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Fic. 3.2, 3,4, 5 —the same as
in Fig. 2.

The comparison which has been made between
the conclusions of the theory and the experimental
data supports the possibility of applying the theory
to polycrystalline BaTiOa, at least in the para-

electric region. Regarding the ferroelectric region,
satisfactory agreement between theory and experi-
ment is observed only for temperatures no more than
10-12° below the Curie point.
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On Quantum Effects Occurring on Interaction

of Electrons with High Frequency Fields
in Resonant Cavities
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RECENTLY, a number of papers!-7 were pub-
lished in which an analysis was made of the
quantum effects occurring during-the interaction of
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electrons with high frequency fields in resonant
cavities. And in the first place, the dispersion
of the kinetic energy or the electron velocity, pro-
duced during their passage through the resonator,
was calculated. Erroneous deductions are con-
tained in some of the above mentioned papers,
however, and in others4'5'77 classical results
were sometimes considered as quantum; quantum-
mechanical methods were used for finding expres-
sions, which are simpler, and which in the more
general case can be obtained by a classical method.
At the same time, the problem of the passage of
electrons through resonators is one of the most
important in electronics; moreover, the region of
high frequencies w and low temperatures T, when
the condition of classicity Fw << kT is disturbed,
is acquiring increasingly greater interest. There-
fore, we considered it appropriate to discuss
briefly the problem which is stated in the title
(this is carried out in greater detail in Ref. 8).
We will analyze classically the following
problem: a non-relativistic electron enters into
the resonator at the instant ¢ = 0 with a kinetic
energy KO = va2/2, and emerges from the reso-

nator at the instant ¢ = 7with a kinetic energy
K, =mv_?/2. Moreover, for simplicity we will
consider the electric field £ in the resonator along
the electron path as homogeneous and directed
along its velocity (such a case is completely real).

When

E = E; cos ot 4 (E5 + £E,) sin wt, (a)
we obtain:
dv
m i = ¢E, U =Tp (1)

+ % [Ex sin o7 + (E; + Ey) (1— cos oT)].

Let now El and E_ be random values, so that
E,=E,=0andf 12 = E2=V?/d? where d is the path
traversed by the electron (thickness of the resona-
tor), and V2 is the mean square of the fluctuating
voltage; the averaging, which is denoted by the bar,
was carried out over the corresponding ensemble

of identical systems. Asinthe papers cited above,
we shall also consider the action of the field in

the resonator on the electron motion as a small
effect, in the strength of which we can limit our-
selves to the terms of the e order, and for the

time of the electron flight through the resonator

we shall assume 7= d/vo. Then, as can be easily
seen,
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o _ 4e? 2 __ . (2)
(AKT)2 = Kf_ —[K.]? =w2—d: V2 sin2 %
_ sl sin(eT/2)7?
=¢ Vz[ wT/2 ]

In addition, since (Av )2 002, the dispersion

of the velocity (A7 )2 - AK )2 m2v;? - Under
the conditions when wt << 1, (AK)2 =¢2 V2, that
is, we obtain the expression (for the field constant
with time) that is evident from the law of the con-

servation of energy. If oscillations of various
frequencies are present in the resonator, then

AR — eﬂg NAE [_._Si“ (@7 /2) Tdm,

|
©! oT/2

3)

(=0}
F‘::S V. Pde.
0

When only one natural oscillation is taken into

account, a resonator is equivalent to a circuit con-
sisting of (for example) a series connected resis-
tance R, self-inductance L and capacity C, so that
‘the impedance of the circuit when an emf €= ZI is
applied will be equal to Z =R + i(wl — 1/C). In
this type of circuit, if we consider the condition

of the thermal equilibrium, the spectral density of
the fluctuating emf, in accordance with the Nyquist

quantum theory®:19 will be equal to

2 #
W= R@ =+
' 2

ho } 4)
e‘hw‘kr_1 ’

the density of the square of the current llwlz
/| Z (0) | * and the density of the square of the

=

leg|®

voltage on the condenser

(5)

leyl?

R*C? w? + (LCw?2 — 1)2
Substituting (4) into (5) and then (5) into (3), we
obtain the final expression for (AK ),7_2 For a
weakly damped resonator with a frequency W,
=(LC)*%, as can be easily shown, we will obtain
from the general expression for (AK 7)2 (see, for
example, Ref. 10):
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Senitzky4 and Weber’ obtained these results
by using the quantum-mechanical theory of pertur-
bations. The corresponding calculations are first,
more complex and less clear, and second, are
limited by the region of small damping. At the
same time, these results hold for any damping of
the circuit. A more detailed comparison of the
obtained expressions with those given in Refs. 4,7
was carried out in Ref. 8. In the same paper, an
analysis was made of the problem under discussion
within the frame of canonical formalism, which
is limited by the case of weak damping and, ob-
viously, will lead to Eq. (6).

It*should be noted also that in quantum-electro-
dynamic solution of the problem of the electron

passage through a resonator, the same as in a num-
ber of other cases, the use of the ordinary theory
of perturbations is limited (see Ref. 12 and also
Refs. 8, 11), and in some cases it becomes neces-
sary to use a more complex procedure of calcula-
tions®’ 12 which in the final count leads to essen-
tially classical results.

From formulas (4) — (8) we see that the total
quantum effect in the problem of the passage of
electrons through a resonator is determined by the
account of the quantum fluctuations of the radiation
in the resonator and, in particular, of the zero
oscillations with the energy % ©/2. In Refs. 4 and
5, it is asserted that there exists also a quantum
effect associated with the account of the wave
properties of electrons. It can be shown, however,
that the dispersion of the electron velocity, as
well as the dispersion of the field, calculated in
Refs. 4 and 5, and associated with the scattering
of the initial position and the momenta of the
electrons, can be obtained also as a result of a
considerably simpler classical calculation®. The
single quantum element, moreover, consists in the
fact that the initial distributions of the electron
velocity and momenta are limited by the ratio of
uncertainty. This limitation, however, is apparent-
ly completely insignificant in practice, even if we
disregard the fact that its existence does not
change the assertion of the possibility of purely
classical analysis of the electron motion in a reso-
nator within the accuracy with which the calcula-
tions were carried out in Refs. 4 and 5.

In conclusion, it should be noted that the portion
of the velocity dispersion determined by the zero
vibrations, which in the case of (6) is equal to

(Av,)? = e?her [ 2Cm?0E,

(b)
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is quite small®, although it may be of theoretical
interest in the analysis of the performance of
electronic instruments.
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F we assume that in K-meson decays parity is

conserved, then from the whole of the experi-
mental data it apparently follows that there exist
two mesons Tand 6 with spin and parity 0~ and 0%
respectively. Then it must be supposed that there
exists a certain ‘‘degeneracy in parity”’ for the
“strange particles’’”. On the other hand one can
assume that there exists only one K meson and
that parity is not conserved in the decay interac-
tions2. In the present note we point out one possi-
bility for an experimental test of the hypothesis
of nonconservation of parity.

We suppose that parity is conserved and con-
sider the decay of a 7° meson. The possible decay
schemes for it will be

ot -+ = 4 w0 +

w{ T
30 et

Like the 6° meson, the 7° meson must represent

a mixture of charge-even and charge-odd components

0= (12—}— i'rg) vz,
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7'(; will decay according to all four possible

schemes, with the decay ’7'2 - 37 being the isotopic
analogue of the 7% decay.
For T(L the decay 7° » 370 is forbidden, and the

decay 7° » 7t + 7~ + #° must go into states with

orbital angular momentum different from zero and
will be suppressed, so that the main decay for it

will be
* T
12—»‘:i+v+n .

For both components the lifetime will be of the
order of 10~7 sec.?

The situation is fundamentally changed if we
assume that there exists one K meson but that
decays occur with nonconservation of parity. In
this case the main decay for the K component
will be K » #* + #—; this decay 1s a fast one, so
that the lifetime of K(s) will be t ~ 10~10 sec. The

charge-odd component, for which two-meson decay
is impossible*, will decay mainly according to
the schemes

KO —~ "'i—}-v—{—nI or K°—2x+4vy
et

with lifetime ¢ ~ 10~8-10~7 sec.

Let us consider the decay curve of 7° » 7t + 7~
+79. In the case of conservation of parity, we
must observe two slightly separated exponentials
with nearly equal lifetimes ¢ ~ 10~7 sec. But in
the case of nonconservation of parity we must ob-
serve together with an exponential of lifetime
¢t~ 1072107 sec a short-lived component with
lifetime of the order of 10~ 10 sec.

I express my thanks to I. Ia. Pomeranchuk for a
discussion.
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