STIMULATED SCATTERING OF LIGHT OF THE RAYLEIGH-LINE WING
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A phenomenon, called stimulated scattering of light, is produced in the field of the op-

tical wave of the giant pulse of a ruby laser, as a result of nonlinear interaction between the

(1]

light and the medium. Stimulated Raman scattering of light was previously observed , as

(2]

tion of a new phenomenon - stimulated scattering of light of the Rayleigh-line wing.

well as stimulated Mandel'shtam-Brillouin scattering In this note we report the observa-

The spectrum of thermal scattering of light in liquids consisting of anisotropiec mole-
cules contains a more or less broad section of continuous spectrum, the maximum intensity of
which occurs at the frequency of the exciting line and decreases on both sides of this frequen-
cy, reaching sometimes 100 - 150 cm~% [3].

In the thermal light scattering, the wing of the Rayleigh line is due to modulation of
the scattered light as a result of the fluctuations of the anisotropic-molecule orientations,
which attenuate in time. The weak field of the exciting optical wave (ordinary source of
light) turns out to exert such a negligible influence on the anisotropy of the medium, that it
can be disregarded. The situation is different when the scattering is excited by a focused
giant laser pulse. Then the intensity of the electric field of the light wave is so large
that it produces, together with the field of the thermal scattering, an appreciable force [“]lz
f o (ay - dz)E3/1kT (@1, 05 = Q3 - principal polarizabilities of the molecule, T - anisotropy
relaxation time, k - Boltzmann's constant, T - absolute temperature, and E - sum of the fields
of the exciting and scattered light). The low-frequency component of this force causes aniso-
tropy of the medium as a result of the orientation of the anisotropic molecules.

For a classical solution of the problem of stimulated scattering of the light from the
Rayleigh-line wing it is necessary to solve simultaneously the nonlinear Maxwell's equations
and the nonlinear equations for the anisotropy tensor of the medium [h]. Assuming here that
the nonlinear terms are small compared with the linear ones, and using the method of the small

[3,5]

parameter with abbreviated equations , we can derive the following expression for the
threshold of the Stokes part of the stimulated wing of the Rayleigh line (the anti-Stokes com-
ponent does not arise in the approximation considered here):
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Here n - refractive index of the medium, k, - summary coefficient characterizing the optical
losses, k3 - wave number of the Stokes component of the wing, s - anisotropy tensor, Q - fre-
quency measured from the maximum of the wing, w - dielectric constant, I(Q)/I(0) -~ ratio of the
intensity at the frequency Q to the intensity at the maximum of the Rayleigh-line wing, due to
the fluctuations (thermal scattering). The quantity Qt(I(Q)/I(0)) has a maximum. Indeed, if we

assume, making a slight simplification [3], that
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o} = T o (@)
then Q1(I(Q)/I1(0)) will have a maximum at a frequency @ = 1/T. Consequently, at this frequency
the expression for the threshold (1) will have a minimum, and this in turn signifies that the
stimulated scattering of light of the Rayleigh-line wing will have a maximum at a frequency @,
and that this maximum does not coincide with the maximum of the intensity of the light of the
wing in thermal scattering.

We chose for the investigation the fol-

Sp,
1;- [~ lowing liquids: carbon disulfide, benzene,
‘i R, U A 1.7 v toluol, nitrobenzene, acetic acid, salol, and
L
MG G 'W'? r ! triacetin., The exciting light came from a
]
o =" ruby laser (Fig. 1) with Q modulated by two
Ly L cuvettes C; and Cp one cm thick, filled with
‘ a solution of cryptoeyanin in methyl alcohol
' with concentration 1.8 x 10_6 M. In the mode
2 employed for observation of the stimulated
n—t

scattering of light of the Rayleigh-line wing,
Fig. 1. Diagram of setup. M - mirror the pulse power was approximately 100 MW. The
(R = 100%),_ Ry, Rs - rubies of length 12 light from the pulse was focused by a lens I,
;‘;’ra’ﬁgl giﬁzzer éx.)i cfézm}’b’gjm' siﬁfc‘f' (f = 3 cm) inside a vessel V filled with the
ting glass plates, Lp - objective (s = scattering liquid. The light scattered at
= 120 em). angles 180° and 0° relative to the direction
of the exciting light was guided through a filter F to a Fabry-Perot interferometer F-P and
photographed on a photographic plate P£. The exciting light was alternately attenuated by in-
troducing between my and Sp various types of flat glass plates. The pictures were obtained on
the Fabry-Perot etalon in the dispersion regions 50, 16, 8, and 1 em™*. The stimulated scat-
tering of the light of the Rayleigh-line wing was observed in carbon disulfide and nitrobenzene
at room temperature and in salol at 170°C. In benzene, toluol, acetic acid, and triacetin the
phenomenon was not observed under the same conditions.

The stimulated Mandel'shtam-Brillouin scattering was observed in all these liquids except
triacetin.

Figure 2 shows the stimulated scattering of light of the Rayleigh~-line wing in nitroben-

zene and salol. The stimulated wing in nitrobenzene extends over approximately 1 cm’l,

and a
maximum is noted in its intensity distribution; it is difficult, however, to establish the po-
sition of this maximum, since it lies close to the Stokes component of the stimulated

Mandel'shtam-Brillouin scattering, ~ 0.23 cm~l. In the case of salol one can clearly see a

band (stimulated wing) with maximum near 0.16 cm~?t.
In carbon disulfide, at the used intensity of the exciting light, the stimulated wing of
the Rayleigh line extends to 15 em™t. When the intensity of the exciting light was reduced by

10 - 15%, the stimulated wing disappeared. These changes are shown in Fig. 3.
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a ,
c B Fig. 3. Spectrum of stimulated scat-

. g tering of light of the Rayleigh-line
fM/ wing in carbon disulfide at 20°C:

a - At an exciting light-pulse power
~ 100 MW (interferometer dispersion
region 50 cm~'), b - the same with
power reduced 10 - 15%.

/ @
l
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Fig. 2. Spectra of stimulated scattering of

light of the Rayleigh-line wing (interferometer
dispersion region 5 em™1): a - Emission spectrum
of ruby laser, b - nitrobenzene at 20°C, ¢ - salol
at 170°C.

The stimulated wing of the Rayleigh line has a pronounced threshold in all three liquids.

The existence of a threshold, the fact that the scattering intensity is comparable with
the intensity of the exciting light, the presence of a maximum in the wing, and the absence of
an anti-Stokes wing - all prove that stimulated scattering of the light from the Rayleigh~line
wing was observed in the three cases described above.

The authors are sincerely grateful to M. A. Vysotskaya and V. P. Zaitseva for help with
the experiment and to P. G. Kryukov and R. V. Ambartsumyan for measuring the power of the light
pulse in our apparatus.
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1) In deriving the expression for f it was assumed that (Q; - @5)EZ < kT (this is satis-

fied in fields up to E ~ 10 V/em).
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