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(10) for o << 1 agrees with (7); the function (107),
depending on y, can also increase as well as de-
crease. For high T all three functions (10), and
.consequently x; as well (9), increase (for T >> I’
they are proportional to \/T , whereupon X“y = X(;').
Several representive curves are presented in

Fig. 1 for (X}/” Xy°) and in Fig. 2 for (X“y). For

the sum of these curves (with corresponding coef-
ficients) the various possibilities are even more
numerous than in Case II. In particular, one can
obtain a curve containing several maxima, similar
to the experimental curve of Verkin (4) for Zn. For
T < T, << T; the small groups give the basic tem-

perature dependence, as before.

The authors express their thanks to I. M. Lifshitz,
B. L. Verkin and M. 1. Kaganov for discussions of
this work.
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Contribution to the Thermodynamical Theory
of Ferroelectrics
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Dnepropetrovsk State University
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F ROM the thermodynamical theory of ferroelec-
trics developed by Ginzburg!+2, there follows
a series of important conclusions concerning the
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dependence of the dielectric properties of barium
titanate on mechanical stress. Strictly speaking,
the theory applies only to single-domain mono-
crystals; however, in the paraelectric region it is
expedient to attempt to compare experimental data
obtained for polycrystals with the conclusions of
the theory. Below we present data which we have
obtained for polycrystalline samples of BaTiOs,
which corroborate certain conclusions of the ther-
modynamical theory.

1. The expansion of the thermodynamical poten-
tial @ in the presence of an elastic stress o,
differs from the analogous expansion in the absence
of a stress only in the coefficients o, for the pola-
rization P2i 3,4 . If there exists only a single com-
pression, along the x-axis, for instance, then for
the parallel and perpendicular directions we have

respectively:
0 =E—X 0, Oy == ARG, (1)
where x,, %, are the strain coefficients, and o

the expansion coefficient in the absence of com-
pression.

It is possible to determine the coefficients o
and a, from measurements of the dielectric con-

stant: L4

(2)

o, = 2% /€

1 o, =27 /e

- sy (T>8).

In Fig. 1 is shown the experimental behavior
of the coefficient o, as a function of pressure
(unilaterally appliezi) for various temperatures
above the Curie point, calculated from our mea-
surements of the dielectric permittivity for poly-
crystalline BaTiO, in a weak field (7 volts/cm)
at high frequency (1 Mc/s). It is clear that the
linear dependence of o, on unilateral pressure, as

required by the theory, is well realized over a wide
range of pressure, in which

% = + 0.75-10-12 cm? /dyne 3)

For measurements of ¢ in the direction perpendicu-
lar to the axis of compression, the linear depen-
dence is violated for pressures beyond 500 kg/cm?,
but in the region where linearity is preserved,

%3 = — 0.23-10-12 cm? /dyne (4)

The values (3) and (4) are smaller than the esti-
mates based on xray measurements and the tem-
perature dependence of the spontaneous polari-
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zation (nl =~ +3 x 10~ 12 cm?/dyne, ny = —1.10

x 10712 ¢cm?/dyne)*, but they agree with them in
sign and merely agree in magnitude, indicating
the possibility of determining the coefficients x;
and x, from dielectric measurements, with the
aid of2 thermodynamical relations.
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2. In the thermodynamical theory it is assumed
that near the Curie point it is possible to use the
expansion

a=0g(T—0) (T>6). ®)

The data presented in Fig. 2 show that the coef-
ficient 0;0' , determined from the slope of the
straight line (5), remains constant over a wide
range of temperature and pressure, and thereby
confirm the validity of the expansion (5) assumed
in the theory. The numerical value of o y” for
the samples which we investigated was approxi-
mately 5.8 x 10~5 deg™!.

3. By treating the data for »; and ay”, ob-
tained experimentally from measurements of the
dielectric permittivity, it is possible to estimate
the displacement of the Curie point under uni-
lateral compression. Theoretically this displace-
ment is equal to the following:*

A = —xny o‘xx/oc(; =~ + 13-107° deg - Cm2 /kg

From experimental measurements it is approxi-
mately equal to 2.8 x 10~3 deg cmi"/kg;5 that is,
it has the same sign and the same order of magni-
tude as the value calculated from the theoretical

formula.

4. Experimental results 56 show that the maximum
relative change of ¢ under the influence of pressure
is observed near the Curie point. A

For unilateral compression for T > 6 the theoreti-
cal dependence of the relative change of the dielec-
tric permittivity, as measured along the axis of com-
pression, on the temperature is given by the ex-
pression

Ae _ %0, o (Exx)o (6)
(Exx)y 2o (T—0)— X0,y Ae
0,8 a;
=— + 1) + T = A+ BT,
*1%xx *1%xx

where A and B depend on the mechanical siress.
Consequently, in the para-electric region the recip-
rocal of the magnitude of the relative charge of ¢
at constant pressure depends linearly on tempera-
ture , but the slope of the straight line is negative
(0,, <0) and diminishes in absolute magnitude with
increasing pressure. In Fig. 3 are presented the
corresponding experimental data, calculated from
measurements of ¢ for polycrystalline samples of
BaTi0, in the paraelectric temperature region.

As is obvious from these data, the kind of depen-
dence (c,,)o/ Ac == f(T) required by the theory is
well realized.
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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

V. L. GINZBURG AND V. M. FAIN
P. N. Lebedev Physical Institute, Academy of Sciences
USSR, and Gor’kii State University
(Submitted to JETP editor September 21, 1956)
J. Exptl. Theoret. Phys. (U.S S.R.) 32, 162-164
(January, 1957)

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,



