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Abstract

The distribution profiles of electron velocity, elgon density and electron
temperature have been used to study the thermaldtire of the ionospheric F-region
over Ibadan (7.AN, 3.9E; magnetic dip 6.8S), Nigeria at an altitude of 300 km using
a modified composition of the electron density cowlty equation. Observations
suggest that the magnitudes of daytime electromperature at Ibadan are solar
activity independent. The overall seasonal electt@mperature in the neighbourhood
of 3000K is in excess of the mean results reportgdsome workers but also in good
agreement with other observations near the magnetéuator. The interplay between
photoionisation and thermal conduction in the detaination of the heat budget of the
electron gas temperature has been discussed taaarable extent.

1.0 Introduction

The most important ionospheric parameter from thiatpof view of radiowave propagation and also bfgics is the
electron density. The behaviour of electrons in itosphere is largely governed by the Earth’s mégnfield. The
equatorial ionosphere and thermosphere constitateipled system, with its electrodynamical andmplghysical processes
being responsible for a variety of ionospheric miveana peculiar to the equatorial zone.

Diurnal and seasonal profile distributions withpest to the altitude of electron density and terapee are of particular
interest in the study of the equatorial ionosphere

Over the last few decades, measurements of thealiand long-term behaviour of the exospheric teatpee as
observed by incoherent scatter sounding in thadgion [1] and the effects of geomagnetic distimdes on neutral winds
and temperature in the thermosphere observedaidos near the mid-latitude [2], have been caroied

Several authors have also studied the F-regioheidnosphere based on their conception of theioakhip between
the electron density, solar activity and ionosph&imperature. Some of the studies have concludedtie temperature of

the ionosphere in relation to electron dendiy, may be represented by an equation of the forin [3
T.-T.=A-FBN, (1)
where T, is the electron temperaturé, is the ion temperature whil& and B are constant parameters. Equation (1)

was initially an empirical formulation based on me@ments of temperature and electron density.

Variations of electron density with heighit and time,t and with latitude and longitude may be better espnted
either by purely descriptive empirical models, imiethh mathematical formulae are constructed to maieh observed
variations of N, or else by physical models generated by solvimgtheoretical continuity equation for electron sign

represented in the form:

aa—l\tl = (Productio n) - (Loss) - (Transport )

=¢g-L-M (2)
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On the other hand, the heat equation of the form

9T = (Heating) — (Cooling) — (Conduction) 3)

at
Is also relevant to the upper atmosphere, incotimgraemperatures of ions and the electrons as agltorresponding
equations for the neutral particles. Several otheoretical explanations have been suggested wdgshmed that local

production and loss dominated over conduction whéchto the expressions involving, — T, . In reference to equation (1),

we note that the parametes and B may seem to vary with solar activity. Reasonimgnglthis line, Jones [4] used data
taken at mid-day to establish an empirical relatiop of the form:

T,-T.= A-BN, +CS 4
where C is a new constant anf is a parameter representing solar activity. Satdivity is often used to denote either the
daily values of solar flux density at a wavelengthi0.7 cm S, ) or the daily values of the Zurich sunspot numigy,.

It is appropriate at this moment to examine thec#f of temperature on the equatorial ionospherelation to vertical drift

and electron density with a view to addressing sofrtae phenomenological model of global ionosphetectron density
and the thermospheric dynamics.

Since theoretical techniques have been used tm ajteod results as those using satellite and ragzasurements in the
determination of drifts [5,6], it appears logicaus, to attempt the determination of the thermalcstire of the daytime
equatorial ionosphere near Ibadan, comparing thelteewith similar studies carried out at Radio evbatories elsewhere.
Examining further, the relationship between elattdensity and electron temperature, in assessmdy¢iat budget of the
electron gas, subject to solar flux conditions, higdd some innovations to thermal distributiordgtanear the magnetic
equator.

2.0  Theoretical Framework

2.1 Consideration of the electron density continujt equation

The major equation of interest in this study iswedl-known continuity equation for electron degsiritten mathematically
in the form:

oN
c')te =q(h, x) = BN (h,t) -OEN(h ) v)} =0 ()
where ((h, x) is the rate of electron production per unit volu@éunction of both height and solar zenith dis@ny . [
is the electron loss coefficient, a function ofdigjv is the drift velocity vector. The velocity vectermay be that of either
electron or ion (i.e.v, or Vv, ), without assuming these to be the same. The giive term is a function representing

electron transport process in the ionosphere.

While the height of transition from predominantly © He will depend on local time and latitude, considieraof the order
of magnitude indicates that at least up to 600 kncan be safely assumed that @redominates. Hence, the ionisable
constituent may be taken to be O atoms only, aaditmple theory of Chapman [7] may be applied. fitie of production
of ions or electrons may therefore be assumed tpvies by the Chapman formula

=g, expl-z-e*Ch(R, x)] (6)

where ( is the production rateg], is the maximum production rate for overhead swifindd by Ratcliffe and Weekes
(1960) as:
— B2l
Q, = 250(1+16x107°R) cm'sec; (6a)

Z is the height, measured from a datum leliglcorresponding taj, in units of scale height of the ionisable constitt)

and Ch(R, x) is a function developed by Chapman to take accofithe sphericity of the atmospherR is the radial

distance in scale height, and is equal to the niistaneasured in terms of the scale height of thisable constituent as unit
of length, from the earth’s centre to the levalhich, at noon at the equator, the absorption difiteon is a maxima.
For daytime analysis which is primarily of inter@sthe present study, we rearrange the contiragtyation (5), as follows:

ON,(h,t) _ B VN, (h,t)
o q(h, x) = BN, (h,t) +—H 7

e
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where
BNe (h,t)is the electron loss term = L (N,) .

N, (h,t)

ot
The transport term

wN, (h,t)
H

e
while the electron density scale height,

_ kT, (8a)

° M.g

is assumed negligible in the daytime near the teq(3,8].

(8)

Ordinarily, close to about 100km altitude in thadsphere, the gases nitrogen)(Bind Oxygen (g are well mixed by wind

and turbulence and their concentration ratio of does not change with height. Above 100km howewgygen largely

becomes dissociated into atoms by the action afrddV radiations. Secondly, turbulence ceases attilbopause near
100km and the gases are diffusively separated &ttion of gravity so that atomic oxygen progneslgi becomes more
abundant than molecular nitrogen and oxygen. Tli@s®rs assist in shaping the criteria used irereining electron

temperature profiles at locations near the magregficator. In any plasma where electrical neutraiigts, atomic oxygen
becomes equal to electron density [9, 10].

The simple equation for resolving the electron terafure profile can be written in the form:
_ Ve.Ne (h,t)

Te = 19.2464 x 18 [W 9)

All the quantities in the equation have been welistkd.

H. = electron density scale height

Ne(h,t) = electron density in electrori®ra function of the ionospheric height and time

k = Boltzmann’s constant = 1.38 x TQK™

g = gravitational acceleration; taken numericallyL@ss® in this study.

M . = electron mass (= 1.66 x1tkg) expressed in unified atomic mass unit (amu):

The atomic mass for oxygen is ~ 15.9994 (amu)

Chapman'’s expression f@ was used with peak productiay, = 620cm®sec’ (for a typical year of high solar activity.

According to Ratcliffe and Weekes [11] the lossmtet.(Ne) has various forms at different ionospheric adtés, which is
slightly modified in this study as follows:

BNe F, — region (10)
— xBNz .
L(Ng) = FroN, F, — region (10a)
« N,z E—region (10b)

Here, O is the effective recombination coefficienf] is the attachment coefficient which for both dagiand/or nighttime
analysis, may take the form:

p=10" exr{%oﬂkm]j sect (11)

In the intermediate JFregion, with both quadratic and linear recombimatihowever, the general loss term (10a) has to be
used. The transition from the region of recomborat{10b) to the region of attachment (10) is atahiude of about 200
km. Details of the loss processes may be fountdaditerature: [5, 11, 12].

The analytical form of the transport term will bensidered in due course.

3.0 Data
Ground-based ionosonde observations acquired daihaigeria were used. Data acquired were goodgnto be scaled
while avoiding magnetic storm days. The recordsewesed to obtain electron density profiles betw@®&00 and 18:00 LT.
The theoretical model calculations obtained by §iyipg the continuity equation for electrons wensed to estimate the
vertical E x B drifts and hence electron temperature variabiitying the period. The data were grouped into 4timon
segment as follows:
December solstice (November, December, Januaryabdiary)
Equinox (March-April; September -October)
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June solstice (May, June, July and August)
Generally, electron density\, (in cm) is calculated using the expression

N, =124x10%(f,?) (12)
where f, is the plasma critical frequency (in MHz).
To solve equation (9) forclat Ibadan, data for 300km were used.

4.0 Results and discussion

4.1 Equatorial electrodynamics vertical drifts

In Fig. 1, observations show that the mean drifveities at June Solstice, Equinox and Decembestisel are of the order of
5 ms', 7 ms" and 6 m3 respectively at Ibadan, during the period of héghar activity. The corresponding drift resultst(no
shown) for the period of low solar activity aretbé order of 4 m§ 5 ms'and 4 mg, respectively. The drift results suggest
that drift velocity is independent of solar actyyisince the emergence of classed distinctiontgeslly visible.

Similar studies carried out at Jicamarca (magraiic2.0°N), Peru, at a period of high solar activity (imf=t results from
the work of Huang [13]), show that the mean drétocities of the order of 13 Ms13 ms" and 9 mg, were obtained for
June Solstice, Equinox and December Solstice, cisply. In another development, Fejer et al. [&f§o working at the
same Jicamarca observatory, reported drift restilise order of 14 m% 16 ms' and 11 m3, for June Solstice, Equinox and
December Solstice, respectively.

The above results are also in good agreement étlindings of Scherliess and Fejer [15] and thus g firm indication of
an equation of continuity for electrons that coptdbably provide a veritable means of determinilegteon temperature —
an envisaged intrinsic component of the transpartgsses in the equatorial ionosphere.

4.2 Deductions of electron temperature

Following similar procedures used in estimatingticat drift velocity at Ibadan, the distribution giiles of electron
temperature have also been deduced using equé)i@amd other relevant, inclusive relationships. Té¢raporal variations of
temperature at Ibadan (see Fig. 2) have been cedhpéth the variations at altitudes near 300 an@ ki, inferred from the
work of Zhou and Sulzer [16] at Arecibo (magnetittude 3¢PN), Puerto Rico.

The overall mean daytime electron temperature @tkdd and 400 km from the results of Zhou and Sudzerof the order of
1700 K and 2200 K, respectively.

The result in the present study at the height & B® shows that the mean electron temperature tiseobrder of 3000 K.
Although values of the electron temperature in #tigly seem to be slightly off-mark when comparéith the temperature
variation from the work of Zhou and Sulzer the niagtes of the observed results of these workers 6@@ km are in good
agreement with the Ibadan results at 300 km. Udatg obtained from the Pioneer Venus Instrument l@ment, Knudsen
et al. [17] showed that electron temperatures withé height regime of 200 — 500 km ranged frooua2600K to 4000K.
The discrepancies observed in the results abovebmaccounted for, by the different techniques egedl. The results of
Zhou and Sulzer [16] are particularly of interestause it is possible that the records made dthimdgdisturbed days” as
indicated in their report, may have adversely affdche overall electron density and/or the tenpeeaprofiles. It is also
possible that the database used for the study pases for the kind of comparison required in steiddé this nature.
However, the observations by Abe et al. [18] antduB& et al. [19] are in excellent conformity withet present lbadan
daytime results.

At the sunlit trough regions of the ionosphere, Bthet al for instance, observed that the electemnperature hotspots

showed a marked UT variation by as much as 250Dhk&.dominant parameter controllifly variations according to these

workers, is the magnetospheric heat flux into tmsphere.

Generally, temperature enhancements are regardegiragdue to higher electron density increasirgygyndissipation from
electrons to ions and neutral gases [20, 21, 2R/]tHe enhancement of electron temperature reptteBharma et al [23]
over low-latitudes was attributed to the producttdtJHF gamma radiation during a lightning sprite.

4.3 Discussions on the relation betweeni, and N,

In this section, we examine the relationship betwibe electron temperature and electron density avitiew to establishing
their individual roles and/or overall contributibmthe heat budget of the electron gas temperature.

Fundamentally,N, and T, relationships are such that photoionisation walivihate thermal conduction as a heating source
for electrons if increasindN, corresponds to diminishing,, Secondly, if heat conduction is the main heasiogrce for

electron gas, then increasilg, will correspond to increasing, [17]. The daytime variations dN, and T, (Fig.3) do not
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strictly exhibit any of these distinct correlatiomsder the prevailing sunspot condition as dematesirin another research
report during the sunrise period (research repwtset published). The lack of absolute correfatioring the daytime may
imply that near 300 km at Ibadan, the distinguighicharacteristics of the interplay between heatdootion and
photoionisation in the determination of heat budgfethe electron gas temperature, may be resolemigh some other
analytical measures.
In an attempt to establish the source of heatirngp@Electron gas in the daytime somewhat, we eyaplthe electron energy
balance equation which is written in the generainfd16,22]:

SNk L=+ Q. mac,N Tl —a N (T, - T) (13)

2 e at 3/2
where Q, and Q, represent local electron heating and thermal cciimu rate respectively, and, is the neutral

atmospheric temperature. The third term on thetffigimd side of equation (13) represents the enleigp/to ambient ions
and the last term is the energy loss to the neutral

The electron temperature in the F-region can tlusegarded as being in a thermal quasi-steady statieat its derivative
can be neglected [22]. Furthermore, electrons maade their energy to ions above 220 km and tdratubelow 220 km
[24]. In this case, the electron energy balanceataon above 220 km becomes:

T, - T,

a2+, —acN: T =0 (14
where @ is a positive constant.
Equation (14) can be rewritten as:

T, - T,

aCT83l2+IBNe_aClNeZ(-e|_3/2|): (15)

where the photoionisation rate is linearly propmtél to N . We can also assume tl:%}—i >> ai
ON, ON,

since the temporal variation df <<T,.

If photoionisation (the second term) in equatiof)(@ominates thermal conduction (first term), weeha
oT, _ 2T, (T, - T))

(16)
aNe Ne(BTi _Te)
On the other hand, if thermal conduction domingtastoionisation, we have:
oT, _ 2T (T, - T,) 17)
ON, N_(2T, - 3T,)

At great heights above 250 knh, >>T, [16, 17], so that the right-hand side of equafib®) is always negative and that of
equation (17) is always positive.

In our efforts to further analyse and distinguisl main heating source of the electron gas durayirde, we developed a
simple equation relating .Tand N, using data for Ibadan under high solar flux cdod&. We obtained a correlation
coefficient less than 0.1, signifying that the es@bn of the intrinsic parameters such as electaocity, the electron
production rate and the electron loss coefficiextes may lead to some results that might negatertiee processes of
determining electron temperature profiles acrosstasons.

The variations of and N from the plots [Figure 3 (a) and (b)], were alst wery distinct. The determination of the most
dominant factor controlling the source of heatifighe electron gas via either photoionization arthal conduction during
daytime at 300km, may thus require some additieealfications through extensive treatment of thaalyical processes
near the magnetic equator.

5.0 Conclusion
We have reported a comprehensive study on the #iestnucture of the equatorial ionosphere over dinadNigeria, using a
modified version of the electron density continwgtyuation.
On a preliminary note, we found out that the dagtiglectron velocities are comparable with driftulss obtained at
Jicamarca, Puerto Rico, and other stations astexpby some workers.
The average daytime electron temperature at 30Gokwspheric height over Ibadan has a value of tideroof 3000 K,
contrary to the observations of Knudsen et al. Hi] Zhou and Sulzer [16]. Our sunrise results pinediminary work show
that photoionisation and thermal conduction werth lahstinct and hence essential in determininghéat budget of the
electron gas temperature. In the daytime howeverfindings which tend to suggest that heatinghef daytime equatorial
ionosphere may probably be due to photoionisatfdhe electron gas were somewhat cumbersome arat lieconclusive.
Further studies may be carried out to resolveisisise.
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Several studies[5, 6 25], including the preserdysttave erased the impression given by AwojobitfZg]the transport term
may be excluded in the resolution of the contingtyuation in toto, citing complexities that migiise due to the
magnitudes of “certain parameters” that are not kebwn; such that conclusions drawn from the sofubf the equation
are likely to be unrealistic.

On the contrary, the beauty of solving the full thauity equation for electron density and in partér, the contribution of
the transport term in the analysis leading to tbdudtion of electron temperature, has revealedwimsovation in the study
of the dynamics of the equatorial ionosphere.
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