
where u H is the amplitude of the standing pump-voltage
wave in a segment of length I open at both ends; uk

=u^cos{knx/l) and tan6, is the effective value of the
resonator's loss tangent (Fig. 2) when it has an intrinsic
figure of merit Qo = l/tan6,. When wsg =κ'£Γ(1 + β), where
β is the coupling coefficient of the resonator and the ex-
ternal circuits, spontaneous excitation begins in the
system (G - »). Figure 3 is a plot of the gain against
pump power.8 These data were obtained on an amplifier
in the form of a single-crystal SrTiO3 plate that was
metallized at both ends. The amplifier was operated in
a quasidegenerate mode (ω»=2ωη = 2ωΒ); the signal fre-
quency OJS= ωη with pulsed pumping. This last circum-
stance was a result of the relatively high losses in the
metallized resonator. With "transparent" electrodes
that are not as thick as the skin layer, it is possible to
minimize the effect on the Q-factor, which is deter-
mined only by the losses in the dielectric, and since the
pump power required for a given gain is proportional to
the cube of the loss tangent, the amplifier is enabled to
work with a continuous pump with a field strength small
enough so that equilibrium conditions in the medium are
not disturbed. In this case the level of the amplifier's
intrinsic noise will be determined only by the equilib-
rium thermal processes in the lattice of the dielectric
from which the deep-cooled resonator is made. The
usual parametric-amplifier calculation shows that the
effective noise temperature of an amplifier operating
in a degenerate regime at high gain (G» 1) will tend
to the value Tw— Τ0/2β, i.e., will amount to a few
degrees Κ on cooling to liquid-helium temperatures.

This low noise temperature makes it possible to com-
pare the low-temperature-ferroelectric amplifier with
the cavity-type maser. Another possible variant is,
of course, the traveling-wave amplifier, the effective
noise temperature of which would tend to TN~ (To/2)
+ Tn at high distributed gains, where, as above, To is
the temperature of the dielectric, and Tn is the temper-
ature of the matched line load at the combination fre-
quency. The absence of the requirement of a strong
stable magnetic field, their immunity from overloading
at the input all the way up to signal levels in excess of
the pump level, possible low sensitivity to pump-power
variation, and high radiation stability—all these
properties of low-temperature-ferroelectric paramet-
ric amplifiers make them highly promising devices.
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O. G. Vendik. Ferroelectric films (soft-mode
dynamics, microwave applications). The development
of solid-state physics has historically followed a pat-
tern in which a transition is made at a certain stage
from study of bulk specimens to study of films. The
properties of ferroelectric films at T>TC in microwave
fields are of considerable interest both for the physics
of ferroelectrics andfor technical applications in micro-
wave devices. The research on ferroelectrics done by
I. V. Kurchatov and Β. Μ. Vul, the originators of the
ferroelectrics trend in solid-state physics, advanced in
direct relation to their practical applications in elec-
tronics. The work of G. A. Smolenskii's school made a
major contribution to practical applications as well as to
the physics of ferroelectricity.

Figure 1 shows curves of the dielectric constants of
bulk and film SrTiO3 and of (Ba,Sr)TiO3 solid-solution
specimens plotted against temperature at various con-
stant displacement fields.1"3 These experimental data
show that the ferroelectric phase transition is less
sharply defined in the film than in the bulk specimen.
The difference between the dielectric properties of the
thin layer and those of the bulk specimen is usually
known as the size effect. In addition to the obvious role
of spatial dispersion in the size effect, carriers present
in the ferroelectric may also be a factor.

The presence of carriers in the ferroelectric film
is manifested through the diffusion current. The in-

fluence of the diffusion current in combination with the
nonlocal coupling between the ferroelectric polarization
and the electric field has been taken into account on the
basis of the following model, which holds for T> Tc:*

1. The ferroelectric polarization is nonlocally coupled
with the field that excites it. Correcting for nonlocal
coupling on the basis of V. L. Ginzburg's correlation-
energy ideas leads to second-order differential equa-
tions for the polarization vector.

2. The coupling of the diffusion current to the field
and induction is also described by a second-order dif-
ferential equation.

ε
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to"
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FIG. 1. Dielectric permittivity of bulk specimens and films of
ferroelectrics vs. temperature and displacement-field
strength. 1, 2—SrTlO3 single crystal; 3, 4—SrTlO3 ceramic
film on BeO base; 5, 6—bulk specimen of ceramic (Bao#6SrO-4)
T1O3; 7, 8—film specimens of the same ceramic on a BeO
base. 1, 3, 5, 7— £ d i s p = 0; £ d i s p [kV] = 2 (2), 20 (4, 6) and
50 (8).
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3. All equations are linearized with respect to the
applied field and to the response in the form of polariza-
tion and the diffusion current, and the variable quanti-
ties vary harmonically in time.

4. The boundary conditions are zero polarization
vector at the surface of the ferroelectric crystal5 and
the following relation for the normal induction-vector
component:

'*» ,κ

dDn -0.

Possibilities exist for experimental determination of the
parameter ·κ and for study of the effects of the surface-
treatment technology applied to the ferroelectric film
on the value of this parameter.

If the electric field is normal to the film surface, the
relations obtained can be used to calculate the shift
of the effective Curie temperature as a function of film
thickness and the dependence of ε eft on the frequency at
which the measurement is made.8 A series of measure-
ments made on single-crystal SrTiO3 films made it pos-
sible to determine the characteristic parameters of the
size effect for this material.7 When the electric field
is tangent to the surface of the film, the carriers in the
film do not participate in the high-frequency processes,
since divD =0 with a plane transverse with propagating
in the film.

The difference between the dynamics of the ferroelec-
tric mode in the film and the bulk specimen is expres-
sed in the Tc shift, and changes in the dielectric con-
stant and the damping. These phenomena are mani-
fested in the form of size effects with characteristic
lengths: lf, the correlation radius of the ferroelectric
mode, and \g=-Jag/u>, the depth of carrier diffusion at
a given alternating-field frequency.

The results of measurements of film dielectric param-
eters at radio and microwave frequencies can be extra-
polated within the framework of these models to fre-
quencies corresponding to the ferroelectric-mode fre-
quency ω,. Experimental studies of films at frequencies
near ω/, i.e., at millimeter- and submillimeter-band
frequencies, would be of great value. Experimental
plots of ε against temperature that were obtained for
films produced by the same technology on a solid base
by measuring in a field tangent or normal to the film
surface indicate that the phase transition is spread out
to a much greater degree in the tangential-field case.6

Experimental data therefore suggest that the spreading
of the phase transition in the ferroelectric film is
anisotropic.

The use of thin ferroelectric films applied directly
to a dielectric base with high thermal conductivity
provided a sound basis for study of nonlinear effects
in ferroelectrics placed in strong microwave-frequency
electric fields. Continuous-duty measurements have
been made in this way. It was found that the dependence
of tan5 on the microwave field amplitude is sharply
weakened as the thickness of the film is reduced.8

The most interesting effect that arises in a ferro-
electric under the action of a strong microwave field
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FIG. 2. Effective noise temperature of planar film capacitor
placed in microwave pump field. SrTiOj film at Τ = 77 Κ,

/ p = 2.5 GHz. 1—£ p = 0.5 kV/mm; mm thicknesses: 1, 2—
5.0 μπι; 3—1.5 μηι.

is nonequilibrium overheating of thermal acoustic pho-
nons. Experimental investigation of this effect consis-
ted of measuring the noise radiation of a film ferroelec-
tric specimen placed in a strong microwave field.
Figure 2 represents retT as a function of the frequency
and voltage of the pump applied to the active film
element. The thinner film shows a much lower noise-
radiation temperature.6·9

Thus, the size effect—the change in nonlinearity
threshold on a change in film thickness—is characteris-
tic of the nonlinear effects in a ferroelectric film in a
strong microwave field. The critical dimension in this
case is the wavelength of the hypersound in the film at
the frequency of the microwave field. Understanding of
this effect has made it possible to build a low-noise
parametric amplifier based on a ferroelectric-film
active element.6·9'10

The dielectric nonlinearity of ferroelectric films is
the basis for their use in microwave devices in which
phase or amplitude control of the wave is obtained by
varying the constant displacement field applied to the
ferroelectric. Microwave control devices based on fer-
roelectric films have advantages in their high response
speeds, their ability to work at high microwave signal
levels, and high radiation stability.6 Special note should
be taken of integrated-circuit microwave devices that
use dielectric bases with ferroelectric films applied to
them. An example is the FAR module, which uses a
coplanar waveguide with a ferroelectric film as an
adjustable phase shifter." Improvement of the indus-
trial technology of ferroelectric films on dielectric
bases will provide a physical-technological basis for
the manufacture of inexpensive microwave-band ICs.
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A. M. Gal'per, Yu. D. Kotov, and B. I. Luchkov. The
diffuse cosmic gamma radiation. Substantial progress
has been recorded in recent years in gamma astronomy,
which observes the Universe in the most energetic part
of the electromagnetic spectrum (quantum energies
* 105 eV) (see, for example, the review in Ref. 1). This
has resulted from the launching of special-purpose
satellites with onboard gamma telescopes.2·3 Among
these satellites, the European COS-B has produced the
most important result.4

The Galactic gamma radiation at energies from 70 to
5000 MeV has been studied in detail. It has been shown
that nearly 90% of all the gamma radiation is diffuse and
continuously distributed over the Milky Way, while only
-10% comes from discrete (point) sources.

The diffuse Galactic gamma radiation comes about
basically as a result of interaction of cosmic rays with
the interstellar gas, in electron-bremsstrahlung pro-
cesses and when JT° mesons are produced in nuclear
collisions and subsequently decay into two gamma
quanta.5 This accounts for interest shown in study of
the diffuse gamma radiation, the intensity of which is
proportional to the cosmic-ray density and the column
density of the interstellar gas along the line of sight.

Observational data can be used to calculate the dis-
tribution of the volume luminosity in gamma rays as a
function of distance from the center of the Galaxy.6·7

The calculation brings out a significant increase of
luminosity at distances of 4-8 kpc, which correspond
to the large Galac-Ring (Fig. 1). The most reasonable
interpretation of this result is that a large amount of
hydrogen in the molecular state is concentrated in this
ring, its density being several times greater than that
of the atomic hydrogen registered in the radio band at
21 cm.

This important result confirms data obtained by
registering the emission from interstellar CO mole-

0 2 li C I 10 12
Distance from galactic center, kpc

cules, which are excited in collisions with molecular
hydrogen.8

The distribution of gamma luminosity in the direction
of the anticenter of the Galaxy has been used to esti-
mate the density of the cosmic rays on the periphery of
the Galaxy. It has been shown that the cosmic-ray
density decreases toward the periphery, a fact that
favors a Galactic origin for the cosmic radiation.9

The best agreement between the measured differential
energy spectra of the diffuse gamma radiation from
various parts of the Galaxy10 (Fig. 2) and the calculated
spectra is obtained when the content of the cosmic-ray
electronic component is increased. A 100:5 nuclear-
to-electronic ratio is obtained (curve 2) instead of the
100:1 that prevails near the Earth (curve 1).

Finally, a word on the isotropic metagalactic gamma
radiation, which can be distinguished when high
Galactic latitudes are observed. Recently, the tendency
has been to explain the metagalactic gamma radiation
as the aggregate of the radiation from discrete extra-
galactic sources of the type of the Seyfert galaxy
NAC4151." This makes it possible to account for the
inhomogerieities in the energy spectrum of the meta-
galactic gamma radiation in terms of the irregular
spectra of the discrete sources.

We note in conclusion that the results obtained de-
pend strongly on the angle and energy resolutions of
the telescopes. This pertains primarily to separation
of the discrete-source contribution and determination
of the fraction of electrons in the cosmic'rays from the
y radiation in the 10-50 MeV range. Therefore further
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FIG. 1. Radial distributions of volume γ luminosity' and vol-
ume luminosity in 2.64-mm line of Co molecule.8

FIG. 2. Differential energy spectrum of Galactic y radiation.
Showing the spectrum of y quanta from ir°-meson decay and
summed spectra from electron bremsstrahlung and ir°-meson
decay at various ratios of nuclear and electronic components.
Experimental4 and calculated spectra normalized at Ε = 400
MeV. 1—the "usual" e/p ratio; 2—number of electrons in-
creased by a factor of 5.5.
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