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The well-known phenomenon of the stimu-
lated Raman effect is a remarkable example
of nonlinear optical behavior. In this phenom-
enon a large percentage of very high-intensity
light may be transformed into molecular side-
bands (Stokes and anti-Stokes components and
their true harmonics) in the process of being
transmitted through the materials.

A second nonlinear phenomenon known as
the stimulated Brillouin effect was first observed
by Chiao, Townes, and Stoicheff' in solids,
and by Garmire and Townes' and Brewer and
Rieckhoff in liquids. There is already a rath-
er extensive literature on this subject. This
phenomenon has been observed in gases as
well as in liquids and solids. Certain remarks
concerning the observations made on the stim-
ulated Brillouin effect are in order to clarify
the experiments which we will describe. We
have been able to observe as much as 80'%%uo of
the incident polarized light to be back-scattered
from liquids and 45%%uo from high-pressure gas-
es. The back-scattered Brillouin components
are polarized. To the best of our knowledge
no anti-Stokes components in liquids have been
observed with certainty.

We have passed a single-moded ruby laser
beam through liquids and solids. Power lev-
els up to 70 MW with beam divergence of 8 mrad
and a linewidth of about 0.03 cm ' was used.
A lens of 15-cm focal length was used to focus
the laser beam in the materials.

The light emerging from the material in the
direction of propagation was analyzed by means
of a high-resolution grating spectrograph (re-
solving power 400000, dispersion 3 cm ' per
cm on the photographic plate). A reproduction
of the spectrum in the neighborhood of the la-
ser frequency for two liquids is shown in Fig. 1.
The spectrum labeled A is due to CS, and the
one labeled B is due to aniline. The top sec-
tion indicates the method of identifying which
component is the unmodified frequency. It is
an exposure made in two parts, the top half
with no sample in the beam, the lower half
with a CS, cell. With close control of the ruby
temperature its frequency was constant with-
in 0.03 cm '. In the figure the unmodified fre-
quencies are placed in a vertical line.

The frequency separations of the components
shown in Fig. 1 are identical to those observ-
able in 180' back-scattering making use of the
stimulated Brillouin effect. Our measurements
give 0.197, cm ' for the separation of the com-
ponents of the spectrum of CS, shown in Fig. 1.
The measurements were made at 26'C. In
addition to the two materials which are the
subject of Fig. 1, two optical glasses and a
large number of liquids have been investigated
in the same manner as described above and
similar results have been obtained in all cases.

From the measured separation of the spec-
tral components the velocity of sound can be
calculated. Good agreement between our mea-
surements and those of Chiao and Fleury' was
obtained. Because of the dispersion of sound
velocity at high frequency, it is necessary to
compare our measurements with others made
using 180' scattering.

All of the liquids and solids which we have
observed show one or more "anti-Stokes" (vi-
olet-shifted) components. In the case of CS2

we have observed 30 Stokes and 15 anti-Stokes
components. Anti-Stokes as well as Stokes
shifted components can occur even when the
back-scattered light cannot be amplified and

returned to the sample. ' This amplification
was occurring when the spectra shown in Fig. 1

were obtained.
The media investigated to all intents and pur-

poses are completely transparent to the laser
wavelength. However, the amazing situation

FIG. 1. Stimulated Stokes and anti-Stokes compo-
nents observed in the neighborhood of the laser fre-
quency with a high-resolution spectrograph. (A) CS2
and (B) aniline. The top section indicates how the la-
ser frequency was identified; the upper half is the la-
ser alone, the lower half the laser through CS2. The
separation of the components is 0.198 cm in CS2 and

0.259 cm in aniline.
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occurs that absolutely none of the laser light
is transmitted without being modified. The
laser frequency indeed appears in the spectrum
but it, as well as the modified components,
is completely depolarized while the incident
light and back-scattered light are completely
polarized.

Although no quantitative statements can be
made at this time with regard to threshold pow-
er, it is clear that there must be a threshold
for the occurrence of this phenomenon since
no ordinary light sources of the conventional
type are capable of producing this type of be-
havior. The effects were observed in CS, us-
ing power levels between 3 and 70 MW with
a lens of 15-cm focal length to focus the light.

It seems to be moderately certain that the
phenomenon which we have observed is the re-
sult of some type of mixing of optical frequen-
cies in the media which involves the aeoustie

frequency as well as the optical frequencies.
The laser pulse excites the Brillouin effect
and the created red-shifted frequency mixes

with the laser frequency thus creating new fre-
quencies which, in turn, are capable of further
mixing producing the proliferation of new fre-
quencies. We are in the process of doing fur-
ther work along these lines and a full report
of our experiment will appear elsewhere.
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A theoretical treatment of the behavior of
a generalized gas laser has recently been com-
pleted. ' The results of this treatment indicate
that the behavior is strongly dependent on the
degenerate nature of the atomic energy levels
participating in a given laser transition. In
the present note we report the results of an
experimental study of laser mode coupling which
has served to verify some of the predictions
of the theory and to establish its realm of va-
lidity. This study was principally concerned
with the interaction of two modes whose frequen-
cy separation is small compared to the decay
constants of the participating atomic levels.

In this limit the theoretical expressions sim-
plify sufficiently to allow easy comparison with
experiment. Furthermore, the theory is most
appropriately tested in this limit since it is
here that the key assumption used in its devel-
opment is open to question.

For the special case of zero frequency split-
ting and equal cavity losses, the theoretical
condition for the simultaneous oscillation of
two modes becomes

9../p. =8. ./p. &1, i,j =1, 2 or 2, 1,
V g jz

where the interaction parameters 8ij and gi
ean be written in the simplified forms
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