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IN an earlier paper! we have indicated certain
features characteristic of the heating of an electron
gas in a highly ionized plasma which result from
the fact that the frequency of collisions between
electrons and ions falls off sharply with increasing
electron velocity.* It was found that in a fixed elec-
tric field the electron gas is in a stationary state
with respect to the ions only at small values of the
field (E < Ex); when E = Ei this state becomes
unstable. A similar instability is found in a low-
frequency alternating electric field. In this case,
however, there is a second stable state character-
ized by a high electron temperature. The transi-
tion between the first and second states takes place
at various field amplitudes and leads to hysteresis
in the dependence of electron temperature on field.

Similar effects can occur in a weakly ionized
plasma; all that is necessary is that the frequency
of electron collisions be a sufficiently rapidly de-
creasing function of velocity: v ~ v™%, where
a > 1. In general this condition is not satisfied be-
cause the frequency of collisions between electrons
and molecules increases rapidly with increasing v.
However, an inverse relationship is possible. An
inverse relation can obtain, for example, in heavy
inert gases such as argon, krypton and xenon at
small electron velocities v < 5 x 10" cm/sec
(Ramsauer effect).

The calculation of the stationary electron tem-
perature Tg is carried out for a weakly ionized
plasma in the same way as for the highly ionized
plasma considered in reference 1.1 The figure
shows the dependence of Tg on the electric field
intensity in krypton at a gas temperature of 27°C
(p is the pressure in mm Hg). (In this calculation
we have used the data of Ramsauer and Kollath? and
Holtsmark.®) It is apparent from the figure that
the weakly heated state of the electron gas (the
lower curve) becomes unstable at some value of
the field intensity in the same way as in a highly
ionized plasma. In contrast with the latter, how-
ever, in the case being considered here there is a
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second stable state at a high electron temperature:
this state arises because of the increased frequency
of collisions between the electrons and krypton ions
at high velocities (v >5 X 10" cm/sec). The criti-
cal field values associated with the transition from
the first state to the second state vary slightly

(Egi =8.4%X1073p, Egy=7.4x1073p (v/cm):
here p is the gas pressure in mm Hg). As a
consequence the hysteresis loop is small. The
electron temperature changes by approximately

a factor of 3 in the transition. There is a corre-
sponding change in electronic conductivity: this
conductivity increases by a factor of 2.4 in the
transition from the first state to the second state
but is reduced by a factor of 3 for the reverse
transition. The time required for the transition

is 1073p~! sec. In an alternating electric field

the effect is suppressed at higher frequencies w
and vanishes completely when w > 1.5 X 10%p
sec™?,

It should be pointed out that the present calcu-
lation applies only when the electron velocity dis-
tribution is Maxwellian. As is well-known, this
condition is not satisfied in the case of a slightly
ionized plasma (Ng/Np, < 1071%), in which case
the frequency of collisions with molecules is more
than a factor of 10° greater than the frequency of
collisions between electrons. In the latter case,
as is clear, for example, from reference 4, the
mean electron temperature is always uniquely
related to the electric field intensity so that the
effect being discussed here is not obtained.

The author is indebted to V. L. Ginzburg for
his interest in this work.

*By a highly ionized plasma we mean one in which col-
lisions between electrons and ions predominate; by a weakly
ionized plasma we mean one in which collisions between
molecules (or atoms) predominate.

tIn computing the complex conductivity of a plasma one
introduces the coefficients K, and K. which have been
considered earlier in references 1 and 4. It should be noted
that if the dependence of v on v is given by a power law
the coefficients K, and K. depend only on the parameter
@/Vgge In the general case, however, they also depend on
Te. This dependence is found to be important in the exam-
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ple considered here. We also note that the assumption that
the heavy-particle temperature is stationary, necessary for
the validity of the entire analysis (cf. reference 1), is
always satisfied in a weakly ionized plasma.
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IN the present note we wish to call attention to
two facts which have not, so far as we know, been
noted in the literature: the fact that the symmetry
groups of the eigenfunctions of the Schrédinger
equation are subgroups of the symmetry group Gy
of the corresponding Hamiltonian H, and the fact
that the converse statement is not valid, i.e., the
existence of subgroups of the group Gy that are
not symmetry groups of the eigenfunctions of the
given Schrédinger equation.

The first statement has been made by Melx{in,1
who introduced the concept of the cokernel KU of
the i-th row of the j-th irreducible representa-
tion of the group Gg, to which there correspond
in the j-th irreducible representation matrices
with all the elements in the i-th row equal to zero
except for the diagonal element, which is unity. It
is easy to see that the symmetry transformations
occurring in the cokernel Ki leave the i-th func-
tion in the list of eigenfunctions ¢y, ¥p,...,¢; in-
variant, and that they form a subgroup of the group
GH.1 Contrary to Melvin’s statement, however,

this still does not mean that the cokernel Kil is
identical with the symmetry group of the functions
¥i, since it remains unproved that an eigenfunction
of the Hamiltonian H with the symmetry group Gy
cannot be invariant with respect to some symme-
try operator s which does not belong to the group
Gy.

We shall prove this last assertion on the as-
sumption that the set (L) of the nodal points of
the eigenfunctions of the equation

=T +V)p=Ey, 1)

has no internal points and that the value of the po-
tential at any point ¢ of the configuration space
can be represented as the limit of the values of
the potential at a sequence of points ¢ that con-
verges to ¢, i.e.,

V@E =1mV &) forl—L.

Suppose that s does not belong to Gg. We shall
show that no eigenfunction of the operator A,
which satisfies our assumptions, can be invariant
with respect to the symmetry operation s. Let us
assume the opposite, i.e., that there exists a func-
tion (whose set of nodal points has 1o mternal
points) for which sp =3. Then stp =8 (T +V)y
= Tsz/) + sVzp Ey and, on the other hand Tszp +
Vs¢ Esy. Consequently sVzp Vszp Vzl), so‘that
sV =V at points where @ = 0.*

On our assumption about the set L of the nodal
points, for any point ¢ in L we can always find
a set of points ¢, not belonging to L that con-
verge to ¢. Obviously ¥ (¢&p) = 0. Therefore
from sV (&én)w(&n) =V (&n) P (&n) it follows that
sV (Zn) = V(&n). Going to the limit, we get sV (&)
=V (¢), and consequently the equation sV =V is
valid for every point of the configuration space,
which contradicts the hypothesis of our argument.

Thus on the assumptions indicated it has been
shown that the symmetry groups of the eigenfunc-
tions of the Schrodinger equation are subgroups of
the symmetry group Gy of the Hamiltonian H,
namely they are the corresponding cokernels.

We shall show the incorrectness of the con-
verse statement for the example of a Hamiltonian
with the symmetry group Cgy. The group Cqy has
as one of its subgroups the group (E, C§h). We
shall show that this subgroup cannot be a cokernel
of the group Cgy. From the table of characters?
of the group Cgy it can be seen that the only sub-
groups that are cokernels corresponding to one-
dimensional representatlons are: for A1(Cw),
for A, (E, C,, C3, Ce ), for B4 (E, 03, 0d;» 0d,»
04, ), and for B(E, Cs, Ovy» Ovy Oy ). In the
two-d1men51ona1 representation E; there corre-



