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Abstract. The electron and ion temperature at the low-
latitude ionosphere exhibits a wide variety of fluctuations.
Observations using SROSS-C2 satellite RPA payload dur-
ing 1995–2000 provide an excellent opportunity to study the
fluctuations inTe andTi in the upper ionosphere and to un-
derstand the dynamic processes existing at those altitudes.
The spectral analysis of electron and ion temperatures using
Fourier and wavelet techniques reveal the presence of quasi-
periodicities, such as 14-day, 19-day, 27-day, 55-day, 154-
day, 180-day, 1-year and 1.3-year periods. The daytime and
nighttime values ofTe andTi exhibit different types of char-
acteristic variations. The wavelet spectrum presented depicts
the temporal evolution the power of each periodicity present
in the daytime and nighttime values ofTe andTi . The time
evolution of electron and ion temperatures are compared with
that ofAp and 10.7 cm solar radio flux, to infer the source of
temperature fluctuations at the upper ionosphere.

Key words. Ionosphere (plasma temperature and density)

1 Introduction

The electron and ion temperatures at the upper ionosphere
depends on both the solar and terrestrial conditions and is
found to exhibit a variety of periodic variations found in so-
lar and terrestrial parameters, such as diurnal, seasonal, lati-
tudinal and solar activity associated variations (Brace et al.,
1987; Oyama et al., 1996; Truhlik et al., 2000; Huba et al.,
2000; Schunk and Nagy, 1978, 2000). The electron and ion
temperatures have been observed using ground-based radars
(McClure et al., 1973; Mahajan, 1977; Oliver, 1991; Ot-
suka et al., 1998), rockets (Oyama et al., 1991) and satellites
(Brace et al., 1987). These measurements have shown that
the electron temperature on a disturbed day is higher than
that of the quiet day value (Rao, 1968; Rishbeth and Garriot,
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1969). An empirical global model of electron temperature
using Atmospheric Explorer-C (Brace and Theis, 1981) ex-
hibited a broad region of low temperature in the nighttime
equatorial ionosphere followed by a morning maximum, a
decline to a daytime plateau and another increase at dusk.
The electron and ion temperatures at the upper ionosphere
show a sharp variation between day and night (Bhuyan et al.,
2002; Nayar et al., 2003). In the day timeTe in the plasma-
sphere rises sufficiently above theF-region temperature, re-
sulting in a downward flow of heat. A complete understand-
ing of the coupling between the F-region and plasmasphere
can be obtained by studying the solar flares, neutral concen-
tration, electron temperature and density (Te,Ne) and the flux
of escaping photoelectrons. The electron temperature and
density at the equatorial ionosphere have been modeled util-
ising the IRI model, computer simulation and Hinotori satel-
lite measurements (Bhuyan et al., 2002; Oyama et al., 1996).
During magnetic storms theTe increases due to the electric
currents and charged particle precipitation associated with
joule heating, traveling ionospheric disturbances and grav-
ity waves. A number of local and non-local processes can
affect the low-latitude thermosphere. Periodic fluctuations in
the geomagnetic activity and ionospheric fluctuations result
from the intrinsic state of the Sun, relative orientation of the
Earth with respect to the Sun, evolution of solar surface fea-
tures and interplanetary medium and processes at the Earth
(Nayar et al., 2001, 2002). In this work, we have evaluated
the electron and ion temperature of the low-latitude upper
ionosphere using the RPA payload of the SROSS-C2 satel-
lite during 1995 to 2000. TheTe andTi data has been sepa-
rated into two time series representing daytime and nighttime
and then used to investigate the periodicities present in them
and their association with solar and terrestrial processes. The
temporal evolution of these periodicities are also studied us-
ing the wavelet technique.
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Fig. 1. Daytime (full line) and nighttime (dotted lines) average val-
ues of electron temperature during 1995–2000.

2 Electron/ion temperature measurements by SROSS-
C2 and method of analysis

The SROSS-C2 satellite was launched from Shriharikota, In-
dia in May 1994. It is a spin-stabilized orbiting satellite
placed in an elliptical orbit at 620×420 km altitude, inclined
at 46.3◦ with equatorial plane. The satellite spins at about a
rate of 5 rpm and moves in cartwheel mode, keeping the spin
axis perpendicular to the orbital plane. The electron and ion
sensors have their axes perpendicular to the deck plane and
parallel to the longitudinal axis of the satellite. The Retarding
Potential Analyzer (RPA) payload on the SROSS-C2 satel-
lite consists of an electron RPA, ion RPA and potential probe
sensors and the associated electronics. The electron and ion
RPAs are used for measuring the ionospheric electron and ion
densities, their temperatures and other related parameters of
plasma, providing a unique opportunity to study upper iono-
spheric phenomena. Normally the payload is operated for
data collection only during overhead passes of the satellite
over the ground telemetry stations. The satellite makes about
16 orbits per day, out of which, on average, two high eleva-
tion passes each during the daytime as well as the nighttime
are visible from a single telemetry station. But due to oper-
ational reasons data collection on a regular basis is restricted
to one day time and one nighttime orbit per day during over-
head passes of the satellite over the ground station located at
Bangalore (12.5◦ N, 77.3◦ E ). The satellite visibility varies
from 7 to 12 min., depending on the satellite elevation angle.
For the data collection from the Bangalore ground station,
latitudinal coverage extends from 5◦ S to 30◦ N and the lon-
gitude range can extend from 50◦ E to 100◦ E.

The RPA probes make simultaneous measurements of
electron and ion parameters along the orbital path of the
satellite. The I–V characteristic curves obtained from the ion
and electron RPA are used for retrieving these parameters us-
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Fig. 2. Daytime (full line) and nighttime (dotted lines) average val-
ues of ion temperature during 1995–2000.

ing curve-fitting techniques. Data is collected from one day-
time pass and one nighttime pass for RPA on a regular basis.
The data is then separated into daytime and nighttime val-
ues by selecting the averageTe andTi measurements made
during each satellite visibility period. The daily values of
daytime refers to the average of the measurements taken be-
tween 10:00 LT and 16:00 LT and the nighttime values refers
to the measurements taken between 20:00 LT and 04:00 LT.
The data gaps, when the satellite pass is outside the above
mentioned time slots, are then filled using interpolation. For
the evaluation of daytime and nighttime average values ofTe
andTi , data from the entire range of latitude, longitude and
altitude covered by SROSS-C2 satellite is used. Thus, these
values are mixed with seasonal, altitudinal, latitudinal, lon-
gitudinal and solar cycle effects. From the daily daytime and
nighttime average values a time series ofTe andTi are gen-
erated. The electron and ion temperatures corresponding to
daytime and nighttime are depicted in Figs. 1 and 2.This data
is subjected to both Fourier and wavelet analysis to identify
the presence of periods and their time evolution.

3 Periodic variations in the ionosphere

The ionosphere undergoes a marked diurnal variation as the
Earth rotates into and out of the sunlight. The ionosphere
exhibits strong seasonal and solar cycle variations because
the main source of ionization and energy for the ionosphere
is photoionization. In general, the Sun provides the driv-
ing force for nearly all geomagnetic and ionospheric fluctua-
tions. Some of the geomagnetic and ionospheric fluctuations
result from variations in the intrinsic state of the Sun. Solar
features, the interplanetary medium and geomagnetic activity
are found to exhibit a variety of periodicities (Donnelly and
Puga, 1990; Murzula and Zeiger, 1996; Nayar et al., 2001,
2002). The periodic variations in the relative orientation of



S. R. Prabhakaran Nayar et al.: Periodic fluctuations in ionospheric electron and ion temperatures 1667

the Earth with respect to the Sun also introduces diurnal and
seasonal periodicities in the ionospheric features. The study
of periodicity in geomagnetic activity shows the presence of
a variety of quasi-periodic variations (Fraser-Smith, 1972).
Donnelly and Puga (1990) made extensive study of the so-
lar 13.5-day periodicity at several wavelengths and found
that the power of the 13.5-day periodicity is very dependent
on the wavelength or source at the solar surface and does
not behave as a sub-harmonic of the 27-day rotational pe-
riod. It is the result of solar rotational modulation from two
groups of active regions roughly 180◦ apart in solar longi-
tude. Most of these periodicities with periods more than 2
days are closely related changes associated with the Sun and
are found to evolve with the phase of the solar cycle (Nayar
et al., 2001, 2002). Periodicity around 155 days is of solar
origin, observed in solar terrestrial parameters, and first ob-
served in the occurrence frequency of solar flares (Rieger et
al., 1984). Millstone Hill incoherent scatter radar detected
quasi-periodic perturbations in electron density, ion velocity,
electron temperature, and ion temperature at the F-region in
the mid-latitude day-side ionosphere. This result shows that
the mid-latitude ionospheric perturbations were well corre-
lated with the IMF or solar wind pressure variations.

The planetary waves could also make a significant contri-
bution to the dynamics at the ionospheric heights and they
could be capable of causing significant day-to-day variabil-
ity. Planetary waves with periods near 2, 5, 10, 16 days in the
troposphere and stratosphere have been identified as a normal
mode of oscillations of the atmosphere (Salby, 1984). The
equatorial waves with periodicities in the range of 5–15 days,
generated due to the latent heat release at the troposphere
are reported to occur in the mesosphere regions. The 16-
day peak is interpreted in terms of leakage of a free Rossby
wave from the stratosphere to the ionosphere (Forbes and
Leveroni, 1992). Long period oscillations in the ionosphere-
thermosphere system have their origin at the planetary waves
(Vincent, 1990; Forbes and Leveroni, 1992). Propagating a
gravity, tidal and planetary waves represent sources of en-
ergy and momentum responsible for upward vertical cou-
pling from below in the atmosphere-ionosphere system (Las-
tovicka, 1997). The ionosphericNe found to exhibit a quasi-
18-day period which becomes modulated by the long period
variations associated with the solar cycle. Spectral peaks
obtained within the range of 10–20 days may be associated
with the wave or 13.5-day periodicity, or with a combination
of these effects. Periods between 20 days and 35 days are
mainly due to variations in the solar flux and peaks with a
period in the range of 10 to 20 days may be due to a combi-
nation of solar influences and planetary waves.

4 Periodicities in SROSS-C2 RPA data ofTe and Ti

The electron and ion temperatures observed at the upper
ionosphere using the RPA payload of the SROSS-C2 satel-
lite exhibits a variety of variations, which include diurnal
variations with morning overshoot, daytime plateau, evening
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Fig. 3. Periodogram of daytime electron temperature. The numbers
in the figure indicate the corresponding period in days. The dashed
upper line is the upper limit of the 90% confidence level and the
lower dotted line corresponds to the upper limit of 50% confidence
level of the white noise spectrum.

enhancement, and nighttime minimum, 27-day solar rotation
associated changes, seasonal variations and solar activity re-
lated variations. To study the periodicities present in these
fluctuations, to probe the sources of the fluctuations in elec-
tron and ion temperatures, and to study the periodic varia-
tions in Te and Ti , the time series of the diurnal average
values were subjected to both Fourier and Wavelet analy-
sis. While the Fourier technique provides information about
the average power of each period, the wavelet technique pro-
vides the time history of each period. The wavelet transform
method gives good information on the time localization of
each frequency component. The global wavelet spectrum,
similar to the Fourier transform technique, provides infor-
mation about the mean strength of each periodicity over the
entire period of analysis.

4.1 Fourier spectrum ofTe andTi

The daily averaged values ofTe andTi during daytime and
nighttime are separated into two time series representing day-
time and nighttime values over the period 1995–2000. These
sets of data are subjected to Fourier analysis after de-trending
and Lomb periodograms (Press et al., 2000) are obtained.

Figures 3 to 6 depicts the periodograms of electron and
ion temperatures of the time series of daytime and nighttime
averages in the period range a couple of days to 1.73 years.

Figure 3 depicts the spectrum of the electron temperature
averaged over the nighttime observations at the upper iono-
sphere around 500 km altitude. The y-axis represents the
spectral power in arbitrary units and the x-axis depicts the
log of period in days. The dashed upper line in Fig. 3 is the
upper limit of the 90% confidence level and lower dotted line
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Fig. 4. Spectrum of nighttime electron temperature. The numbers
in the figure indicate the corresponding period in days. Confidence
levels same as in Fig. 1.
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Fig. 5. Spectrum of daytime ion temperature. The numbers in the
figure indicate the corresponding period in days. Confidence levels
same as in Fig. 1.

corresponds to the upper limit of 50% confidence level of the
white noise spectrum deduced from the false-alarm probabil-
ity of the null hypothesis (Press et al., 2000). In Fig. 3, the
daytime values ofTe depicts a variety of spectral peaks in the
power corresponding to periods of around 14 days, 19 days,
27 days, 30 days, 55 days, 67 days, 180 days and about 1.1
years. The 27-day period is associated with the solar rotation
and the 55-day period is associated with the harmonic of the
solar rotation period. The cause of the 30-day period is not
yet known and it may be associated with the evolution of so-
lar activity or with the planetary wave activity. The 14-day
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Fig. 6. Spectrum of nighttime ion temperature. The numbers in the
figure indicate the corresponding period in days. Confidence levels
same as in Fig. 1.

period is associated with the presence of active centres on
the solar surface separated by 180◦ in solar longitude. The
source of the 19-day period is yet to be clearly understood. It
can be either due to the solar activity variation or associated
with the planetary wave activity. The 155-day period is asso-
ciated with the Rieger period (Rieger et al., 1984) observed
in solar flares. The annual oscillation is also prominent in the
daytimeTe values.

Figure 4 depicts the spectrum of nighttime electron tem-
perature fluctuations. Unlike the spectrum of daytime elec-
tron temperature, the nighttime electron temperature exhibits
a period with very sharp peaks around 14 days, 19 days, 27
days, 55 days, 155 days and one year. Most of the spectral
peaks are above the 90% confidence level. In Fig. 4, cor-
responding to the nighttime electron temperature, a smaller
number of spectral lines are noticed compared to the spec-
trum of daytimeTe. In Fig. 4, the spectral peaks around 14
days, 19 days, 27 days, 55 days, 155 days, 1 year are clearly
seen as prominent lines above the confidence level.

Figures 5 and 6 depict the spectrum ofTi associated with
daytime and nighttime values. The spectrum ofTi also ex-
hibits a few sharper spectral lines above the noise level, both
during the daytime and the nighttime. While the 30-day pe-
riod is prominent oscillation inTi during the daytime, the
28-day period is prominent in the nighttime data. The 55-
day, 180-day and 180-day periods are found in both the day-
time and the nighttimeTi data. The 1.3-year period is very
prominent in the nighttimeTi data. However, in all data sets
the spectral lines are very broad around the 1-year period.

4.2 Wavelet spectrum

Wavelet analysis is a tool for analyzing localized varia-
tions of power within a time series (Lau and Weng, 1995;
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Torrence and Campo, 1998; Nayar et al., 2002). By decom-
posing a time series into time-frequency space, wavelet trans-
form has been used in a variety of fields and was found to be
advantageous compared to the conventional tools for time se-
ries analysis. In the wavelet theory, we use wavelets which
are special signals having amplitudes of definite duration and
with specific frequency, which decay to zero in both positive
and negative directions. Sets of wavelets are used to approxi-
mate a signal similar to the case of the Fourier series and each
element in the wavelet is constructed from the same function
called the mother wavelet, which is scaled and translated.
Wavelet transform refers to the breaking down of the time
series into many interrelated components. The scaling and
translations are done simultaneously on the mother wavelet
functions. The mother wavelet is the kernel of the wavelet
transform from which a set of scaled and translated wavelets
are created. The discrete wavelet transform is defined with
respect to the mother waveletψ . After fixing the width of the
wavelet, we can measure the projection of this wave packet
on the time series data, i.e. by sliding the wavelet along the
time series, we can determine the variation of projection am-
plitude with time. The choice of the wavelet functionψ(η)
at nondimensional timeη is made after considering its suit-
ability for the application. In this analysis, we have used the
Morlet wavelet, which is defined as the product of a com-
plex exponential wave and a Gaussian envelope. The value
of wavelet transform can be calculated for various values of
the scale which is usually taken as the multiple of the low-
est frequency possible. A two-dimensional plot of the vari-
ability can be constructed by plotting the wavelet amplitude
and phase. For the present study we have used the Morlet
wavelet defined asψ0(η)=π

−1/4eiω0ηe−η
2/2, whereω0 is the

wave number taken to be 6. In the case of the Morlet wavelet
for ω0=6, the Fourier period is 1.03 times the wavelet period
(Torrence and Campo, 1998). If the wavelet power spectrum
is significantly above the mean power spectrum, then it can
be assumed to be a true factor with a certain percent confi-
dence. For the present analysis we have used theTe andTi
data of the upper ionosphere observed by the RPA payload
of the SROSS-C2 satellite. The data ofTe andTi is available
during 1995–2000 as daily average values. From these pa-
rameters, both global spectra and scalograms are obtained to
study the periods in them and to understand the evolution of
periodicities with time. The global spectra is similar to the
Fourier spectra, giving the average strength of each period
during the entire range of observation period. The scalogram
provides information about the evolution of the power asso-
ciated with each period. In this work, we have restricted our
analysis to periods from a few days to 2 years.

4.2.1 Global wavelet spectra ofTe andTi

In this section, the presence of periodicities in electron and
ion temperatures in the upper ionosphere have been analyzed
by the wavelet technique by looking at their temporal aver-
age behaviour using global wavelet spectrum, which is the
plot of the mean wavelet power against the wavelet period.
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Fig. 7. Global wavelet spectra of average values of electron tem-
perature during daytime and that of nighttime. The dotted line in-
dicates the 90% confidence level and the dashed line indicates the
50% confidence level of the red noise background spectrum.

In this case, since we use the Morlet wavelet, the wavelet
scale/period is nearly equal to the Fourier period. So the
global spectrum is similar to the Fourier spectrum with the
wavelet period and the Fourier period differing depending
on the selection of the wavelet. In Figs. 7 and 8, the up-
per dashed lines indicates the 90% confidence level and the
lower dashed lines indicate the 50% confidence level of the
red noise background spectrum (Torrence and Campo, 1998).
Most prominent periods present in the global wavelet spectra
of electron and ion temperature are around 27 days, 55 days,
154 days and 1 year. The global wavelet spectra ofTe (day),
Te (night), Ti (day) andTi (night) in the period range of 1-
day (0.05) to 3-year (3.2) are depicted in Figs. 7 and 8. The
upper curve in Fig. 7 depicts the global wavelet spectrum of
nighttimeTe and the lower curve depicts the daytimeTe. As
in the case of the Fourier spectra, the 27-day and 55-day pe-
riods are prominent in theTe nighttime data. Similarly forTe
at the daytime (Fig. 7 lower) 27-day and 1-year periods are
prominent and seen above the noise level.

The upper graph in Fig. 8 indicates the global wavelet
spectra of nighttimeTi data and the lower portion depicts
the global spectrum ofTi during the daytime. In the case of
Ti data, both during the daytime and the nighttime, the 27-
day, 55-day and 1-year wavelet periods are seen above the
90% confidence level. Since the global wavelet spectra is the
time average of the wavelet power during different epochs,
the spectral peaks are broader and many spectral peaks van-
ished below the confidence level.
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Fig. 9. Wavelet spectra of electron temperature during the daytime.
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4.2.2 Wavelet spectrum ofTe andTi

Figures 9 to 12 depict the wavelet spectra ofTe andTi dur-
ing daytime and nighttime. The wavelet spectrum is a peri-
odogram depicting the evolution of wavelet power with time.
Since we use the Morlet wavelet for the present analysis, the
wavelet period is nearly the same as that of the Fourier period
in Figs. 9 to 12. The wavelet power is not evenly distributed
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Fig. 10. Wavelet spectra of electron temperature during the night-
time. Other details same as Fig. 1.

in the periodogram. The power is concentrated at certain pe-
riod bands and is found to evolve with time. Since the data
used is not cyclic, to minimise errors at the beginning and
end of the wavelet spectrum, the time series ofTe andTi are
padded with zeroes to bring the data length to a power of two.
This introduces a decrease in amplitude at the end points as
one goes to larger scales. The region indicated by the mesh
indicates the region of the spectrum in which edge effects
become important. Figure 9 depicts the time history of the
wavelet power of the fluctuations in the daytimeTe during
1995–2000. It is noticed that during 1995–1997, most of the
periods exhibit larger wavelet power compared to later years.
The 14-day period has larger power around 1996 and the 19-
day period has larger power around 1995–1996. The 27-day,
55-day, 180-day and 1 to 1.3-year periods are prominent dur-
ing the three years 1995–1997.

Figure 10 depicts the time evolution of the wavelet power
of the average nighttime electron temperature. Unlike the
daytimeTe data, the nighttimeTe data exhibit larger wavelet
power during the period 1997–2000 for the 14-day, 19-day,
27-day, 180-day and 1-year periods. The wavelet power of
short period oscillations around 14 days, 19 days and 27 days
show periodic variations in their strength during the period.
During 1998, the wavelet power is found to be stronger below
the 100-day period.

Figure 11 depicts the time history of the wavelet power
of ion temperature during the day time. The 27- and 55-
day periods are stronger in the ion temperature with a peak
wavelet power around 1996–1997. The periods around 155
days is prominent during 1997. The 180 days and 1 year
also exhibit maximum power around 1997. During 1997, the
wavelet power enhances around 1.3-year period.

Figure 12 depicts the temporal evolution of the wavelet
power of ion temperature at nighttime. The wavelet spectra
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Fig. 11. Wavelet spectra of ion temperature during the daytime.
Other details same as in Fig. 1.
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Fig. 12. Wavelet spectra of ion temperature during the nighttime.
Other details same as in Fig. 1.

of Ti at night exhibits peak values around 1995, 1997, 1998.
Similarly the wavelet power of the 55-day period also ex-
hibit an intermittent increase in wavelet power. The 180-day
period is found to be prominent during 1997–1999 and the
1–1.3 years period prominent during 1998–1999. A strong
enhancement in the wavelet power is noticed in a narrow time
period around 1997, in the period range 27 days to 180 days.
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Fig. 13.Wavelet spectra ofAp during 1995–2000. Other details are
same as in Fig. 1.
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4.3 Cross wavelet spectrum ofAp and F10.7 flux with elec-
tron and ion temperatures

To identify the cause of periodic fluctuations in the daytime
and nighttimeTe andTi and their association with solar activ-
ity, we have studied the wavelet spectra of the geomagnetic
activity indexAp and solar radio flux F10.7. The geomag-
netic activity indexAp is directly related to the solar wind
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Fig. 15. Time evolution of cross wavelet spectrum betweenAp
and electron and ion temperatures for the 27-day periodicity during
1995–2000.
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Fig. 16. Time evolution of cross wavelet spectrum between solar
radio flux and electron and ion temperatures for the 27-day period-
icity during 1995–2000.

velocity, and the solar radio flux is an indicator of solar activ-
ity and the sunspot number. Figures 13 and 14 depict the time
evolution of the wavelet power for different periods in theAp
index and F10.7. TheAp index exhibits larger wavelet power
associated with a semiannual period during 1995–1999 and
around a 1-year period during 2000. Due to poor resolu-
tion, the 155-day period is merged within the semiannual pe-
riod band and the 1.3-year period is merged within the 1-year
band. The 14-day and 27-day periods inAp are prominent
during 1995–1996. During 1998 and 2000 most of the short

period oscillations in the period band less than 100 days ex-
hibit larger wavelet power. Compared to theAp index, the
F10.7 index depicts larger wavelet power during 1998–2000
and the wavelet power is found to be highly evolving during
this period without the dominance of any particular period.

For a quantitative evaluation of the relation between the
wavelet powers ofTe andTi with Ap index and F10.7 index,
the cross wavelet power is evaluated for a typical period of
27 days. Figure 15 depicts the cross wavelet power between
Ap index and the electron temperatures at daytime (Te(d))
and nighttime (Te(n)) and ion temperature at daytime (Ti(d))
and nighttime (Ti(n)) during 1995–2000, expressed in days.
The relation between theAp index and the ionospheric tem-
peratures at the 27-day period is found to be stronger during
the solar minimum years 1995–1996. During 1998 a promi-
nent enhancement in the cross wavelet power is noticed. In
the case of the cross wavelet power between the F10.7 in-
dex and electron and ion temperatures during 1995–2000 is
as depicted in Fig. 16. It is noticed that in general the cross
wavelet spectrum is stronger during 1998–2000, indicating
that the wavelet power of the 27-day wavelet scale inTe, Ti
and F10.7 are well correlated during 1998–2000.

5 Discussion of the results

In this work, the periodicities present in the electron and
ion temperatures at the upper ionosphere around 500 km alti-
tude have been studied. The electron and ion temperatures
at the low-latitude topside ionosphere are evaluated from
the observation of I–V characteristic curves obtained using
RPA payload on board the SROSS-C2 satellite and are sepa-
rated into daytime and nighttime average values for each day
and presented in Figs. 1 and 2. The characteristics of these
fluctuations inTe andTi studied using Fourier and wavelet
techniques provide complementing information. While the
Fourier spectra presented in Figs. 3–6 depicts the Fourier
power corresponding to periods of 14 days, 19 days, 27 days,
55 days, 155 days, 180 days, 1 year and 1.3 years. While the
Fourier spectrum gives information about the power for the
entire period, the wavelet analysis (Figs. 7–12) provides in-
formation about their time history during 1995–2000. The
presence of these periods in electron and ion temperatures,
along with other solar and terrestrial parameters (Nayar et
al., 2002), give an indication of the sources of heating at the
upper ionosphere. The source of the 14-day periodicity is
the presence of two active centres on the solar surface sep-
arated by 180◦ solar longitude. The 27-day period is asso-
ciated with the solar rotation and the 55-day period is asso-
ciated with its harmonics. The 154-day period is called the
Rieger period associated with the recurrence of solar flares.
The 1.3-year period associated with the evolution of solar ro-
tation is found in many solar and interplanetary parameters.
These periods affect both the solar radiation output and the
characteristics of the outflow of solar wind and interplane-
tary magnetic field. The annual and semiannual periods are
associated with the solar terrestrial relation found in many
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terrestrial activity indices. The wavelet spectra ofAp and
F10.7 indices evaluated for the period 1995–2000 (Figs. 13
and 14) enables one to compare similar features in these in-
dices and the ionospheric plasma temperatures. The cross
wavelet spectrum presented in Figs. 15 and 16 indicates the
temporal evolution of the relation between them.

The ionospheric variations are influenced by changes in
solar ionizing radiations, variations in solar wind plasma
parameters and other variations due to vertical transport of
planetary wave energy generated at the lower atmosphere.
The electron and ion temperatures at the upper ionosphere
are also affected by the electric field variations and the re-
lated density changes. The study of the characteristics of
the Fourier and wavelet spectrum help us to infer the promi-
nent processes associated with the heating of the upper iono-
sphere. Most of the periods present inTe andTi are asso-
ciated both with the solar wind and solar radiation, and are
associated with active centres at the solar surface. Though
some of the periods have their Fourier power below the sig-
nificant level, the wavelet spectrum indicates their promi-
nence during certain epochs. The study of the similarities of
the time evolution of the wavelet power ofAp and F10.7 in-
dices withTe andTi , and the cross wavelet spectrum indicate
that the plasma temperature at the upper ionosphere is con-
trolled by solar wind around the solar minimum and by both
the solar radiation and solar wind around solar maximum.
These results suggests that the processes associated with the
heating of ionospheric plasma by the solar radiation and the
solar wind depends on the phase of the solar cycle and the
conditions of the solar radiation, interplanetary medium and
magnetosphere.

The periodicity around 19 days observed in theTe and
Ti spectrum can be utilised to study the possible contribu-
tion of planetary waves generated at the lower atmosphere on
the upper ionosphere temperature. In the spectrum of elec-
tron and ion temperatures, the 19-day period has significant
spectral power. The wavelet spectrum of theAp index and
F10.7 does not exhibit this periodicity. Dynamical coupling
through various types of waves generated at the lower alti-
tudes play an important role in the energy transport between
lower and upper atmosphere. These waves grow in amplitude
as they propagate to higher altitudes and carry significant
amounts of energy and momentum to be able to affect the
thermospheric heights (Krishna Murthy, 1998). Even though
planetary waves are unable to propagate directly to the upper
ionosphere, planetary wave type oscillations have been ob-
served at these heights. The 18-day quasi-period exists and
persists in the ionospheric electron density variations with
mean period around 18–19 days (Altadill, 1996). The 18-day
quasi-periodic oscillation is also present in solar parameters
Rz, F10.7, with a mean period around 19–20 days (Wilson,
1982). These results indicate that the period around 19 days
can have a contribution from solar and terrestrial activities.
So, the quasi-periodic oscillations present in the ionospheric
electron and ion temperatures can be used to infer the source
of heating at the upper ionosphere and the processes existing
at those altitudes.
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