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One might suppose that the rise in temperature over
a wide range in optical depth is caused by a nearly com-
plete absorption of the emergent flux by TiO molecules.
To test this hypothesis we have calculated models with a
truncated spectrum, In this case the rise in temperature
is far more pronounced.

We find from this comparison that absorption by TiO
molecules, which is produced in the surface layers of the
atmosphere and is very effective there, amounts to a near-
ly complete cutoff of the flux in the visible range, causing
all the layers of the atmosphere to be heated. However,
another molecule absorbing very efficiently, CO, extends
over a much larger range in optical depth, and therefore
is responsible not only for heating the deep layers but for
strongly cooling the surface layers. To illustrate this be-
havior we include in Fig. 1 curves for the TiO and CO

abundance distribution with respect to the total number of
hydrogen atoms.
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The time characteristics of the radio fluctuations of local solar sources at A = 3.5 and 3.9 cm are
investigated. Fluctuation components of period longer than 20 min are observed to strengthen when the
leading sunspot in a group is growing larger. The oscillations tend to appear episodically. Peaks in the

power spectrum often recur at the same value of the period.

PACS numbers: 96.60.Tf, 96.60.Qc, 96.60.Rd

A program of observations of solar radio emission
with nearly continuous 24 coverage was organized in
April-May 1971 under the auspices of the Pulkovo Ob-
servatory and the Siberian Institute of Terrestrial Mag-
netism. These observations were carried out in Irkutsk
at wavelength A = 3.5 cm and at the Tonantzintla Observa-
tory in Mexico at A = 3.9 cm, using short-baseline radio
interferometers. The instruments have a sensitivity ade-
quate to reveal flux variations amounting to only 0.05% of
the level of radiation from the entire sun,

The data have been reduced by techniques described
elsewhere.!?? Figure 1 shows a sample power spectrum
for the radio fluctuations. Distinct peaks occur at periods
ranging from 5m to 2l 5, Several authors, beginning with
Yudin? in 1968, have remarked on the discrete character
of the spectrum. The properties of the fluctuations have
been reviewed in detail by Kobrin et al, % Nevertheless,
the dependence of the fluctuation power spectrum on the
evolution of groups of sunspots has not yet been adequately
studied. To cope with this problem we need accurate esti-
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mates for the amplitude and the confidence of the indi-
vidual peaks in the spectrum, In carrying out such an
analysis we have assumed that each realization comprises
an ensemble of both quasiperiodic and random components,
Since the power spectrum falls off toward higher frequen-
cies, the random part cannot be described as white Gaus-
sian noise. We have therefore estimated the amplitudes
and confidence levels in two steps.

First we suppose that the random component is white
noise, and we determine the peaks in the spectra that dif-
fer from the estimated noise component at the 0,95 sig-
nificance level. These peaks are subtracted from the
realization. Then we assume that the autocorrelation
function of the random component may be approximated
by an exponential for the form exp (¢)r]). This assumption
is equivalent to regarding the radio emission of local
sources as modulated not only by a quasiperiodic compo-
nent but by noise with a spectral density of the form S(w)~
a/(a? + w?) ("red" noise). The amplitudes of the peaks are
measured from the corresponding curve for the spectrum
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A, rel. units

FIG. 1. Power spectrum for fluctuations observed on May 27, 1971. a)
Spectrum for the original series of measurements; b) spectrum of the same
realization after removal of the trend; dashed curve, spectrum of the noise
component,
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of the random component, and are compared with the val-
ues of that component in the interval where a given peak
is located.

We have applied the results obtained in this way to
examine how the fluctuations depend on the evolution of
spot groups. To this end we have studied the changes in
the fluctuation power spectrum from May 20 to 31, 1971.
Figure 2 illustrates the amplitudes of the spectrum com-
ponents having periods T = 1h.5, 30™, 10™, and 7™M, No-
tice that the amplitudes of the components with T > 20Mm
were substantially larger on May 25-27 than on the other
dates. The lower part of Fig. 2 shows the areas of the
leading spots of the various groups as published in the
USSR solar bulletin, Solnechnye Dannye.® Within the time
interval considered here we can discrinrinate three differ-
ent phases in the development of the spot groups:

A, rel. units
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FIG. 2. Correlation between the fluctuation power spectrum and the evolu-
tion of the spot groups. Top, amplitude of spectrum components with peri-
ods T of approximately: 1) 1h.2-10.5; 2) 25-30m; 3) 10-12™; 4) TM, Bot-
tom, area of leading spots in groups numbered according to the bulletin
Solnechnye Dannye.
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a) May 21-24. Two groups of relatively low activity
were present on the sun, and on these dates the fluctua-
tions maintained a low level.

b) May 25-27. The fluctuations with T > 20™ had sig~
nificantly larger amplitudes. Meanwhile groups 206 and
207 (as numbered in Solnechnye Dannye) were developing
intensively.

c) May 28-31. The groups reached their maximum
area, showing no further growth, but the amplitudes of the
fluctuation components mentioned above held at about the
same level as on May 21-24,

Since we are comparing amplitudes of the spectrum
components averaged over the length of the realization
and values of the areas at particular times, the conclu-
sions may seem of doubtful reliability. For example, the
leading spot in group 206 grew considerably larger be-
tween May 24 and May 25, and the growth may have oc-
curred on either date. A comparison of the sunspot mag-
netic-field charts given in Solnechnye Dannye (at = 5b UT)
with the Ha photographs and photospheric charts (at
~ 140 UT) published in Solar—Geophysical Data’ indicates
that the principal changes in the group took place on May
25; the amplitudes of the fluctuations with T > 20M were
much larger on that day than on the preceding one, A sim-
ilar comparison for group 207, whose leading spot en-
larged greatly between May 27 and May 28, shows that the
development of this group ceased beginning May 28 (at
~ 5h UT). Hence the enhanced level of the fluctuations
with T > 20™ might be associated with the development
of group 207. The components with T < 20™ did not ex-
hibit any appreciable rise in amplitude on May 25-27;
slight rises by practically the same amount also occurred
during the other phases in the evolution of the groups.

We have made a further analysis of the character of
the relatively short-period fluctuations (T < 30m), Real-
izations covering many hours were divided for this pur-
pose into 11,5 series with extensive overlap; the start of
each subsequent interval was shifted by 20m, The result-
ing realizations were then analyzed in the manner de-

Gel'freikh et al. 25

© American Institute of Physics * Provided by the NASA Astrophysics Data System



. 24G

.5..

1979SVAL. ..

NS 9
~
S
—

13 y 107 Hz

12 W A5 Ty

1ottt gy
2 st

8+ XX 00XRKK

“tmimsint

FIG. 3. Evolution of the fluctuation power spectrum on a typical
date, May 21, 1971. a)Sliding power-spectrum curves; b) dynamic
spectrum of fluctuations. Hatching: 1) A > 0.5Ap,ax; 2) A =(0.25-
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scribed above. Figure 3a displays an example of one of
these sliding power spectra. The corresponding dynamic
spectrum of the fluctuation is shown in Fig, 3b, From our
analysis of the dynamic spectra for 20 days, we can recog-
nize several important properties: a) The fluctuations de-
velop episodically, usually appearing in one or two succes-
sive realizations but sometimes in a larger number; in-
tervals of a rise in the level of the fluctuations alternate
with intervals of sharp decline. b) Peaks in the power
spectrum generally occur in clusters, covering a fairly
broad frequency range. c) When oscillations recur, there
is a tendency for repeated formation of peaks in the same
portions of the spectrum.

Previously we have attributed® the quasiperiodic oscil-

lations in the radio flux of local sources to an excitation

of structures present in the corona by a flux of magneto-
hydrodynamic waves, which would travel up from the pho-
tospheric layers along the field rubes of the spots. In this
event, intensive damping of the waves at particular reso-
nance (with respect to the MHD oscillations) frequencies

of the coronal condensations could serve to produce quasi-

periodic modulation of the radio emission of the local
sources,

Our present results show, however, that these struc-
tures are not excited continuously, but rather in a pulsed
manner. And when fluctuations arise we observe oscilla-
tions of various periods. The fluctuations could then be
regarded as a consequence of local releases of energy in
the corona above active regions, such as through the for-
mation and turbulization of current sheets, Unlike chromo-
spheric flares, which are generally associated with cur-
rent sheets, the process we are discussing here is far
weaker in terms of energy, and thus probably occurs more
often. The relative stability of the magnetic field con-
figuration above spot groups is responsible for the repeti-
tion of periods, and the broad frequency bands observed in
the power spectrum could result either from the develop-
ment of overtones of the fundamental frequency character-
istic of a magnetic structure in the corona or from the
diversified sizes of active regions.
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The emergence of new magnetic field tubes at the
surface (the growth in the area of spots) serves either to
produce a current sheet or to excite internal gravitational
waves, followed by their capture in the transition zone be-
tween chromosphere and corona.® Long gravitational
waves will naturally have oscillations with lower natural
frequencies. This point of view accords with the fact that
the fluctuations in solar radio emission become stronger
during periods when flare activity is enhanced, 1012
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