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ABSTRACT 

 

The solar activity and variations can be quantified by several solar wind 

parameters This paper discuss about  the interdependence of solar wind parameters 

during 23 and 24 solar cycle maxima. Data from ACE and WIND spacecrafts are used 

to determine the interdependence of solar wind plasma parameters. The 

interdependence of solar wind parameters   namely solar wind velocity, density, 

temperature and magnetic field during 23 and 24 solar maximum activity phase are 

analysed. Both spacecrafts observe prominent interconnection between solar wind 

parameters in 24 solar cycle that the 23 solar cycle. But in density and magnetic field 

relatioship, leading values are observed in 23 solar cycle. 
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INTRODUCTION 

 

The solar wind is the continuous outflow of completely ionized gas from the solar  

corona. It consists of protons and electrons, with an admixture of a few percent alpha  particles 

and much less abundant heavy ions in different ionization stages. Since at  the outer corona, 

the pressure gradient falls off with radial distance more slowly than the gravitational force the 

solar wind is accelerated to supersonic velocities within a few solar radii. The enormous 

expansion of solar wind into the interplanetary medium takes the coronal magnetic field with 

it and very huge variations in its properties takes  place. The solar wind is a magnetized plasma 

in which, throughout most of the solar  system, the magnetic and plasma pressures are 

comparable. The high variability of the  solar wind in space and time reflects the underlying 

coronal structures2.     

The Sun has a steady but highly variable supersonic outflow of charged particles,  

magnetic field, and energy called the solar wind. The solar wind is bimodal, fast or   slow, with 

velocities ranging from 400 - 900 km sec–1 . At 1 AU, normal densities for  the slow wind are 
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8 cm–3 1 with a proton temperature of 1× 105 K  and a speed of v 400 km sec–1 . In the fast solar 

wind the density drops to around  2.5 cm–3 and with a mean speed of 770 km sec–1.1 The in situ 

observation of solar wind parameters and interplanetary magnetic field began in 1962. Various 

investigators have used these observations to establish statistical relationships between the 

solar wind parameters3,6,7.  
 

During periods of solar maximum, the dominant component of the solar wind plasma 

appears to be slow solar wind8. The solar wind is basically determined by the sun's magnetic 

field and responds in various ways to solar activity and the accompanying changes in the 

magnetic field, which determines the solar wind structure in the entire interplanetary meduim. 

The evolution of the sun's magnetic field and solar wind prameters, and their influence on the 

interplanetary medium, have been the subject of continual attention for at leat the last two solar 

cycles5. 
 

In this study, we have analysed  the interdependence among the solar wind parameters, 

namely solar wind velocity, temperature, density and mean magnetic field in the solar wind. 

As the solar wind moves outwards, velocity and temperature remain coherent, whereas density 

does not4 Various parameters, such as solar wind velocity, proton density, proton temperature 

and  magnetic field, fluctuate in this scenario. The solar wind varies in density, velocity and 

temperature, and magnetic field properties with the solar cycle, heliographic latitude, 

heliocentric distance and rotational speed.   

 

Data 
 

The solar wind parameters and sunspot data of consecutive solar maxima for 23 and 

24 solar cycles are taken for the study.  Solar cycle 23 began in 1996 and ended in 2007 and 

the maximum corresponds to the periods, end of 1999 to beginning of 2002. The solar cycle 

24 began in the middle of 2008 and still going on and the maximum corresponds to end of 

2011 to 2014.  These two maximum periods are taken account for the present work. Datas 

taken from SWEPAM and Mag instrument for ACE and SWE instrument and Magnetic Field 

Investigation instrument for WIND.  

 

Interdependence of solar wind  parameters 

 

For investigating the changes of the solar wind parameters during the solar cycle,   

directly compare the parameters. First, Figures:1 &2 shows a graph of velocity plotted against 

temperature for the 23and 24 solar maximum. 

The values of the solar wind speeds and temperatures during the solar maximum in 23 

SC are much more condensed towards a clear average. The values during the solar maximum 

are much more spread out. These plots also show most of the solar wind velocity stay between 

400 and 500 km/s for most of the data series. Another comparison between parameters is the 

one between density and speed. 
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     Figure: 1              Figure: 2 

      Figure: 3            Figure: 4 

 

Figure 3 & 4 shows solar wind Density vs. speed for the 23 and 24 SC maximum. The 

combined plot of the density vs. speed values for observed period shows an increase in the 

extreme values of density across the range of speeds, although most of the highest densities 

seem to occur at lower speeds. The lower speed streams move at a rate such that the particles 

within it are crowded together, causing the higher density over the lower speeds. Density vs. 

temperature plots exhibit similar extreme behaviour by the solar wind during the maxima. 

Following figures  shows plots of the density vs. temperature for 23 and 24 maxima. 
 

            Figure: 5        Figure: 6 
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Figures 5 & 6 show Solar wind Density vs. temperature for the 23 and 24 SC 

maximum. These figure show the large difference between extreme occurrences during 23 and 

24 solar cycle maximum periods. Where the values reach all the way up to 50 p/cm3 on the 

density axis for 23 solar cycle maximum way up to 30 p/cm3 on the density axis for 24 sc 

maximum, and up to about 600,000 K on the temperature axis for both cycle. This is the 

variation between two successive  solar maximum. 
 

 

      Figure: 7         Figure: 8  
 

Density vs. magnetic field plots exhibit similar extreme behaviour by the solar wind 

during the maxima. Figures 7 & 8 shows plots of the density vs magnetic field for 23 and 24 

maxima. For higher values of magnetic field, density is minimum and vice versa. Both the 

solar cycles, density obtained peak values for the magnetic field values between 5nT-10nT. 

Little less values of magnetic field and density are observed in 24 SC than 23 SC Figures 9 & 

10 show plots of the magnetic field vs temperature for 23 and 24 maxima. Both cycles for 

lower values of magnetic field and temperature, solar wind is densily distributed and for higher 

values solar wind is randomly distributed. The two solar cycle maxima observed same 

temperature range but magnetic field is higher in 23 solar cycle. 
 

 

     Figure: 9          Figure:10 
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   Figure: 11         Figure:12 

 

The solar wind magnetic field vs. velocity is plotted in figures 11 & 12 for 23 and 24 

SC maxima. For 23 solar cycle, the velocity is densely distributed in the lower values of 

magnetic field, whereas in 24 SC not. The velocity ranges from 260Km/S - 860Km/S for 23 

SC and 240 Km/S – 800Km/S for 24 sc. Also magnetic field values are upto50 nT for SC 23 

and up to 25nT for SC 24. 

Figures:1-12 show the difference  between occurrences during the successive solar  

maxima periods in solar cycle 23 and 24. For the solar wind Velocity, temperature density and 

magnetic field, the values reach all the way up to 860 Km/S, 60000K, 52p/cm3 and 52nT 

respectively for solar cycle 23 solar maximum. But for 24 solar cycle maximum period, the 

solar wind Velocity, temperature density and magnetic field, the values reach all the way up 

to 780 Km/S, 60000K, 34p/cm3 and 23nT respectively. This is a variation of 80Km/S in 

Velocity, 18p/cm3 in density and 19nT in magnetic field between the solar successive solar 

maxima periods in solar cycle 23 and 24. 

 

CONCLUSION 

 

Solar wind composition data are crucial to many studies of the sun, the solar wind, and 

how they relate. Solar wind parameters vary with changes in the solar cycle, with changes in 

heliolatitude. At solar maximum, all solar wind parameters have drastic variation and have 

maximum value. Interdependence of solar wind parameters shows similar pattern in both solar 

maxima; high value is observed in 24 solar maximum. 
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