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THE SUN AS A VARIABLE STAR: ACTIVITY
PERIODOGRAM AND FORECAST OF HIGH
MAXIMA

N. E. KUROCHKIN
Sternberg State Astronomical Institute, Moscow 119899, USSR

(Received March 11, 1991; in revised form June 19, 1991)

The Fourier spectrum (periodogram) of solar activity based on the Wolf numbers observed from 1749
to 1983 is constructed using a modified Deeming (1975) 3] method (see also Kurochkin, 1973 [4]).
Some tens of peaks on the periodogram (more than 80%) have been identified with the periods of
paired (sometimes triple) planetary configurations according to the formula 1/P;=1/P; + 1/P, (sce
Table 1 and Fig. 1). The modulation of solar activity by the planetary motions should be considered as
a firmly established fact. A decisive role is probably played by the resonances of planetary
configurations with each other and/or with the rotation of the sun (or of its core), or otherwise, with
its magnetic dynamo. The formulae for prediction of high maxima of solar activity have been obtained
on the basis of mean curves for the Wolf numbers.

The observed chromospheric activity of dwarf stars (Wilson, 1978 [6]) probably exhibits periodicity
with a characteristic time of 5-15 years, similar to the solar one. This can be considered as evidence
for the existence of planets or substellar satellites near these stars.

KEY WORDS Sun, solar activity, Fourier spectrum.

Variations of solar activity exhibit a complex multicomponent character. Fourier
analysis of Wolf numbers W reveals tens of significant peaks in the power
spectrum (on the periodogram) (see Cohen, 1974, Verma, 1986). Most of the
peaks are identified with the periods of paired, sometimes triple, planetary
configurations according to the formula

1/Pj=ki/ P, £ k;/F; (k;;=0,1,2...) M

where P,, P, are the orbital periods of planets.

The results of periodogram analysis of Wolf numbers observed from 1749 to
1983 are presented in Table 1. They are compared with periods calculated from
(1). The Deeming (1975) method with the modification of Kurochkin (1973) was
used. The part of the table above the empty diagonal corresponds to the plus sign
in (1), while the lower part corresponds to the minus sign. In each square of
Table 1 the first number is the period calculated from (1), and the second number
is the observed period derived from the periodogram together with its probable
error.

Up to 83% of the peaks observed in the Fourier power spectrum coincide with
precalculated planetary configurations. The influence of the planets on solar
activity can be regarded as a well established and confirmed fact; however, its
theoretical basis needs further study.
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Table 1 Periods of paired configurations of planets compared with periods derived from Wolf
numbers.
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The main cycles of solar activity (the highest peaks on the periodogram) have
periods Py =11%11+0.07 and P, = 9294 + 0.05. They correspond to the configura-
tions Jupiter + Neptune (P .y = 11206) and Jupiter + Saturn (second harmonic in
formula (1) with k;;=2: 3P, . =19.86/2=9293). The variations of W with
periods F, and P, have the largest amplitude. Why are these combinations of
planetary movements the most prominent? First of all, they are connected with
massive outer planets in combinations with Jupiter. But not all of these
configurations are distinguished. This may be due to resonances between
planetary configurations and internal fluctuations of solar activity (magnetic
dynamo).

For periods F, and P, the mean curves of W variations were plotted as a
function of phase, in a manner similar to that used in studies of variable stars
(Figure 2a—d). Mean curves of W numbers are slightly asymmetric (asymmetry
£0= Pmax — Pmin = 0F42; &, = 0743). Depressions can be seen near the maxima of
W curves; they may be significant (due to absorption or diffraction arising during
alignment of planets with the Sun?). The mechanism of interaction of planets
with the Sun remains unknown; perhaps it has an electromagnetic origin
(interaction of magnetospheres).

The selected main periods are probably double (2P, = 22222, 2P, = 19°88). We
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Figure 2 Mean curves for variations of Wolf numbers with periods 11711, 22222, 9294, 19?88 and
021746. The difference between even and odd cycles of double periods 22 and 19.9 years and
depressions near maxima can be noticed.

should then consider the double wave (Figure 2b, d). The even and odd waves in
double cycles have different shapes (one maximum is more sharp).

Our method of calculation allows tying the phases of mean curves to real time
and obtaining a formula for computing activity maxima (for given selected
oscillations):

Ty (max) = 1703.56 + 11°111E,  Max: 1982.4;1993.5.
Ty (max) = 1700.00 + 92944E, Max: 1978.4; 1988.3.
The last maxima, precalculated from (2), closely represent those observed during

the last cycles of activity.
A comparison of the observed Wolf numbers curve for 1749-1987 with

@
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Figure 3 The Wolf numbers curve from 1749 to 1987. The dates of maxima, precalculated from (2)
with periods 11?11 (0) and 9294 (1) are marked below. It is evident that highest activity maxima
(80-90 year cycles) occur when these two main periods interfere.

maxima, precalculated from the formula (2), is shown in Figure 3. This plot needs
some comments. Maxima of oscillations with periods Py and P, coincide every
80-90 years. Maxima of both oscillations appear to be close during 3—4 solar
cycles and should strengthen each other. The highest maxima of solar activity are
observed at this time. This is the cause of centennial cycles of solar activity.
Proceeding from formula (2), which is directly connected with planetary
configurations, the highest maxima of Wolf numbers can be predicted, as we
assume, in the range of +1000 years.

Outside of the regions of increased activity the maxima of one oscillation are
near the minima of another (anticoincidence) and they should partly weaken each
other. The exact shape of superposition is unknown; perhaps it is non-linear.
However, variations of activity with smaller amplitudes remain. For more a
accurate prediction we should take into account harmonics with smaller amplit-
udes and analysis of amplitude modulation. A sufficiently accurate forecast was
given by Cohen et al. (1974) and Hill (1977), although they did not report the
details of their decompositions. The possible connection between solar activity
and planets was not mentioned in these works.

The configurations of inner planets with outer ones are sufficiently represented
in the power spectrum (see Table 1). Configurations of the inner planets with
each other are not so pronounced, but some cases are strikingly pronounced,
apparently because of resonances. A part of the periodogram with peak
P, = 021746 (significance level ~60 above the background) is shown in Figure 3.
The peak corresponds to the configuration P (Mercury + Venus) = 021731. More
exactly: Pg .o .06 =0%1746, i.e. because of resonance with the period of the
main oscillation F, we obtain an exact coincidence with the precalculated period.
The maxima of this oscillation can be derived from:

T, (max) = 1700.00 + 0?1746 E,; Max = 1979.86.

The amplitude of this oscillation is small and it is not significant for prediction of

solar phenomena. Nevertheless it is worth attempting a direct comparison

between planetary configurations and observed manifestations of solar activity.
Many main-sequence G—M stars exhibit spot activity. The spot activity of some



THE SUN AS A VARIABLE STAR 311

BY Dra and RS CVn-type stars is known to be directly connected with the
existence of massive satellites. We can assume that solar spot activity, modulated
by planetary movements, belongs to the same class of phenomena. Long-time
observations of chromospheric activity reveal that many G-M stars exhibit cyclic
variability with characteristic times similar to solar ones (Wilson, 1978). We can
assume that these observations indicate the existence of planetary systems around
most of the solar-type stars. It is obvious that long-time observations of stellar
chromospheric activity are vital for understanding these phenomena.
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