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Abstract: Ulysses achieved a solar orbit with an inclination of 80.20
0
, perihelion of 1.34 AU, aphelion of 5.4 

AU and a period of 6.2 years. By comparing observations taken over nearly all heliolatitudes and two different 

intervals covering the same radial distances, we are able to separate the radial and latitudinal variations in the 

solar wind. This paper describes the detailed results of the studies devoted to the solar activity impact on the 

Earth’s upper atmosphere and ionosphere. The methods used in this study are based on the data driven from the 

Ulysses spacecraft. The primary objective of the Ulysses solar wind plasma investigation uses SWOOPS (Solar 

Wind Observations over the Poles of the Sun) instrument to investigate and establish bulk flow parameters and 

internal state conditions of the solar wind as a function of solar latitude.  The electron temperature Te and the 

electron density Ne are found to exhibit a sharp enhancement during the ascending half of the solar cycle 23 

(1996 – 2004).  
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I. INTRODUCTION 

The solar wind is generally well characterized by fast and slow regions around solar minimum, with the 

solar wind confined around the sun’s streamer belt and the fast solar wind observed at higher latitudes 

(McComas et al., 2000). When solar activity increases, the low speed solar wind region extends to higher 

latitudes. Ulysses observed the solar wind at solar maximum with its second latitudinal polar pass (November 

2000 – October 2001). At this time a more complex solar wind structure was found compared to similar bimodal 

solar wind observed near solar minimum. (Hamzah and Homam., 2015). Electron temperature (Te) in 

ionosphere is measured by the heat balance between the photoelectrons, cooling through coulomb collisions 

with ions, and heat conduction along the magnetic field lines.  

Electron density (Ne) is produced by solar EUV (Extreme Ultraviolet Radiation) radiation, since the 

solar photons have significant energy to ionize the natural atmosphere, Simultaneously photoelectron produced 

in this ionization process heat the local ambient electrons as well as remote electrons along the magnetic field 

(Panahi et al., 2013). The determination of the temperature and density structure of the solar corona, both in the 

regions of closed magnetic field and in the coronal holes, has therefore been of considerable interest for many 

years (Fludra et al., 1999). 

For relation between electron density and electron thermal energy as electron temperature, many 

studies have shown a negative correlation during daytime and a positive correlation was measured using 

incoherent scatter radar. Previous studies have concluded that the positive correlation between Ne and Te 

accompanies an increase of solar flux. However, a recent study indicates that the positive correlation occurs 

when Ne is significantly high irrespective of solar flux. The result implies that Ne is an important factor that 

determines Te in the topside ionosphere (Panahi et al., 2013; Yoshihiro et al., 2011).  

Ulysses is providing an exciting opportunity to explore and characterize the heliospheric medium from 

the ecliptic plane to above the solar poles at distances from the Sun extending from 1AU to 5AU. Observations 

made on the way out to Jupiter are extending our knowledge of the interplanetary medium in the ecliptic plane, 

gained from the pioneer and voyager flights, while observations made after Ulysses encounters Jupiter and 

journeys over the solar poles will be unique (Bame et al., 1992).The ionospheric electron density variation under 

different conditions has a very vital role to play in understanding the lower as well as the upper atmosphere. The 

ionosphere is strongly coupled to other regions like the magnetosphere and interplanetary space, whose states 

affect activities on earth (Namgaladze et al., 2003). Signals transmitted for communication and navigational 

purposes from satellite must definitely pass through the ionosphere, which acts as a perturbing medium on 

satellite based navigation systems (Okeke Francisca et al 2009).  

Ionosphere is the upper layer of the Earth atmosphere which has a great impact on signal from 

telecommunication system. It consists of free electrons and ions that are mostly concentrated in the F-region and 

produced mainly by solar radiation (Wasiu Akande Ahmed et al., 2016). The plasmaspheric electron 

temperature is an important indicator of the thermal balance between the topside ionosphere and the 

plasmasphere, and is a useful parameter with which to determine the thermal coupling between them (Denton et 

al., 1999). The elementary mechanisms that play an important role in the electron temperature (Te) variation 
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with solar flux seem to be broadly understood. Recently, interest in the electron temperature (Te) behaviour at 

high latitudes has been renewed with the measurements of extremely high electron temperatures (Te > 5000 K) 

at altitudes below 500 km (Xuemin Zhang et al., 2013). These temperatures and temperature gradients were 

measured with the radar in the vicinity of both the late morning and early afternoon convection reversals. Very 

high electron temperatures (Te ~ 4000 – 6000 K) were also measured near 500 km in red aurora (Schunk et al., 

1986; Truhlik et al., 2012).  

The temperature overshoot occurs because the heating rate is approximately linear in the electron 

density while the cooling rate is quadratic in the electron density. The electron heating depends on the electron 

density, because the primary heat source for the thermal electrons is by collision with the photoelectrons that are 

generated by the photo ionization of the neural gases (Stolle et al., 2011; Schunk et al., 1986). The results shows 

the comparison of measured and modelled electron densities and electron temperatures for magnetically quiet 

and moderate solar activity conditions at locations close to the geomagnetic equator and equatorial anomaly 

crests along 201
0
 geomagnetic meridian (Bhuyan et al., 2008) 

 

II. DATA DESCRIPTION 
In the life time, Ulysses completed three polar pass around the Sun (1992-2008) in a roughly polar 

orbit (Bame et al., 1992; Brahmanandam et al., 2011). The orbit perihelion (aphelion) is located in the solar 

equatorial plane at the distance of about 1.3 AU. Ulysses was constantly in the solar wind during the solar 

minimum. The data submitted to the National Space Science Data Center (NSSDC) for the electron analyzer has 

been used for the analysis. The first step in the electron data reduction process is determination of the bulk, 

scalar spacecraft potential (Yiding Chen et al., 2008; Guidoni et al., 2015). Ulysses data are indeed unique since 

the spacecraft was mainly measuring fast solar wind originating from the large polar coronal holes .Ulysses 

solar wind data are provided by the Ulysses final archieve   [ http://ufa.esac.esa.int] . 

 

The SWOOPS Instrument: 

Ulysses achieved a solar orbit with an inclination of 80.20
0
, perihelion of 1.34 AU, aphelion of 5.4 AU, 

and a period of 6.2 years. In route to solar polar orbit, it made a close flyby of Jupiter and made measurements 

of solar system’s largest planet. The SWOOPS electron spectrometer is a 120
o
 spherical section electrostatic 

analyzer which measures the 3 dimensional velocity space distributions of solar wind electrons. In its normal 

solar wind mode, the instrumental energy range is 1.6 to 862 ev in the spacecraft frame. The approach to the 

SWOOPS design was to attempt to strike a balance between the conflicting requirements so as to optimize the 

overall plasma science yield from the mission and support other Ulysses investigations while staying within the 

available mission resources. Solar wind electron measurements are made with a spherical section electrostatic 

analyzer (Hamidi et al., 2016). Electrons that pass through the entrance aperture with proper angles are selected 

in energy with appropriate voltages applied across the curved plates. These distributions are, of course from in-

ecliptic measurements, but high speed solar wind is emphasized since it is expected that at high latitudes the 

flow will be somewhat similar to high speed flows observed in the ecliptic plane (Frederic Ouattara et al., 2012). 

 

III. RESULTS AND DISCUSSION 
3.1. Solar activity variations of Ne and Te : 

In order to investigate the solar activity variations effect on the parameters are observed using 

SWOOPS instrument and presented from height 900 km to 2000 km within the polar pass latitude as 80.2
0
S – 

80.2
0
N. It must be proved that obviously the electron temperature (Te) does not remain same throughout the 

solar activity, which means both for solar activity minimum and maximum. Most often, a beamed, 

unidirectional heat flux component is also present in the distributions, carrying energy from the hot corona out 

into the colder interplanetary space along the interplanetary magnetic field. Sometimes, the heat flux is observed 

to be counter – streaming, or bidirectional. At other times, the heat flux electrons disappear from the 

distributions, suggesting field merging and disconnection sunward of the spacecraft (Karine Issautier et al., 

1998; Fahmi et al., 2016). These heat flux features contribute important information on the global magnetic 

topology of the interplanetary magnetic field on the nature of the interplanetary solar wind and on its source.  

http://ufa.esac.esa.int/
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Figure 1 – variation of electron density (Ne) for the Ulysses second polar pass from September 2001 to 

December 2001 in the ascending half of the solar cycle 23, shows sharp peaks with the polar pass latitude > 70 

N. 

 

Figure (1) shows the directly increasing daily average mean values of the solar activity respectively as 

a function of electron density (Ne) concentration during the descending phase of year 2001. The Ne and Te data 

in the figure (1 & 2) is measured by the Ulysses spacecraft; the peaks presented below reveal a positive 

correlation between them for high values of Ne, where high values of Ne with high Te are most abundant in all 

seasons and all levels of solar activity. Interestingly, in all month except with a small difference in September 

and December, minimum value of Te corresponds to maximum value of Ne. To investigate the annual variation 

of Ne and Te, it should be noted that obviously the electron temperature didn’t keep the same for both solar 

activity minimum and maximum. The peak electron density varies throughout the year as 1x10
5
 cm

-3
 and the 

temperature below 3x10
5
 (K). The beginning of second polar pass the electron density maximum (1.37342 cm

-3
) 

is comparatively less than the maximum of electron temperature (1.6x10
5
 K). One of the features which are 

seasonal variation is a typical phenomenon during summer and winter. The effect of winter anomaly is large 

during solar maximum and small during solar minimum. According to this interpretation when Ne is sufficiently 

high, the differences in the temperature of electrons during the solar activity is high.  

 

 
Figure 2 – variation of electron temperature (Te) for the Ulysses second polar pass from September 2001 to 

December 2001 in the ascending half of the solar cycle 23, shows sharp peaks with the polar pass latitude > 70 

N. 
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3.2. Analysis of Electron density (Ne):  

The study of electron density within 80.2
0
N latitude is a model algorithm presented for the time period 

of 1996-2004. As illustrated in the figures, the electron density variation trends are almost similar in 2002-2004. 

In these years the electron density Ne increases initially with sharp peaks at 3.8cm
-3

, from August to December 

the solar wind plasma significantly decreases. Absolutely a different pattern of Ne is observed in the year 1996 

till August very less variation is been observed the peak reaches 1.4cm
-3

. There are similar variations observed 

in the years 1998-1999 and 2000-2001. In the range of 1100km to 1500km electron density changes are reliable.  

 

 
Figure 3 – Annual variation total electron density (Ne) for the year (1996 – 2004) has been plotted for the 

hourly averaged Ulysses second polar pass 

 

Figure (3) depicts that the density of electron varies gradually with the temperature of electrons but in 

few cases the manifesto is reversible this may be due to the velocity distribution in the particular medium. As 

the results the maximum density during the beginning of the year is about 1.373 cm
-3

 which gradually shows the 

greatest peak during the middle of the year as 2.11018 cm
-3

 and the temperature ranges from 1x10
5
 to 4x10

6
. 

The above figure shows, that there is no large difference in the total and core density of electrons but the halo 

density is comparatively less than the core electron density, but it is reversible in the temperature of electron 

where the halo temperature of electron is higher than the total and the core which says the temperature is more 

when it reaches the ionosphere. 

 

3.3. Analysis of Electron temperature (Te):   

One of the prime objectives of SWOOPS is to establish a global picture of the internal plasma state of 

the solar wind. The solar activity has occurred with different temperature throughout the year. Here we discuss 

about the electron temperature Te which changes by time during the initial phase of the solar cycle 23. The 

electron temperature Te pattern has no similar variations throughout the solar cycle. Figure (4) shows a day 

average for the Ulysses second polar pass (1996-2004), on which the biggest solar event has observed where 

initially the Te has raised above 1.5x10
5
 (K) but the core temperature remains less than  1x10

5
 (k) and then there 

occur a sudden variation in the last month of the year. Furthermore with the decreasing temperature ranges 

between 3.2x10
5
K – 1.4x10

5
K. 
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Figure 4 – Annual variation total electron temperature (Te) for the year (1996 – 2004) has been plotted for the 

hourly averaged Ulysses second polar pass. 

 

IV. CONCLUSION 
During the period from 1999-2001, the electron density Ne of solar wind was highest just after solar 

maximum and decreased by nearly a factor of 2 over the rest of the solar cycle. The sun’s approach to solar 

maximum, coronal structure becomes increasingly complex, and the magnetic field becomes less dipolar.  The 

electron temperature Te in the second polar pass from September 2000 to January 2001 with the polar pass 

latitude greater than 70
0
N along with the maximum latitude as 80.2

0
N polar shows a temperature drop seems to 

be slightly cooler than the south polar orbit, during this time the temperature ranges from 1.2x10
5
 .We 

investigated that the integrated Ne decreases with an increase of the integrated Te along with the average 

distribution in observed with more number of spikes below 2x10
6 

K. The maximum and minimum phase 

variations of Ne are possible during every plasma waves with respect to the solar events. The electron 

temperature increases with increasing solar activity at altitudes above 2000 km. The day-time differences 

between high and low activity can be as much as 1000 K. Between 1000 km and 2000 km altitude, a reverse 

variation occurs and Te is comparatively higher during low solar activity.  
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