
TABLE I.
"""^—.^Expected properties

Nature of hypergalaxies"—~^___

Accidental temporary clump
of independently formed
galaxies

Gravitationally bound clump
of independently formed
galaxies

Disintegrating system of
simultaneously formed
galaxies

Gravitationally bound sys-
tem of simultaneously
formed galaxies

Concen-
tration

-

0

+

+

Segre-
gation

-

—

—

+

Lumi-
nosity

-

—

+

+

Dynam-
ics

-

—

-

Age

0

0

—

+

Mor-
phology

-

—

+

+

Activ-
ity

-

0

+

+

Latent
mass

-

+

—

+

speaks against nonstationarity.

A summary of the observational arguments appears
in Table I, where the following symbols are used:
" + " for observations confirming the particular hypoth-
esis, " - " for observations contradicting it, and "0"
when various interpretations of the observations are
possible. It is seen that the only hypothesis that
agrees with all data is the last of the alternatives listed
above.

Therefore the traditional concept of the galaxies as
isolated objects requires review. The galaxies in
hypergalaxies and galactic clusters are in close physi-
cal interaction.

It follows from the above arguments that the mass
paradox is explained by the presence of an invisible
corona in the galactic system, i. e., of a latent mass
whose nature is as yet unknown.

The motion of the satellites indicates that an invisi-
ble corona also surrounds our Galaxy. The satellites

A. A. Sapar. Interaction of Radiation and Matter in
Stellar Atmospheres. The atmosphere of a star is a
transitional zone between the interior of the star and
the interstellar medium. The interaction of radiation
and matter in the stellar atmosphere determines the
basic structural features of the atmosphere, its ther-
modynamic state, and the appearance of the star's
spectrum.

A group of theoretical astrophysicists at the Tartu
Astrophysical Observatory has completed calculations
of the structure of hot extended stellar atmospheres
with outflow of matter and of a grid of models of plane-
parallel spectral class O-A stellar atmospheres for
various effective gravitational accelerations and chem-
ical compositions. Rational computing algorithms
were developed, e. g., for solution of the transfer

of the Galaxy form a disk that is nearly at right angles
to the Galactic plane. In addition to the other objects
in this disk, Australian radio astronomers"1 have re-
cently discovered a gaseous filament—the Magellanic
stream—which is approaching the Galaxy at high ve-
locity. The mass of the Hypergalaxy can be calcu-
lated from the velocities of the gas clouds by using the
virial theorem. This mass, 1.2·10Χ2Λίο, is approxi-
mately 10 times the mass of the visible Galaxy.143
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equation. Analytic solutions were found for several
problems of radiation transfer in spectral lines. The
recombination spectra of several ions were calculated
for physical conditions corresponding to the envelopes
of hot supergiant stars, and it was found necessary to
calculate the wave functions of the C, N, and Ο ions in
the multiconfiguration approximation in order to ex-
plain features of their spectra; the corresponding for-
mulas were derived. The shaping of the spectral-line
profile function was studied for hydrogen-like ions in
the plasma. Quantum-electrodynamics considerations
were used to derive a radiation transfer equation that
gives the corrections to the opacity of the matter that
must also be taken into account for the conditions of
stellar atmospheres. Some of the results have been
published, and others will appear in publications of the
Tartu Astrophysical Observatory.

U. H. Uus. The Appearance of Elements Synthesized
in the Interior of a Star on Its Surface. Stars with low
surface temperatures and large radii—the red giants—

often have anomalous surface chemical composition be-
cause these stars have thick convection envelopes that
support the transport of nuclear combustion products

956 Sov. Phys. Usp., Vol. 19, No. 11, November 1976 Meetings and Conferences 956



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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