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Results are presented of an experimental investigation of the absolute light scattering coefficient in such
simple liquids as benzene, toluene, acetone, and carbon tetrachloride. The data can be described, within an
experimental error of 2-2.5%, by the relaxation theory of light scattering. The data for the scattering
coefficient in benzene agree to within +5% with most of the other experimental data. Some consequences of
the relaxation theory of light scattering for glasses and vitrifying liquids are discussed.

PACS numbers: 78.40.Dw

As is well known,! the total intensity I of isotropically
scattered light in liquids is proportional to the mean
square fluctuations of the permittivity of the medium
(6€?) and is directly expressed in terms of the fluctua-
tion of the macroscopic variables describing the state
of the liquid. One of the basic difficulties in understand-
ing this phenomenon, which was first encountered and
investigated by Fabelinskﬁ, is associated with the pres-
ence in most liquids of internal processes of establish-
ing equilibrium (relaxation processes) and the necessity
of taking into account the fluctuations of the “hidden”
variables, which characterize these processes.?

A general relaxation theory of thermal fluctuations has
been developed by Rytov,® who, in particular, obtained
formulas for the calculation of all components of the
scattered light intensity in an arbitrarily dispersing
medium. In spite of the fact that significant clarity had
been achieved in the theoretical sense in the understand-
ing of Rayleigh scattering as a result of Ref. 3, the ex-
perimental situation in this problem has turned out to be
very vague up to the present time. The divergence of ex-
perimental data, obtained by various authors, in the
measurement of the total intensity of isotropically scat-
tered light in the same liquid (for example, in benzene)
amounted to 30-40%.%*° In this connection, it is not
clear whether the relaxation theory of fluctuations can
be applied to the description of light scattering in real
liquids or not.

The purpose of the present research is the experimen-
tal study of the total intensity of isotropic light scatter-
ing in liquids and the comparison of the resultant data
with the relaxation theory of Rayleigh scattering.® In
the first part of the work, we give the basic assump-
tions and the scheme of calculation of the thermal fluc-
tuations and discuss the ensuing requirements for an ex-
periment to test the obtained theoretical results. The
second part of the work is devoted to a description of
the experimental setup and to the results of the measure-
ment of the absolution scattering coefficient for four
liquids.

BASIC ASSUMPTIONS

a) The scattering liquid, together with the density p
and the temperature T, is described by a single relaxing
parameter £. The generalization to the case of several
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relaxing parameters is obvious. In particular, the pres-
ence of tensor relaxing parameters leads to partial de-
polarization of the scattered light, which will be taken
into account below [see (8a)] by the introduction of the
Cabannes factor? in the scattering coefficient.

b) The connection between the fluctuations of the per-
mittivity and the fluctuations of the macroscopic parame-
ters p, T and £ has a local character:

de(r, t)= E%un(r, £). 1)

i

For brevity, we have introduced the notation
o={p, T, §}.

We emphasize that the derivatives (9€/3¢;) appearing
in (1) have the meaning of ordinary thermodynamic de-
rivatives, for example, (9¢/8¢,) =(3€/8p)y, andsoon.

c) The fluctuations of the macroscopic variables ¢;
are described by the equations of hydrodynamics with
random forces ¢’, ¢’ and f, and by the relaxation equa-
tion for the quantity &:

av 1
po=g, = —VPnAV+ (§+ —31]) V div V+div o',

3 a8 ,

a—tp=—p., divV=0, piTi——=xAT +div, @)
at oF
s (= +
at “(ag ),,,, of,

a is the kinetic coefficient describing the relaxation £,
F is the free energy of the liquid. The remaining nota-
tion is standard (see, for example, Ref. 6).

THERMAL FLUCTUATIONS AND THE INTENSITY
OF THE SCATTERED LIGHT

Starting out from the set of equations (2), with the help
of the fluctuation-dissipation theorem,’ it is not difficult
to find the Fourier components of the correlation func-
tions of all the macroscopic quantities and, correspond-
ingly, the correlator of the fluctuations of the permittiv-
ity

de Ode

———— Qi ux. (3)

2)—
(|6e(w, K) | 2591 9%

Without lingering on the details of the calculation of the

quantities {¢;¢ .k, We consider the general structure
of these expressions and their connection with the inten-
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sity of the light scattering. All the correlators in the
(w, K) representation have the characteristic polar form
and reduce to the expressions

Dy(0,K) @)
A0, K)A*(0,K) (0*+172) '

{Qilox =

where ®;,(w, K) are polynomials in w and K, 77'=ad?F/
82, while A(w, K) is the determinant of the set of hydro-

dynamic equations (2):
2 apP
Ao, K)=—p:’ T“(:i) (_“"’LT.,p,,(:‘s{iar)‘,E ){“’Z_KZ[(Tap—)T,E
P

*‘:7 (?—21); (ﬁ)] +£§(C+—")}‘i°”‘”°ﬂ(z—r)1ﬁa :
5)

(In this paper we assume that 92F/3£0T=0. This as-
sumption, being of no principal significance, greatly
simplifies all the calculations.)

The light intensity scattered in a given direction, is
determined by integration of the expression (3) over all
the frequencies. By virtue of (4), these integrals are
easily calculated according to the general theorems of
the theory of residues. The residue at each of the poles
gives the scattering intensity at the corresponding fre-
quencies, which are determined from the equations

(6)

A(o,K)=0, o+it—'=0.

[In correlation functions that do not include fluctuations
of the quantity £, ®;;(w, K) turns out to be proportional
to the factor (w?+772) and the corresponding pole does
not contribute to the total intensity.] The first of these
equations has four roots: two acoustical, one relaxa-
tional, and one thermal, which in the two extreme cases
w, 7>1 and w, 7<1 are easily found and have the fol-
lowing form:

W U.—Ug?
0d? =2U K_T(*_U; +~{>, (72)
O el =_iT—lUnz/Umz, (‘)T=—isz
at w,. 7>1 and
an —:tU,,K——[(U U)Ky ], (1b)

O ey =—iT" r=—ixK*

at w,7<1. Here Uo=(<'3P/ap)§/'§q is the low-frequency
sound velocity (the subscript “eq” of the thermodynam-
ic derivatives means that the corresponding derivative
is taken at a constant value of the field 72 thermodynam-
ically conjugate to the quantity &; just such derivatives
determine the behavior of the system at extremely low
frequencies), U.=(3P/9p)s, ¢ is the high-frequency sound
velocity, x=%/p,Cp is the coefficient of thermal diffus-
ivity, and v is the sound absorption, due to viscosity
and thermal conductivity.® We assume that y7<1.

The roots (7a) and (7b) determine the spectrum of
characteristic perturbations in the liquid (the normal
modes), which characterize the hydrodynamic stage of
the approach of the liquid to equilibrium.

The scattered light thus has a fine structure, the side
lobes of which are shifted relative to the frequency of
the incident light by an amount Rew!!'?. The intensity
of the side components I yp is determined by the residues

at the acoustic pole w(1'2) The intensity of the central

315 Sov. Phys. JETP 54(2), Aug. 1981

maximum /., is equal to the sum of t.he three residues
at the poles w,,. wp and Wiy =—4774; I o =L, +1}, +1y.

Straightforward but rather involved ca.lcula.tlons give
the following results: at w, 7>1,

AT, / de\? 1 de\?
E=22(=2) o theede(S) UL
T Po aT / ., eq Cr MB= Po( aP XY

ratta=a(of(%) . 07 (), 0]
e (7 IO I o B I
+(5),. /(5
at w, T<1,

AT, [ 0e \* 1 de\*
1 =-—(—) —, 2hs—A ( ) Uy
’ Qo 0T/ peq C»p haz=A4p ap o

’ 1 de \? S \~! as

Lot g=4{—|(— - =
P el {p., [(0T )‘,,eq ( 0T) orea ( ),,; ( oT ) ]

dey? a*F
(%), /(5)
where A=k, TVI,/(\*L?), kjy is Boltzmann’s constant, A
is the wavelength of the exciting light, V is the scatter-
ing volume, L is the distance from the scattering vol-

ume to the photodetector, I, is the intensity of the ex-
citing light.

As was to be expected, the intensity of the Mandel’-
shtam-Brillouin side components at w,.7>1 is deter-
mined by the high-frequency sound velocity and turns
out to be less than in the scattering at small angles
(when w,.7<<1). This diminution in the intensity of the
side components is completely compensated by the in-
crease in the central component, which is connected
with the additional contribution of the relaxation mode
to the scattering.

We now state briefly the basic conclusions of the re-
laxation theory.

1) The scattering coefficient R, which is connected
with the total scattered intensity I = (Ip+2Lyg+la +11¢ )
Xf(A), equals

- LE
LV
_ ke {pwe/amr.’w (ae/as>:.,+(ae/ar):;}f(A) (82)
A (0P/8p) 1,eq 0*F/ogr  (38/0T)e '

where f(A) is the Cabanne factor. In the case of verti-
cally polarized exciting light and a scattering angle of
90°,

F(A)=(3+3Av)/(3—4Av);
Ay is the coefficient of depolarization of the scattered
light.?

We note that, in spite of the fact that the intensity of
the individual components of the spectrum can depend on
the quantity w, 7, the total intensity remains constant.
At (8e/8¢&),, 7=(0€/0T),, ¢=0 the relation (8a) is identical
with the Einstein-Cabannes formula.?

2) The relations in the fine structure are

2Iwgt] re1+1 rey = const
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(does not depend on w,.7)
I Cp

—_—

ZIM B+I rel Cy (8b)
lcent__ { (Cp/Cv) —1, Wact<A
2lug L (CoUYCr UM —1. @aca>1

The last two relations are written in the approximation
(88 /03&), r=(8€/8T)¢,,=0. It is evident that this assump-
tion does not lead to large distortions in the case of sim-
ple liquids; in addition, the case (9¢/8T),,, #0 is con-
sidered in detail in Ref. 2. The exact relations can be
obtained from formulas (7a) and (7b).

3) The central maximum of the scattered light con-
sists of three components.

4) The spectral composition of the scattered light in
liquids with high dispersion (glycerine, triacetin, glass-
es) has an anomalous character: the basic contribution
to the scattering in the high-frequency region is made
by the relaxation mode.

Other consequences of the relaxation theory can be
given; we have discussed only those whose experimental
verification is in our opinion most realistic.

EXPERIMENTAL VERIFICATION POSSIBILITIES

The present work is devoted to the measurement of
the integrated intensity of the scattered light. There-
fore, we consider the relation (8a) in more detail.

The experimental test of the relation (8a) requires
independent measurements of the right and left sides of
this equation. The specific difficulties of measurement
of the scattering coefficient [the left side of (8a)] will be
discussed somewhat later. Here we shall treat only the
possibility of the direct determination of the right side
of (8a). The experimental method that we have proposed
allows us to measure directly the first and last terms
in (8a). So for the second term, we believe that by
choice of suitable liquids it can be made small in com-
parison with the first. Actually, if we represent the re-
laxation process as a process of transfer of the energy
from the sound wave (the energy of intermolecular in-
teraction) to the internal degrees of freedom of the
molecule, and assume that the molecular polarizability
changes insignificantly here, then it is not difficult to
show that

(8e/0E),, 2/ (pBe/Bp)r,eq ~Ad/a<A

(Aa is the change in the polarizability). Those liquids
in which molecules that differ strongly from the original
ones are formed in the relaxation process in all prob-
ability do not satisfy this condition (A&/&<<1). These
include, in particular, liquid mixtures in which the
chemical equilibrium is shifted upon passage of the
sound wave. The Einstein-Cabannes formula [formula
(8a) without account of the second and third terms in the
right hand side] turns out to be inapplicable here, while
the complete relation (8a) remains valid. (Experimental-
ly, the presence of the second term in the total intensity
of the scattered light can be determined from the pres-
ence in the central maximum of a component that is de-
termined by the frequency w’,=—3i7"".)
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EXPERIMENTAL RESULTS

In correspondence with the discussion above, we have
selected four liquids for measurement: benzene, tolu-
ene, acetone and carbon tetrachloride. For the first
two, the contribution of the depolarized scattering to
the total is large, ~50-60%; for the other two, it does
not exceed 20%. In each pair, one of the liquids (bene-
zene and carbon tetrachloride) possesses large sound-
velocity dispersion [(U. -U,)/U,= 10%], and in the sec-
ondasmallone[U. -U,)/U, = 2.5%]. Thus, all four pos-
sibilities associated with the presence or absence of de-
polarization and dispersion were considered.

For all four liquids, the condition A&/& <1 is satis-
fied by all appearances, and the second term in the
right hand side of (8a) can be neglected. Moreover, the
chosen liquids, especially benzene, have been well stud-
ied and there is a wealth of experimental data for them
which can be used for comparison and calculations.

A. Measurement of the scattering coefficient [left side of
(8a)]

In correspondence with the definition, the scattering
coefficient is equal to

R=W,./W,Ql,

where W, is the power of the exciting light, W, is the
light power scattered in the solid angle 2 with path
length of the exciting light /; W.. is connected with the
total intensity (I), introduced above, by the relation W,
=Io, where 0 is the area of the photodetector.

As a light source, we used lasers with A=633.0 nm
and A=441.6 nm. The quantities W, /W,, @ and !l were
determined directly in the experiment.

As is well known, the basic difficulty in the measure-
ment of the quantity R is connected with the fact that the
ratio W /W, is of the order of 107-107°, and in the con-
struction of a scale of such an extent for the simultane-
ous measurement of W,. and W, it is difficult to avoid
large systematic errors.

As a basis for the construction of the scale of light
flux powers, we used the principle of superposition of
electromagnetic fields.! With the aid of the superposi-
tion of light fluxes of two light-emitting diodes AL307B,
the silicon photodiode FD-24K was calibrated, and its
linearity turned out to be extraordinarily high. The de-
viation from linearity of the characteristic with change
of the power of the light flux by a factor of 10* did not ex-
ceed 0.3%, which agrees with the data of Refs. 7 and 8.
The neutral light filters NS10 and NS11 were calibrated
with the help of a photodiode. These filters had attenua-
tions of 102 and 10*, respectively. Each light filter was
calibrated in the operating position. With the use of
these light filters, the power of the exciting light W, was
reduced by a factor of 10°, after which the powers W,
and W, could be measured with the help of a single photo-
detector. We used the configurations of the setup em-
ployed by us previously® (see Fig. 1): the photodetector
was mounted on the arm of a rotatable fixture; it mea-
sured the power of the exciting (position A) and scatter-
ed (position B) light. The photodetector was based on a
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FIG. 1. Diagram of experimental arrangements: P— Photode-
tector, C—cell, NL—neutral light filters, L—focusing lens,
Si, Sy;—exciting-light wavelength switches,

photomultiplier FEU-79 operating in a photon-counting
mode and calibrated by means of a photodiode. The total
error of measurement of the ratio W, /W, did not exceed
0.8%.

For measurement of the quantities £ and /, we used a
specially prepared cell (Fig. 2) in which these quantities
were measured directly without the need for taking into
account the refraction of the scattered light at the glass-
air interface. This made it possible to avoid the fre-
quently encountered doubt® in the validity of the method
of allowing for this refraction in the specific geometry
of the experiment. The window for the scattered light
was a spherical one, as a result of which an image of
the object was formed in the plane of a vertical slit. In
this case, the solid angle £ was determined by the area
of the diaphragm and was equal in first approximation
to md?/4L*? (the notation is shown in Fig. 2). The quan-
tity  was determined by the length of the image of the
scattering volume cut off by the slit d,. For the deter-
mination of the quantity I in the scattering volume, a
previously calibrated rule (a reticule with divisions)
was lowered into the scattering volume and the width
of the slit was measured from its image. The total
error in measurement of the product £/ did not exceed
0.8% in the case of a typical value 21~ 1073,

During the course of the experiment, many other more
particular problems arose, connected with the sensi-
tivity of the photodetector to the magnetic field, with
the polarization of the light and its distribution over the

L=8Y

L4

4,
photo-
detector
FIG. 2. Diagram of the cell: d;—circular diaphragm, d,—
slit.
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area of the photocathode, with the effect of temperature,
and also with parasitic scattering of light by dust, by
the windows and walls of the container, with reflection
of light from the window, and so on. All these parasitic
effects could either be eliminated or corrections could
be made—the value of which, in toto, did not exceed (5
= 0,6)%. Analmost two-year study of the scattering coeffi-
cient of benzene under different experimental conditions
aided inthe detection of the parasitic effects and their cor-
rect account. The stability and reproducibility of the at-
tenuation coefficient of neutral glasses, the effect of para-
sitic scattering and of the value of 2/ onthe result of the
measurement were all especially carefully investigated.
The product Q! varied in the range (0.4-20)X107%. It
was ascertained that a p7io7i estimates of the error
agreed with the experimental results. The total error
of measurement did not exceed 1.5%.

As a control, we measured the scattering coefficients
of all four liquids in a cell of more traditional “rectan-
gular” construction, and of benzene also by an indirect
method, using an auxiliary strongly scattering medium.
A calculation of the values of & and [ for the “rectan-
gular” cell by the formulas of Carr and Zimm'® gives
an error approaching the value that is typical of the cell
with the spherical window. The values of the scattering
coefficients obtained for the two types of cell agreed,
within the limits of error of the measurement, for all
the liquids (the difference did not exceed 3%). In the in-
direct method, which we attemptedto carry out as close-
ly as possible to that described in Ref. 11, we measured
the exciting-light attenuation due to scattering in a solu-
tion of polystyrene in benzene, the scattering coefficient
was calculated, and then the scattering coefficient of
benzene was measured by a relative method. In this
method, it was not necessary to measure the quantities
W, /W,, @ and I directly, and consequently one could
hope to obtain more reliable data.>'°'!! As a result of
the measurements, we obtained values that agreed with
the data of direct measurements; however, the accur-
acy of this method turned out to be significantly lower.
In the best case, for a container of length 75 cm and A
=441.6 nm, the error amounted to 7% and was almost
entirely connected with the uncertainty of the positioning
of the vessel in the measurements and the refillings.

It appears that an error of this order is typical for this
method.

As a result of this investigation, we could have confi-
dence in the reliability of the values of the scattering co-
efficient and the obtained estimates of errors in their
measurement. The results R.., of the measurements
of the scattering coefficients, obtained by the method
just described, are given in the accompanying table.

B. Measurement of the right side of (8a)

For the determination of the right side of the relation
(8a), we used the thermodynamic relations

(6P) _,_Cl(aP) —CVU’
0p/ 1.eq. Ce \0p /s eq Ce !
de aP an

%) ),
( ap) T.eq 0p / 1,eq 6P)T,,q.

where Cp and Cy are the heat capacities at constant
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TABLE I.

1 dp
(OnpP)p, 3 U, Cp, Cy, %e -5 A Recalc, | R exp
substances Ly * ] 1070 BA-Y | grem?® | mis | wikg | wiri (e 5)r, q. (l‘(’)_"l‘l’.):.»_l = V. lio-sem| t0-semet
4416 | 1521 548 1.690 0274 | 574 | 588
benzene { 8330 | 145 492 0.8790| 1324 | 1.728 | 1.203 1581 93.2 0260 | 115 | 115
4416 | 1512 489 1.685 0347 | 656 | 673
tolugne { 6330 | 1,493 462 08669 | 1328 | 1.685 | 1.255 1575 813 033 | 131 | 132
4416 | 1.367 4 1,035 0095 | 176 | 177
acetone { s |43 an 07905 1192 | 2436 | 1.520 Lose 1244 Ofoas | 16| 11T,
ca 4416 | 1472 524 . 1.494 00216 | 255 | 259
4 { 663.0 | 1,458 507 1595 | 938 | 0.850 | 0.586 1431 1033 00206 | 553 | 561

pressure and volume, U is the speed of the ultrasound,
n is the index of refraction of the liquid. For the select-
ed liquids, U=U, with accuracy to within 0.1% for fre-
quencies <20 MHz The quantities (3n/3P)y,

(n/8T)p, , Cp, Cy and Ay were measured by us direct-
ly. The values of the parameters A, n, p and U were
taken from handbooks.'?*'** A Mach-Zehnder interferomet-
er was the basis of the setup to measure the derivatives
(dn/3P)rand (8n/9T)p.** The cell with the liquid to be mea-
suredwas placed in one of the arms of the interferometer.
The light source was the same as in the setup for measure-
ment of the scattering coefficient. With the help of a
feedback circuit, the interferometer was maintained in
a state of minimum light transmission, while the pres-
sure and temperature were measured with the help of a
calibrating manometer of class 0.16 and a platinum re-
sistance thermometer. The drops in the pressure and
temperature were of the order of 1 atm and 0.2 K, re-
spectively. The error in measurement of the deriva-
tives did not exceed 0.5%. The possible effect of dis-
solution of the helium which transmits the pressure,
was estimated not to exceed 0.01%.

The heat capacities Cp and C, were measured on a
standard calometric setup.” The measurements were
carried out by the method described in Ref. 15, with
corrections that take into account the small compres-
sibility of the liquids. The experimental error of the
heat capacity measurements was 0.2-0.3%.

The values of the coefficients of depolarization were
measured at the same time as the measurements of the
scattering coefficients, with the help of a polaroid
placed in front of the photodetector. The error of mea-
surement did not exceed 0.7%.

The experimental data obtained (see Table I) allowed
a direct calculation of the first and last terms of the
right side of the relation (8a). For all four liquids, it
turned out that the contribution of the temperature fluc-
tuations [the last term in (82)] to the total intensity of
scattering did not exceed 0.03%, which agrees qualita-
tively with the conclusions of Refs. 2 and 16. In the
next-to-the-last column of Table I are given the values
of the scattering coefficient calculated from the Ein-
stein-Cabannes formula, with use of the experimental
values of the derivatives that enter into it R, ). The
total error of R, oscillates in the limits of 1.5-2% de-
pending on the contribution of the depolarization scatter-
ing. A comparison of the data in the last and the next-to-
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the-last columns of Table I shows that these quantities
are equal within experimental accuracy.

For a comparison of the values obtained for the scat-
tering coefficient of benzene with the results of other
researches, we have separated from the integrated
scattering intensity the part which does not depend in
explicit fashion on the wavelength of the incident light:

_ R\
 (p0e/3p), o

R depends on the wavelength only through the Cabannes
factor. Moreover, all the data were reduced to the sin-
gle temperature 20 °C (we have assumed® R™'dR/dT
=0.007 K™).

Figure 3 gives the values of R, obtained from the data
of the summary table of the review,* the experimental
data of Refs. 11, 18-22, and also our data, as functions
of the wavelength. In place of data obtained up to 1961,
the averaged “best” value of Refs. 2 and 4 was taken. It
is seen that most of the data agree with one another with-
in the limits of typical experimental error of +5%.

The results of Refs. 4, 11, 18 reveal a significantly
large deviation. It is possible that this is connected
with the use in our researches of the indirect method
of determination of the scattering coefficient. Similar

3
|
.

Lk o
L T ———
a o R X T ——
15 o 2 ° T v————
b o—— . P
—— [ o
- S S o o T |z5%
T =
0.95 - S ——
085
- . .
.
0.5 .

’v’lﬂﬂ Jlﬂﬂ 1720 A, WM

FIG. 3. Experimental values of the scattering coefficient R

of benzene as a function of the wavelength of the exciting light
(in relative units) A—our data —left and right sides of (8a);

O —*“best” value’; J—data of Classon and Echman, 4 O —cCan-
tow!, @—Beridze!; ®—Rozhdestvenskaya et al “, &—Finnigan
and Jacobs‘s, +—Pike et al.!® ©—Leit et al.2®, x—Kato et al.2}

V —Kaye and McDaniel??,
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agreement exists also for the other three liquids, al-
though the number of experimental data for them is
much less than for benzene. Thus, the relaxation the-
ory adequately explains the molecular scattering of light
in liquids in all four cases investigated, and the initial
assumption as to the smallness of the parameter Ada/&
for the given class of liquids is satisfied.

In conclusion, we point out the interesting experimen-
tal consequence of this approach, touching on the light
scattering in glasses and vitrifying liquids. [Although,
strictly speaking, the relaxation theory for vitrifying
liquids should be refined (for example, by the introduc-
tion of a spectrum of relaxation times?®), the basic con-
clusion that the total scattering intensity is independent
of w, T should remain unchanged. Also, taking it into
account that I,; is inversely proportional to the square
of the sound velocity at the corresponding frequency,?
we obtain the result that the Landau-Placzek relation
(the third relation of (8b)) remains valid even in the re-
fined theory.] For such liquids, a large sound velocity
dispersion is characteristic. Thus, for glycerin and
triacetin (U - U,)/U, ~50%.2 This means that the inten-
sity of the Mandel’ shtam-Brillouin components de-
creases by a factor of 2—3 and more than half of the
entire intensity of the scattering is “pumped over” into
the relaxation mode. Failure to account for this fact
should lead to a large decrease in the theoretical scat-
tering coefficient in comparison with the experimental.
This is well illustrated in Figs. 75 and 76 of Ref. 2.

Starting out from the relaxation theory, we can, by
using experimental data on the scattered light intensity,
understand the properties of the “equilibrium” state of
such strongly dispersive systems.

Actually, the value of the high-frequency sound velo-
city in glasses, for example, in fused quartz, has a
typical “solid-state” value U, =5000 m/s. The direct
determination of the low-frequency velocity of sound in
such systems turns out to be very difficult because of
the very long relaxation times. However, under the as-
sumption of the validity of the relaxation theory, the low-
frequency sound velocity can be estimated both from the
experimental values of the total intensity of the scatter-
ed light and from the Landau-Placzek relation.?!’
Therefore, the entire central component should consist
of the contribution from the relaxation mode. Experi-
ment shows that the intensity of this central component
is an order of magnitude greater than the intensity of
the lateral components.?’

These and other estimates give similar values, having
the characteristic “liquid” value of the velocity, ap-
proximately equal to 1500-2000 m/s. Thus, the low-
frequency properties of glass agree, toall appearances,
with the properties of ordinary equilibrium liquids.
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