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out to be approximately proportional to the square 
of the concentration of the given component. 

These results can be written in the form of a 
general formula: 

I= Bc2j(x). 

Raman scattering, each molecule scatters like an 
independent system. Accordingly, the intensity of 
the lines is proportional to the number of particles. 
Deviations from this law are observed, but are 
usually small. 

(2) The nonlinearity of the radiation intensity rela-
Here B-a factor which is constant for the given tive to the number of particles can occur if the 
experimental conditions. The function f(x) is des- molecules radiate like a single quantum system. 
cribed with sufficient accuracy by the expression The theory of this process is given in the well-

f(x) = ekx- 1, (3) known papers by Dicke[ 2J, Fa'in [ 3] and others. 
However, this theory cannot be applied directly to 
Raman scattering. On the other hand, Fa 'in and 
Khanin [ 4] indicate that a quadratic dependence of 

where k-coefficient that depends on the choice of 

the intensity on the number of particles is charac
(4) teristic of any stimulated emission, independently 

of the particle interaction. We can hope that the re-

the measurement units for x. Taking (3) into ac
count, we can rewrite (2) in the form 

kx=ln(1+y), 

where we put y = ki/B'c2; B' = kB. The values of suits obtained by us will help answer this group of 
the constants B' and k can be obtained in the follow- questions. 
ing fashion. For small x andy we get from (4) In conclusion we thank P. A. Bazhulin, N. G. 
kx = y, which yields B' = I/c2x (here I and x are Basov, and A. M. Prokhorov for interest in the 
expressed in the arbitrary units adopted in the given work. 
experiment). The constant k is determined from 
the requirement that Eq. (4) be satisfied for a cer
tain (sufficiently large) value of x. 
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FIG. 2. Dependence of the intensity in the spectrum of in
duced Raman scattering on the excess of intensity of the ex
cited light above the threshold (CS2 , 656 em-'): o - pure CS2 ; 

x - mixture 60% CS2 + 40% C6 H6 ; !"! - mixture 50% CS2 and 
50% c. H •• 

Figure 2 shows the measurement results for the 
656 cm-1 line in pure cs2 and in its mixtures with 
benzene (as in the investigation of the threshold, 
we measured the first Stokes components). It can 
be seen that all the experimental points lie within 
the limits of experimental error, on one straight 
line. This shows that formula (2) represents suffi
ciently accurately the experiment results. 

3. The nonlinear dependence of the line intensity 
on the concentration, observed in our experiments, 
is in our opinion of independent interest. In usual 

l)It turned out that the transmission of pulsed high-power 
radiation through the optical filters was considerably larger 
than when ordinary radiation of the same wavelength is used. 
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IT was shown in [ 1] that when current flows 
through a plasma, an instability may arise, connec
ted with the spatial inhomogeneity of the current. 
This result was obtained under the assumption that 
the frequency of collision between the particles and 
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the neutral atoms is much larger than the oscilla
tion frequency, v » lw I, that is, in the limiting case 
of frequent collisions. This instability was called 
current-convective instability, since it is accom
panied by plasma convection. 

We show in this paper that a similar type of in
stability can occur also in the case when the colli
sions between the particles play no role. An equa
tion describing this type of instability can be ob
tained by considering the motion of ions in the 
magnetohydrodynamic approximation, assuming 
their temperature to be equal to zero and the mo
tion of the electrons to correspond to the drift ap
proximation. Assuming the perturbation field to be 
potential, E =- V~, and expressing all the per
turbed quantities in terms of ~, we obtain the follow
ing differential equation for~: 

div {( 1 + 00k:2~ 002) V -L1P} 

_ kz21P {t- ro0~~ + 4~e.2 \ (8/0 / av.) dvz} 
(J) Mekz ~ (J)- kzVz 

+ iro0e2 {- [Vno, V1P]z 002 . + \ dvz [Vfo, V1P]z} = O. 
n0roHe ro (roki- ro2 ) H• ~ ro -- kzvz 

(1) 

Here 

roo2 = 4ne2n0 / M, roH = eHo I Me, 
n 0-plasma density, the subscripts i and e corre
spond to ions and electrons, and f 0-electron dis
tribution function. The magnetic field H0 is direc
ted along the z axis. The dependence of ~ on t and 
z is chosen in the form exp (-iwt + ikzz). The 
consequences that result from this equation are 
simplest to analyze under the assumption that 
kzVz « w « WHi· In addition, we assume that the 
plasma has cylindrical symmetry, so that 
~ ~~(r)eimcp. 

Using these assumptions and integrating (1) over 
space with weight~*. we obtain 

002 ~ r dr {(I :; 12 + ~: I1P \2) ( 1 + :~:) + kz 2 \1P \2} 

~ ( mkz 1 8io) 0 - rdr\1P \2 000e2 kz2 - ----- = • eenoOOHe r 8r 
(2) 

We see therefore that the perturbations in ques
tion can correspond to an aperiodic instability, 
w2 < 0, if 

m ( 1 8jo) e2Ho_ - -- >--no, 
kz r ar eM. 

(3) 

where the bar denotes some averaging over r. 
If all the plasma electrons are fast, j 0 R:: een0U, 

then qualitatively condition (3) signifies that 

(4) 

where r 0-radius of beam and L-its longitudinal 
dimension. If some of the electrons do not have a 
directional velocity, then j 0 = en1U, n0 = n1 + n2, 

where n2-density of the slow electrons. Then, for 
fixed U and L, we can obtain from (3) an estimate 
for the ratio n 2/n1, corresponding to the instability: 

(5) 

An analysis of (1) for an arbitrary ratio w/WHi 
shows that the unstable interval I w I extends up to 
the ion cyclotron frequency WHi· In this case 
lw I » kzVz and the increment does not depend on 
the details of the distribution of the electrons over 
the velocities. It is interesting to note that condi
tions typical for the manifestation of the instability 
in question are realized in experiments described 
by Nezlin and Solntsev[ 2- 4J. The results of these 
experiments offer evidence that significant anoma
lous phenomena accompany the passage of electric 
current through the plasma, such as an appreciable 
spatial diffusion of the particles, heating of the ions 
to an energy comparable with the energy of the 
beam electrons, formation of a region with large 
negative space charge blocking the current, and 
others. For a theoretical analysis of these effects, 
it is obviously necessary to employ nonlinear 
analysis. However, the limit of manifestation of 
the anomalous effects should be determined from 
the linear instability theory. In this connection, it 
is of interest to compare the experimental results 
of these papers with the estimates obtained here. 
In particular, relation (5) gives the threshold value 
n2/n1 at which the instability arises. This quantity 
was also determined experimentally. Under condi
tions when H0 ~ (2-3) x 103 Oe, we get U ~ 
109 em/sec, L = 20-50 em, and 2r = 1 em, the 
critical value for n 2/n1 amounted to several times 
10, which was in qualitative agreement with (5). 
This gives grounds for assuming that the observed 
anomalous effects [ 2- 4] are connected with the in
stability considered here. 

I am grateful to B. B. Kadomtsev for a discus
sion of the results. 
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