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Abstract
Solar wind parameters are greatly influenced at a distance greater 
than 90 AU from the Sun. In this region solar wind slow down 
and fluctuate rapidly. The paper examines the solar wind plasma 
parameters and its modulation in the time slot of rising phase of the 
present sunspot cycle 24. It further reports the principal features 
of solar wind and extracts the correlation between them.
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I. Introduction 
Solar wind is formed due to interaction between magnetic field 
lines from the sun and energetic ions that emits from the sun [1]. 
Magnetic field lines are ‘frozen in’ the solar wind due to high 
electrical conductivity of plasma wind. The rotation period of 
the sun is 27 days, the field lines are bent to form spiral in shape 
in the sun’s equatorial plane. Voyager 1 and 2 passed through the 
termination shock, where the solar wind flow damped, deviated 
and heated. Reflected ions can play a vital role in dissipating 
energy at all shocks though at the termination shock reflected 
pickup ions gain most of energy instead of reflected thermal ions 
[2].  Due to rotation of the sun the field lines get distorted like 
a spiral. The number density of the charged particles, wind flow 
speed, temperature of plasma etc. is modulated by the interaction 
of interstellar medium in the outer heliosphere [3]. These quantities 
change with distance from the Sun. But apart from this, various 
parameters of solar wind changes due to solar activity cycle, 
coronal mass ejection, sunspot cycle, interplanetary magnetic 
field. The present paper critically analyses the solar wind plasma 
parameters and its modulation in the time slot of rising phase of 
the present sunspot cycle 24. For this we have chosen the period 
January 2008 to March 2012. Solar wind parameters like wind flow 
speed and related solar wind parameters are greatly influenced at 
a distance greater than 90 AU from the sun. In this region solar 
wind slow down and fluctuate rapidly. This paper elaborately 
discusses the principal features of solar wind and extracts the 
correlation between them.

II. Data Analysis
The dominant periodicity in the solar wind and most other related 
parameters is the rotation period of the Sun, where the apparent 
rotation as seen at the Earth is ∼27 days near the region of solar 
active regions. We have plotted proton density, Kp index for the 
period from 2008 to March 2012 which is the rising phase of the 
solar cycle 24. It is clear from the fig. that plasma proton density 
and Kp index are perfectly anti correlated with each other. But 
fluctuation of proton density is greater than that of Kp index. But 
dependence of long term fluctuation of proton number density 
upon sunspot activity has not been clearly examined. It appears 
from fig. 1, that the variation of proton density rises rapidly but 
falls slowly.

Fig. 1: 27- Day Averages of Proton Number Density, Kp Index, 
and Sunspot Number

In fig. 2, we have plotted histogram of magnitude of magnetic field, 
latitude angle of the magnetic field with sunspot activity cycle 
for the same period. The magnetic field is asymmetric over this 
period. The asymmetry increases when sunspot activity increases 
rapidly. In the solar minimum of rising phase of cycle 24 magnetic 
fields in the solar wind is not minimum [4].

Fig. 2: 27-Day Averages of Scalar Magnetic Field, B in nT, 
Latitude Variation of B, and Sunspot Number [6]

In fig. 3, we have plotted the moving average of wind flow pressure 
versus plasma temperature. From the fig. it is clear that plasma 
temperature increases with plasma flow pressure. A small change 
of plasma pressure causes rapid change in plasma temperature. 
Here the correlation coefficient 0.562 has been observed.  
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Fig. 3: Variation of Solar Wind Flow Pressure With Plasma 
Temperature [6]

Amplitudes of high speed solar wind fluctuate highly as shown 
in fig. 4. For sunspot minimum (in 2008) plasma temperature, 
speed and flow pressure were sufficiently high. It is clear from 
the figure that Helium ion to proton ratio for flowing plasma is 
anti-correlated with plasma temperature. It is observed from the 
figure that though the nature of fluctuation of plasma speed and 
plasma temperature is similar but there is a phase difference of 
approximately 20 days between the two. So the long term variation 
of solar wind temperature clearly depends on the flow speed.  

Fig. 4: Variation of Plasma Temperature, Plasma Flow Speed, 
Helium ion to Proton Abundance in Solar Wind as Well as the 
Plasma Flow Pressure [6]

III. Summary
The results obtained from the present analysis may be summarized 
as follows:

The variation of proton density rises rapidly but falls • 
slowly.
The magnetic field is asymmetric over the period considered. • 
The asymmetry is found to increase when the sunspot activity 
rapidly increases.
Plasma temperature increases with plasma flow pressure, • 
a small change of which causes rapid change in plasma 
temperature.
The nature of fluctuation of plasma speed and plasma • 
temperature is similar but with a phase difference of about 20 
days between the two indicating that the long term variation 
of solar wind temperature is dependent on the flow speed. 

We have discussed 27 days averages data of proton density, Kp 
index, magnetic field, wind flow pressure and temperature, Helium 

ion and proton ratio in the rising phase of ongoing solar cycle. 
Plasma mechanism cannot explain well the variation of these solar 
wind parameters. Proton density and Kp index are anti-correlated. 
The latitude magnetic field is asymmetric with respect to equatorial 
plane of sun. Plasma proton temperature largely depends upon 
wind flow pressure. Plasma speed, plasma temperature and wind 
flow speed are modulated weakly by the sunspot activity cycle. 
But helium to proton ratio contained in the solar wind depends 
upon solar activity. 
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