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Abstract : The pressure-corrected hourly counting rate data of neutron monitor stations, situated in 
different latitudes, have been employed to study the variation of cosmic ray diurnal anisotropy for a long 
period of 44 years (1965-2008). Some of these neutron monitors are situated in low latitudes with high cut-
off rigidity. Annual averages of the diurnal amplitudes and phases have been obtained for each station. It is 
found that the amplitude of the diurnal anisotropy varies with a period of one (11 year) solar activity cycle, 
whereas the diurnal phase varies with a period of 22 years (one solar magnetic cycle). The annual average 
diurnal amplitudes and phases have also been calculated by grouping the days on the basis of ascending and 
descending periods of each solar cycle (cycles 20, 21, 22 and 23). The results indicate that the systematic and 
significant differences are observed in the diurnal variation between the descending periods of the odd and 
even solar cycles.  The overall vector averages of the descending period of the even solar cycles (20 and 22)  
show  some - what smaller diurnal amplitude as compared to the vector averages of the descending period of 
the odd solar cycles (21 and 23). In contrast, we find a large diurnal phase shift to earlier hours during the 
descending period of even solar cycles (20 and 22), as compared to almost no shift in the diurnal phase 
during the descending period of odd solar cycles. Further, we find that the overall vector average diurnal 
amplitude of the ascending period of odd and even solar cycles, remain invariant from one ascending periods 
to the other, or even in between the even and odd solar cycles. However, we do find a significant diurnal 
phase shift to earlier hours during the ascending periods of odd solar cycles (21 and 23), in comparison to  
the diurnal phase in the ascending periods of even solar cycles (20 and 22).   

Keywords: Cosmic ray diurnal variation, solar activity cycles, solar magnetic cycles, diurnal 
amplitude and diurnal phase. 

 
1. Introduction: 

The spatial anisotropy of the galactic 
cosmic radiation in the interplanetary 
medium is observed as the daily variation of 
cosmic ray intensity by the ground based 
detectors. The detector on earth scans the 
entire celestial sky during a period of 24 

hours, since the earth completes one 
revolution around it own axis, once in 24 
hours (a solar day). Many scientists, 
including those using the data of ground 
based detector system, have reported excess 
of particles arriving from the asymptotic 
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direction 18 hours local time. The 
amplitudes and phases of the harmonic 
components of the daily variation of cosmic 
rays are generally derived by Fourier 
analysis using the hourly counts of neutron 
and meson monitors. A large difference in 
either the daily amplitude or in the time of 
maximum between different, but nearby 
stations is indicative of that either the 
diurnal anisotropy is fast changing within 
24 hours, or the universal time effects are 
predominant. 

 The solar diurnal variation of the 
cosmic-ray intensity was interpreted initially 
on the basis of an outward radial convection 
due to magnetized supersonic solar wind and 
an inward diffusion along the direction of 
interplanetary magnetic field. The balance 
between the convection and diffusion 
generates an energy independent anisotropic 
flow of cosmic-ray particles from the 18 
hours co-rotational direction.  

The magnitude and direction of the 
anisotropic flow as well as its variation with 
the 11-year sunspot cycle and 22 year solar 
magnetic cycle, provide vital observational 
constraints for testing the theories of the 
transport and the solar modulation of galactic 
cosmic rays which are based on drift models 
(in the prediction of modulation effects). 
These models are sensitive to the direction of 
the sun's magnetic field. The drift models 
predict that there should be a radial gradient 
of cosmic ray density with a larger value in 
epochs of negative solar magnetic polarity 
than in epochs of positive solar polarity. The 
models also predict a bidirectional latitude 
gradient that reverses its sign with the reversal 
of the solar magnetic field [13, 14, 20, 15, 21]. 
The behavior of the average diurnal time of 
maximum has been shown to be consistent 
with the convective-diffusive mechanism, 
which relates the solar diurnal anisotropy of 
cosmic rays to the dynamics of the solar wind 
and of the interplanetary magnetic field. The 
field-aligned direction of the diffusive vector, 
independent of the interplanetary magnetic 
field polarity, has also been confirmed [17]. 
In general, the solar diurnal anisotropy is 
caused by the modulation of the galactic 

cosmic rays in the heliosphere [18,11] 
Forman and Gleeson, 1975). Cosmic rays 
enter the heliosphere and gyrate along the 
interplanetary magnetic field (IMF) lines.  
Magnetic flux irregularities scatter cosmic 
rays from their gyro-orbits, causing diffusion. 
The solar wind also convects cosmic rays 
outward, while particles travelling along a 
regular portion of magnetic field lines 
undergo magnetic curvature and drift motion. 
The solar wind velocity is found to be almost 
constant in the region of the low heliolatitudes 
(≤350) during the 11year cycle of solar 
activity and, consequently, the convection and 
energy change of the galactic cosmic ray 
(GCR) particulate must not be noticeable 
versus the solar activity at the Earth’s orbit. 
Drift effects of GCR particles should play 
very specific role, especially in the changes of 
the profiles of GCR intensity in different 11 
year cycle of solar activity. Long-term 
averages of the solar diurnal variation provide 
information about the average behavior of 
cosmic rays in the vicinity of the earth. Since 
the diurnal anisotropy is caused by the solar 
modulation, one can use the observed effect to 
derive the information about the underlying 
solar modulation processes [25,12]. 

The results of neutron monitor 
observations for earlier periods had shown 
that the average characteristics of the diurnal 
anisotropy has been generally invariant during 
the period 1958-70, at neutron monitor 
energies and is explainable in terms of the 
convection-diffusion theory [22,11]. However, 
later observations have shown that the 
average characteristics of the diurnal 
anisotropy varied significantly during the 
period of 1971-74 and that was particularly 
evident from the detailed studies reported by 
[2]. The energy dependent phase shift to 
earlier hours in the diurnal time of maximum 
of the cosmic ray intensity was first pointed 
out for the year 1971 [1]  For these new 
results, the data of low latitude stations (high 
cutoff rigidity) were very crucial. [4] have 
observed that the variation of diurnal 
anisotropy is related to sunspot cycle, which 
is also rigidity dependent. Moreover, the 
amplitude and phase of the diurnal anisotropy 
changes with a period of one as well as two 
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solar cycles [14,22, 2,3,4,5, 7,6,9,24]. The 
time of the maximum of diurnal variation 
shows a remarkable and systematic phase 
shift towards earlier hours than normal, 
beginning in 1971. This phase shift continued 
until 1976 (period of the solar activity 
minimum) except for a sudden shift to a later 
hour for one year only in 1974 (the year of 
secondary maximum of solar activity). 
According to the modern theory, the 
convection, diffusion, drift and energy change 
of the cosmic ray particles in the diverged 
magnetized solar wind are the general 
processes responsible for the modulation of 
galactic cosmic rays (GCR).As such, we have 
investigated the anisotropic variations for the 
entire period from 1965 to 2008 (four solar 
cycles 20 to 23 ), to focus on the changes 
observed in different solar cycles, and in 
particular in odd and even solar cycles. 

 2. Data Analysis 
The available hourly pressure corrected 
neutron monitor data of Kiel, Moscow, 
Climax, Deep River, Tokyo, Haleakala and 
Huancayo with different cut-off rigidities 
obtained from websites 
ftp://ftp.ngdc.noaa.gov/stp/solar_data/cosmic_
ray, have been subjected to harmonic analysis 
to derive the amplitude (in %) and phase (in 
hours), for an overall period of  44 years, 
during the years 1965-2008. These neutron 
monitor stations are so selected that they  
cover the major part of the earth’s location. 
Table1 depicts the essential characteristics of 
the stations used in the analysis. Certain days 
associated with universal time changes, such 
as Forbush decreases and large cosmic ray 
transient intensity variations are removed 
from the basic data, before calculating the 
average amplitude and phase for each year 
data and for each station. In general, the one 
sigma standard error of the mean for each 
annual average diurnal vector is ≈ 6% of the 
amplitude value and hence most of the 
variations shown subsequently in various 
figures are significant. 
The observed diurnal anisotropy (first 
harmonic of daily variation) vectors in local 
(station) time, have been examined by 
plotting them on vector addition diagram, 

after classifying and averaging them into 
appropriate groups according to solar cycles,  
1965-76(20), 1976-86(21), 1986-96(22) and 
1996-08(23), and different ascending and 
descending periods of odd and even solar 
cycles. 
 
 

Table1: Summary of the data. 

Neutron 
monitor 
stations 

      
Latitude 
     
(degrees) 

Longitu
de 
(degrees
) 

  Cut-
off 
rigidit
y(GV) 

Data 
period 
   (Years) 

Kiel 10.1E 54.3N 2.36 1965-2008 
Moscow 37.3E 55.4N 2.39 1965-2008 
Climax 106.1W 39.3N 2.97 1965-2006 
Deep River 77.5W 46.1N 1.07 1965-1995 
Tokyo* 139.7E 37.7N 11.50 1970-1997 
Haleakala* 156.3W 20.7N 13.30 1991-2006 
Huancayo* 75.3W 12.0S 13.49 1965-1992 

* Sepcifically indicates the low latitude 
stations with high cut-off rigidity, as they are 
most important for such an investigation. 

3. Discussion and Results  
   Each day vectors of the daily variation of 
cosmic rays are vectorially added to provide 
the average values including the annual 
averages .To monitor the vectorial changes 
from one year to another, it is also instructive 
to plot the values in vector form. These 
averages are generally studied by depicting 
them either in the form of harmonic dial 
representation or/and in vector addition 
format. First of all, we have depicted, in 
figures 1 and 2, the time variation of the 
yearly average diurnal amplitudes and phases 
separately for many stations, and for the entire 
period of 44 years for the period as per the 
availability of data. Figure 1 very clearly 
demonstrates that the observed diurnal 
amplitude varies with a dominant period of 
11-year solar activity cycle. Whereas figure 2 
indicates that the diurnal phase varies with a 
dominant period of 22-year solar magnetic 
cycle. A critical examination of figure 2 also 
shows an anomaly for the Huancayo station, 
where alone the diurnal phase is observed to 
be shifted to earlier hours in the year 1986 in 
contrast to all other stations shown in this 
figure. Such an anomaly is not understable 
and needs further investigation. It is clearly 
evident from figure -1 that the amplitude of 
the diurnal anisotropy shows an 11-year 
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variation with the lowest values occurring at 
solar minima, and the highest values near the 
solar maxima or near the minima of the 
declining phase of solar activity. Specifically, 
the near periodic enhanced amplitudes are 
noticed in the periods 1971, 1974, 1984- 1985, 
1990, 1994 and 2002- 2005. All these periods 
are falling in the declining phases of the solar 
cycles 20, 21, 22 and 23.  Moreover, the 
enhancement of diurnal amplitude appears to 
be greater in the declining phases during the 
negative polarity states (A<0) of the sun. The 
long–term variations in the phase (time of 
maximum) of the average diurnal anisotropy 
from the years 1965 -2008, shown in figure 2, 
reveal that the local time of maximum of the 
diurnal anisotropy at each location has a 
prominent~ 22-year component with 
minimum values occurring in the year 1976, 
and in the year 1997. 

In fact, the phase shift to earlier hours 
starts after the solar field polarity reversal 
from negative state (A<0) to positive (A>0) 
state (e.g. in the year1970). This shift to 
earlier hours continues till the subsequent 
solar activity minimum (1976), reaching the 
minimum value at or near the solar activity 
minimum. There- after the diurnal phase 
starts recovering towards the pre – reversal 
level.  Figures 2 further reveals that after ~ 
22-years,(i.e. after 1990 solar field polarity 
reversal), when the heliosphere comes to the 
same polarity state (A>0), the diurnal phase 
shift starts to earlier hours and reaches to its 
minimum values near the solar minimum (in 
the year 1997). Thereafter the diurnal phase 
starts recovering to pre-reversal level. These 
observations clearly indicate that time of 
maximum is mostly influenced by the 
orientation of solar magnetic field, rather than 
by the phase of the solar activity as is in the 
case of diurnal amplitude.  We also notice 
that  the amplitude of the diurnal wave 
increases with the increase in the sunspot 
number (i.e. with increasing solar activity) in 
almost all the solar cycles .Moreover, it is 
found that the diurnal amplitude at the 
beginning of even numbered sunspot cycles 
(no. 20 and 22) is lower than that for the odd 
numbered cycles (no 19 and 21) supporting 

the even-odd cycle differences. Based on 
these general observations, we discuss further 
the results on the solar cycle basis, mostly by 
using two station data (one high latitude 
station and another low latitude station).In 
figure 3 we have shown the vector addition 
diagram of annual average vectors of the first 
harmonic of the daily variation of cosmic rays, 
for the Kiel and Huancayo neutron monitor 
stations, for the years 1965-76 (solar cycle 
20). From this figure, we very clearly notice 
that the diurnal phase has continuously 
changed to earlier hours from 1971 to 1976 
(cycle 20). Moreover, some what increasing 
trend in the beginning and then decreasing 
trend in the diurnal amplitudes are also 
noticeable. 

 The overall average diurnal vectors 
(amplitude - r1, phase - �1) for the complete 
solar cycle 20 (1965 to 1976), for Kiel and for 
Huancayo stations, have also been deduced 
and are found to be: 
Kiel:                r1 = (0.258 ±0.016) %,     �1 = 
(13.86 ±0.39) hrs 
Huancayo:      r1 = (0.149±0.014) %,        �1 = 
(11.39±0.75) hrs 

The resulting values of the overall 
average of solar cycle (20), indicates that for 
high latitude neutron monitor stations, the 
diurnal vectors have higher amplitude in 
comparison to low latitude station (Huancayo). 
Similarly, low latitude stations show earlier 
diurnal phase. Such a finding is further 
investigated for other solar cycles and then 
finally compared to discuss the differences 
observed. 
         In figure 4 we have shown the vector 
addition diagram of annual average vectors of 
the first harmonic of the daily variation of 
cosmic rays, for the Kiel and Tokyo neutron 
monitor stations, for the year 1976-86 (solar 
cycle 21). From this figure, we very clearly 
notice that the diurnal phase has continuously 
changed to later hours from 1976-86. The 
diurnal amplitude is seen to have some-what 
increasing trend throughout, except in the 
minimum year of 1986.   

The overall average diurnal vectors, 
for the complete solar cycle 21, (1976 to 1986) 
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for Kiel and Tokyo stations have also been 
deduced, and these are found to be: 

 Kiel:      r1    = (0.267± 0.022) %,     
�1 = (14.00± 0.40) hrs  

Tokyo:    r1   = (0.215± 0.026) %,      � 
= (13.50± 0.47) hrs 

The differences in the overall averages, 
as reported above for cycles 20 and 21, will 
be discussed in the light of the overall 
averages for other solar cycles. 

 Figure 5 shows the vector addition 
diagram of annual average vectors of the first 
harmonic of the daily variation of cosmic rays, 
for the Kiel and Tokyo neutron monitor 
stations, for the year 1986-96 (solar cycle 22). 
From this figure also, we very clearly notice 
that the diurnal phase continuously changed to 
earlier hours beginning in the year 1992 and 
continuing upto the solar activity minima year 
of 1996. However, no definite trend is seen in 
the variation of diurnal amplitude except for 
the minimum value observed in 1996. The 
overall average diurnal vectors, for the 
complete solar cycle 22 (1986-1996) for Kiel 
and Tokyo stations have also been deduced, 
and these are found to be: 
Kiel:        r1 = (0.237±0.026) %,  �1 = 
(13.40±0.59) hrs 
Tokyo:   r1   = (0.119 ±0.012) %, �1 = 
(11.80±1.23) hrs 
 The differences observed in the 
overall average, as given above for cycles 20 
to 22, will be discussed in the light of the 
overall averages for the other solar cycle. 
  Figure 6 shows the vector 
addition diagram of annual average vectors of 
the first harmonic of the daily variation of 
cosmic rays, for the Kiel and Haleakala 
neutron monitor stations, for the years 1996-
2008 (Solar cycle 23). From this figure, we 
very clearly notice that the diurnal phase has 
continuously moved to later hours from the 
beginning of solar cycle 23, with some- what 
increasing trend in the diurnal amplitudes.  
 The overall average diurnal vectors for 
the complete solar cycle 23 for Kiel and 
Haleakala neutron monitor stations have also 
been deduced and these are found to be: 
Kiel:             r1 (1996-08) = (0.263 ±0.029) %,    
�1 = (13.87±0.62) hrs   

Kiel:             r1 (1996-06) = (0.267 ±0.032) %,    
�1 = (13.80±0.67) hrs  
Haleakala:    r1 (1996-06) = (0.209±0.030) %,     
�1 = (12.80±0.73) hrs   
 To provide an average perspective of 
the diurnal anisotropy, on the scale of a solar 
cycle  we have  shown (in figure 7) the 
calculated values of the diurnal vectors on the 
harmonic dial, for the four complete solar 
cycles 20(1965-76), 21(1976-86), 22(1986-
96), 23(1996-08) .As has been demonstrated 
earlier, although the amplitude of the diurnal 
anisotropy displays a clear-cut 11- year 
sunspot cycle variation, however, when 
averaged vectorially over a complete solar 
cycle, no significant and/or systematic 
difference in solar cycle averaged diurnal 
amplitudes from one cycle to the other or 
between even and odd cycles is observed in 
the high latitude stations. Nevertheless, when 
we examine the result for the low latitude 
stations (figure 7), we find systematic and 
significant differences between odd and even 
cycles. The overall diurnal amplitude of solar 
cycles 20 & 22 do show smaller amplitudes as 
compared to cycles 21 and 23. Similarly, the 
diurnal phase too, when averaged vectorially 
over a complete solar cycle, does not show 
any systematic phase shift from one cycle to 
the other or between even and odd solar 
cycles particularly at high latitude stations. 
Nevertheless, cycle 22 does show some 
significant shift to earlier hours in the diurnal 
phase and some reduction in the amplitude of 
the diurnal variation. Moreover, in general, 
for low latitude stations, the solar cycle 
averaged diurnal amplitudes and phases do 
show some significant changes signifying 
odd-even cycle effect.  

           To provide an average perspective of 
the diurnal anisotropy, on the scale of  
ascending and descending periods of solar 
activity cycles, we have shown, (in figure 8) 
the calculated values of the diurnal vectors on 
the harmonic dial, for the four complete 
ascending (As) and four complete descending 
(De) phases of solar cycles. These have been 
categorized as follows. 
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             Solar cycle 20 (1965-67= As.,  1969-
75= De.) 

             Solar cycle 21 (1977-78= As.,  1980-
85=De.) 

             Solar cycle 22 (1987-88= As.,  1990-
95=De.) 

             Solar cycle 23 (1997-99= As.,  2001-
06=De.) 

 In figure 8, we notice systematic and 
significant differences between the 
descending periods of odd and even solar 
cycles. The overall amplitude of descending 
phase of even solar cycles (20 & 22) do show 
smaller amplitudes as compared to the 
amplitudes of the  descending periods of odd 
solar cycles (21 & 23). However, we find a 
large diurnal phase shift to earlier hours 
during descending periods of even solar 
cycles (20 &22) . Nevertheless, the diurnal 
phase of the descending periods of odd solar 
cycles does not shift to earlier hours. 
Furthermore, as concerned to ascending phase, 
from figure 8, we do not find any significant 
and/or systematic difference in the ascending 
phase averaged diurnal amplitudes from one 
ascending phase to the other or in between the 
even and odd solar cycles .However, we 
observe a large diurnal phase shift to earlier 
hours during the ascending phase of odd solar 
cycles (21, 23). In contrast, the diurnal phase 
of ascending period of even solar cycles (20 
& 22) does not show any phase shift to earlier 
hours.  

As the diurnal anisotropy is one of the basic 
peculiarities of the galactic cosmic rays, 
which are observed by the ground based 
detectors, it is found sufficiently steady by 
observing the diurnal amplitude and phase. 
The existence and main characteristics of the 
cosmic ray diurnal anisotropy are being well 
explained in the frame of convective – 
diffusion model, proposed in [16] and  then 
improved by many authors, ( for example; 
[11].The observed diurnal amplitude changes 
from neutron monitors small within the solar 
activity cycle and in early period did not 

depend on the magnetic solar cycle [22]. 
However, it was already known more than 50 
years from meson monitor observation ago 
[10] that the observed average characteristics 
of the vector cosmic ray anisotropy vary both 
with 11 and 22 year periodicity. The energy 
dependent phase shift to earlier hours in the 
diurnal time of maximum of the cosmic ray 
intensity was first pointed out for the year 
1971 [1,4] have observed that the variation of 
diurnal anisotropy is related to sunspot cycle, 
which is also rigidity dependent.  As 
mentioned earlier the amplitude of the diurnal 
anisotropy measured by ground – based 
detectors varies with a period of one sunspot 
cycle, while the phase varies with a period of 
two sunspot cycles [8,23]; this result similar 
to our results. The observed diurnal phase 
variation has two components of 22- year and 
11- year cycles. The neutron monitor station 
in the high latitude (low cut - off rigidity) 
shows mainly the 22 years cycles in the 
diurnal phase controlled by the drift effect 
with the solar polarity magnetic field reversal. 
However, the lower the latitude of the neutron 
monitor station higher is the contribution from 
the 11-year cycle associated daily variation 
[26]. The solar cycle averaged diurnal 
amplitude is almost same for different solar 
cycles and no significant change is observed 
from one cycle to the other or between odd 
and even cycles [23]. They also show that the 
average time of maximum too does not 
change from one cycle to the other when 
averaged over a solar activity cycle, but in our 
results, only for high latitude stations, the 
solar cycle( for cycles 20 to 23) averaged 
diurnal amplitudes are almost same. 
Eventhough we also observe that the averaged 
time of maximum at high latitudes does not 
change from one cycle to other cycle, 
nevertheless, for low latitudes, the solar cycle 
averaged diurnal amplitudes and phases do 
show some significant reduction during the 
even solar cycles 20 and 22. 

 4. Conclusions 

From the above discussion of observations 
and results we conclude that: 
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1. The amplitude of the cosmic ray 
diurnal variations varies with a period 
of one solar activity cycle, while the 
phase of the diurnal variation varies 
with a period of one solar magnetic 
cycle (22-years). 

2. The annual average diurnal amplitude 
is maximum in declining phase of the 
solar cycles and the annual average 
diurnal amplitude in minimum in the 
minima period of solar activity cycle. 

3. The shifting of the annual averages 
diurnal phase to earlier hours is 
observed during  the near minima of 
even solar cycles, whereas no 
significant shift (almost constant) in 
phase is observed during the near 
minima of odd solar cycles . 

4. For high latitude stations, the solar 
cycle (individually for cycles 20 to 23) 
averaged diurnal amplitudes are 
almost same. Moreover, the averaged 
time of maximum also does not 
change from one cycle to other cycle. 
Nevertheless, for low latitude stations, 
the solar cycle averaged diurnal 
amplitudes and phases show some 
significant reduction during the solar 
cycles 20 and 22. 

5. Systematic and significant differences 
are observed between the descending 
phase of the odd and even solar cycles. 
The overall vector averages of the 
descending phase of the even solar 
cycles (20 & 22) do show smaller 
diurnal amplitudes as compared to the 
averages of the descending phases of 

the odd solar cycles (21 & 23). 
However, we find a large diurnal 
phase shift to earlier hours during 
descending phase of even solar cycles 
(20 & 22), but the diurnal phase of the 
descending phase of odd solar cycles 
does not shift to earlier hours at all. 

6. We find that, the overall vector 
average diurnal amplitude of the 
ascending phase of odd and even solar 
cycles, remain invariant, from one 
ascending phase to the other, or even 
between the even and odd solar 
cycles .However, we do find a 
significant diurnal phase shift to 
earlier hours during the ascending 
phases of odd solar cycles (21&23), 
whereas the diurnal phase of 
ascending phase of even solar cycles 
(20& 22) remains invariant (i.e. it does 
not shift to earlier hours). 
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Figure 1: Yearly average cosmic ray diurnal amplitude (in %) obtained using neutron monitor data for seven stations; Deep River, Kiel, Moscow, 

Climax, Tokyo, Haleakala and Huancayo. Dashed vertical lines indicate the years of solar minimum and solid vertical lines indicate 

the years of solar maximum.   

 

 

 

 

 

 

Figure 2: Yearly average cosmic ray diurnal time of maximum (diurnal phase, in hours) obtained using neutron monitor data for seven stations; 

Deep River, Kiel, Moscow, Climax, Tokyo, Haleakala and Huancayo. Dashed vertical lines indicate the years of solar minimum and 

solid vertical lines indicate the years of solar maximum.   
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Figure -3: Shows the vector addition diagram of the annual average vectors of the first harmonic of the observed daily variation of cosmic rays  for 

Kiel and Huancayo NM stations for the years 1965-1976 (solar cycle 20). The overall average values are also marked. 

 

 

 
 
  

 

 

 

 

 

Figure -4: Shows the vector addition diagram of the annual average vectors of the first harmonic of the observed daily variation of cosmic rays  for 

Kiel and Tokyo NM stations for the years 1976-1986 (solar cycle 21). The overall average values are also marked.  
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Figure -5: Shows the vector addition diagram of the annual average vectors of the first harmonic of the observed daily variation of cosmic rays  for 

Kiel and Tokyo NM stations for the years 1986-1996 (solar cycle 22). The overall average values are also marked. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure -6: Shows the vector addition diagram of the annual average vectors of the first harmonic of the observed daily variation of cosmic rays  for 

Kiel and Haleakala NM stations for the years 1996-2008 (solar cycle 23). The overall average values are also marked. 
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Figure -7: Shows the harmonic dial representation of the observed diurnal vectors averaged over complete solar activity cycles 20, 21,22 & 23 for (a) 
NM station Kiel, (b) for NM station Huancayo/ Tokyo/ Haleakala. 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure -8: Shows the harmonic dial representation of the observed diurnal vectors averaged over ascending and descending phases of  solar  cycles 20, 
21,22 & 23 for (a) NM station Kiel, (b) for NM station Huancayo/ Tokyo/ Haleakala. 
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