
CONFERENCES AND SYMPOSIA

Scientific session of the Division of General Physics and Astronomy of the Russian
Academy of Sciences (31 March 1993)

Usp. Fiz. Nauk 163, 111-116 (July 1993)

A scientific session of the Division of General Physics
and Astronomy of the Russian Academy of Sciences was
held on March 31, 1993 in the P. L. Kapitsa Institute of
Physics Problems. The following reports were presented at
the session:

1. D. A. Varshalovich, S. A. Levshakov, and A. Yu.
Potekhin. Check of the constancy of the fundamental con-
stants over cosmological time.

2. M. I. Pudovkin and О. М. Raspopov. Physical mech-
anism of the action of solar activity and other geophysical
factors on the state of the lower atmosphere, meteorologi-
cal parameters, and climate.

A brief summary of the reports is given below.
D. A. Varshalovich, S. A. Levshakov, and A. Yu. Po-

tekhin. Check of the constancy of the fundamental con-
stants over cosmological time. Quasars are the most power-
ful energy sources in the Universe. Their luminosity can
reach 1042 W. For this reason they are visible at greater
distances than any other objects—up to 10-15 billion light
years. But this means that their spectra were formed long
before the solar system—estimated to be 4.5 billion years
old—was formed. For this reason, unique information
about the early evolution of the Universe and the compo-
sition of the matter and the physical conditions existing at
that distant epoch can be obtained by studying the spectra
of distant quasars. In particular, investigation of these
spectra makes it possible to check whether or not the val-
ues of the fundamental physical constants changed over
cosmological time.

The problem of the possible inconstancy of the funda-
mental "constants" was formulated theoretically by Dirac
in 1937.' The problem was later studied by Teller,2

Landau,3 Brans and Dicke,4 De Witt,5 Gamow,6 and
Dyson.7 Although Dirac's hypothesis was not confirmed in
its initial form,7 interest in this problem intensified again in
the 1980s, when it became clear that grand unification the-
ories, such as the Kaluza-Klein model8"11 or the super-
string model,12 lead to cosmological variation of the inter-
action parameters. A modern exposition of this question
can be found in the paper by Okun'.13 Thus the constancy
of the fundamental constants is itself a nontrivial fact and
must be checked experimentally.

It should be noted that the values of the interaction
constants are now known with a relative error of the order
of 10~8. This eliminates significant variation of the con-
stants over a short period of time, but it does not exclude
variation of the constants over cosmological time. The up-
per limits of such variation are an important criterion for
admissable theoretical models of elementary interactions.

Several laboratory investigations, based on a compari-

son of frequency standards employing different physical
phenomena, have been performed in order to clarify the
possible time dependence of the physical constants. First, a
comparison of the radio frequencies of the hydrogen maser
and a cesium standard gave for the ratio of the gyromag-
netic ratios of cesium and hydrogen Rl=g(Cs)/g(H) an
upper limit for the relative rate of change \Ri/Rl \ < 10~13

yr"1.14 Second, a comparison of the frequencies of high-Q
superconducting cavities and a cesium standard gave the
limit |Я2/Д2| < 4.1-10"12 yr"1 for the combination
R2—a3g(Cs)me/mp, where a is the fine-structure constant
and me and mp are, respectively, the electron and proton
mass.

A few years ago it was reported that the ratio of the
frequencies of quantum optical and radio standards
changes.15 The authors tentatively attributed their result to
the secular variation of the combination
R3=a1g(Cs)me/mp)

m. According to their estimates
/г3/Л3=(1.1±0.2)-10-п

 уг-
13, which corresponds to

Dirac's hypothesis. This result aroused debate.16 It will be
shown below that this interpretation does not agree with
astrophysical observations.

A number of authors have derived limits on the rate of
change of different combinations of the fundamental con-
stants from geophysical, geochemical, and paleontological
data also, though most of these limits are indirect and
model-dependent (for example, the Oklo phenomenon17).
Sisterna and Vucetich18 derived, on the basis of an analysis
of a large number of such works, the general limits on the
possible rates of change of the physical constants during
the epoch of the existence of the solar system. However,
these results cannot be extrapolated to earlier stages of the
development of the Universe, since different laws of varia-
tion of the fundamental constants are theoretically possi-
ble.

This problem can be solved by astrophysical methods.
Although astrophysical measurements are not as accurate
as precision laboratory measurements, the long time inter-
val ~ 1010 yr makes it possible to obtain stricter estimates
for the possible rate of change of the fundamental con-
stants.

The cosmological redshift increases the wavelengths of
lines in the spectra of quasars: ^obs=Aiab( 1 +z). Systems of
red-shifted lines are observed right up z=4.92. But the
wavelength ratio of different lines should then remain un-
changed, if the energy of the corresponding levels of atoms,
molecules, and ions during the epoch of formation of the
spectrum were the same as at present. For this reason, by
comparing the values of the redshifts z of different lines in
a spectral system it is possible either to observe a change in

642 Physics - Uspekhi 36 (7), July 1993 1063-7869/93/070642-06$10.00 © 1993 American Institute of Physics 642



the physical constants or to establish the upper limit of the
possible change in the physical constants. This method was
first proposed and employed by Savedoff.19

The redshifts of optical and radio lines in quasar ab-
sorption systems were compared in Refs. 20-23. The upper
limit |/J4//?4| ;S 10~13 yr"1 was obtained for the change in
the quantity R4=a2g(H)me/mp. However, this estimate is
unreliable because of possible systematic errors associated
with the fact that the regions emitting in the optical and
radio ranges are separated in space.

The method based on measurement of the fine-
structure splitting of multiplets does not have this short-
coming. The relative magnitude of this splitting is propor-
tional to Л 5=a2. By comparing these quantities for
different redshifts it is possible to investigate the variation
of the fine-structure constant a with time.

This method is most promising for the absorption lines
of lithium—and sodium-like ions corresponding to the
transitions 2S1/2 -» гРъп and 2Sl/2 -» 2Л/2> which are often
observed in quasar spectra. First of all, the transitions oc-
cur from the same level. Second, the absorption lines are
usually narrow, so that their wavelengths can be deter-
mined more accurately than that of the emission lines,
which are ten times wider.

Estimates giving the limit \a/a \ ̂ 4 • 1CP12 yr"1 were
obtained in Refs. 20, 24, and 25 from measurements of the
fine-structure splitting of lines in the quasar spectra. The
number of observations employed in these works was
small. Significantly more accurate and reliable estimates
could be obtained with the help of a statistical analysis of
the observations of different absorption systems. This be-
came possible in the last few years, when a large number of
high-quality spectral studies of quasars were performed.

Such an analysis was first made in Ref. 26. The ratio
Да/а with z~2 was estimated on the basis of 500 pairs of
doublet lines of Lil-, Nal-, and Kl-like ions, obtained with
a resolution of better than 2 A. Here Aasaz—a0 is the
difference of the fine-structure constants in an epoch cor-
responding to the cosmological redshift z and in the mod-
ern epoch, respectively. It was reported that
Да/а = (2±1) • 10~4. However, because the errors were
not calculated correctly, the estimated standard deviation
was approximately six times smaller than the true devia-
tion. In addition, this investigation did not include analysis
of selective effects, which could have significantly distorted
the distribution of the ratio az/aQ. In order to minimize
such effects, 36 of the most reliable doublets (narrow, iso-
lated, and quite strong) were selected; this gave the esti-
mate Да/а= (3± 1) • 10~3 for z^2.27 The fact that these
estimates are clearly inconsistent indicates that the initial
sample was inhomogeneous. For homogeneous data, as
shown in Ref. 28, the distribution of the values of az/a0

will be approximately Gaussian, and their sample average
is, as a rule, shifted due to the nonlinear wavelength de-
pendence of the ratio az/a0. The magnitude of the shift
depends on the quality of the spectral data and ranges from
-0.01% to —1.5%, if the quantity стя/(ДЯ)2 (where
(ДЯ)г=(ДЯ)0(1+г) is the observed value of the fine-
structure splitting and CTA is the standard deviation of the

true position of the spectral line) ranges from 5 to 25%,
respectively.

A large volume of inhomogeneous data (with a non-
gaussian error distribution) — more than 1000 pairs of lines
of the ions CIV, NV, OVI, Mgll, A1III, and SilV with
redshifts z= 0.2-3. 7 — was analyzed in Refs. 29 and 30.
Most of these data are not of as high quality as the sample
from Ref. 27, but because the amount of data was large it
was possible to obtain narrower limits on the possible vari-
ation of a. Inhomogeneous data are best analyzed by ro-
bust methods.31 In Refs. 29 and 30 robust linear regression
analysis by the trimmed-average method was used.32 It was
shown that such an analysis makes it possible to narrow by
approximately a factor of two the estimated confidence
intervals as well as to reduce by an order of magnitude the
systematic shift associated with the nonlinearity of the
A-dependence of a/a0. Data on each of the six ions were
analyzed separately. In order to check the effect of the
quality of the data subsamples of lines with different spec-
tral resolution was analyzed. The applicability of the linear
regression model was checked on the basis of a separate
analysis of the data from different redshift intervals.

The analysis showed that there is no statistically sig-
nificant change in a. The estimate a~}da/dz
= (-0.6±2.8) • 10~4 was obtained. Converted to the
modern epoch, this gives |а/а| <4- 10~14 yr~' (at the
95% significance level). Although this limit is weaker than
the limit \a/a\ < 1.4- 10~15 yr"1, presented in Ref. 18, it
is of independent significance, since it refers to an earlier
cosmological epoch (right up to z~3) and to more distant
regions of the Universe, which were not causally connected
to the epoch during which the observed spectra were
formed.

Estimates of the possible change in the electron-to-
proton mass ratio R6=me/mp over cosmological time,
which are obtained on the basis of analysis of the
electronic-vibrational-rotational absorption spectra of the
H2 molecule, are of independent interest. Thompson was
the first to point out the possibility of making such mea-
surements on the basis of the spectra of extragalactic
objects.33 One system (N2) of absorption lines in the Ly-
man and Werner absorption bands, which was observed
with z=2.811 in the spectrum of the quasar PKS 0528-
250, has now been established.34'35 A preliminary
estimate35 gave the limit <2 ' But the
more detailed analysis of these data performed in Ref. 36
gave | &R(/R6\ <2 • 10~3, which corresponds to

Thus we have obtained the first estimates, for the cos-
mological epoch corresponding to redshift z~3 (10-15 bil-
lion years ago), of the upper limits of the relative change in
the fine-structure constant, |Да/а| <0.2%, and the
electron-to-proton mass ratio, \k(me/mp)/ (me/mp)\
<0.2% (at the 95% statistical significance level).
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Translated by M. E. Alferieff

M. I. Pudovkin and О. М. Rasponov. Physical mech-
anism of the action of solar activity and other geophysical
factors on the state of the lower atmosphere, meteorological
parameters, and climate.

1. It is well known that solar activity and disturbances
of the interplanetary medium which it engenders influence
the most diverse processes in all envelopes of the earth,
including the magnetosphere, atmosphere, lithosphere, and
biosphere. The fact that solar flares affect the state of the
lower atmosphere was pointed out in 1882 by G. Vil'd.1

Since then hundreds of works have been published in
which different manifestations of solar activity in the vari-
ations of the earth's weather and climate, in the change in
the earth's climate, and in the change in the parameters of
the lower atmosphere are discussed. However, these works
have been criticized in, for example, Ref. 2, as well as in a
number of other works.

The main arguments against solar activity affecting the
meteorological parameters are based on energy consider-
ations. The characteristic power associated with atmo-
spheric processes is of the order of 1026-1027 ergs/day. At
the same time, the flow of energy from the solar wind into
the magnetosphere and subsequent processes in the mag-
netosphere and ionosphere are of the order of 1023 ergs/
day, which is three to four orders of magnitude lower.

In our opinion, however, a different approach to this
problem is also possible. For this it is sufficient to assume
that the solar wind is not a source of energy for atmo-
spheric disturbances, but rather it somehow modulates the
flow of energy from some other, stronger source. This
source is, undoubtedly, the sun because there is no other
sufficiently strong source in the earth's neighborhood. In

this case energy flow into the lower atmosphere is modu-
lated mainly due to variation of the optical properties of
the atmosphere—the atmosphere transmission. Here there
is an agent which effectively acts on the physicochemical
processes in the atmosphere, and variation of this agent in
turn follows solar-activity variations. Such an agent are
solar and galactic cosmic rays, which contain protons with
energies of 108-109 MeV. Such rays act effectively on at-
mospheric processes at altitudes of 10-20 km and they
undergo strong variations of tens of percent which coincide
with solar-activity cycles even during individual postflare
disturbances.

It is from this standpoint that a number of experimen-
tal studies and numerical estimates, confirming the physi-
cal nature of the action of solar activity and other cosmo-
physical factors on the state of the lower atmosphere,
meteorological parameters and climate, were made.3

2. We now give a brief exposition of the results of the
experimental investigations and numerical estimates. First,
a series of average winter temperatures in St. Petersburg
over the period 1775-1982 was analyzed.4 The results of
the analysis indicate the existence of a periodicity in the
average winter temperatures with periods coinciding with
the 11- and, to a significant degree, 22-year cycles of solar
activity.

The winter temperature in St. Petersburg is determined
by Atlantic cyclones. For this reason, the next step was to
analyze the changes in the zonal circulation of the atmo-
sphere during intense geomagnetic storms.5 The results
show that one or two days after a solar flare the zonal
circulation of the atmosphere is noticeably intensified, and
three to four days after the solar flare the zonal circulation
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