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The fine structure of the Rayleigh line wing[sJ in salol and benzophenone is studied experimentally 
under conditions when the viscosity of the substances is varied by several orders of magnitude. Two 
branches of transverse hypersonic oscillations are observed in the liquid. One is a low temperature 
("normal") branch in which the "transverse" components in the scattered light move apart with low­
ering of temperature; the other is a high temperature ("anomalous") branch in which the components 
move together with lowering of the temperature. The propagation velocities of the transverse hyper­
sonic oscillations are measured. The velocities and absorption coefficients are measured for longi­
tudinal hypersonic waves in salol, benzophenone and triacetin. A series of experimental problems are 
discussed. 

IT is well known that much unique information on hyper­
sonic propagation can be obtained from the study of the 
scattered light spectra. [1- 51 The discovery of the fine 
structure of the Rayleigh line wing[a-sJ and the subse­
quent experimental and theoretical study of the new phe­
nomenon [9- 161 have made it possible to understand this 
phenomenon and to investigate the propagation not only 
of longitudinal but also transverse hypersonic waves in 
liquids [171 over a wide range of variation of the viscosity. 

The phenomenon of the fine structure of the Rayleigh 
line wing (WFS) consists of the following. A doublet is 
observed in the spectrum of depolarized scattered light 
under certain conditions. This phenomenon has already 
been observed in several dozen liquids. [14- 161 In this 
paper, we give the results of the experimental study of 
the kinetics of the fine structure of the Rayleigh line 
wing in salol and benzophenone, when their viscosity 
was changed over several orders of magnitude. 

The velocity and the absorption coefficient of longi­
tudinal hypersound have been measured in these media 
and in triacetin of varying viscosity. The completed in­
vestigations have shown that relaxation theory[181 cannot 
explain sound propagation in viscous media. [19• 201 The 
nonlocal theory of sound propagation of Isakovich and 
Chaban [211 was specially developed by them in order to 
describe the observed regularities, and the formulas of 
this theory actually describe the phenomenon. There­
fore, we shall compare our results of the measurement 
of the velocity and the absorption coefficient of longitud­
inal hypersound with the theory of Isakovich and Chaban. 

1. BASIC THEORETICAL REPRESENTATIONS AND 
RELATIONS 

A. 'Iheory of the Fine Structure of the Rayleigh Line 
Wing 

We have shown [UJ that all the features of the com­
plex picture of the temperature dependence of the dis­
tance between the "transverse" components can be ex­
plained if we assume that the subsidence of the fluctua­
tions of the anisotropy is characterized by two relaxa­
tion times. Attempts have ·been made by other authors 
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to explain this phenomenon by the introduction of two 
relaxation times for the anisotropy. [12- 131 The general 
form of light scattering from fluctuations of the aniso­
tropy with account of two relaxation times was studied 
by Rytov. [22' 231 We shall give the basic results of the 
Rytov theory here. This is needed for comparison with 
our results (Sec. 3). 

The intensity distribution for any scattering angle J. 
for the scattered radiation lz r. which is polarized in the 
plane of scattering (the exciting light is polarized along 
the z axis) and for the scattered radiation Iyz• which is 
polarized perpendicular to the scattering plane, is de­
termined by the expression 

kT i<o 
/,r =I,,=- 2niro {[ (1 + iro-r,) (1 + iro-r,) 

c.c.] (1) 

_ tro ( n.'-r, + .,.......,.n_.'..,.-r,---:-}} 
1 + ro'-r,' 1 + ro'-r,' • 

Here we have introduced the following notation: w is the 
variable frequency, measured from the frequency of the 
exciting light, T 1 and T2 are the relaxation times, q~ 
= k2 sin2 J., q2 = 4k2 sin2 (J./2), k is the wave number of 
the exciting radiation, E0 the dielectric constant, M the 
Maxwell constant, WT = (JJ.oc/p)112 q, n1 and n2 constants, 
J.loo and X 00 the limiting values of the shear modulus J.l 
and the photoelastic coefficient X as w - co. The follow­
ing expressions hold for J.l and X: 

_ iro(t]o + iro~-tooTtT,) X_ tro(2e,Mt]o + iroXooTtT,) 
1-t- (1 + iro-r,) (1 + iro-r,) ' - (1 + i(t)'t't) (1 + iro-r,) (2) 

The static value of the viscosity 1/o satisfies the condi­
tion (for T 1 » T 2 ) 

(3) 

For T 1 = T 2 and for the angle J. = 90°, the expression 
(1) for Izx + Iyz coincides with the corresponding for­
mulas of the Leontovich theory[171 for the spectral dis­
tribution of the light intensity scattered by the fluctua­
tions of the anisotropy with account of only one relaxa-
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tion time. 1 > It follows from Eq. (1} that discrete com­
ponents are also possible in the scattered light, in addi­
tion to the Rayleigh line wing with a maximum at the 
frequency of the exciting radiation (a component of the 
form const (1 + w2Tfr1). This is possible if the cubic 
polynomial in the square brackets in the denominator 
of the first component in (1) has a pair of complex con­
jugate roots 

In this case, one should observe two Lorentz lines, 
which are shifted relative to the frequency of the ex­
citing light by a quantity Wm = ±wTb. and which have 
the halfwidth 2o = 2~wT. 

(4) 

For the frequently encountered case E = T2 /T1 << 1 
the solution of the cubic polynomial leads to the follow­
ing expressions for b. and ~: 

-y3 u+v .1 
1'1=-z(u-v), \;=-2 -+3 yv., (5) 

where u and v are determined by the formulas 2 > 

u} = ± ~ {3.-y3 [...!_(6~ + 1)y' + (2W- 1) y 
v • 3 3 (6) 

1 ] V.} 'I• 
+1-4y'e'±y¥.(y+27~) .. 

Here we have introduced the notation 

(7) 

It follows from (3} that for E « 1, the following condi­
tion should be satisfied: 

-·r . .;;;; ~.;;;; '/,. (8) 

From (5) and (6), for y « 1 (low temperatures), we get 
b.~ 1 and wm ~ WT, i.e., the result which also follows 
from the theory of Leontovich. In the case y » 1 (high 
temperatures), we get for b. 

A= ( 6~: 1 -! ye' f'. (9) 

if y » 1 as before. In order that the doublet exist for 
y » 1, we need, in addition to (8), the satisfaction of the 
condition 2b.2 > 0 or, in other words, 

I'] oTt > P / 4q'. (10) 

For wavelength of the exciting light A. = 6328 A, J. = 90°, 
p ~ 1 and n ~ 1.5, this condition has the form 1) 0T1 > 5 
x 10-12 gjcm. In this case, if the left hand side of the 
inequality (10) is much r.reater than the right hand side, 
we get wm ~ (1J 0 /T1p0 ) 1 2 q for the shift of the WFS com­
ponents for y » 1 and consequently, if we set T 1 ~ 1) 0 / JJ. 10 

then Wm is dependent on the "partial" shear modulus 
associated with long relaxation time, as was shown by 
us earlier. [UJ 

According to the Rytov theory, the dependence of b. 
on y for different values of {3 should have the form 

!)For T 1 = T2 = T we should have [ 23 ) /J.ooT = 1lo, XooT = 2e0 M7j 0 , 

ni = n~ = x;,/4/J.oo. 
2lin his approximations, Rytov [23 ) set E = 0 and, consequently, 

'Y2 E 2 = 0. However, in the real case (for example, salol), in spite of the 
fact that e<{ I, the value of 'Y for high temperatures is so great that one 
cannot neglect the term{- 'Y3E 2 . 

shown in Fig. 3 of [23 l. It follows from this drawing that 
for {3 <- 'l'9 there are two "branches" of the dependence 
of b. on y. For arbitrary {3 andy< 3, the value of b. in­
creases with decrease in y (the low temperature branch). 
For {3 :s - 'l'9 there is also a range of values of y (y > 3) 
where b. increases with increase in y (the high tempera­
ture branch). For the values {3 < - 1'9 , the doublet will 
not be observed in the intermediate range of values of y. 

B. Nonlocal Theory of the Propagation of Longitudinal 
Hyper sound 

Basing their work on the results of the experimental 
investigation of hypersonic propagation in strongly vis­
cous liquids[19' 20 l and starting from the assumption of 
the microinhomogeneous structure of such media, Isak­
ovich and Chaban constructed a nonlocal theory of sound 
propagation. [21 l All the known experimental results of 
the study of the acoustic properties of liquids are well 
described by the formulas of this theory. 

Theory gives the following expression for the velocity 
of hyper sound V and the absorption coefficient a: 

1 a 1 V ' - V ' •r, 
--i-=-[1-i oo , ° F(ro-r)] 
V ro Voo Vo (11) 

Here T = a 2/2D is the time of diffusion equalization, a 
the radius of the microinhomogeneities, D the diffusion 
coefficient, F(wT) a function of the form 

F(ro<) = '/,(1 + x-') (x- tgx) (1 + tgx)-', 
x = (1- i) (·ro<) '1'. (12) 

The graphs of the dependence of the real and imaginary 
parts of the function F ( WT) on WT are given in [19- 21l. 

The equalization time T in the simplified variant of the 
theory is equal to 

't=~ Voo' (llo+'J,ri') =~R Voo'l']o 1 (13} 
3Vo'p(Voo'-V,') 3 Vo' Voo'-Vo'• 

where 17' is the coefficient of bulk viscosity, R 
= (aja 17 )wT« 1 the ratio of the sound absorption coeffi­
cient for WT << 1 and the absorption coefficient deter­
mined by 1) 0 • By knowing V 00 and V0 for each value of 
the temperature, one can compute T from (13} if the 
value of R is known. 

In the comparison of the theory with the results of 
experiment, we also needed the following formulas, 
which follow from (11): 

(14) 
( Vo' · Vo'a') Vo' 

ImF(ro<) = 1-vz-+----;;;z Voo'- Vo'. 

For WT >> 1, it follows from the asymptotic value of 
the function F(wT), and (11) and (13), that 

•=(~ Voo'-.Vo' 
8 Vo' (15) 

( 3. V oo'- Vo' 1 ) 
V=Voo 1-- , 

8 Vo' "fro< 
(16) 

a 
(17) 

ro 8 Vo'V oo "fro< 

All the relations given above follow from the sim­
plified variant of the nonlocal theory, in which the effect 
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I\ To Fabry-Perot I interferometer 

FIG. I. Schematic diagram of the vessel for a scattering medium in 
an external optical resonator: V -cylindrical part of the vessel with 
double walls for transmission through thermostatic material, H-horn­
shaped appendage for producing a dark background, F1 , F2 and F3 -

windows and vacuum pockets to prevent steaming of the glass, L-ob­
jective (f-28 em, aperature ! 0

), M-spherical mirror, Q-vessel for dis­
tilling the liquid, i and a-entrance and exit of the thermostatic material, 
/-level of the liquid, D-diaphragm. The entire vessel was roughened, ex­
cept for the window, W-Wollaston prism. 

of the shear deformations on the propagation of longi­
tudinal hypersound is not taken into account. In the gen­
eral theory of Isakovich and Chaban, r211 shear elastic 
deformations are considered; however, the comparison 
of our experimental results with this theory has not 
been accomplished, because of the absence of data on 
the temperature dependence of the limiting values of 
the shear moduli J.J. 00 (w ~ oo) and J.J.o (w ~ 0). 

2. METHODS OF MEASUREMENT 

In principle, the scheme of our apparatus did not dif­
fer in its general form from that described earlier. [1, 
s-s, 10,111 

The scattered light was excited by light from gas 
lasers, either from the mixture Ne-He, A = 6328 A 
(40 mW), or from the mixture He-Cd114, A= 4416 A 
(20 mW)r241 operating in a single mode regime. A spe­
cial vessel (Fig. 1) permitted change of temperature of 
the studied liquid over a wide range and, in the case of 
necessity, permitted us to carry out repeated purifica­
tion of the observed liquid. [11 The full aperture of the 
apparatus was limited by the dimensions of the dia­
phragm D or of the Wollaston prism W, and did not ex­
ceed 0.03 radian. 

By way of special apparatus, we used a Fabry-Perot 
interferometer. The distance between the mirrors was 
varied, depending on the character of the problem, from 
0.3 to 10 mm. The reflection coefficient of the mirrors 
was 96%. The focal length of the objective ranged from 
600 to 1200 mm. 

The method of determination of the velocity of hyper­
sound follows from the well-known formula of Mandel'­
shtam-Brillouin: r11 

V = cMv = cdv f 2nv sin({} /2), (18) 

where c is the speed of light, J::.v the displacement of the 
components. The scattering angle J was established to 
within ± 0.5 deg. The amplitude absorption coefficient 
a was determined from the width ov of the Mandel'­
shtam-Brillouin components (MBC)r11 

a :d nc6v / V. (19) 

For the conditions of our experiment, the effect of 
finite aperture on the width and position of the MBC and 
WFS was negligibly small. [1' 251 The relative error of 
measurement of the longitudinal and transverse hyper­
sound was chiefly determined by the roughness of the 
measurement of J::.v. For longitudinal hypersound, it 
amounted to 0.5%, for transverse (low temperature 
branch)- 3-5%, and for the components of the WFS 
(high temperature branch)- 10%. The error in the de­
termination of the MBC was 20-30%. Present-day 
photoelectric methods of recording[l4' 261 have many 
advantages over the photographic method and we did 
not use it in this research for reasons that did not de­
pend on us. 

The anisotropy relaxation time was determined from 
the intensity distribution in the Iyx-polarization compo­
nent. The work was carried out with a Fabry-Perot in­
terferometer and in light not decomposed by polariza­
toion; the photos were taken with a spectrograph (26 
A/mm). In both cases, the determination of T1 and T 2 

was made by the well-known method of reduction of the 
experimental data, [l,l7J according to which the depen­
dence of the value of the reciprocal intensity r 1 as a 
function of w2 was constructed. Then the relaxation 
time will be expressed in the following way: r11 

t = [..!.. d(I-') ] ~> 
I, d(ro') • 

The use of the photoelectric method of recording un­
doubtedly makes it possible to increase the accuracy 
of the measurements, by at least an order of magnitude. 

3. RESULTS OF THE INVESTIGATION OF THE 
PROPAGATION OF TRANSVERSE HYPERSOUND 
IN LIQUIDS 

A. Dependence of the Distance between the Components 
of the Fine Structure of the Wing on the Wavelength 
of the Exciting Radiation 

The phenomenon of the WFS is due to the modulation 
of the scattered radiation from the oriented microin­
homogeneities brought about by shear deformations 
(transverse hypersound). Such an explanation, advanced 
by us in our first research, rsl was confirmed by a study 
of the angular dependence of the distance between WFS 
components rs-91 and by polarization studies of this 
phenomenon. rs-101 

A new confirmation of the proposed interpretation 
has been obtained in the present research. We measured 
the distance between the components of the WFS in quino­
line for two wavelengths of the scattered light A = 6328 A 
and A = 4416 A. These distances were shown to be 
equal to 0.07 and 0.1 em-\ respectively. Their ratio 
amounts to 0.70. If the WFS arises as a result of the 
modulation of the scattered light by transverse waves, 
then, just as in the case of longitudinal waves (see Eq. 
(18)), the distance should be proportional to the fre­
quency or invers~ly proportional to the wavelengths of 
the exciting light. (In the latter case, the difference in 
the refractive indices is neglected.) Such a ratio is equal 
to 0.69. For a control, we measured the ratio of the 
MBC distances for the same wavelengths; this amounted 
to 0.68, Thus we obtained yet another proof of the valid­
ity of the given interpretation. 
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B. Temperature Dependence of the Distance between 
the Transverse Components 

The dependence of the distance between the trans­
verse components 26vm on the temperature in salol 
and benzophenone was determined under conditions 
when the viscosity of the latter was varied from 10-2 

poise up to the viscosity of the vitreous state. The 
transverse doublet was photographed in the Izx polari­
zation. Figure 2 shows the dependence of 26vm on the 
temperature for salol and benzophenone. 

In the temperature range 120-46°C the WFS doublet 
was observed in salol. The distance between the com­
ponents of the doublet decreased with decrease in tem­
perature. In the given temperature range, the viscosity 
changed from 10-2 to 8.5 x 10-2 poise. In the tempera­
ture range- 2- +45oc, the transverse component could 
not be recorded. Beginning with - 2.5°C (TJ 0 ~ 4.5 poise) 
the transverse components again appeared and the dis­
tance between them increased with decrease in temper­
ature and increase in viscosity (fort = - 48°C, the vis­
cosity 1J 0 ~ 109 poise). 

In the range of low temperatures, from- 2.5 to 
- 62oc, we observed a triplet-two transverse compo­
nents and a central line along with the transverse dou­
blet (WFS}, which is observed at high temperatures. For 
low temperatures, the character of the intensity distri­
bution in the scattered light in the lzx polarization is 
similar to the distribution of light scattered by glass in 
this same polarization component. 

Thus, two ''branches" are observed in the tempera­
ture dependence of the distance between the transverse 
components. In the low temperature branch the depen-

26vm, cm· 1 
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FIG. 2. Temperature dependence of the distance 2~vm between 
the components of the transverse doublet; a-in salol, b-in benzophe-
none. 

dence of 6vm on the temperature is in agreement with 
the Leontovich theory, u71 which takes into account a 
single relaxation time. In the high temperature branch, 
the dependence 6vm(t) is not included in the framework 
of this representation. The same picture of the temper­
ature dependence of 26vm was also observed in benzo­
phenone (Fig. 2b). 

C. Measurement of the Parameters Necessary for 
Comparison of Experimental Results with Theory 

In Eqs. (5) and (6}, which follow from the Rytov the­
ory, and which describe the observed phenomena, we 
have the parameters E, y, and {3. Consequently, for 
comparison with the theory of the observed dependence 
of the distance between the transverse components on 
the temperature, it is necessary to know the tempera­
ture dependence of TJo, p, n, WT (or tJ. 00 ), T 1 and T2 • 

The temperature dependence of p, nand 1Jo for salol 
are known from the literature. 31 

The limiting value of tJ. 00 or WT (w - 00 ) was deter­
mined by extrapolation of the measurements of WT at 
low temperatures to the region of high temperatures. 
We note also that for high temperatures (the region of 
most interest to us), when y » 1, the distance between 
the components depends little on ll"". Actually, in this 
case, as follows from (9}, it should be 

( 
q'T)o 1 ) 'k 

(l),m~ --- .i.-2 • p,;, ..-., 
(20} 

For the determination of the anisotropy relaxation 
times we can use the intensity distribution in the Ray­
leigh line wing (lyx polarization). 

It is known from the previous investigations[1• 25• 281 

that the intensity distribution in the Rayleigh line wing 
in liquids has a complicated character, which is repre­
sented schematically in Fig. 3. In salol, the parts of the 
wing dD and bD were studied previously by one of us. [l,aaJ 
In the present research, we studied the temperature de­
pendence of the distribution of the intensity in the parts 
AB (0-0.15 cm-1) and Cd (0.8-5 cm-1} with the help of 
Fabry-Perot interferometers. The relaxation time. T 1 

was determined from the portion of the wing AB by the 
method described in Sec. 2, and the relaxation time T2 

was determined from the linear portion bd. The part of 
the wing Bb forms the transitional region from the part 
of the wing AB that is close to the unperturbed line to 
the further region of the wing bE. The relaxation time 
T 2 , which is determined from the part of the wing bd, 
was larger than the relaxation time determined from 

FIG. 3. Dependence of there­
ciprocal of the intensity on the 
square of the frequency in the 
Rayleigh line wing in salol. 

r' 

2500 (llv)'. em-• 

3>The viscosity of salol in the temperature range 40-1 00°C was 
measured by us on a Keppler viscometer, since we could not find re­
liable data for these temperature. 
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Table I. Parameters necessary for the calculation of 
the temperature dependence of the distance between 

the transverse components in salol 

t, ·c I p, g/cm' I I ~. I I I f' .1Q-" I centipoise TL·10Lo, sec 't~·iOL~, sec d~e/cm~ I v· t0-2 

100 0.986 1.558 3 1.2 1.52 1.30 7.26 
90 1.020 1.562 4 1.4 1.62 1.35 6.09 
78 1.056 1.568 5 1.7 1.8 1.40 4.74 
65 1.10 1.573 6.5 2.1 2.08 1.45 3.55 
50 1.15 1.580 8 3.0 2.J 1.55 2.46 
40 1.181 1,584 9.1 4.0 2.9 1,56 1.83 
30 1.216 I. 589 14 6.1 4.5 1,6~ 0.77 
20 1.25 1.593 39 17 12.4 1.64 0,10 
10 1.28 1.597 71 31 23 1.68 3·10-2 
0 1.312 1.601 316 140 100 1,72 1.54·10-3 

Note: It is assumed that the limiting value of the velocity of transverse sound VT(w-> 00) 

= 1120 m/sec does not depend on the temperature. Fort< 40°C, it is assumed that r 1 and 
r 2 vary in proportion with the viscosity. The viscosity fort< 40°C is determined by the 
extrapolation formula In 11 = -ll.45 + 1.01 X 103/(T-193), where Tis the absolute tem­
perature. 

the part dD. 4 l r281 We attribute such a departure to the 
fact that the effect of inertia is already seen in the part 
dD, sJ [1• 251 and, if we take this into account, then the re­
sults of r281 will possibly come close to the results ob­
tained here. 

Another possibility is that the process of subsidence 
of the fluctuations of the anisotropy is characterized not 
by two, but by a larger number of relaxation times. 
Leaving the discussion of this question to the obtaining 
of more detailed results of the investigation of the en­
tire Rayleigh line wing (AE), we note that T 2, as follows 
from (20), has no significant effect on the distance be­
tween the WFS components at high temperatures (y » 1). 
This effect will also be small for y « 1. But, of course, 
the temperature region in which the high temperature 
branch of the dependence of 2~vm on t goes over into the 
low-temperature branch does depend on the quantity T2• 

We measured the relaxation times T1 and T 2 at tem­
peratures of 43, 78 and 120°C. In this range of tempera­
tures, both T 1 and T2 vary approximately linearly with 
change in temperature. The time T 1 decreases some­
what more rapidly than the viscosity, and T2 more slowly, 
although the difference is not large. Thus, all the neces­
sary parameters are known to us in the temperature 
range 40-120°. For lower temperatures, measurement 
of T 1 and T 2 encounters great difficulties. In the region 
of temperatures 43-78oC, the times T1 and T2 change in 
approximate proportion with the viscosity. Therefore, 
for t < 40oC, the values of T1 and T2 were determined 
from the assumption that, beginning with t = 40°, the 
values increase with decrease in temperature, also in 
proportion with the viscosity. This assumption agrees 
rather well with reality. r1• 251 

The needed parameters that have been determined 
in the manner outlined above are given in Table 1. 

4> In this research, a spectrogram of the Rayleigh line wing was ob­
tained in salol at room temperature with the use of a spectrograph (see 
Sec. 2) and the relaxation timer- 1.5 X 10"13 sec was found from the 
portion dO. This time agrees satisfactorily with the results of there­
search [28]. 

S) Inertia in the specified region of frequencies decreases the rate of 
decrease of the intensity (the portion dO); afterwards, at higher fre­
quencies, the intensity will fall off very rapidly the portion dE). [ 1•25 ] 

D. Discussion of the Measurement Results and 
Comparison with Theory 

For salol, all the parameters necessary for calcula­
tion are known (see Table 1). Since E < 1, one uses for­
mulas (5) and (6) for the determination of ~ and, con­
sequently of Wm = wT~· Figure 4 (see also Table 2) 
gives the experimental results of the measurement of 
the dependence of 2~vm on temperature in salol (circles) 
and the results of calculations from the formulas (5) and 

: I ----+--------', 
' ' 

fl,t 

I 

ct5: 
50 50 100 

t' "C 

FIG. 4. Temperature dependence of 2L'.vm in salol. The circles in­
dicate experimental data. The continuous curve is theoretical (see Sec. 
I). The dashed curve corresponds to the assumption of the independence 
of WT of the temperature. 

Table II. Results of measurement and calculation 
of the parameters of the "transverse" compo­

nents in salol 

2dvm·101, cm-1 VT, m/sec 28vm·l0 2 , cm- 1 

t, ·c 
measurement calculation measurement calculation 

100 4.9 0 2ll 
78 3.6 2.04 154 4 
65 3.5 2.8 149 3.3 
50 3.2** 3.1 136** 2.7 
40 2.7 2.1 
30 2.2 2.2 
20 0 
10 13.2 23 
0 15.1 *** 26 630*** 1.2 

*A more detailed table of measured values of 2l>vm can be found in [ 11 ] 

(see also Fig. 2a). Fort= -62.5°C in salol, 2l>vm = 0.269 cm· 1• 

**Measurement carried out at t = 46.5°C. 
***Measurement carried out at t = -2.5°C. 
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(6) of the theory and the parameters of Table 1 (continu­
ous curve). It is seen from Fig. 4 that for t < 80°C we 
have qualitative agreement of the results of calculation 
and experiment. The temperature change of 2~vm in the 
low temperature branch is slower in comparison with 
the calculation, which indicates that for both transverse 
and longitudinal sound, relaxation theory is inapplicable 
for large values of TJ. In this connection, the problem 
arises of the construction of a theory of the spectrum 
of scattered light on the basis of the scheme of a non­
local theory. [211 

In the high temperature branch for t > 80°C the rea­
sons for the divergence between theory and experiment 
are not yet clear. Possibly, if we take more than two 
relaxation times of the anisotropy into account, the 
agreement between the computed and measured values 
of 2~vm is improved. Some divergence can be attrib­
uted to the low accuracy of the determination of 'T 1 and 
'T2 (20-30%). Inasmuch as the result of the calculation 
depends critically on the accuracy of measurement of 
'T 1, one could argue that if we were to obtain a value of 
'T 11 at 78°C one half the value given in Table 1, then cal­
culation would have yielded Wm = 0. There is also the 
danger that at high temperatures, when the WFS com­
ponents have a large width and small displacement, the 
subjective systematic error of measurement 2~vm on 
the comparator gives exaggerated values. Additional 
more precise and objective measurements will provide 
the possibility of explaining this question. 

Apparently the main laws governing the kinetics of 
transverse sound and the WFS phenomenon in liquids are 
qualitatively described, in to some degree also quantita­
tively, by the theory that takes two relaxation times into 
account. 

4. VELOCITY AND ABSORPTION OF LONGITUDINAL 
HYPERSOUND IN A WIDE INTERVAL OF VARIA­
TION OF THE VISCOSITY OF LIQUIDS 

The velocity of hypersound was determined from the 
positions of the Mandel'shtam-Brillouin components and 
thermal-scattering components (formula (18)) in viscous 
liquids only for glycerine and triacetine[29 l, a mercury 
lamp being used as the exciting light source. 

The velocity of hypersound in 1,2 propylene glycol 
was determined from the spectrum of stimulated 
Mandel'shtam-Brillouin scattering for change in vis­
cosity up to the vitreous state. [20' 301 Investigations of 
the propagation of hypersound in viscous media were 
practically exhaustive in these researches, while sig­
nificant and diverse experimental material have also 
been obtained for low-viscosity liquids. u,s, 7• 8• 25l 

The measurement of the absorption coefficient from 
the width of the Mandel'shtam-Brillouin components 
(formula (19)) in viscous liquids therefore has a special 
value. 

Table 3 and Fig. 5 show the results of our measure­
ments of the velocity and absorption of hypersound and 
the dispersion of the sound velocity in salol, benzophe­
none and triacetin. The velocity of hypersound was 
measured in the change of viscosity from a small frac­
tion of a poise to the viscosity of the vitreous state. The 
coefficient of absorption was measured over a somewhat 
smaller range of variation of the viscosity but, as is 
seen from Fig. 5 and Table 3, the entire region of max-

Table Ill. Results of the measurement of velocity and 
absorption coefficient of longitudinal hypersound 

in various materials 

t, oc t·liT',Hz I V,m/sec I Y0,m/secl ::r:~ 1~·1001 <·10", sec I a~:~·· 
Salol 

100 
85 
76 
.65 
55 
43 
34 
22 

9 
--9 

-13.5 
-34 
..:.~o.s 
--48.5 

4,40 
4,60 
4.76 
4.80 
5,00 
5.35 
5.50 
6.10 
6,45 
7.55 
7.65 
8.3) 
8,65 
8,85 

1265 
1312 
1360 
1373 
1421 
1510 
1570' 
1680 
1820 
2120 
2130 
2300 
2400 
2456 

1265 
1312 
1360' 
1373 
1390 
1420 
1440 
1470 
1500 
1550 
tsilo 
1610 
1630 
1640 

1620 
1640 
1730 
1780 
1840 
1900 
1940 
2000 
2060 
2150 
2170 
2300 
2400 
2456 

Benzophenone 

137 
115 
108 
97 
88 
82 
6J 
55 
42 
35 
19 
3 

--3 
-II 
-22.5 
--40 
-55 

4.27 
4,65 
4.75 
4,85 
4.95 
5.10 
5,40 
5.5 
5.70 
5.90 
6,45 
7.25 
7.65 
8,1 
8.7 
9.0 
9.3 

1360 
1400 
1410 
1420 
1450 
1455 
1532 
1530 
1620 
1650 
1810 
2080 
2160 
2258 
2410 
2481J 
2570 

1360 
1400 
1410 
1420 
1450 
1455 
1532 
1530 
1560 
1570 
1610 
1650 
1660 
1680 
1700 
1740 
1770 

!510 
(630 
1670 
1730 
1780 
(8(0 
t!i30 
1960 
2030 
2070 
2160 
2230 
2280 
2320 
2410 

Triacetin 

70 
so 
36 
22 
20 
12 
2 

-8 
-34 
--43 
-51 
-65 

v~:~«A 
m/sec 

2,0 tO 

1, Q5 

-51! 

3.90 
4.20 
4.40 
4,80 
4.85 
5.15 
5.7 
6,1 
7.3 
7,5 
7.8 
8.2 

1260 
1332 
1400 
1520 
(530 
1620 
1785 
1915 
2260 
2320 
2402 
2520 

1260 
1332 
140) 
152) 
153) 
156J 
1610 
1660 
1810 
1860 
1900 
1980 

50 0 fOO 
t,C 

1430 
1590 
1700 
1820 
1830 
19JO 
1980 
2J60 
2230 
2320 
2402 
2520 

v·to-J 
FIG. 5. Temperature depen- m~~c 

dence of the velocity V and absorp­
tion aA (per wavelength) of longi­
tudinal hypersound: a-in salol, 
b-in benzophenone, c-in triace­
tin. The points are the experimen­
tal values, the continuous curves 
are constructed from the formu-
las of the theory of Isakovich and 
Chaban. [ 21 I 

«A 

1,5 Q5 

0 
0 
0 
0 
2.17 
6.35 
9.00 

14.3 
21.2 
36,8 

43.) 
47.) 
50.0 

0 
0 
0 
0 
0 
0 
0 
0 
3.7 
4,85 

II 
23.8 
31.0 
34,4 
42 
43.5 
45 

0 
0 
0 
0 
0 
3.35 

10.8 
15.3 
25.0 

26,5 
27.3 

1,0 
1.4 
1.6 
2.0 
2.5 
4.0 
6.3 

1.6· 10' 
8.0·101 

2:o.1o• 
4·10' 

2.5.)()11 
1.2·1()11 
1.6·10" 

t:s8 
1.62 
1.78 
2 
3,16 
3,5 
4,5 
5.6 
7,95 

20 
40 
124 
1.22·10' 

I 
1.2 
2.3 
3.16 
3.54 
6.3 

15.8 
50 
5·10' 
5·10' 

9.7·10' 
8.7·10' 

c 

0.78 

1.45 

1.44 
2.02 
1.4 
0.4 

0,83 
0,54 

0.52 
0.61 
1,35 
2.45 
2,90 
2,85 
1.45 
1.53 

0.11 

1.05 
1,42 
1,28 
2,61 
2,23 
1,28 
1,00 
0,39 
0.42 

imum change of the absorption coefficient is sufficiently 
well represented. 

In correspondence with the earlier researches, [19• 201 

the temperature coefficients for V 00 and V 0 are different 
(see the table), while in all cases, dV 00 /dt > dV0 /dt. By 
virtue of this circumstance, the dispersion of the veloc-



88 SABIROV, STARUNOV, and FABELINSKil 

ity should be greater than in [201 at low sound frequen­
cies, in the same range of variation of the viscosity. 

It was pointed out in the introduction that one should 
compare the results of the measurements at hiyh viscos­
ities with the conclusions of nonlocal theory, [21 inas­
much as relaxation theory does not describe the phe­
nomenon. It is clear from Eq. (11) of Sec. 1 that in or­
der to carry out the comparison of experimental data 
with theoretical calculations, we need to know the re­
laxation time T, in addition to the frequency (in our ex­
periments, the frequency depends somewhat on the 
temperature, but it is always known). 

The absorption coefficient at low sound frequency 
enters into Eq. (13). This coefficient was not measured 
for salol and benzophenone, &> so that the value of R is 
known. In order to determine R, we used the following 
method. The values of the real and imaginary parts of 
the function F(wT) were found (Eqs. (11) and (14)). The 
value of wT was determined for each temperature from 
the values thus found and the graph of the function 
F(wT). [211 The frequency w was determined from the 
position of the MBC and known T were thus established. 
Further, T has been computed from Eq. (13) under the 
assumption that R = 1, and the value of R was deter­
mined from the ratio of the previously found value of 
T to the value of T for R = 1. For all the cases studied, 
R did not depend on temperature and was equal to 4.6 
and 1 for salol and triacetin, respectively. For benzo­
phenone at high temperatures, the value of R found by 
such a method was found to be equal to 4.3, but in the 
low temperature region, the viscosity for benzophenone 
is unknown and therefore T in this region ( WT » 1) was 
determined from the approximate formula (15). 

Thus, for all materials and the interval of tempera­
tures studied, computed values were obtained for the 
velocity and sound absorption and were compared with 
experimental results (see Fig. 5). This comparison 
shows that there is excellent agreement between theory 
and experiment over the entire range of variation of the 
viscosity. 

There is also agreement between the measured and 
computed values of the absorption coefficient, but it is 
considerably poorer. This is partially explained by the 
fact that we could not take the effect of the shear modu­
lus into consideration in the calculations, inasmuch as 
the temperature dependence of the limiting shear modu­
lus iJ.o is not known. At the same time, such considera­
tion significantly improves the agreement of the ex­
perimental and theoretical values of a. [20' 211 We also 
note that these first determinations of the absorption 
coefficient were made less satisfactory by appreciable 
error. Therefore, if the accuracy is to be considerably 
improved, which is quite realistic, and if the effect of 
the shear modulus is to be taken into account in the cal­
culation, then one can expect better agreement of theory 
with experiment. But even after such improvements, it 

6>salol and benzophenone are comparatively easily supercooled and 
can remain many years in the supercooled state, but they are crystallized 
by a sufficiently strong mechanical action (shaking) and especially by 
radiation by ultrasound. For this reason, the application of an optical 
method of investigation of the acoustic properties of such a class of 
materials is particularly appropriate. 

is possible that the location of the maximum calculated 
and found experimentally (aA as a function of t) will not 
agree with each other. Some results obtained in [2oJ also 
suggest this. Therefore, the problems of the develop­
ment and perfection of the theory of Isakovich and 
Chaban, [211 and also the problem of the direct testing 
of the assumptions on which the theory is constructed, 
all remain urgent. 

In conclusion, the authors express their gratitude to 
V. P. Zartsev and S. V. Krivokhizha for assistance in 
the research. 
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