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The temperature kinetics of a new phenomenon, the splitting of the stimulated scattering line of the 
Rayleigh line wing (RLW), is observed and investigated by a specially developed experimental technique. 
The measurements were performed in four organic liquids with optically anisotropic molecules, viz., salol, a

chloronaphthalene, nitrobenzene, and quinoline. A number of general properties of the spectral 
distributions of the stimulated depolarized scattering increments and of the corresponding thermal 
scattering cross sections are established on the basis of calculations. A method is shown for the 
experimental determination of the signs of the two mechano-optical coefficients, which are the parameters 
of the phenomenological relaxation theory. The results of the experiments are compared with calculations 
based on the formulas of the phenomonological theory. 

PACS numbers: 78.30.Ly 

The spectrum of the light scattered by fluctuations of 
the anisotropy in a liquid constitutes a broad band with 
a rather complicated intensity distribution. This band, 
or wing of the Rayleigh line, extends 100-150 cm"l in 
both directions from the frequency of the exciting light. 
Even before the advent of laser sources, it had been ex
perimentally established that in acetic acid and tri
acetate, [11 and also in a number of other liquids, [21 a 
narrow portion of the wing is observed, the halfwidth of 
which does not exceed 0.3 cm"t, and it can be seen on 
an interferogram as a distinct line if the polarization of 
the scattered light is such that the linearly polarized 
Mandel'shtam-Brillouin components and the central 
component are completely extinguished. 

The application of a spectrally narrow, intense gas
laser line enabled us to study the structure of the Ray
leigh line wing and to discover a new phenomenon[31 in 
the Jo;II and J If% spectral) of depolarized scattered light, 
In this phenomenon, the narrow portion of the wing is a 
doublet consisting of broad components which are con
siderably superimposed. This phenomenon was not de
scribed by the then-existing theories of the distribution 
of the depolarized scattering of light. Within a year, 
this phenomenon has been confirmed experimentallyW 
and maxima have been observed for the J ylf component 
of the depolarized scattering spectrum in the frequency 
range of the Mandel'shtam-Brillouin components, due, 
according to modern representations, to the interaction 
of acoustic longitudinal waves with the modes of ori
ented motion of the medium. 

The purpose of the present research was to in
vestigate experimentally the stimulated light scattering, 
brought about by the J ylf and J y % components of the spec
tra of thermal depolarized scattering. The threshold 
of stimulated scattering on the wing of the Rayleigh line 
(RLW) is considerably higher than the threshold of the 
scalar stimulated Mandel'shtam-Brillouin scattering; 
therefore, a special method of selection was devel
oped[5-7] for the depolarized types of stimulated scat
tering (SS), which enables us to suppress scalar types 
of scattering, and also the phenomena of self-focusing 
and phase modulation, and thus, to observe and study 
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the stimulated scattering of the Rayleigh line wing in 
two components of polarization of the scattered light: 
JYIf and Jyx. [5-7] Numerical calculations are given for 
the spectral distributions of the increments of the stim
ulated scattering and the thermal scattering cross 
section, and where possible, the results of cal
culations are compared with the experimental 
results. 

1. CALCULATION OF THE COEFFICIENTS OF 
AMPLIFICATION AND THE CROSS SECTIONS 
OF THERMAL SCATTERING 

The phenomenological relaxation theory of thermal 
light scattering yields expressions for the spectral in
tensity densities of the scattered light J a8 or the corre
sponding differential cross sections of thermal scatter
ing dR~B/dO de in a medium with an arbitrary number of 
relaxing scalar and symmetric tensor parameters. [8] 
The corresponding amplification coefficients for stim
ulated scattering are found with the help of the universal 
relation[9] 

where 0 = WL - Ws is the difference in frequencies of the 
incident and scattered light, J L (W/cm2 ) is the intensity 
of the pump light, g(O, e) is the local increase in am
plification in cm"l, WL and kL are the frequency and 
wave number of the pump light wave, k is the Boltz
mann constant, and T is the absolute temperature. 

On the basis of experimentally known parameters, we 
limit ourselves to a Single relaxation time for the bulk 
viscosity (one scalar relaxation parameter) and to two 
relaxation times for the shear viscosity (two tensor re
laxation parameters). In such a medium, the spectral 
density of the light intensity of components scattered at 
90° takes the form[8] 

I" - -:- - [I/3Xq2(I/3X-2y)+y2q21+-+-':'+~- c.c. , 1 { 1 rn' n' n 2 } 

,u ~ A, 1'1 I.,. 
(2) 

1 {X'q. 1 (n t • n.,) } 1,,=1 .• -- --+- -+- -c.c. , 
. iQ 4A 2 1'1 A, 

(3) 
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FIG. 1. Dependence of the relative displacement of the maxi
mum 0m'7"1 (or of the maxima 0ml'7"l and Om2'7"2) of the increment 
go (5) on the parameter nVn~ or '7"1/'7"2 =5 (curve 1, '7"1/'7"2 = 6 
(curve 2), '7"1/'7"2=10 (curve 3). 

1 {q"X' 1 (n,' n,') } J.%-- ..--+- -+- -c.C. , 
iQ 2~ 2 A, A, 

(4) 

where q = {kL, - kL' a}; I ql = 2nkLO; n is the index of re
fraction of the medium; kLO is the wave number of the 
pump in vacuum; X, Yare the complex optical moduli 
of the medium; nh n2, m are the actual optical moduli, 
which determine the dependence of the permittivity on 
the relaxation parameters. In addition, we introduce 
the notation \. = 1 + iOTc and ~c = 1 + iOTo where T c is the 
bulk viscosity relaxation time and Tj(i= 1,2) are the re
laxation times of the tensor parameters, ~ = - P00 2 + KI 
= (4/3)J.Ll is the resonant denominator of the Man
del'shtam-Brillouin doublet, A = J.L1- P00 2 is the reso
nant denominator of the shear doublet, K and J.L the bulk 
and shear complex elastic moduli of the medium, and 
Po is the mean density of the medium. 

The term X2 / ~ in Eq. (4) leads to the appearance of 
maxima in the intensity distribution at frequencies 
close to the resonances of the denominator~, i. e., to 
frequencies of the shift of the Mandel'shtam-Brillouin 
components. The relative shift in the maxima of the 
Mandel'shtam-Brillouin, y2 / ~ in the J u component 
(2) or X2 /~ in the Jyy; component, is due to the strong 
dispersion of the mechanical-optical coefficient X(O), 
and in particular, for liquids, X = 0 at n = o. 

Far away from the resonances of the denominators of 
A and ~, the spectral distribution of the increments of 
the depolarized scattering are identical for gyx and gy. 
and with account of the two anisotropy relaxation times, 
then are written in the form of a sum of two Lorentz
ians: 

(5) 

In the general case, the spectral distribution (5) can 
have one or two maxima, depending on the ratio of the 
parameters TdTz and nfln~. 

The regions of existence of one and two maxima of 
the distribution (5) were calculated with a computer (we 
call these regions 1 and 2, respectively). Inside region 
2, the amplification coefficient (5) has two maxima 0mt 

and 0m2, located at frequencies approximately equal to 
l/Tt and 1/T2, respectively, and in region 1 it has one 
maximum. In this range of values of the parameters, 
and also in the region of transition through the boundary 
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from 1 to 2, there is no simple relation between the lo
cation of the maxima of the amplification coefficient and 
the relaxation times. Figure 1 shows the characteris
tic dependence of the location of the maximum amplifi
cation (5) on the value of n~/n~ for Tt/T2 equal to 5, 6, 
10. It is obvious that the experimental measurement 
of the locations of the maxima (or maximum) of the 
amplification (5) enables us to assess only the absolute 
values of the quantities nt and n2 and not the signs of 
these optical moduli. Account of the terms previously
descarded in Eqs. (2), (3), (4) also has a significant 
effect on the location and value of the maxima (or max
imum) of the distribution of the increment of stimulated 
scatte ring. 

In the range of frequencies where A and ~ have reso
nances, the spectral distributions (2), (3), (4) can be 
Significantly different from a superposition of two Lo
rentz ian contours. Since only a single relaxation time 
of the anisotropy has been measured for most liquids 
at the present time, we tentatively analyze the spectral 
distributions of the increments in the approximation 
T2 = O. The corresponding densities of the amplification 
coefficients are of the form 

(6) 

(7) 

where At = 1 + 02~; the frequency of the shear wave is 
O~ = J.Loog 2/p; ~, and ~" are real quantities, determined 
by the equation 

0MB = (g2 /p) Re{K + (4/3)J.L) is the frequency of longitu
dinal sound; ~"={I/pO)Im(K+{4/3)J.L) is its attenua
tion. 

The spectral densities of the amplification coeffi
cients (6) and (7) were calculated with a computer for 
salol, nitrobenzene, quinoline and a number of other 
liquids. The spectral distribution of the amplification 
coefficient gyx for the range of temperatures where 
0MBT ~ 1 has, in addition to the maximum corresponding 
to the Lorentzian (O = l/T), a more or less intense sec
ond maximum near the frequency 0MB. At a certain 
temperature, both maxima have approximately the 
same value and consequently one can expect the appear
ance of a doublet in the stimulated-scattering spectrum. 
For 0 MB T1> 1, the second maximum becomes small in 
amplitude and vanishes. The value and shift of the sec
ond maximum of the increment gyx depend essentially on 
the relation of the parameters T, 11', OMBO, (71' is the 
bulk viscosity). 

The location of the maxima in the spectral distribu
tion of gy. can be found by solving the equation dgy./ 
dO = O. A computer calculation just as in the direct so
lution of this equation, shows that in the temperature 
range O,.$l/T the amplification coefficient (6) has a 
single maximum (Fig. 2) corresponding to 0 = l/T. 
Thus, in this range of temperatures, there are no com
ponents of the corresponding fine structure of the Ray-
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I 
FIG. 2. Spectral distribution of the increment gy. (1) and the 
thermal scattering cross section (2) for Jy• polarization. 
Quinoline at 20 'C. 

leigh line wing in stimulated radiation. In the temper
ature range O,,s liT, the effect of the fine structure 
manifests itself in an insignificant increase in the am
plification coefficient gy. relative to gY'" The asym
metries of the increments should lead in the experiment 
to a relative change in the thresholds of the lines of the 
RLW in these components of the scattered light. Cal
culation of the amplitudes of the maxima of the incre
ments in this temperature range showed that, for ex
ample in salol, in the temperature region T- 10°C, 
g .. - 2g y,,' 

A more detailed analySiS of the spectral distributions 
of the amplification coefficients .requires account of two 
anisotropy relaxation times T1 and T2 (for definiteness, 
let T1> T2). In this case, 

n.' N'" 2NN N' 'M ' -{-.-.q-[~M+ t zn,n2't'sT'M + Zn2 2T2] } g.. I A I' , • I A ' I.' A +g, po Ll.il.t 1112 2 

M;=2T;~'+~"(Q'T;'-1), Mt.'=(Tt+T,)~'+~"(Q'T,T,-i). 
.L;=2T;A'+A" (Q'T/-i), L,.,= (T.+T,)A'+A" (Q'TIT,-i); 

A=A'+iQA", A'=ReA, A"=Q-tIm A. 

(8) 

(9) 

It is not possible to find the maxima of Eqs. (8), (9) 
in analytic form; therefore, all the calculations were 
carried out with a computer. The difficulty of such 
calculations lies in the fact that there is no complete 
set of parameters entering into the formulas as relaxa
tion theory for the liquids which have been studied ex
perimentally, or for those similar to them, and for the 
calculations one needs not only the parameters but also 
their temperature dependences. Therefore, we have 
made a number of simplifications in the calculations. 
In particular, it has been assumed that the bulk viscos
ity relaxation time changes with temperature in the 
same way as the large anisotropy relaxation time. The 
temperature dependences of the parameters Th T2, 1)0, 

nUn~, 11-«>, n, p have been investigated in greatest de-

'~ '~ 
o 0,1 0.2 0.3 

FIG. 3. Spectral distribution of gyx with account of one (dashed 
line) and two anisotropy relaxation times (continuous line). 
Quinoline at 20 'C. 
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FIG. 4. Calculated temperature dependence of the displace
ment of the maximum of the fine structure in the Jy % component 
in salol in the range of temperatures OwBT2 ~ 1. Curve 1 cor
responds to the case n1n2<0; 2-nln2>0. In these calculations, 
the temperature dependence of the bulk elasticity modulus K 
was not taken into account. The dashed curve is the displace
ment of the maximum of the Mandel'shtam-Brillouin component 
in Ju polarization. 

tail in salol[10] and also in quinoline. [11]2) The bulk 
viscosity and the compressibility modulus were obtained 
from acoustic measurements. [12-14] If a standard set of 
experimental parameters is used, the sign of the ratio 
n1/n2 remains undetermined; therefore, both possibili
ties were taken into account in the calculations, i. e. , 
nt/n2> 0 and nt/n2 <0. 

The computed coefficients of amplification of stimu
lated scattering in the temperature range OMBT2-1, 
with account of the two relaxation times for qUinoline, 
are shown in Fig. 3. Figure 43) shows the results of 
calculation of the thermal scattering cross section in 
the spectrum of J y" in salol in the temperature range 
0MB T 2 - 1 for the cases n1n2> 0 and n1n2 < O. As is seen 
from Fig. 4, these cases give qualitatively different 
spectra, namely, for n1n2 < 0 the maximum is shifted 
relative to OMS toward the exciting line, and for n1n2 
> 0, to the contrary, the shift of the maximum of the 
J yX polarization spectrum is greater than the shift in 
the Mandel'shtam-Brillouin component of the J." spec
trum. The variation of the parameters of relaxation 
theory within reasonable limits leads to a change in the 
absolute value of the shift and the amplitude of the max
imum, but does not change the picture of the phenom
enon qualitatively. 

2. EXPERIMENTAL APPARATUS AND METHOD 
OF EXPERIMENT 

As was pOinted out in the Introduction, the basic ex
perimental difficulty in the investigation of the RLW 
line and its fine structure is that the threshold of this 
form of stimulated scattering is high in comparison 
with the thresholds of other nonlinear effects, in par
ticular, Mandel'shtam-Brillouin scattering. There
fore, for the study of weak depolarized types of scat
tering, the method of polarization-angular selection of 
the scattered light was used in this research. [5-7] The 
essence of this method is that the nonlinear interaction 
region, the dimensions of which are determined by the 
conditions of focusing of the exciting radiation and the 
dimensions of the sample investigated, is strongly elon
gated in the direction parallel to the electric field vec
tor of the pump (we denote this direction by y; see Fig. 
5). The intenSity of the pump in the region of nonlin-
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FIG. 5. Diagram of the region of nonlinear interaction for ex
citation of the RLW at an angle of 90°. The continuous lines 
with arrows indicate the dir.ection of propagation of the pump 
light. The region of nonlinear interaction is tentatively as
sumed to be a parallelepiped (dashed lines); e., ey are unit 
vectors of polarization of the incident, and e~, e; of the scat
tered light; kL and ks are the wave vectors of the incident and 
scattered light. 

ear interactlon is approximately equal to JL = WL / 

YaZo, where Yo and Zo are the dimensions of the region 
of nonlinear interaction (Fig. 5), and WL is the radia
tion power of the pump. 

Upon increase in the dimension Yo, the quantity J L 

decreases as l/yo. On the other hand, in the y direc
tion (scattering angle 90°), the total gain G=JLgyo 
=gWdzo does not depend on the quantity Yo- Thus, upon 
increase in Yo, the amplification for all scattering an
gles falls off approximately as l/yo, [7] while it remains 
constant for a scattering angle of 90°. Consequently, by 
choOSing a sufficiently large value of Yo and orienting 
the electric vector of the exciting radiation strictly 
along the., axis, we can suppress completely the scalar 
modes of stimulated scattering and excite stimulated 
scattering due to low intensity lines of the depolarized 
light scattering. 

The scheme of the experimental apparatus is shown 
in Fig. 6. In the experiments, a Q-switched ruby laser 
and an amplifier were used as the pump source. We 

FIG. 6. Experimental apparatus for observation of the RLW 
at an angle of 90°. R -ruby laser, SI, S2' S3 are glass plates, 
Q-acalorimeter, MI, M2 -mirrors with dielectric coating, 
L-a cylindrical lens, N -a quartz plate of half wavelength, 
used for balancing the optical system, D-3-mm diaphragm, 
p-glass rectangular prism, G-Glan prism, Ph-coaxial 
photomultiplier connected to a high-speed oscilloscope 1-2-7, 
v-thermostated container with the liquid under study,FP
Fabry-Perot interferometer, c-photocamera with polarizers, 
which enables the observer to see the scattered light in two 
mutually perpendicular polarizations. 
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FIG. 7. Spectrum of the components of the RLW line in 
nitrobenzene (30°C), L is the spectrum of the line of laser 
light; R yz and R"" are the components of the RLW line with 
vertical and horizontal polarizations, respectively. 

give the basic characteristics of the pump radiation: 
power-up to 200 MW, pulse length TL -20 nanosec, 
spectral width .1VL - 0.02 cm· l , angular spread -10-2 
rad. The pump radiation was focused into the vessel 
with the scattering liquid V by means of two crossed 
cylindrical lenses Ll and La. To broaden the beam in 
the., direction, we used the negative cylindrical lens 
Ll with focallengthft = - 25 cm. By means of the short
focus positive lens La Va = + 5 cm) the pump radiation 
was focused along the vertical I axis. In this case, the 
dimensions ofthe region of nonlinear interaction amounted 
to - 5 cm along the y axis. To increase the amplification 
in the y direction, we used a confocal spherical resonator, 
consisting of two dielectric mirrors with a radius of 
curvature of 15 cm and reflection coefficient - 100%. 
The axis of the resonator coincided with the ., direction. 
Inside the resonator was a circular diaphragm D (Fig. 
6) of diameter - 3 mm, which limited the angular spec
trum of scattered radiation and improved the selection 
of depolarized modes of stimulated scattering. 

The spectrum of the scattered radiation was recorded 
by a Fabry-Perot interferometer at two polarizations, 
J"" and Jyz. By means of the beam-splitting plates S2 
and S3 and the prism P, part of the pump radiation was 
directed into the interferometer FP through a frosted 
plate and analyzer G in such fashion that the polariza
tion of the pump radiation could be changed (by turning 
the analyzer G) for convenience of measurement of the 
line shifts in the spectra corresponding to different po
larizations of the scattered light. 

Vessels of stainless steel in the form of cubes with 
. four windows of diameter 60 mm were used in the ex
periments. Above and below the vessel, there were 
special cavities, connected with the thermostat, to 
maintain the desired temperature. To remove temper
ature gradients, the vessel was placed in a special box 
with heat-insulating walls. The liquids studied were 
first purified by means of filters and vacuum distilla
tion and then either poured directly or distilled into a 
dust-free metal cell. This made it possible to super
cool the salol 35-40°C below its crystallization temper
ature (42°). 

3. EXPERIMENTAL RESULTS 
The temperature dependence of the spectra of depo

larized stimulated light scattering was measured ex
perimentally in quinoline salol, nitrobenzene, and O!

chloronaphthalene. The characteristic spectrum of the 
lines of stimulated scattering, far from the resonances 
of the denominators of A and .1, are shown in Fig. 7. 
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FIG. 8. Dependence of the location of the components of the 
RLW wing (~v in cm-i ) on the temperature in quinoline, 0-
displacement of the RLW line in the J yZ component of the scat
tered light, A-in the J"" component, the continuous line is the 
calculation according to Eq. (7). 

In both polarizations of the scattered light, the intensity 
and line shift of the RL Ware approximately the same. 
The character of the temperature dependence of the line 
shift of the RLW in the J y" and J yZ polarizations of the 
scattered light is shown in Figs. 8, 9, 10 for the liquids 
studied. The greatest splitting of the lines of the RLW 
in the temperature range 0MB - liT is observed in the 
spectra of light scattered in quinoline. The correspond
ing spectrum for a temperature of 15°C is shown in Fig. 
11. The observed splitting of the lines of the RL W in 
CY-chloronaphthalene is much less than in quinoline and 
corresponds approximately to the halfwidth of the lines 
in the RLW spectrum. Actually, in the region of tem
peratures where 0MB -liT, the line of the RLW in CY
chloronaphthalene in the J yX polarization was not ob
served. 

Another region in which, according to calculations, an 
asymmetry should appear in the amplification coefficients 
g"" and gyz' as a consequence of the fine structure is that 
corresponding to 0t-1/T. In salol, this region of tem
peratures corresponds to the supercooled state in the 
liquid. The spectra of the lines of the RL W for salol 
are shown in Fig. 13 for measurements at 10°C. The 
threshold of the RLW line in the J yX polarization at this 
temperature is 1. 3-1. 5 times greater than in the JyZ 

polarization. In the range 2-10 °c, this difference of 
the thresholds in the experiment agrees with the cal
culated dependence. The characteristic spectra of 
broadening of the RLW line in cy-chloronaphthalene 

4Y,cm- ' 

0.3 

0.2 

0.1 

a 10 20 30 40 50 

FIG. 9. Temperature dependence of the displacement of the 
RLW lines in O!-chloronaphthalene; o-in the J yZ component, 
A-in the Jyz component. 
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FIG. 10. Temperature dependence of the displacement of the 
RLW line in four liquids for the R yz component; A-in salol, 
+ -in nitrobenzene, o-in quinoline, a-in a-chloronaphtha
lene. In salol and nitrobenzene the displacement of the RLW 
lines in both components of the scattered light are identical to 
all temperatures within the limits of experimental error. The 
halfwidth of the laser line ~VL is shown by the dashed line. 

are shown in Fig. 14. 

The error in the measurement of the quantity T in the 
shift of the RLW line consists of several independent 
parts. First, the accuracy of the measurements is de
termined by the width of the RLW line, which has a 
tendency to increase as the shift from the exciting line 
increases, This broadening can be due to an increase 
in the spectral amplification band ~v,. in the RLW, 
which is equal to liT, i, e., the shift of the RLW line, 
Moreover, for a given shift, the width of the RLW line 
depends essentially on the intensity of the pump, 

Another source of error is connected with the asym
metries of the contour of the amplification coefficient 
curve (see Figs, 2, 3), because of which the error in 
the determination of the actual location of the maximum 
of the amplification coefficient can also be increased. 
Finally, as follows from calculations, the maximum of 
the amplification coefficient (with account of the two 
relaxation processes) is not necessarily located exactly 
at the frequency liT. 

The error in the measurement of the value of the 
RL W line splitting can also be due Jo a number of rea
sons, First, the structure of the characteristic modes 
of the resonator has an effect on the splitting of the 
RLW line. In our experiments, the interval of frequen
cies between the neighboring modes of the spherical 

FIG. 11. Interferograms of the spectrum of light scattered 
in quinoline in J yx and J yZ polarizations. The dispersion range 
of the Febry-Perot interferometer is ~v = 0.33 cm-i ; L is the 
line of the ruby laser, Ryx and R yz the RLW lines in the J"" and 
J yZ polarizations, respectively; at T = 15 DC, the displacement 
of the line Ryz corresponds to fl = 1/T, the line Ryx splits into 
two lines. 
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Fig. 12. Asymmetry of the RLW line in O!-<lhloronaphthalene 
(50 ·C). The dispersion range of the interferometer is .o.v 
= O. 33 cm -1; a) R,.. is the RL W line corresponding to the ver
tical direction of the electric vector in the scattered wave, 
R.,.. is the vector of the electric field of the scattered wave 
lies in the plane of scattering (the horizontal plane), L is the 
spectrum of the laser radiation. In this experiment, the ex
citing light incident on the chamber was polarized at an angle 
of 45· to the horizontal plane. The presence of the exciting 
light in both polarizations simplifies the measurement of the 
displacements of the components of the RL W line. b) The 
spectrum of the laser radiation. 

confocal resonator amounted to 1511= 1/2L = O. 025 cm-1, 

and had no effect on the value of the RL W line splitting. 
Thus, when the length of the resonator L changed by a 
factor of 1.5, the value of the splitting of the RLW wing 
(in quinoline) remained unchanged. Second, the scalar 
contribution of the amplification coefficient can distort 
the picture of splitting of the RLW line. This arises 
as a consequence of the finite aperture of the pump 
beam and the beam of the scattered light. At scatter
ing angles 90° ± 15, where Ii - d/ L is the halfwidth of the 
aperture and d is the radius of the diaphragm, we have 
d/L-1O-2 and, consequently, the value of the scalar 
contribution of g •• to g,,.. is ,., 15 2 ,., 10-\ 

The possible effect of the finite aperture was verified 
experimentally by the method of increaSing and de
creasing the diaphragm radius by several times (Fig. 
6). Here the splitting of the RLW line (Fig. 11) or the 
absence of such (Fig. 7) did not depend on the dimen
sion d and, consequently, the finite aperature of the 
beams had no effect on the value of the splitting of the 
RLW line in our experiments. If this were not the case, 
and if a small part of the increment of the Man
del'shtam-Brillouin stimulated scattering from the f!.
polarization of the scattered light were added to the 
amplification coefficient in the g,. polarization, then the 
greatest line splitting of the RLW would have arisen in 

FIG. 13. Asymmetry of the amplification of the RLW line in 
salol at t = 10 ·C. The RLW line corresponding to vertical di
rection of the electric vector in the scattered wave has a large 
increment and a correspondingly high intensity in the spectrum. 
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FIG. 14. Broadening of the RLW lines in O!-chioronaphthalene 
with increasing intensity (c - b - a) • L is the line of the radi
ation of the ruby laser. a) JL -1. 5 x lOB W Icm2 , b) JL '" 1. 2 
X lOB W/cm2 , c) JL - 0.5X109 W/cm2• 

nitrobenzene, and not in quinoline, since it is in nitro
benzene that the threshold of stimulated Mandel'shtam
Brillouin scattering is the lowest of the four liquids 
studied and is approximately one half that of quinoline. 

4. DISCUSSION OF THE RESULTS 

The characteristic features of the spectral distribu
tions obtained in the research admit of a simple quali
tative explanation. First, in the range of temperatures 
in which the location of the maximum amplification of 
the wing (T2 = 0) is near the frequency 0MB' i. e., 0MB 

,., l/T, we get from Eqs. (6), (7), taking it into account 
that 0T« OMB and 0- OMB' 

gy,"'n,'·r:fJ./A, 

g",,=go[ 1 +QT'(QMs''t,'-1) IA,A"I. 

(9~) 

(10) 

We can thus register the singularity in g,% in the form 
of an addition to the purely Lorentzian gain contour go 
'" g • .- At 0MB> l/T, the addition to the maximum gain 
is positive and at 0MB < l/T, it is negative. 

An additional maximum of the amplification coeffi
cient and of the line in the spectrum at a frequency 
close to OMB should be observed at OMB> l/T. The val
ue of the maximum is determined from the relation (10): 

Q; fJ (Q) a,' (~~ (11) 

and, consequently, the fine structure in the J,% com
ponent of the scattered light is determined by the ratio 
of the shear viscosity to the total viscOSity, or the ratio 
of the partial sound absorption due only to the shear 
viscosity to the total absorption. 

The disappearance of the maximum at 0MBTl < 1 can 
be explained also by considering the exchange of energy 
(within the framework of molecular theory) between the 
acoustic and orientation modes. [15] Thus, the greatest 
part of the increase in stimulated scattering is made by 
the fine structure in the temperature range in which 
OMBT1 '<: 1. Using these simple considerations on the de
pendence of the fine structure in the J,,.. component of 
the scattered light, with account of the single relaxa
tion time, we can analyze qualitatively the temperature 
dependence of the spectral increment (8) with account 
taken of two relaxation times, taking it into considera
tion that it consists of three terms, each of which 
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tion is similar to (7). 

In the range of temperatures 0MBT1-1, the fundamen
tal contribution to the fine structure is made by the 
first term, which is identical with (7) at Tz - O. Its val
ue is proportional in this case to the ratio of the part 
of the shear viscosity that relaxes with the time T1 to 
the total viscosity (71' + (4/3)71) or the ratio of the corre
sponding sound absorption coefficients. Two other 
terms in (8) are small at the frequency 0MB' since Tz 
«T1 and are negative. It is essential that account of 
the second relaxing process can significantly reduce the 
amplitude of the maximum of the fine structure, since 
in this case the basic role is played not by the total 
shear viscosity, which can be measured in independent 
experiments, but only by that part which relaxes with 
the time T1• In the temperature range 

the principal contribution is made by the term 

The first term is small, because the quantity (OMBT1)4 
- A~ appears in the denominator, and the third term is 
. smaller by a factor of approximately Tz/T1 then the sec
ond, and is negative at 0- 0MB. The Sign of the second 
term, except for the factor M 1,z considered above, is 
determined by the sign of the product n1n2. Here, if 
n1n2 < 0, then the displacement of the maximum of the 
fine structure relative to the positive MB component 
will be of the other sign, i. e., the maximum will be 
located closer to the frequency of the exciting light than 
the MB component, as follows from the calculations. 

Finally, in the temperature range 1 ~ 0MB T 2, the first 
two terms are small and the basic role is played by the 
term NMTfMz/ A~, and the picture of the splitting of 
the RLW line in this case is about the same as for the 
first term. 

We note that we can find only n~ and n~ from the dis
tribution of the intensity in the wing of the Rayleigh line. 
The relative displacement of the maximum of the fine 
structure in the temperature range 

offers a unique possibility of determining the sign of the 
product n1n2 or, since the Sign of n1 is known (n1> 0), 
the sign of n2' directly from the relative displacement 
of the two lines in the spectrum. As long as the sign of 
this coefficient is chosen either arbitrarilytlO] in these 
calculations, or both variants are conSidered, [14] then, 
as the calculations carried out by Zubkov, Rozhdestven
skit and Ramanov have shown, [11] the spectrum in the 
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J'!JII component can be written both with n2> 0 and with 
n2 < O. The mechanism of the second relaxation process 
is actively discussed in the literature at the present 
time; therefore, the determination of the sign of nz can 
significantly ease the search and construction of cor
responding molecular model. 

It is shown that the sign of nz is more conveniently 
determined in experiments on the thermal scattering of 
light, while in the measurement of the temperature de
pendence of T, it is more effective to use the spectra 
of stimulated light scattering. In the investigation of 
the spectral lines of the scattered light with a compli
cated intensity distribution, experiments on the ther
mal and stimulated light scattering can complement 
each other, and improve the accuracy of the result. 

l)The first subscript of J denotes the direction of the electric 
vector of the light wave of the exciting light, and the second 
that of the scattered light. The exciting light is propagated 
along the x axis. 

2)The complete set of parameters describing the relaxation of 
the two tensor parameters has been measured only at a sin
gle temperature. 

3) The temperature dependence of the shift of the component 
Ju has been normalized to unity . 
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