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Stimulated light scattering from the surface of a highly viscous liquid is analyzed theoretically.
Stimulated light scattering in this case differs greatly from all other known types of stimulated
scattering in that the Stokes and anti-Stokes frequency shifts of the scattered radiation depend on
the intensity of the incident light. The instability threshold of capillary waves on the surface of a
liquid is calculated.
STIMULATED scattering (SS) of light on the surface of
a liquid was predicted theoretically in£l 1• In the present
work we have calculated the threshold intensity I0 of
the scattered light. This threshold determines the onset of capillary wave instability on the surface of a
highly viscous liquid for which
(1)

Here v = T/IP is the kinematic viscosity, p is the
density, and q is the wave vector of a capillary wave.
The frequency 0 0 is determined from the dispersion
equation for capillary waves:
Qo= (aq"lp)'lo

(2)

where a is the coefficient of surface tension.
It is characteristic of SS on the surface of a lowviscosity liquid[!] that the frequencies of the capillary
waves on which SS occurs (and therefore the frequencies w 0 ± 0 0 of the Stokes and anti-Stokes scattered
components, where w 0 is the incident light frequency)
do not depend on the incident light intensity I up to a
threshold I0 but are determined from Eq. (2 ). The intensity I governs only the logarithmic decrement y of
the capillary wave:
~ ~ exp[i(qr- Qt)) = exp( -'l't)exp[i(qr ± Q.,t) ].

Subject to (5) and without including the ponderomotive
action of the radiation, the capillary wave frequency 0
is purely imaginary ( -mV2vq2 ); this corresponds to
exponentially damped motion of the liquid surface without time-dependent oscillations. [2 • 31 The spectrum of
light scattered on the thermal fluctuations of this
liquid surface contains only an unshifted component.r 3J
The ponderomotive action of the field of an intense
light wave on the surface of a highly viscous liquid can
be taken into account in exactly the same way as this
was done in[ll for the case of a low-viscosity liquid.
Thus for arbitrary viscosity of the liquid and arbitrary
polarization of the incident light we obtain the following
characteristic equation determining the complex capillary wave frequency 0:
Q02

=

±Qo- i2vq2 [ 1 + BI I (2Qo,pvq2 )),

(6)

(7)

The accompanying figure shows the real and imaginary parts ( Re 0 and Im 0) of the frequency belonging
to the capillary wave on which SS takes place, as functions of the light intensity I. The threshold intensity Io,
determined from the condition Im 0 =0, is given by
(4)

corresponds to the condition y = Im 0 =0.
In the present work we consider SS on the surface
of a highly viscous liquid when
0,145.
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where B = B ( k 0 , q, >It, E ) is a certain function of only
the incident light wave vector ko, the capillary wave
vector q, the incident light polarization 1/1( cos 1/1
= Ey /I E 1), and the dielectric constant E of the
liquid. 1 > The threshold value

(Qo I 2vq2 ) 2

2-

This equation differs from the usual characteristic
equation for capillary waves in a viscous liquid[ 2 l only
by the presence of the last term on the left-hand side;
this term includes the light intensity. Here
B(k0 , q, 1/1, E) is the same function as in (3). In the case
of an extremely viscous liquid, which we shall be considering henceforth, we have 2vq 2 >> 0 0 , and the solution of (6) is a>

In[ll the complex frequency 0 is given by
.Q

+ (2vq

(5)

l) For the special case, considered in [I], of polarization perpendicular to the plane of incidence, we have B = (87r/c)q 2 D, where Dis determined from (5) of [I].

lo=

f-faTJq 2Qo/

JBJ.

(8)

The frequency of the excited capillary wave is
BI0 /pvq 2 = ..f2730 0 • It is of interest to compare the
thresholds for low- and high-viscosity liquids under
identical conditions of excitation, i.e., identical values
of k 0 , q, and 1/1. If we assume here an identical dielectric constant E for both types of liquids, then the
values of B(k0 , q, 1/1, E) will also coincide. The ratio
2lThe second root of (6) corresponds to extremely stronger damping
of the wave and will therefore be disregarded.
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of the thresholds obtained from (4) and (8) [with the
indices (1) and (2) designating the low- and highviscosity liquid, respectively] will then be
(9)

The SS effect on the surface of a highly viscous
liquid is basically different from all other known forms
of stimulated light scattering in that the frequency
Re 0 of the exeited capillary wave does not depend on
the wave vector q of this wave (as in SS on the surface of a low-viscosity liquid, or similarly in the case
of Mandel'shtam-Brillouin SS). Equation (7) shows that
the given frequency depends on the intensity I of the
incident light.
In a given direction of observation (i.e., for given q)
the following qualitative picture of the scattering appears. At low intensities I the scattered light spectrum contains, as already mentioned, only the unshifted line of width 0~/2vq 2 • With increasing I we

have the corresponding "running" capillary wave because of a real addition to the frequency, Re 0
= BI/p vq 2 • Then either a stokes component ( wo
- I Re 0 I) or an anti-stokes component ( Wo + I Re 0 I )
appears depending on the direction of scattering (the
sign of B). At the light intensity I1 = p0~/21 B I the
scattered line is shifted from w 0 by a distance equal
to its (previously given) width 0~/2vq 2 , With further
increase of I this shift grows, but the wi<;l.th of the line
decreases until it vanishes at I =I0 , which corresponds
to the onset of capillary wave instability. For I> I0 a
special quantitative analysis of SS is needed.
We conclude with a numerical estimate of the
threshold Io. When the incident light wave is polarized
in the incident plane at the incident angle e = 80°, with
q ~ 10 3/cm-\ 0 0 ~ 10 5 sec-\ k 0 ~ 10 5 em-\ and
11 ~ 10 poise, we have I0 ~ 6 x 10 8 W/cm 2 •
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