modes (according to our estimates n = 10) for two values of the second-generator pump. We

see that these plots agree qualitatively with (1), with the exception of the end sections.
"The saturation” at small values of AW is
due to the fact that AW becomes comparable

7y.nsec with the energy of spontaneous emission in
180 r" the cavity after the shutter is opened. A
160} certain tendency to "saturation" in the

1ok region of large values of AW is apparently

attributable to the fact that those modes
of the first generator which do not coincide

120
1001

) with those of the second and therefore do
80+

/ not take part in the lasing, begin to 1ift
60 - an appreciable part of the inversion. The

WLyt

§ 8 10 12 146 16 18 20 22 24 2,,- ~Inff spectra of both generators remain identical
in the entire range of AW up to values
Fig. 3 107 ;.

We are contimuing the present investigations in order to obtain synchronous lasing of
several lasers using & driving laser operating in a single-frequency regime.
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We have previously reported cbservation [1] and experimental [2] and theoretical [1,3]
investigations of stimulated scattering of light in the wing of the Rayleigh line (RIW) when
there is no interaction between the exciting, Stokes, and anti-Stokes waves with the non-
linear medium (four-photon interaction).

We report here that we have observed four-photon interaction in stimulated scattering
of light in the RIW at small angles, which is the same as scattering of light by light in an
optically nonlinear medium. In other words, the four-photon interaction effect observed by
us is a particular case of parametric interaction between light waves in a nonlinear medium
consisting of anisotropic molecules, when the angle between the propagation directions of
these waves iz small [2). This question was considered theoretically by one of us [3] and
also by Chiao et al. [L4].

It follows from the theory [3] that for the case of four-photon interaction in RIW

at the optimal engle 6, = IEO IA]‘/ 2 the maximm gain is
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9(0) = -2K  + AlK || Eq|2Q0+Q2:2)-1/2, (1)
where A = (2/2( » K 0’ T( » @, and 1T are the amplitude coefficient of light absorption, the wave
vector of the scattered light, the frequency reckoned from the frequency of the exciting
light, and the anisotropy relaxation time, respectively. We see from (1) that the maximum
galn occurs in this case when 0 = O.

The presence of four-photon interaction in RIW becomes manifest by the fact that at
the optimal angle 9o ot
the Stokes and anti-Stokes sides and has & maximum at Q = 0. When there is no interaction
between the Stokes and anti-Stokes waves, it is possible to observe only the Stokes wing with
& maximum gein at 0§ ~ 1/t [1,3]. In our experiments the interference patterns have revealed
simultaneously both the wing corresponding to four-photon interaction and the ordinary Stokes

RIW.

it is possible to observe in the spectrum a wing which is the same on

The work was performed with the setup described in [1,2]. The laser power was 90 MW.
The light was focused inside a liquid-filled cell by & lens with f = 2.5 cm. In certain
orders of the interference patterns i o e S e
corresponding to the optimal angles, S o e
the anti-Stokes wing was observed in
RIN in o-xylol and nitrobenzene (see
the figure).

For the case of nitrobenzene,
we observed simultaneously the RIW
at engles 6 ~ 0° and 8 = 90°. As

expected, the Stokes and anti-Stokes

Part of interference pattern of RIW spectrum in nitro-
vings of the RLW were cbserved only benzene. Fabry-Perot interferometer dispersion region
at small angles (6 < 2°), and only 8.33 em~l. a -~ ruby laser emission spectrum; b - RIW
spectrum, in the right side order of which are seen
the Stokes wing was observed at the Stokes and anti-Stokes (~1.5 em~1) parts of the
6 = 90°, wing. This order lies inside of the cone of the
optimal angle for four-photon interaction. The left-
side order lies outside this cone, and does not con-
observed earlier by Maker and Ter- tain the anti-Stokes part of the RIW.

hune [5] in the Raman spectrum of light. Carman et al. [6] also observed four-photon inter-
action by mixing two beams obtained from & single light flash of a ruby laser and crossing
at an optimal angle in a cell with nitrobenzene. The mechanism of nonlinear interaction of
the light beams with the medium was the same in [6] as in our case, but in [6]1 8 = 0. In
our case, on the other hand, the four-photon interaction was observed in a wide spectral re-
gion of the RIW and the gain was larger by two orders of magnitude than in [6].

We have already mentioned [2] that the occurrence of the RIW suppresses the stimulated
Mandel'shtam-Brillouin scattering. It is interesting to note, that this suppression is even

Four-photon interaction was

more strongly proncunced when the anti-Stokes wing is produced.
The authors are grateful to I. Dikhter for help with the experiment.
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In the theory of weak ferromagnetism [1,2], an important role is played by exchange

interaction of the type

Hy=DISFS), (1)
which iz antisymmetrical with respect to the spins §1 and §2. On the other hand, in the the-
ory of exchange interaction connected with the change of multiplicity [3], antisymmetrical
spin operators are also significant. This raises the natural question of the connection
between the interaction (1) and the change of multiplicity.

Td establish this connection, we introduce symmetrical and antisymmetrical spin

operators
$=8,+S,, A=-S -S, (2)
vhere 5, and §, satisfy the commtation relations:
[SyS,1=iS,, [858,1=iS,, (3)
From (2) and (3) we get the following commutation relations for & and A:
[$§] = [AA] =i § (L)
SiAL = ALS =ieyg Ay, (5)

vhere LT is an antisymmetrical unit tensor of third rank. Relation (5) leads [4] to the

equality
S4A_ _252A,52 + A,S4 <2S2A, +A,5?) 45 (SA), (6)

from which it follows that the operator A can transform the state of a system with spin S
only into a state with spin S' satisfying the condition

§° -5 =0,:1 ., n

The equality S' - S = O (conservation of multiplicity) can occur only if the last term of (6)
does not vanish. In our case it follows from (2) that

(SA) =87 -S2 x5 ,(S, +1)=5,(5,+1). (8)

Consequently, if we confine ourselves to the case of two identical spins (S1 = 82) , then
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