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RESUMEN

Se analiza la densidad del ion O+ medida por el satélite SROSS-C2 durante el mínimo solar de 1995 (F10.7 = 77) 
y el máximo solar de 2000 (F10.7 = 181) para estudiar variaciones diurnas, estacionales, latitudinales y 
geomagnéticas. El área de estudio abarca una región comprendida entre los 5 y 35º de latitud norte, y los 65 
y 95º de longitud oeste sobre la India a una altura de ~500 km (región F2). El año 2000 muestra un aumento 
ukipkÝecvkxq"gp"ewcpvq"cn"rtqogfkq"cpwcn"fg"fgpukfcf"fgn"kqp"Q+ y un aumento secundario posterior a la puesta 
del sol en comparación con 1995. Durante el día la ionización alcanza un máximo atribuido a la fotoioniza-
ción. Sin embargo, la ocurrencia de un máximo posterior a la puesta del sol se atribuye a un fuerte aumento 
previo a la reversión en la desviación vertical E × B. El efecto geomagnético de la actividad Kp a través del 
movimiento dinámico de la derivación E × B en los estudios de distribución de densidad del ion O+ indica 
periodicidades de siete y nueve días en 1995 y 2000, respectivamente, así como dependencia polinómica de 
la densidad del ion O+ en la actividad geomagnética Mr0"Oƒu"c¿p."nc"guvtcvkÝecek„p"fg"nc"fgpukfcf"fgn"kqp"Q+ 
de acuerdo con la latitud (5-35º N) indica alta densidad en latitudes medias (12-24º N) en comparación con 
laltitudes bajas y altas, excepto en el invierno de 1995, que muestra un tendencia diferente (i.e., la densidad 
decrece conforme se incrementa la latitud).

ABSTRACT

The O+ ion density measured by the SROSS-C2 satellite during solar minima (year 1995, F10.7 = 77) and 
maxima (year 2000, F10.7 = 181) has been analyzed for studying diurnal, seasonal, latitudinal and geomagnetic 
variations. The study region covers an area encompassed between 5-35º N latitude and 65-95º E longitude over 
Kpfkc"cv"c"\722"mo"cnvkvwfg"*H4"tgikqp+0"Vjg"{gct"4222"ujqyu"ukipkÝecpv"gpjcpegogpv"kp"vjg"cppwcn"cxgtcig"
of O+ ion density and attainment of post sunset secondary enhancement compared to 1995. Attributed to pho-
toionization, daytime shows a maximum ionization compared to nigjttime. However, attainment of post sunset 
secondary maxima is attributed to the strong pre-reversal enhancement in the vertical E × B drift. The effect 
of geomagnetic activity Kp through the E × B drift dynamic movement on O+ ion density distribution studies 
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1. Introduction

The primary source of ionization in the Earth’s at-

mosphere is the interaction between solar radiation 

and neutral atoms and molecules. When high-energy 

photons collide with neutrals, they produce positive 

ions and free electrons. These ions and electrons 

have energies about tens of electron volts (eV). These 

electrons can travel long distances and produce more 

ionization by collision with other neutral atoms and 

molecules. Solar extreme ultraviolet and X-ray radia-

tions ionize the upper atmosphere to produce plasma 

in the Earth’s ionosphere. It is well known that solar 

radiations change over different time scales, which 

induces corresponding variations in the ionosphere 

(Rishbeth and Garriott, 1969; Kawamura et al., 2002). 

For example, the most prominent solar cycle variation 

of solar radiations (Lean et al., 2001; Lundstedt et al., 

4227+"oqfwncvgu" ukipkÝecpv"33/{gct" ejcpigu" kp" vjg"
ionosphere (Bilitza, 2000; Liu et al., 2006, 2009; Zhao 

et al., 2005; Afraimovich et al., 2008).

In addition to photoionization, the ionosphere 

is also controlled by recombination and dynamical 

processes. At equatorial and low latitudes, the F-re-

gion is characterized by a depression in ionization 

densities at the magnetic equator and two maxima on 

either side of the equator. Besides this well-known 

equatorial ionization anomaly (EIA), the equatorial 

ionosphere is known to exhibit some unique features 

such as the equatorial electrojet, the spread-F, etc. The 

jqtk¦qpvcn"qtkgpvcvkqp"qh"vjg"igqocipgvke"Ýgnf"nkpgu"cv"
the equator and the shift between the geographic and 

geomagnetic equator are known to be the main reasons 

for observation of these features and their longitudinal 

variation. Martyn (1947) put forward the explanation 

vjcv"vjg"G/tgikqp"gcuvyctf"gngevtke"Ýgnf"cv"vjg"gswcvqt"
causes the F-region plasma to drift upward during the 

daytime. As the plasma is lifted to greater heights, it 

fkhhwugu"fqypyctf"cnqpi"igqocipgvke"Ýgnf"nkpgu"wp-

der the twin action of gravity and pressure gradients 

(Hanson and Moffett, 1966). A plasma fountain thus 

forms which moves ionization from the equator to 

the two anomaly crests. Variability occurring during 

the evening to post sunset and night hours have spe-

ekÝe"ukipkÝecpeg."chvgt"uwpugv"gngevtke"Ýgnf"tgxgtugu."
and velocity of drift enhances in opposite direction 

(pre-reversal enhancement), thereafter reverses its 

direction and reaches downward maximum (Horvath 

and Essex, 2002). During this process, when the F-re-

gion plasma drifts downwards the crest disappears. 

The low-latitude ionosphere at F-region heights has 

been studied quite extensively in the last three decades 

for its electrodynamics and resultant ionospheric 

features (Blanc and Richmond, 1980; Fejer, 1986, 

1991). Mainly from the Jicamarca (11.95 ºS, 76.87º W) 

experimental data, various important characteristics of 

the vertical F-region plasma drift are well known today 

(Fejer et al.."3;;3+0"Htqo"vjg"tguwnvu"qh"vjg"UjghÝgnf"
University Plasmasphere Ionosphere Model (SUPIM) 

the behavior of equatorial plasma fountain and equa-

torial anomaly is well understood (Balan and Bailey, 

1995; Balan et al., 1997; Bailey et al., 1997). The 

Jicamara data indicate the magnitude of the vertical 

F-region E × B. Plasma drift velocity largely depends 

upon geophysical factors such as levels of magnetic 

activity, phases of solar cycles and seasons of the year 

(Fejer, 1991).

During daytime O+ is produced in the F-region 

cpf"fkhhwugu"wryctf"kp"vjg"vqrukfg0"Vjku"Þwz"qh"Q+ 

into the topside causes the O+ to H+ transition height 

to rise above the expected in the presence of chem-

ical equilibrium (Hoegy et al., 1991) . Meridional 

and zonal neutral winds in the F-region may act 

to raise or lower the height of the F-peak, which 

consequently enhances or reduces the O+"Þwz"kpvq"
the topside ionosphere (West and Heelis, 1996; 

West et al., 1997). Truhlik et al. (2005) discussed 

solar activity in the global topside ion composition 

based on satellite data from OGO-6, AE-C, AE-E 

and IK-24 during the period from the late 1960s 

to the early 1990s. Bhuyan et al. (2002) simulated 

O+ and H+ ion density distributions in the topside 

F-region of the Indian low latitude ionosphere and 

indicates periodicities of seven and nine days in 1995 and 2000, respectively, and polynomial dependency 
of the O+"kqp"fgpukv{"qp"igqocipgvke"cevkxkv{"Mr0"Hwtvjgt"qp."uvtcvkÝecvkqp"qh"vjg"Q+ ion density according 
to latitude (5-35º N) indicates high density in mid-latitudes (12-24º N) compared to high and low latitudes, 
except in the winter of 1995, which shows a distinct trend (i.e., density decreases with increasing latitude).

Keywords: F2 region, O+ ion density, pre-reversal enhancement, E × B drift: geomagnetic activity (Kp), 
solar minima and maxima.
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compared the results with the density measurements 

made by the Indian SROSS-C2 satellite. Bhuyan 

and Borgohain (2005) studied diurnal, seasonal 

and latitudinal variation of ion concentrations as 

obtained from the SROSS-C2 satellite over Indian 

low and equatorial latitudes during solar minima. 

Borgohain and Bhuyan (2010) used the SROSS-C2 

and the Taiwanese satellite FORMOSAT-1 over the 

Indian region to discuss solar cycle variations of ion 

densities over Indian low and equatorial latitudes.

In the present work, we have investigated di-

urnal and seasonal variations of the O+ ion density 

during solar maxima (2000) and minima (1995) 

using SROSS-C2 satellite data, bearing in mind that 

diurnal and seasonal variability of the O+ density 

depends on the magnitude of the vertical F-region 

E × B plasma drift velocity, which largely depends 

upon geophysical factors such as levels of magnetic 

activity and the phase of solar cycles. We have tried 

to discriminate the O+ ion density according to lat-

itude and geomagnetic activity Kp during low and 

high solar activity periods. This study brings out the 

O+ ion density dependence on geomagnetic activity 

variations over Indian regions, which has not been 

reported and could help further understanding of 

the O+ ion density distribution over Indian region. 

To study the phase effect of the solar cycle we have 

compared the O+ ionization pattern and density during 

solar maxima (2000) and solar minima (1995). Fur-

vjgt"uvtcvkÝecvkqp"qh"vjg"Q+ ion density in accordance 

to latitudes over India for both years has been done.

2. Instrumentation, data collection and analysis

The ion densities data were recorded with the help 

of the Retarded Potential Analyzer (RPA) payload 

onboard the SROSS-C2 satellite, which was launched 

by the Indian Space Research Organization (ISRO) on 

May 4, 1994. The RPA payload consists of two sensors 

(i.e., electron and ion sensors) and associated elec-

tronics (Garg and Das, 1995). In addition, a spherical 

Langmuir probe is included and used for estimating 

the variation of spacecraft potential as the satellite 

spins. The electron and ion sensors have a planar 

geometry and consist of multigrid Faraday cups with 

a collector electrode. These mechanically identical 

sensors are mounted on the top deck, and they move 

in the cartwheel mode perpendicular to the spin axis of 

the spacecraft. Both sensors have different grid volt-

ages suitable for the collection of electrons and ions, 

respectively. RPA sensors are 120 mm in diameter and 

30 mm in height with an entrance aperture of 50 mm. 

An annular shaped gold plated aluminum sheet of 50 

oo"fkcogvgt"oqwpvgf"Þwuj"qp"vqr"qh"vjg"ugpuqt"cpf"
connected to the satellite ground provides the return 

path for the current collected by the sensor. The ion 

RPA is used to drive a composite I-V curve for ions 

O+, O2
+, H+, and He+, and ion density is obtained from 

vjg"ewtxg"Ývvkpi"c"pqp/nkpgct"ewtxg"ogvjqf"qh"kvgtcvkqp"
to the observed characteristics.

For the present study, satellite data have been 

selected for the solar minimum year (1995) and solar 

maximum year (2000) over the Indian region from 

5 to 35º N latitude and from 65 to 95º E longitude, 

which corresponds to the maximum availability of 

the SROSS-C2 satellite passes over India. The mea-

sured ion density data have been analyzed for three 

different seasons: summer (May, June, July, August), 

winter (November, December, January, February), 

and equinoxes (March, April, September, October) 

during low and high solar activity periods. The data 

of geomagnetic index Kp have been obtained from 

the OMNIWeb Plus on the NASA website (http://

nssdc.gsfc.nasa.gov/space/). Variation as a function 

of day of the year has been studied for analyzing the 

variability of the O+ ion density due to the Kp index 

for 1995 and 2000. For analyzing seasonal varia-

tion (summer, winter and equinox) values of the O+ 

density and Kp have been compared for both years.

3. Results and discussions

3.1. Diurnal, seasonal, and annual variation

The O+ ion densities measured by the SROSS-C2 

satellite are smoothened by computing hourly av-

erages and calculating their standard deviations as 

shown in Figure 1a, b for low and high solar activity 

years, respectively. It is found that the peak value 

of the O+ ion density is attained at 14:00 LT during 

both low and high solar activity years. Following this 

daytime maxima, the value of the O+ ion density de-

creases gradually during the low solar activity period 

(1995) till 5:00 LT, whereas year 2000 data indicate 

a decrease in the O+ ion density magnitude only till 

19:00 LT (Fig. 1a, b). Thereafter, the density value 

suddenly increases during the post sunset period and 

peaks at 21.00 LT. After attainment of this secondary 

maxima, density value decreases gradually through-

out the nighttime and minimum density is acquired 

around 5:00 LT.
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The cause of this secondary enhancement of 

the O+ ion density during the solar maxima year is 

the movement of the E × B drift in the F-region. 

The typical 24 hours diurnal variation states that 

the magnitude of velocity of the vertical F-region 

E × B drift increases until daytime peak velocity is 

attained, thereafter it decreases till sunset. During 

post sunset, drift velocity suddenly increases, then 

reverses and increases in reverse direction during 

nighttime (Fejer et al., 1991; Balan and Bailey, 1995; 

Balan et al., 1997; Bailey et al., 1997). Thus, at-

tainment of a secondary peak during the solar high 

activity period is completely attributed to the move-

ment of the E × B drift and is known as pre-reversal 

enhancement. However, there is no observable 

secondary or pre-reversal enhancement during low 

solar activity years.

Our data analysis indicates an enhancement nine 

times higher in average O+ ion density during the 

high solar activity year compared to the low solar 

activity period. This supports the fact that there is a 

nctig"kpetgogpv"kp"uqnct"Þwz"cu"vjg"uwp"oqxgu"htqo"

a low to a high phase, and the sun is a primary cause 

of ionization. 

This typical 24-hour trend can be largely mod-

kÝgf" d{" vjg" ugcuqpcn" cpf" uqnct" e{eng" xctkcvkqpu0"
Thus we have analyzed O+ ion density variability 

in accordance to three different seasons (summer, 

winter, equinoxes) during solar minima and solar 

maxima. Figure 2a-c, d-f represents diurnal and 

seasonal average variations of O+ ion densities 

for three different seasons during solar minima 

and maxima, respectively. Figure 2a shows that 

the O+ ion density gradually rises during summers 

and attains maximum ionization during daytime 

(10:00 LT), thereafter decreases gradually. During 

solar minima, a similar ionization pattern is noted 

in winters and equinoxes, as shown in Figure 2b, c, 

respectively. Detailed study of ionization patterns 

indicate a steeper slope in summers compared to 

winters and equinoxes. Comparatively analyzing 

seasons represented in Figure 2a-c, d-f highlights 

maximum O+ density observed during equinoxes 

compared to winters and summers. During solar 

minima, the maximum density of O+ ion is the 

highest observed during equinoxes having a val-

ue of 4.38E + 11, thereafter winters (3.7E + 11) 

and lastly summers (2.03E + 11). Similarly, the 

year 2000 has the highest value of O+ ion density 

during equinoxes (2.03E + 12), however summers 

(1.65 E+12) and winters (1.61E +12) show almost 

a similar ionization peak value. Figure 2d indicates 

that maximum diurnal average O+ ion density is 

administered during daytime (10:00-18:00 LT). 

A secondary enhancement has also been observed 

during late evening hours (21:00 LT). A similar 

kind of ionization pattern is observed in winters 

and equinoxes represented in Figure 2e, f, respec-

tively, during the increased solar activity period 

of 2000. At the same time, it is interesting to note 

that secondary enhancement during winters (21:00 

LT) is so high that it surpasses the daytime O+ peak 

ionization value during solar maxima. Moreover, 

Figure 2d-f shows sharp secondary enhancements, 

while daytime maximum O+ ionization peaks show 

a diffused pattern for all the seasons in solar max-

ima. Considering the argument that daytime drift 

velocities values show small variation with different 

seasons and solar variations, post sunset second-

ary enhancement exhibits a large variability. The 

pre-reversal enhancement of vertical upward E × B 
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Fig. 1. Smoothened diurnal variations of the O+ ion density 

along with the standard deviation (a) for low and (b) high 

solar activity periods, respectively.
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plasma drift velocity is most obvious in equinoxes 

and summer seasons when there is a low number of 

sunspots, and during all seasons in the presence of 

a high number of sunspots (Fejer et al., 1991). We 

tried to analyze data sets of the SROSS-C2 sattellite 

over the Indian region and found pre-reversal en-

hancement during all seasons in a high solar activity 

year, whereas during low solar activity there is no 

evening enhancement in winters. At the same time 

yg"eqwnf"pqv"Ýpf"eqpukfgtcdng"gxgpkpi"gpjcpegogpv"
in summers and equinoxes.

Data analysis also suggests that average ion den-

sity is almost equal for equinoxes and winters (1.25E 

+ 11, 1.26E + 11, respectively), but is low during 
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Fig. 2. Smoothened diurnal variation of the O+ ion density in different seasons: summer (a and d), winter (b and e) and 

equinoxes (c and f) for low solar activity (a-c) and high solar activity (d-f) along with the standard deviation, respectively.
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summers (6.1E + 10) in solar minima (1995), while 

in solar maxima (2000) equinoxes show maximum 

average O+ ion density (1.05E + 12) and almost 

similar average O+ ion density values in winters and 

summers (8.96E + 11, 8.87E + 11, respectively).

Hourly variation of O+ ion density indicates that 

maximum ionization of the O+ ion is obtained during 

midday for all seasons in low and high solar activity 

years except during winters (2000). During winters of 

solar maxima, the secondary peak of O+ ion density 

is so high that it surpasses the daytime peak (Fig. 2b). 

This further suggests that plasma drift velocity during 

pre-reversal enhancement in winters of solar maxima 

is higher than the daytime peak velocity, which leads 

to conclude that movement of plasma is a more domi-

nant factor in determining the O+ density variation than 

photoionization during winter in 2000.

3.2. Latitudinal variation

O+ ion density distributions have been studied in 

accordance with latitude over the Indian region. 

The latitude range (5-35º N) we considered, which 

corresponds to the maximum availability of the 

SROSS-C2 passes, is comprised of highly variable 

F-region equatorial anomalies. Figures 3a-c and 4a-c 

show latitudinal dependence of the O+ ion density 

during summer, winter and equinox in low and high 

solar activity years, respectively. O+ density variation 

with latitude suggests high density in mid latitudes 

(12-24º N) as compared to high and low latitudes over 

the Indian region. This variability is observed during 

all seasons (summer, winter, equinox) in 1995 and 

2000, except for the winter of solar minima (1995), 

which shows a distinct trend (i.e., density decreases 

as latitude increases).
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Fig. 3. Latitudinal variation of the O+ ion density for three different seasons: (a) summers, (b) winters and (c) equi-

noxes during solar minima.
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3.3 Variation of the O+ ion density with geomagnetic 

activity Kp

At high altitudes neutral composition, density, tem-

peratures and winds may get affected due to periodic 

energy transfer from geomagnetic activity. This leads 

to changes in plasma neutral interactions, perturbing 

electron densities and total electron content (Padatella 

et al., 2010). At lower latitudes, apart from photo-

ionization, force due to the E × B drift plays a key 

role in plasma density distribution; it is interesting 

to study the effect of geomagnetic activity Kp on the 

O+ density distribution as the vertical component of 

igqocipgvke"Ýgnf"nkpgu"dgeqogu"kpukipkÝecpv"cpf"vjg"
nature of this interaction becomes more complex. In 

the present work authors have compared daily varia-

tions of the O+ density with Kp patterns during high 

and low solar activity years (1995 and 2000, respec-

tively) as shown in Figure 5. Periodicities of seven 

and nine days associated with the Kp index linked 

to solar coronal holes have been reported (Temmer 

et al., 2007). With careful observation it seems that 

vjg"ugxgp"cpf"pkpg"fc{u"rgtkqfkekv{"ku"ukipkÝecpv"kp"
1995 and 2000, respectively. 

For further investigations, daily variations of the 

O+ ion density and Kp for 365 days (1995) have been 

divided into ~52 cycles. Each cycle has seven con-

secutive days, and the average of O+ and Kp for these 

cycles has been compared (Fig. 6a). A similar kind 

of analysis has been done for year 2000, expect for 

the fact that it has 40 cycles of nine-days periodicity 

(Fig 6b). It is quite notable that O+ and Kp variations 

are in phase. In 1995, all seven days of the cycle are 

in phase with each other. However, in 2000 the 6th 

day of the cycle is out of phase. Otherwise, the Kp 
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Fig. 4. Latitudinal variation of the O+ ion density for three different seasons: (a) summers, (b) winters and (c) 

equinoxes during solar maxima.
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and O+ variation patterns are similar and in phase. 

Liu et al. (2010) reported the presence of periodic 

oscillations of about nine days in the number density 

of ions (Ni) during the declining phase of cycle 23, 

and multiple peaks as a function of day of the year in 

ncvkvwfkpcn"rtqÝngu"qh"pkpg"fc{"rgtvwtdcvkqpu"kp"Pk0"Kp"
the present work, seven-days periodicity is dominant 

during the initial phase of the solar cycle (1995), 

while during the solar maxima year 2000 nine-days 

rgtkqfkekv{"ku"ukipkÝecpv0"Kp"vjg"rtgugpv"yqtm."cwvjqtu"
have also found multiple peaks within the seven and 

nine days periodicity consistent with Liu et al. (2010), 

but 7 and 9 days periodicities are most dominant. The 

origin of these periodicities is unknown, however 

they may originate due to planetary wave activity 

(Lastovika, 2006).

The region of analysis is low latitude, where 

igqocipgvke" Ýgnf" nkpgu" dgeqog"oqtg" jqtk¦qpvcn"
and have a negligible vertical component. Since 

vjg"M" kpfgz" swcpvkÝgu" vjg" jqtk¦qpvcn" eqorqpgpv"
qh" vjg"GctvjÓu"ocipgvke"Ýgnf"cpf"Mr"ku"c"ygkijgf"
average from a network of geomagnetic observa-

vqtkgu."cp{"Þwevwcvkqpu"kp"Mr"yqwnf"fktgevn{"chhgev"
the E × B dynamic movement. From previous 

sections of this work, the deterministic role of 

the E × B dynamic movement in the O+ density 

distribution is very evident. Thus, any change in 
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Fig. 5. Variations of Kp and O+ × 1E + 10 as a function of day of the year 

for (a) 1995, (b) 2000. Vertical lines are marked at the seven and nine days 

interval in Figures 5a and 5b, respectively.
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day of the cycle for: (a) year 1995, (b) year 2000.
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Kp would affect the E × B dynamic movement, 

adversely affecting the O+ density distribution.

Figures 7a-c and 8a-c show variations of the 

O+ ion density in accordance with Kp in summers, 

winters, and equinoxes in 1995 and 2000, respec-

tively. However, Figure 7 shows a polynomial curve 

of order 5 with R2 = 0.5893, 0.8089 and 0.3732 

during summer, winter and equinox in 1995, ex-

hibiting polynomial dependency for all the seasons 

except in equinoxes. Similarly, in 2000 Figure 8 

shows polynomial dependency of order 5 with R2 = 

0.6743, 0.645 and 0.792 during summers, winters 

and equinoxes, respectively.

Summarizing, the O+ ion density dependence 

on Kp over the Indian region during solar minima 

and maxima suggests polynomial dependency on 

geomagnetic activity index Kp, except for the equi-

nox of 1995, which shows a poor correlation. The 

polynomial function suggests involvement of other 

factors apart from Kp in determining the O+ density 

distribution pattern over the Indian region. Account-

ing for other factors, like the effect of cosmic rays on 

the O+ ion density would be negligible in this altitude 

region of the ionosphere. The ozone layer lies in the 

stratosphere, whose upper limit is 50 km. Moreover, 

galactic cosmic rays and solar cosmic radiation are 

streams of highly energetic particles which penetrate 

deep down the atmosphere. In the ionosphere, the 

only layer modulated by cosmic rays is the D-region 

(Pulinets and Boyarchuk, 2004; Singh and Singh, 

2010). Presently, the region in consideration is the 

F2 region (~500 km of altitude). Authors do realize 

that there could be indirect reactions that would cause 

modulations in the O+ ion density. Neutral winds and 

changes in neutral composition ([O]/[N2] ratio) also 

play an important role in determining the O+ density 

distribution in the region. However, the effect of 

neutral composition and the indirect effect of cosmic 

rays are out of the scope of the this paper. Overall, Kp 

dependence through the E × B drift further enhances 

Fig. 8. Variations of the O+ ion density with respect to 

geomagnetic index Kp during (a) summer, (b) winter and 

(c) equinox of 2000 (solar maxima).
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the importance of electrodynamic and geomagnetic 

variations in determining the O+ density distribution 

over Indian sectors.

4. Conclusions

SROSS-C2 satellite data have been analyzed to study 

the temporal and spatial variations of the O+ ion den-

sity for solar low and high activity periods. O+ ion 

density attains its peak value during daytime in solar 

maxima as well as solar minima. With solar phase 

change from minima to maxima, there is a nine times 

enhancement of the average O+ ion density, which 

supports the fact that photoionization is a primary 

cause of the O+ ion production. Other key observa-

tions are the predominance of a secondary peak of 

O+ ion density during the high solar activity year 

and the dependence of O+ ion density distribution 

on geomagnetic activity index Kp. The secondary 

peak observed during the post sunset period in solar 

maxima year (2000) is attributed to the pre-reversal 

enhancement of electrodynamic drift. The existence 

of periodic modulation in low and high solar activity 

years further improves our understanding of solar 

and ionospheric interactions. Geomagnetic activity 

Kp dependence also suggests that the O+ ion density 

over Indian latitude ranges highly depends on the 

plasma drift movement. The low latitude F-region 

ionosphere exhibits a large range of complex electro-

dynamic processes with broad range of temporal and 

urcvkcn"uecngu0"Vjwu."vjg"gpjcpegogpv"qh"uqnct"Þwz"qt"
photoionization is not the only factor in determining 

the O+"kqp"fgpukv{"rtqÝng."yjkej"ku"cnuq"fwg"vq"vjg"
electrodynamic drift movement and geomagnetic 

cevkxkv{"Þwevwcvkqpu0"Fkhhgtgpvkcn" jgcvkpi" cv" fkhhgt-
ent latitude ranges, which give rise to atmospheric 

motions on wide range of scales, further determines 

plasma distribution. The electrodynamic drift plays a 

substantial role in determining the spatial and tempo-

ral O+ ion density distribution over the Indian region.
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