisfy the Brace law, eadh

of the two wves having one-eighth the energy of a Planck
oscillor of the same frequency as the waves.

These two procressive waves give rise respectively
to thatwo Brillouin componfients in scattering, and the

intensity of either of them deduced in tha above manner

agrees with that by Brillouin, who assumed each

of the pr ve waves to have the full energy of a

Planck oscillater and who further arbitrarily took the

scattering coefficient as equal to the reflection coeffi-
cient at its maximum.

The calculation of intensity is extended to a erystal-
line medium, snd the expression for the total intensity of
all the Brillouin components together, is shown to be

identical: with Waller's expression for X-ray scattering.
For more precisa éalculation of intensity the Bril-

louin components have to terecarded ag the Raman spectra
due to acoustic freqhencies, as distinzuished from the
usual Raman spectra, which also will be present when the
elastic spectrum consists of optical branches also.
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