
from the interior of the star through the entire enve-
lope all the way out to the star's surface. Theoretical
calculations indicate that in certain red giants, the
outer convective zone may at all times include part of
the internal region in which nuclear combustion occurs.
In such cases, all of the matter of the star's envelope
participates in the nuclear reactions, since convection
mixes the envelope matter very efficiently.

The possibility of constant thorough mixing arises in
stars with masses of approximately 4 to 8 sun masses
during the growth stage of the degenerate carbon-oxy-
gen core. The chemical-composition changes pro-
duced in the envelope by the penetration of convection
into the hydrogen nuclear combustion layer consist in
successive establishment of carbon, nitrogen, and oxy-
gen isotope concentration ratios that are equilibrium

ratios with respect to the carbon cycle of hydrogen
combustion, beginning with the isotopes having the
shortest lifetimes, and in a certain increase in the he-
lium content. Only the carbon content fails to reach
equilibrium during the growth of the star's core.

Unfortunately, it was not possible to determine the
exact extent of mixing theoretically, since the inade-
quate development of statistical fluid mechanics made
it necessary to use a rather crude treatment of the tur-
bulent convection in modeling the structure of the con-
vective regions of stars.

The results set forth in the paper have been published
by the author in Nauchnye Informatsii Astron. Soveta
Akad. Nauk SSSR, No. 20, 60; No. 20, 64 (1971); No.
23, 85 (1972); No. 26, 83, 96 (1973).

A. Ya. Kipper. The Ambiguity of the Quasar Red
Shift.1) If the large red shift of quasars is of cosmo-
logical origin, quasars are the most distant objects in
the Universe. The quasar red shift is determined in
most cases by measurement of emission lines in the
spectrum. However, absorption lines dominate even
at ζ = 1.9, and at ζ > 2. 5 the spectrum of the quasar re-
sembles that of an ordinary star of the middle spectral
classes with sharp absorption lines.

One of the remarkable features of the quasar spec-
trum is the fact that the red shift 2 a t e determined from
absorption-line measurements is multivalued. Thus,
a line that is a single line under normal conditions,
e. g., the La line, may be observed in the quasar spec-
trum as a whole series of lines. The ambiguity of the
red shift zitB is also an interesting problem in that it
may relate to more general problems of theoretical
physics.

Most investigators explain the multivalued red shift
Ztfn by assuming the presence of several expanding gas
clouds between the core of the quasar and the observer;
these clouds are situated either around the core or at
various distances between the object and observer.

However, Kipper has advanced a hypothesis accord-
ing to which the ambiguity of the red shift 2 a t a results
from the properties of the photon itself and is due to the
long time spent by the photon in cosmological space.
The photon is usually treated as a particle with prac-
tically infinite lifetime. In cosmological time intervals,
however, we may expect the photon to disappear as a
result of the continuous decrease in its energy owing to
the red shift. This conclusion follows from quantiza-
tion of the electromagnetic field in de Sitter's cosmol-
ogy and from the presence of the so-called zero energy
of the harmonic oscillator. Each monochromatic wave
is regarded as energetically equivalent to a harmonic
oscillator.

Owing to the finite lifetime of the oscillator, the red
shift ζ of distant cosmological objects is no longer
single-valued. This pertains first of all to 2 l t e . The
corresponding formula is given in the paper. A dia-
gram (Fig. 1) has been plotted to clarify the corre-
spondence of the formula to observations.

Because of the ambiguity of the red shift z^, a whole
series of lines is formed from one line, and their wave-
lengths λ can be calculated from appropriate formulas,
The quasar 4C 05. 34 is chosen as an example; both La

and Li are observed in its spectrum. The ambiguity of
the lines in the violet region of the spectrum of this
quasar is indeed striking for objects whose spectra are
usually poor in absorption lines. The drawing (Fig. 2)
designates lines belonging to the various series gener-
ated by the lines La and Ls.

The finite lifetime of the oscillator implies that sin-
gle photons vanish after certain intervals of time.
This process can be interpreted as absorption of the
photon's energy by cosmological space. Kipper sug-
gested that the cosmological red shift is an effect of
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"The views of the author are debatable. (Note by the office
of the Division of General Physics and Astronomy, USSR
Academy of Sciences.)
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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.

*D. R. Tilley and J. Tilley, Superfluidity and Superconductiv-
ity, London, Van Nostrand Reinhold, 1974.

2L. N. Bulaevskii, V. L. Ginzburg, G. F. Zharkov, D. A.
Kirzhnits, Yu. V. Kopaev, E. G. Maksimov, and D. I.
Khomskii, Problema vysokotemperaturnoi sverkhprovodl-
mosti (The Problem of High-Temperature Superconductivity),
Nauka, Moscow, 1976.

3V. L. Ginzburg, Usp. Fiz. Nauk 118, 315 (1976) [Sov. Phys.
Usp. 19, 174 (1976)].

4V. L. Ginzburg, G. F. Zharkov, and A. A. Sobyanin, Pis'ma
Zh. Eksp. Teor Fiz. 20, 223, 658 (1974) [JETP Lett. 20,
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