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COOTHOIIEHWE MEX/Y OBVMXEHUEM COJIHIIA Y COJTHEUHOY ITEPEMEHHOCTBIO

OmnuchiBaeTCa mOAXOM X nBmxkeHuto CONHLA BOKPYT LEHTPA MAacC COJHEYHOM CHCTEMBI, OOBSCHAIOMKH BCe
OCHOBHBIE YEPTHI HOJTOBPEMEHHOTO XO/a COJIHEYHOU aKTMBHOCTH. Pe3ynbTaThl HMOOTBEPKIAXOT NPIMYEO
M HOCTOSHHYIO B3aUMOCBS3b MeX Iy 000MMM SBIICHHSIMU.

An approach to.the solar motion round the barycentre of the solar system, able to explain all the main
features of long-term solar variability up to the solar cycle, is described. The results confirm a continual
direct connection between both the phenomena.

Key words: solar motion — long-term solar variability

1. Introduction

The solar motion round the barycentre of the solar
system seems to be one of the possible origins of
solar variability (Jose 1965, Landscheidt 1984, Jakub-
cova and Pick 1986, 1987, Fairbridge and Shirley
1987).

The time series of the positions of the Sun with
respect to the barycentre [ecliptical coordinates
(x, y, z) for the beginning of every year| for the time
interval from 2200 BC. to 2100 AD. has been employed
(Bucha et al. 1985, Jakubcova and Pick 1987). Only
the outer planets were taken into consideration
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(J-Jupiter, S-Saturn, U-Uranus, N-Neptune, P-Pluto).
The series is precise and homogeneous, in contrast
to the series of solar activity. Evidence for past solar
activity is largely of an indirect nature (e.g. '*C in tree
rings, '°Be in ice cores, etc), with a lot of uncertainties.
The Wolf sunspot numbers have been recorded from
1700 AD. only, with nonuniform quality. The time
series of auroral and naked-eye observations are
influenced by civilization factors and, therefore,
considerably inhomogeneous (Kfivsky 1984, Schove
1983, Charvatova-Jakubcova et al. 1988).

For the first approximation to the problem, a simple
approach able to explain all main features of long-
term solar variability has been used. Z-coordinates
of the Sun have been neglected.
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2. Approach to the Problem

The solar orbit is a variable curve depending on
the distribution of the planets. But, we found, it has
two basic alternately repeating elements — the “loops”
and the “‘arcs” (Fig. 1). We noticed that these ele-
ments have JS-order separations (~120°) in the
epochs of prolonged high solar activity (Fig. 2a)

—— A

 E—

r

Fig. 1. The solar motion elements — the loop (N) and the
arc (A); r is the solar radius.

and have chaotic separations in the epochs of pro-
longed minima (Fig. 2b). We found the mean duration
of the solar motion round the loop to be 9-93 + 0-2 yr,
round the arc to be 9:93 + 0-8 yr, i.e. 19-86 yr (JS-sy-
nodic period) round one pair (Charvatova 1989).
The planets J + S have 93% of the mass of all the
planetary system, they create the basis of solar motion.

3. The Long Periods

Two equidistant time series of the direction devia-
tions & (Fig. 1) and of the time deviations & (of the
differences between the respective and the mean
duration of the pairs of elements) from the JS-order,
caused by planets U, N, P, with a lag of 19-86 yrs
were constructed for the time interval from 2200 BC.
to 2100 AD.. These series can be taken as the ap-
proximate records of the long-term variability of solar
motion. A conspicuous ca 180yr (9 x 19-86) cycle
is apparent in their variation, as well as a roughly
2200 yr cycle (Fig. 3). The dominant sign of the
deviations & changes always after ca 1100 yrs, near
the years 1100 BC.; 0; 1100 AD..

The F-spectra of periods of both the series were
computed. Besides the periods mentioned above,
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also the significant periods of 60 yr (3 x 120° 3 x
x 19-86 yr), 90, 120 and 850 yr (great inequality of
JS) were found. The dominant period of the spectra,
the period of ca 180 yr, is the interval between the
highest deviations of the solar motion elements from
the JS-order (Fig. 3)—(Charvatova 1989).

Such a period was also detected in the Wolf numbers
(e.g. Cohen abd Lintz 1974), the period of 150 —200 yr,

a) 15-"19

1913 - 1964

Fig. 2. The Sun’s orbit during a) JS-order (cycles No. 15—19)
b) chaotic (cycles No. 5—7) separation of the solar motion
elements. (@ — the maxima, w — the minima of sunspot
cycles). The dotted line limits the area, in which the Sun moves.
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the so-called ‘“‘Suess wiggles”, is the basic feature
of the radiocarbon records. Nearly the same periods
(60, 90, 120, 150—200, 850 —950, 1000 — 1200, 2000 to
2400 yr) have been detected in natural records (Damon
and Linick 1986, Neftel et al. 1981, Sonett 1984,
Suess 1980, Stuiver 1983). Damon et al. (1988) present-
ed the best value for the longest period—equal to
2280 yr.

4. The Prolonged Extrema

The absolute values of the deviations ¢, § are plotted
in Fig. 3. The intervals of the known prolonged
minima in solar activity together with the curves
of '#C changes are drawn in the upper part of this
figure. One can see that the epochs of all known
prolonged minima in solar activity coincide with the
epochs of the highest deviations from the JS-order.
The radiocarbon records correspond to the deviation
patterns.

The basic ca 180 yr periods in sclar motion, the
coincidence of all known prolonged minima in solar
activity with the epochs of the highest deviations
from the JS-order and the similarity of their patterns,
the 180 yr period found in the Wolf numbers, allow
us to conclude that also the prolonged extrema in
solar activity occur in basic cycle of about 180 yrs.
But, there are irregularities near the years 1100 BC.; 0;
1100 AD. (Fig. 3). The natural records confirm the
2000—2400 yr maximum of solar activity in the epoch
of Antiquity. At present, also in the period of small
deviations ¢, 8, we are probably in such a maximum
(Fig. 3). Damon and Linick (1986) show ‘“change of
polarity” every 1000— 1200 yrs, similarly to changes
of the dominant sign of e in solar motion every
1100 yr.

5. The Shorter Periods and the Sunspot Cycle

Jakubcovd and Pick (1986, 1987) computed the
periods in solar motion and found that these periods
are the higher harmonics of the basic period of ca
178 yr (p; = 178-4/i) and correspond to the synodic
and sidereal periods of planets. The periods found by
various authors in the Wolf numbers have the same
properties (Jakubcovad and Pick 1987, Charvitova
1988b).

In the intervals of JS-order separations of the
motion elements (e.g. 1910—1960 AD., 1730—1780
AD. — Fig. 3), the sunspot cycles are high and last
ca 10 yr. One can see (Fig. 2a) the maxima of these
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Fig. 3. The absolute values of the deviations ¢ (dashed line)
and ¢ (solid line) from 1100 BC. to 2200 AD. and the intervals
of the known prolonged minima in solar activity: the SA-
Sabine, M-Maunder, SP-Sporer, W-Wolf, O-Oort, G-Greek,
H-Homer minima in solar activity; the intervals of low solar
activity in the years from 200 BC. to 950 AD. are drawn
according to Schove (1983), in the years 1150-70 AD. accord-
ing to Krivsky (1984), in the years 610— 530 BC. according
to Suess (1980); the radiocarbon record (absolutely dated
European oak series) for the years 200—800 AD. is taken
from Bruns et al. (1980) (the inversed record due to inverse
relation between 1#C and solar activity); for the years 1200 to
1900 AD. (dotted line) from Stuiver and Quay (1980). The
circles UN denote the times of conjunction of the planets
Uranus and Neptune, N is a number of the pairs of the motion
elements (7= N X 19-86 yr).

cycles near the arc-loop intersections, in the 7th to 8th
years of the respective decades. The minima occur at
the end of 'he central circular parts of the loops or
of the arcs. The even cycle is created by the centrifugal,
the odd by the centripetal motion of the Sun. It could
explain the differences in the patterns of the even and
odd cycles. The maxima of cycles coincide with the
extrema of the motion characteristics, fittingly de-
scribing the motion dynamics (the rate of change of
angular momentum, the acceleration, etc). The cycles
of chaotic intervals are low and irregular, with pro-
longed extrema (Charvatova 1988b).

Charvétova and St¥estik (1988) found the dominant

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1990BAICz..41...56C

DBAITCZ . 41: 7. 56T

rt

Vol. 41 (1990), No. 1

period in the spectra of the Wolf numbers in JS-order
intervals to be 10 yrs (3JS). The dominant period
in the spectra of the chaotic intervals is 12 yrs (J).
This result offers a physical basic for the bimodality
(10 yr, 12 yr) of the sunspot cycle period distribution
found by Rabin et al. (1986) and Wilson (1987), and
confirms that “the 11 yr mean cycle period is nothing
more than a consequence of the average behaviour
of the bimodally distributed cycle periods” (Wilson
1987).

6. Conclusion

All the main features of solar variability could be
explained in terms of solar motion.

Periodicities ranging from 10 to 2200 yr in solar
motion, corresponding to the periodicity in solar
activity, were found. A coincidence of all known
prolonged extrema in solar activity with the inverse
extrema of the deviations from the JS-order was
demonstrated (Fig. 3) on a time interval longer than
3000 yrs. The prolonged minima in solar activity
probably come in the basic, ca 180-yr cycle. Some
important properties of the solar cycle itself can be
explained in terms of solar motion. Our results, thus,
seem to confirm a continual direct connection between
solar motion and solar variability. The solar variability
is probably caused by solar motion. This allows us
to use our simple approach to predict solar activity,
which has great influence on all terrestrial, geophysical,
biological phenomena, even though the proper
physical mechanism has not been discovered yet.

The next 180-yr minimum in solar activity will prob-
ably occur in 2000—2030 AD. (Fig. 3). This minimum
could be shorter and milder than the medieval minima
and than the Sabine minimum, because its deviations
g, 0 are smaller. From 2040 AD. the JS-order separa-
tions of the motion elements will come (Charvatova
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1988a). This means that high solar activity with
ten-year cycles could again occur.
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