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FIG. I. Variation of magnetic
moment in a thermoelectric super-
conducting loop for various tempe-
rature distributions. Ίι is the tem-
perature of the cold junctions of
the loop and T2 is the temperature
of the heated junction. T2 varies
along each curve.
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FIG. 2. (a) Variation of initial slope of ΔΦ/Φ0ΔΤ curves for two
samples (1 and 2) ΔΦ= Φ 2 - Φ , , Δ Τ = Τ 2 - Τ , ; the open and dark
circles correspond to different series of measurements, and the dashed
curves to the theory; b) thermoelectric magnetic moment ΔΦ (Tc-T,)/
ΔΤ as a function of the characteristics of tin in the normal state (dark
circles represent a tin-lead thermocouple, in paired experiments, when
connected; the open circles represent the tin (ασ = 56) - tin (ασ = 2)
thermocouple).

In an experiment of1-31, the magnetic flux ΔΦ = Φ(Τ2)
- Φ(Τι) that arises when a heater is switched on to
produce a temperature gradient was measured in a
circuit consisting of tin and lead. It was observed that
Δ Φ is directly proportional to Δ Τ at small temperature
gradients (Fig. 1). The ratio Δ Φ / Δ Τ varies with tem-
perature, decreasing with deviation from T c . This
variation of (ΔΦ/ΔΤ) (Τι) (Fig. 2a) agrees well with

the theoretical conclusions and is due basically to the
temperature dependence of ns, n s = (No/2) x ( T c

- T)/Tc, near T c . The magnitude of the thermoelec-
tric magnetic flux depends on the characteristics of tin
in the normal state, vanishing, as is seen from Fig. 2b,
for samples with small values of ασ. This is because
the contribution of the lead to the total thermoelectric
magnetic flux is a small one, owing to its high critical
temperature T c pb = 7.2° K.

Further experiments showed that a thermoelectric
magnetic flux can also be excited in a circuit consisting
of tin alone by using samples with different values of
ασ. It was found with the aid of such circuits that the
sign of the flux is determined by the difference (ασ)ι
- (ασ)2 and does not depend on (a,. - as). When several
thermocouples were connected in series, the thermo-
electric flux in the superconductors was additive.

A thermomagnetic flux can also arise in a bulky
superconductor sample^11. We see from (1) that this
requires the presence of a nonzero circulation of the
normal-excitation thermoelectric current. It was on
bulky samples that the first experimental attempts were
made to observe thermoelectric phenomena in super-
conductors[?1. The appearance of a magnetic field in the
presence of a heat flux was observed in the experiments
of[7'8], but these experiments can still be interpreted in
different ways.

The occurrence of thermoelectric phenomena in
superconductors is yet another manifestation of the
quantum nature of superconductivity. Study of these
phenomena will probably yield additional information on
relaxation processes in which normal excitations of the
superconductor participate. Nor can we exclude the pos-
sibility that these effects may prove useful in various
superconductor interference devices.
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D. A. Kirzhnits and A. D. Linde. The Vacuum Phase
Transition and Cosmology1' Recent years have seen
significant progress in elementary-particle theory,
progress that will, it is hoped, culminate in the con-
struction of a unified (encompassing all particles and
all of their interactions) theory that is free of incon-
sistences (see, for example131. This progress has been
due to use of the idea of spontaneous symmetry viola-
tion, which has served as a basis for description of
ordered states in macrophysics (superconductivity,
ferromagnetism, and many others). In the new theory
of particles, their masses are initially assumed equal

to zero, which makes it possible to combine particles
into multiplets and avoid the appearance of inconsisten-
cies that do not submit to renormalization. However,
the particles ultimately acquire the required mass as
a result of spontaneous symmetry breaking—Bose con-
densation of a scalar field specifically introduced into
the theory.

There is a profound and far-reaching analogy be-
tween the new particle theory and the theory of super-
conductivity. For example, boson masses result from the
same mechanism that forms the basis for explanation
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of the Meissner effect, and fermion masses appear for
the same reasons as the energy gap in a superconduc-
tor. This analogy suggests (and this is confirmed by an
exact calculation) that at a sufficiently high tempera-
ture—on the order of 1—100 GeV in the various models-
the particle system should undergo a phase transition
with recovery of the originally broken symmetry and
with loss of the particle masses; in a sufficiently
strong external field, this transition can take place
even at zero temperature. This also applies to a
vacuum—a state with zero values of the total charges
(electrical, baryon, lepton). The type of phase transi-
tion depends on the model chosen—it may be of either
the first or second order.

When applied to the "hot" (big-bang) model of the
universe, the pattern described above produces a num-
ber of cosmological consequences:

a) The density of the condensate depends on tem-
perature, and, consequently, also on time. The same
applies to such fundamental quantities as the masses of
particles (they decrease with backward movement in
time, disappearing after a certain instant) or the Fermi
weak interaction constant (which, to the contrary, in-
creases with motion backward in time, becoming in-
finite at the initial epoch, which corresponds to long-
range action of the weak interaction).

b) Like an ordinary vacuum in field theory, the Bose
condensate is manifested as a cosmological term in

Einstein's equations. However, this quantity depends on
time, so that an apparent violation of the energy balance
arises as a result of its being "pumped" into the unob-
servable Bose condensate (or back).

c) At the epoch corresponding to the phase transi-
tion, buildup of the fluctuations, the appearance of
nuclei, etc. should take place in the Universe. The pos-
sibility that this fact may prove essential for the as yet
unsolved problem of the formation of galaxies can not
be overlooked.
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L. M. Ozernoi. Patterns in Systems of Galaxies, and
Their Relation to the Problem of "Latent" Mass. For
several decades now, extragalactic astronomy has con-
fronted a problem that has proven as difficult to solve
as it was easy to formulate: are systems of galaxies
stationary?

The dynamics of the systems is of enormous interest
not only for astrophysics (where its importance is ob-
vious from the bare fact that over 80% of all of the
galaxies are observed in space not isolated but as parts
of agglomerates containing any number of galaxies
from pairs to superclusters), but also for natural
science as a whole. In fact, proof of the nonstationarity
of systems of galaxies (specifically, that they are ex-
panding with velocities on the order of the velocity dis-
persion observed there) would mean an explosive origin
of the systems, accompanied by the release of prodigious
amounts of energy (up to 1064 erg) during a time that is
in some cases shorter than 108 years! The existence
of sources of such power (> 3 χ 1048 erg/sec) would not
only contradict generally held cosmological concep-
tions , but could hardly be explained even within the
framework of contemporary physics. On the other hand,
if it were established that the galactic systems are
stationary, the consequences would not be quite as
dramatic for physics and cosmology, but they would
also be important: this would shed light on the cosmo-
gonic processes during which an expanding Universe,
but one with a structureless past, acquired its present
aspect by breaking up into galaxies and systems of
galaxies.

The nontrivial nature of the dynamic problem is
clearly detailed by the following fact: in their linear
scales (or in the masses that they include), systems of
galaxies occupy a position intermediate between the

galaxies themselves (whose radii R i ~ 10"2—10"1 Mpc)
and the radius R2 ~ 10z Mpc of the region of the Meta-
galaxy in which the distribution of matter can still be
regarded as homogeneous with good accuracy. While
the inner limit Rx of this scale does not by any means
depend on time (galaxies do not expand or contract; they
are stationary), the outer limit R2 definitely partici-
pates in the over-all expansion of the Universe. Clearly,
there is as yet no interpolation, no a priori principle
from which we might draw an inference as to the dy-
namics of systems belonging to the intermediate range
of scales Ri < R < R2o Solution of this problem re-
quires a specific analysis of the galactic systems them-
selves.

It has long been known that the apparent mass of the
galaxies in galactic systems ranging from pairs to rich
clusters is in many cases much smaller than the mass
necessary for stationarity of the systems (the so-called
"virial" mass). It was precisely this discrepancy that
presented the alternatives: either the systems are non-
stationary or they contain invisible ("latent") mass,
which provides the necessary stationarity. The lack of
clear indications of either nonstationarity or the pres-
ence of "latent" masses in the necessary amount has
stimulated the research for patterns in galactic sys-
tems interpretation of which might resolve the dilemma.
Numerous empirical studies have been undertaken in
this direction, especially in regard to the noncorre-
spondence between the virial and observed masses'1"4 1.
Although a number of interesting correlations have been
brought out, no definite interpretation has as yet been
found for them.

However, without resorting to calculation of the
virial characteristics of the systems (this procedure
introduces a number of additional uncertainties), and
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