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FIG. 2.

this absorption. But then the question arises: how to
reconcile the proposition that the cosmological red shift
is a Doppler effect of receding galaxies with the prop-

osition that the energy of the photon is absorbed by
cosmological space ? Reconciliation is quite possible,
and the theory of the expanding Universe does not con-
tradict the hypothesis advanced in this paper. A rig-
orous proof of this agreement has been carried through
on the basis of the de Sitter cosmology, but has not yet
been published. Other statements have been published
in: Astrofizika 10 (2) (May 1974); Publ. Tart. Astro-
fiz. Observ. 40, 12, 74 (1972); 41 (1973).

A paper on the use of the most recent measurements
of quasar spectra is in press. Figures 1 and 2 have
been taken from this paper.

I. G. Burbidge and M. Burbidge, Quasi-Stellar Objects. W.
H. Freeman, 1967.

Ya. B. Zel'dovich and I. D. Novikov, Stroenle i Svolyutsiya
Vselennoi (The Structure and Evolution of the Universe)
Nauka, Moscow, 1975.

V. L. Ginzburg. Superconductivity and Superfluidity
(Certain Contemporary Problems). Helium, which was
discovered on the earth only in 1895, was first lique-
fied in 1908 (its boiling point at atmospheric pressure
Tb =4.215 °K). Superconductivity was discovered in
1911 (in the case of mercury, for which the critical
temperature in the α phase is 7^ = 4.16 °K). The fact
that the first indication of the existence of the λ transi-
tion in liquid helium was obtained in the same year,
1911, is not as well known. Not until 1932 was the λ
transition brought out sharply on the heat-capacity
curve; the "thermal superconductivity" of helium II was
observed in 1935 and, finally, its superfluidity was
discovered in 1938. It has since become clear that
superconductivity is superfluidity of electrons in a
metal, and the term "superfluid" is now often used for
both neutral and charged systems in which flow can
take place without friction or resistance. In this con-
nection, at least for purposes of instruction, it is es-
pecially appropriate to discuss problems of supercon-
ductivity and superfluidity simultaneously and from
unified premises (the bookC13 can be cited as a success-
ful example of such exposition).

Although superfluidity has been under study for many
decades, interest in it continues unabated, and the cor-
responding subject matter is prominent in contemporary
physics. Among the factors responsible for this we
might point to the steadily increasing technical use of
superconductors, the effort to raise Tc and other crit-
ical parameters of superconductors, the discovery and
study of various subtle effects, especially under non-
equilibrium and nonstationary conditions, the investi-
gation of helium II near the λ point, the discovery of the
superfluidity of 3He, and the use of the conceptions and
theory of superfluids in astrophysics and nuclear
physics (it is especially important that the neutron
fluid should be superfluid in a rather broad density
range).

The paper describes some of the areas listed above
as attracting interest at the present time in studies of

superconductivity and superfluidity. The following are
discussed in concrete terms:

The problem of high-temperature superconductivity
(see1 8 '3 1 and the references cited there). The problem
of superconductivity under nonequilibrium conditions,
which opens up an enormous number of new possibili-
ties as compared to the equilibrium case. Examples
cited are thermoelectric phenomena1·41 and the possible
appearance of superconductivity with repulsion between
electrons when the level population is inverted18'5-1 (con-
cerning nonequilibrium superconductors see also [ 6 ]).

The behavior of helium II near the λ point"3. The
speaker also offered a number of remarks pertaining to
the superfluidity of 3He (see"· 9 3), superfluidity and
superconductivity in neutron stars,C 1 O ] and the possi-
bility of observing superfluidity in liquid hydrogen (in
particular, at negative pressures, i. e., under ten-
sion). t l l ] It must also be stressed that the notions and
theory of superfluids have a bearing on certain studies
pertaining to the theory of lasers,C 1 2 ] exciton clusters
in semiconductors,C131 and other high-priority physical
problems (two-dimensional, quasi-two-dimensional,
and quasi-one-dimensional systems deserve special
emphasis, e. g., in regard to the observation of super-
fluidity and superconductivity in these systems; see t 4 ]

and its references). All of this subject matter will no
doubt be at the center of interest in the immediate fu-
ture.
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K. K. Rebane and P. M. Saari. Hot Luminescence
and Relaxation Processes in the Luminescence Centers
of Crystals. Hot luminescence (HL) can be represented
in good approximation as the emission of a luminescence
center during the first few moments after an excita-
tion event, up to the time of establishment of thermal
equilibrium between the center and its environment
(equilibrium with the lattice vibrations in the case of
an impurity atom molecule in a crystal).

Since HL originates from unrelaxed sub states (vi-
brational, rotational, etc.) of an excited electronic
state of the center, it gives information on the relaxa-
tion processes of these substates. The overwhelming
majority of luminescence centers in crystals are fast-
relaxing—the vibrational relaxation time is reckoned
in picoseconds and is several orders of magnitude
smaller than the lifetime of the excited electronic state.
Thus, HL can be used to investigate processes of
picosecond duration under the conditions of continuous
excitation of moderate power that are the rule for
luminescence measurements.

A consistent description of HL has been given within
the framework of a unified two-photon approach to the
formation of secondary luminescence.CIJ In this ap-
proach, the entire secondary luminescence flux is cal-
culated for a given fast-relaxing center (or complex of
centers12·1) and the photon flux incident on this center,
and is then separated into the ordinary luminescence,
scattering, and a residual part whose properties are
intermediate between them—the HL.

The basic distinctive properties of HL have been
demonstrated clearly in a series of experiments in
which HL was observed on impurity NO£ molecules in
alkali halide crystals.C 3 ] Of particular importance
among these properties for experimental separation
of the HL are the appearance of vibrations not only of
the ground state, but also of the excited electronic
state in the low-temperature spectra, which makes it
possible to calculate the positions of the hot lines in
the spectrum, and the characteristic dependence of the
HL spectrum on the wavelength of the exciting light
within the same electronic transition (see Fig. 1).
HL is much less subject to temperature and other types

of quenching than ordinary luminescence.

HL has now been observed and investigated in vari-
ous objects: frozen organic solutions (Shpol'skii sys-
tems), t4: i semiconductors, t5 ] nonimpurity molecules
and ionic crystals, etc. (see the review16·1).

Under continuous excitation, information on relaxa-
tion processes in the excited electronic state is re-
flected in the intensity of the HL (which is very low
compared to that of ordinary luminescence in fast-re-
laxing systems). The measured (with spectrally se-
lective excitation to various levels) intensities of the
HL lines can be used in combination with other spec-
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FIG. 1. HL spectrum of KC1 = NC>2 vs. wavelength of exciting
light. The figure shows the scheme of the lower intramolec-
ular vibrational levels of NOJ in the excited and ground elec-
tronic states and the positions of the corresponding hot lines
in the spectral range to the shortwave side of the ordinary lu-
minescence (OL). Data on the intensities of the HL lines have
made it possible to determine the relaxation times of transi-
tions from the vibrational levels lv{, If}, and 2v£; for exam-
ple, the lifetime of the lv'2 level with respect to vibrational re-
laxation is 550 oscillation periods or 30 psec, and the total
lifetime of the level (τ = 18 psec) is shorter due to the com-
peting nonradiative deactivation (TJ =45 psec) of the electronic
state.
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