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Characteristic Features of the Cyclic Change
of Solar Activity after 1610

Angel D. Bonov

The most characteristic feature of solar activity is its change in the course of
time. The basic 11-year cycle was discovered by Schwabe during the past century.

After defining the relative number of solar spots of R=K(10g+f), and
collecting observations concerning them since 1610, Wolf determined more
precisely the mean duration of the 11-year cycle. He noticed an interesting
feature in the cyclic curve of the mean annual relative numbers of the
solar spots: the consistent 11-year cycles form groups of two successive
cycles, one of which is higher and the other one is lower. From this fact
he drew the conclusion that there is a double cycle or a 22-year one (ac-
cording to present terminology). Later on Turner [1] adduced arguments
concerning the reality of the 22-year cycle.

The existence of the 22-year cycle became universally acknowledged
only after the discovery of Hale’s and Nicholson’s [2] law of the change
of sign of the magnetic polarity of solar spots. According to this law, the
sign of the magnetic polarity of the bipolar groups changes in both hemi-
spheres of the Sun (the Northern and the Southern ones) at the transition
from one 11-year cycle to the next one.

In our opinion the change of sign of the magnetic polarity determines
the special significance and the role of the 22-year cycle in the cyclic change
of solar activity [3].

On using the Ziirich numbering of the 11-year cycles and Wolf’s mean
annual numbers after 1700, Tnesnmen and Oxab [4] pointed out that
the even and odd 11-year cycles are closely connected with one another.
They form an entity — the 22-year cycle. This is quite evident, for example,
from [5], [6] and [7]. Indeed, the even and odd 11-year cycles cannot be
separated from one another. Their separation will mean to neglect the
22-year cycle whose existence is beyond disvute.

Taking into consideration the fact that the interval from minimum to
maximum (the growth — £) of the 11-year cycle is a parameter with which
the basic cycle characteristics are closely connected, as pointed out by
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Waldmeier [8)], we calculate the sum ¢£,,-+7¢,41 for all 22-year cycles

after 1610: (—12, —11), (—10, —9),... (0, 1), (2, 3),... (16, 17), (18, 19).

Grouping them together two by two, as shown in Table I, we calculate
the value of the relation
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[10] has found indications for
the existence of a 44-year cycle. But the data which she has used are few
and they call in question the existence of the 44-year cycle.

Fig. 1 shows that the 44-year cycle is outlined clearly after 1610,
which marked the beginning of toalescopic observations of solar spots.

In a paper which will be published we find an interesting dependence be-
tween the elements of the two 22-year cycles, which form the 44-year
cycle. Further on we shall call them first and second 22-year cycles.

Let us introduce the following symbols: zy,+72,+1 — the sum (in years)
from the descending part of the two 11-year cycles, which form the first
22-year cycle; T,) — the duration in years of the second 22-year cycle;
ZRm — the sum of the mean annual Wolf numbers in the years of the ma-
ximum of the 11l-year cycles, which form the 44-year cycle; 2R — the sum
of the mean annual Wolf numbers for the four 11-year cycles.

We compile Table 2 by using the data in [11].

Fig. 2 shows a definite dependence between vy,+7s,41 and 7y, For the
correlation coefficient between these quantities, calculated from the data in
Table 2, we obtain the value :

Heant-12041, Top= +0.936.

In the above-mentioned investigation of the 44-year cycles after 1610
we point out that this value of 7 is not due to a mere chance. It is a con-
sequence of the existence of a regression between vy,+72,4+1 and 7,, which

is expressed by the equation
T£;= + 9.6-{-0.92('52,1—}-!2,;4.1).



Table 2 shows that the values of the quantities SRm and ZR for the
conststent 44-year cycles alternate according to an interesting regularity :
lower values of these quantities are followed by higher values, after which

they are followed anew by lower values. I ihis regularity is preserved in
the future, for the next 44-year cycle
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Fig. 1 shows that after 1610 the activity of the Sun, characterized
with the index S, is presented by two supersecular cycles:

The first one begins in 1610 and ends in 1784,7. Its duration is 174
roughly years. :

The second one begins in 1784,7 and ends in 1964,7. Its duration is
180 years.

The duration of the 1l-year cycle, as well as the duration of the
29-year cycle, is not constant. That is why the duration of the supersecular

Table 2
T, +3 "
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—12,—11, —10,—9 11.5 21.0
— 8—1T7,—6—5. 10.5 18.5
—_ 4, — 3, — 2,—1 11.8 21.5 354 1673
0, 2, 3 9.9 18.2 430 2158
4505 6, 7 15.6 233 296 1772
gl g 1051 14.2 22.9 498 2535
ok S I Sl 13.3 219 316 1677
16, 17, 18, 19 12.2 20.4 534 2752




cycle discovered by us cannot be constant either. We call it conventionally
a 180-year cycle.

Fig. 1 shows that the supersecular cycle consists of eight 22-year
cycles or of four consecutive 44-year cycles. It is evident that the conse-
cutive 44-year cycles are grouped together two by two and form a new
cycle, which may conventionally be called an 88-year cycle. In fact this is
the well-known “secular” cycle.

'nesnmes, Oasp [4] noticed that during the 22-year cycle (4, 5)
there appeared a ‘catastrophic’ decrease of solar activity. We believe this
is due to the transitional epoch in the supersecular run of solar activity.
Actually, it comes at the end of the one supersecular cycle and at the be-
ginning of the next one. This is evident from Table 1.

Taking into consideration that the new supersecular cycle begins with
the 22-year cycle (20, 21), we draw the conclusion that there will soon
come a new ‘catastrophic’ decrease of solar activity. This conclusion is
confirmed to a certain extent on the basis of the following observations:
the maximum of the 11-year cycle No.20 is approximately two times small-
er than the maximum of the l1-year cycle No. 19. Actually, until the end
of the 20th century the solar activity will be considerably weaker in com-
parison with its level during the 22-year cycle (18, 19). This conclusion
is in agreement with the conclusion drawn on the basis of the 44-
year cycle.

Fig. 1 shows clearly another interesting feature: the straight lines
which join the beginnings and the ends of the two supersecular cycles are
approximately parallel and have a considerable incline toward the abscissa
axis. This fact points out that the 180-year cycle is a part of a much
longer supersecular cycle of solar activity.
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XapakTepHble OCOGEHHOCTH LMK/IMYECKOro H3MEHEHHS
axtuHoctu Connma mocae 1610r.

A. . Bonos

(PesioMe)

Hau6onee xapaxTepHoit oco6eHHOCTbI0 akTHBHOCTH COJHIA ABJNAETCA €€ M-
KIHUeCKoe H3MeHeHwe BO BpeMeHH. OCHOBHON LMK — OIMHHALUATHIETHHH.
3aKoH CMeHH 3HAKA MAarHUTHON MOJSPHOCTH OMMOJSPHEIX TIPyNn COJNHEYHBIX
IATEH NOKA3blBaeT CYUIECTBOBAaHHE ABaALATHIBYXJeTHero uukaa. OH COCTOHT
M3 JBYX MOCAEAOBAaTENbHbIX IHKJOB C YETHHM H HEUYeTHHIM HOMeépoMm Co-
raacHo L{iopuxckoii HOMepaluH.

TlpHHMMas BO BHUMAaHKe, YTO HapacTanue (£) ONMHHAAUATHJIETHErO LMKJA
ABJASETCS MAPaMETPOM, TECHO CBA3AHHHIM C XaPaKTEPHCTHKAMH STOro IHKIa,
MBI BHYMCATEM HJAA BCEX ABAaAUATHABYXNETHHX HUKAOB mocae 1610r. Be-
JTHYHHBI

(tanttp11)

Sas 2t
(fan+ t2n+ 1)

§ TpynnupyeM HX MO ABYM NOC/]€AOBaTENbHBLIM LMKIAM.

Vamenenne S, npeicraBleHHOe HAa DHC. 1, MOKa3EIBaeT HHTEPECHHIE OCO-
6eHHOCTH LUKIUYHOCTH COJHeuHol akTHBHOCTH mocie 1610r.

1. XOpOIIO NPOC/EKUBAETCA ,COPOKAYETHIPEXIETHHE UK.

9. JIpa nocjaefoBaTeJbHBHIX COPOKAa4YeTHIPEXJETHHX LHKJA IPYNMnHApPYyIOTCH
B OJHH LHKJ CO cpexuelf MpoxomkHUTenbHOCTbIO 88 et (,BeKoBOA" LUKJ).

3. Mocne 1610r. axrusHocth ConHIA npelacTaBleHa IBYMf CBEDXBEKO-
BBIMH LIHKJIaMU (CBEDPXBEKOBhE ,CTOBOCEMbIECAT/IETHHE® IHMKJBl, KaK HX Ha-
3bIBaeM YCJOBHO).

4. Tlocne OKOHYaHHSA OLHOrO ,CTOBOCEMbJECAT/IETHEro* LHKIA H Havaia
caenyromero aktuprocTh Connua katacrpopudecku nagaer. Jlo konua XX Beka
aktuBHOCTh CosHIa GyIeT 3HAYHTENBHO crabee MO CPAaBHEHHIO C €€ YPOBHEM
B HBaAUATHABYxJeTHeM umnkiae [18, 19].

5. BugHo, 4TO CTOBOCEMbJECATNETHHH LHMK/J SBIAETCA 4YacTblo LHKJIA
COJIHEUHOH aKTHBHOCTH MHOro 6oJbmIeH MPOJOJIKHUTENbHOCTH.
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