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INTRODUCTION

The huge amount of experimental data on the reg�
istration of cosmic ray (CR) fluxes on the earth’s sur�
face, in the stratosphere, and in space accumulated
over five solar cycles allows us to make a detailed inves�
tigation of their frequency structure and compare their
properties in different solar cycles. Some time ago,
many studies on quasi�periodic variations were per�
formed using these data [1–7]. There is also a keen
interest in this research today. In the period under con�
sideration, the 11�year CR cycle appears to have the larg�
est amplitude; this cycle is determined by the 11�year
solar cycle.

The studies of the quasi�periodic variations of
galactic CRs have shown that apart from the 11�year
quasi�periodicity there are clear�cut peaks with peri�
ods in the range of 0.5–5 years [1–12]. These peaks
are observed to have 1� and 2�year variations in both
CR intensity and in the parameters of solar activity
and the interplanetary medium [1–5]. A quasi�2�year
variation has been found in the number of solar proton
events [6]. In [7], a mathematical filter was used to
find the change in the period of the quasi�2�year vari�
ation from 24 to 20 months. The study in [8], which
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VFig. 1. Power spectra of monthly average values for solar
cycle 20 (1965–1975): F2800 is solar radiation at a fre�
quency of 2800 MHz; MUR is the data on cosmic rays in
the stratosphere in Murmansk; MNM is the neutron com�
ponent in Moscow; CNM is the neutron component in
Climax; Ap is the index of geomagnetic activity; H is the
strength of the interplanetary magnetic field; and V is the
speed of the solar wind. The dashed lines show the 95%
and 99% significance levels.
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Fig. 2. Power spectra of monthly average values for solar
cycle 21 (1976–1986): F2800 is solar radiation at a fre�
quency of 2800 MHz; MUR is the data on cosmic rays in
the stratosphere in Murmansk; MNM is the neutron com�
ponent in Moscow; CNM is the neutron component in
Climax; Ap is the index of geomagnetic activity; GMF+ are
positive values of GMF; GMP– are negative values of
GMF; |GMF| are absolute values of GMF; H is the
strength of the interplanetary magnetic field; and V is the
speed of the solar wind. The dashed lines show the 95%
and 99% significance levels.

1000

100 50 30 20 15 12 10 9 8 7 6 5

0.04 0.08 0.12 0.16
1/month

0

Period, months

V

0

0.2

0

40
0

40

0

50

0

10

0

2000

0

8000

0

0.002

0

100
F2800

MUR

MOSNM

CLINM

Ap

H

GMF+

GMF−

IGMFI

4000

Fig. 3. The same as in Fig. 2 but for monthly average values
of cycle 22 (1987–1996).

was based on the data of neutron monitors (NMs) in
Deep River and Calgary has shown that a 20�month
peak occurs, as well as a spectrum instability in the
neighborhood of the periods from 6 to 18 months. The
study [9] found a 1.3�year period to have a maximum



MOSCOW UNIVERSITY PHYSICS BULLETIN  Vol. 66  No. 1  2011

DISTINCTIVE PROPERTIES OF THE FREQUENCY SPECTRA 101

400

100 50 30 20 15 12 10 9 8 7 6 5

0.04 0.08 0.12 0.16
1/month

0

Period, months

V

0

0.04

0

10

0

10

0

20
0

10

0

3000

0

10000
0

0.005

0

50 F2800

MUR

MOSNM

CLINM

Ap

H

GMF+

GMF−

IGMFI

5000

Fig. 4. The same as in Fig. 2 but for monthly average values
of cycle 23 (1997–2007). 

in the power spectra in both CR intensity and in the
magnetic flux from the solar disk. A large number of
periodic components have been found from the NM
data in Deep River [10]. This work shows the impor�
tance of a 1.68�year periodicity, which is well corre�
lated with the same periodicity in the areas of the
southern coronal holes and large active areas. The
same periodicity of CRs (20 months or 1.67 years) was
found earlier in [1–13]; it was shown to be related to
the Sun’s general magnetic field.

EXPERIMENTAL DATA 
AND RESEARCH METHODS

This paper uses the voluminous data collected over
the period of 1965–2007 on average monthly intensi�
ties of CRs in the stratosphere (Murmansk, residual
pressure 50 g cm–2 [14]) and the neutron component
(Moscow and Climax [15]), on the strength of the
general magnetic field of the Sun as a star (GMF,
1969–2007 [16]), on some parameters of the solar
wind (SW), i.e., the strength of the interplanetary
magnetic field (IMF, |H |), the solar wind velocity (V,
1965–2007) [16], and on geomagnetic activity (Ap�
index) and solar radiation at a frequency of 2800 MHz
(F2800 [15]). The GMF data were obtained from
observations at the Crimean and Stanford Observato�
ries. Their observation data were used to calculate
three series: monthly average values of positive daily
data (GMF+), monthly average values of negative
daily data (GMF–), and monthly average absolute
values (|GMF|).

Spectral analysis was used for a detailed investiga�
tion of the time series. For variation periods over
5 years, we calculated the power spectra of the devia�
tions from the mean value for the entire time interval
under consideration. For variation periods of less than
5 years, we calculated the power spectra of the differ�
ences between neighboring data to eliminate high�
amplitude low�frequency variations and made correc�
tions to restore the actual amplitudes. For a more
detailed description of spectral components, we used a
frequency step that was one�thirtieth (or even less) of
the one used in the analysis by harmonics of the main
period.

RESULTS AND DISCUSSION

Frequency spectra were calculated from all the
above data for individual solar cycles (20–23).

The peaks of 10.5 and 5.1 years stand out in the
low�frequency (LF) area of the power spectra. The
high�frequency (HF) area of the spectra presented in
Figs. 1–4 has many quasi�periodic components, as
given in the table. Let us discuss the components that
show up in several parameters and stand out for their
amplitude.

All the four cycles have the following general char�
acteristics. Most of the analyzed data series are

observed to have quasi�2�year peaks with periods T =
20–24 months. In solar cycles 20 and 22, this period
was T = 22–23.5 months, and in cycles 21 and 23, T =
20.2–20.8; i.e., in even�numbered cycles, the quasi�2�
year period is longer than in odd�numbered ones.
Moreover, the even�numbered cycles are observed to
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Cycle 
Number

CA

Parameter

F2800 MUR MNM CNM Ap GMF+ GMF– GMF H V

20 50.3 65.0

41.6 40.4 40.8 39.6

33.0 35.4

22.3 23.5 23.4 23.5 23.4 23.2

18.6 18.5 19.1 19.0

15.9 16.3 16.0 16.1 16.0 16.1 16.2

11.1 11.9 11.9 12.0 12.0 11.2

9.2 9.3 9.3 9.3 8.6

6.8 7.7 7.7 7.7 7.8

6.5 6.6 6.6 6.5

5.7 5.9 5.9 6.0

5.3 5.5 5.1 5.4

21 46.5 49.7 48.0 52.1 52.1 51.5 54.7

33.0 33.8 34.3 34.0 36.9

27.7 26.4 27.2 25.3 27.5 30.7

20.2 20.8 20.4 20.3 19.2 20.1 19.6 21.2 20.8

13.4 12.8 13.1 12.9 13.4 12.8 12.8 12.8

10.5 10.1 10.1 10.2 11.6 10.0 10.8 10.2 10.1

8.7 8.8 8.7 8.5 8.9 8.4 8.5 8.5

7.8 7.3 7.2 7.2 7.0 7.2

5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1

22 45.1 55.3

31.9 30.7 30.2 29.5 28.9 30.7 32.7 31.9 29.3

22.2 22.3 22.1 22.4 22.4 22.1

15.2 15.5 15.4 15.2 15.6 16.0 16.3 15.4

11.2 11.3 11.2 12.0 12.8 12.3 11.9 12.5

9.0 9.2 9.0 10.5 10.1 10.2 9.0

8.8 8.3 8.6 8.3

7.3 6.8 6.7 6.8 7.2 7.2 6.4

6.0 6.0 6.1 6.1 5.7

5.0 5.0 5.2 5.2

23 50.9 50.3 49.7 45.5 50.3 47.5 48.6

29.2 29.4 29.1 27.4 27.7 26.5

20.1 20.3 20.5 20.5 20.4 20.9 21.4 20.6 20.6

12.2 12.3 13.0 12.7 12.4 12.0 11.8 11.9 12.0 11.0

8.5 8.0 8.7 8.8 8.8 8.7 8.7

7.4 7.2 7.2 7.3 7.3

6.1 6.1 5.6 6.2 6.2 5.7
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have quasi�periodicities with T = 15–16 months. One
can also observe quasi�periodicities with T = 11–12
and T = 9.2 months in cycles 20 and 22 and with T =
12–13 and T = 9.5–10.2 months in cycles 21 and 23;
these two periodicities extend the variation period
when there is no periodicity with T = 15–16. This
combination of periodicities is clearly seen in the CR
and GMF spectra. Among other shorter periodicities,
the most noteworthy ones are 7.7 and 6.5 (cycle 20:
CR and Ap), ~8.5 and 7.2 (cycle 21: CR, Ap, GMF,
and V), 6.7 (cycle 22: CR and Ap), and 8.5–8.8 and
~7.2 (cycle 23: CR and GMF) month periodicities.
The semiannual peak of Ap is strongly pronounced in
all the cycles.

CONCLUSIONS

This investigation of quasi�periodicities in the four
solar cycles both in cosmic ray fluxes and in the
parameters of solar activity and the interplanetary
medium allowed us to identify stable shifts of spectral
lines in frequency spectra in combinations of even�
and odd�numbered solar cycles (20–21 and 22– 23).

The presence of a quasi�2�year CR periodicity,
which is also observed in GMF and which synchro�
nously changes its period in these parameters from
cycle to cycle, indicates a connection between this CR
periodicity and GMF. The length of the quasi�2�year
periodicity in even� and odd�numbered cycles differs
by approximately 2 months. Unlike the quasi�2�year
periodicity, the period of the annual variation and the
variation with T = 9.1–10 months is shorter in even�
numbered cycles than in odd�numbered ones. The
quasi�periodicity with T = 15–16 months shows up in
even�numbered cycles. Other higher frequency varia�
tions do not demonstrate any expressed period change
in the even/odd cycle pairs. Thus, we can observe a
22�year cycle in the length of the periodicities. It is
well known that there is a 22�year solar cycle in which
even/odd combinations of 11�year solar cycles have
distinctive properties [17]; in particular, this refers to
the relative cycle heights in the even/odd pairs, to the

intervals between the maximums of the 11�year cycles,
and to the time patterns of the cycles. All this is
reflected in the frequency spectra.
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