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En cste trabajo se resuelvcn las ecuaciones combinadas de continuidad y momentum de los 
ion.cs o+ y If, en la region F y la protonosfera, para una estacion de latitud media (Arecibo) y 
una estaci6n de latitud baja (Jicamarca) con el fin de investigar el comportamiento diurno de 
la densidad electr6nica maxima NmF2, la altura dcl pico Hml-'2, el nivel de transici6n o+ -If, o 
sea Htr y el nivcl de transici6n de densidad Ntr· Los efectos del viento neutral sobre las curvas 
NmF2, HmF2, Ntr y Htr, sobre Arecibo son mas importantcs y generahnente en direcci6n 
opuesta a los de una desviacion electromagm:tica sinusoidal. La desviacion electromagnetica 
dese·mpefia un papel de largo alcance en la formaci6n de los perfilcs ionosferico y protonosfe
rico en Jicamarca. Un desvfo ascendcnte que alcanza su maximo durantc el dfa produce un 
'valle' en la curva NmF2, micntras que un dcsvfo asccndcntc quc sc mantiene constante duran
te la mayor partc del dia produce una 'meseta'. La depresi6n nocturna en la curva NmF2 es 
debida a !os efectos combinados de un lento desvfo dcscendentc y de la rccombinacion qu{mi
ca. Una elevaci6n nocturna en Nm1'2 es debida a un dcsvfo desccndcnte suficientemente pro
longado cuando la \:omprcsi6n' rcsultantc de los tubos de campo supera la tasa de perdida de 
o+. Las variaciones diurnas en Hm F2 y en Htr ticndcn a seguir las dcl patron de velocidad de 
desvio asccndente, con gradicntcs algo atcnuados. Una inversion descendente de! de~vfo a la 
puesta de! Sol produce un aumento en la curva Ntr post-crepuscular. 

Finalmente, qucda demostrada la aplicabilidad del modclo para el estudio de las medicio
nes totales de contcnido clectronico en los cxpcrimcntos con cl radio-faro ATS-6 en Ootaca
mund. Mcdiante la comparacion con los valores observados, sc dcterminan las probables velo
cidades de dcsvfo sobre Ootacamund para Octuhrc y Dicicmbre de 1975. Los patrones de ve
locidad de desvfo muestran amplias similitudes con losobscrvados sobre Jicamarca. 

* School of Sdc11ce all(iFngillet:ring. The University oj'Alahama in Hunts11il/e. Huntwil/e, AL 
35899 · U. S. A. 
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ABSTRACT 

The coupled continuity and momentum equations of o+ and 'ft ions in the F region and the 
protonosphere are solved for a mid-latitude station (Arecibo) and a low-latitude station (Jica
marca) to investigate the diurnal behavior of the peak electron density NmF2, the height of 
the peak HmF2, the d'-'ff' transition height Htr and the transition level ion density Ntr· The 
effects of the neutral wind on the NmF2, HmF2, Ntr and Htr curves above Arecibo are more 
important than and generally in the opposite direction of those of a sinusoidal electromagnetic 
drift. The electromagnetic drift plays a far-reaching role in shaping the ionospheric and pro
tonospheric profiles at Jicamarca. An upward drift that peaks during the day produces a 'valley' 
in the NmF2 curve, while an upward drift that stays constant during most of the day produces 
a 'plateau'. The nighttime decay in NmF2 is due to the combined effects of a slow downward 
drift and chemical recombination. A nocturnal increase in NmF2 is due to a sufficiently large 
downward drift when the resultant 'squeezing' of the field tubes overcomes the o• loss rate. 
The diurnal variations of HmF2 and Htr tend to follow that of the upward drift velocity pat
tern, with gradients somewhat smoothed. A downward reversal of the drift at sunset causes an 
enhancement in the post-sunset Ntr· 

Finally, the applicability of the model to the study of the total electron content measure
ments of the ATS-6 radio beacon experiments at Ootacamund is demonstrated. By comparing 
with the observed values, the probable drift velocities over Ootacamund are determined for Oc
tober and December, 1975. The drift velocity patterns show broad similarities with those ob
served over Jicamarca. 

1. INTRODUCTION 

Ionospheric modelling is a useful device in studying, analyzing and understanding 
various aspects of the ionosphere. The existing ionospheric models can be classified 
into two basic categories. First, models of the low-latitude F region ionosphere 
have been presented by several authors featuring the effect of the east-west electric 
field in producing the equatorial anomaly. The works of Bramley and Peart (1965), 
Hanson and Moffett ( 1966) and Sterling et al. ( 1969) are notable among them. The 
model of Anderson (1973) incorporates a tilted dipole approximation of the geo
magnetic field that is particularly useful in explaining the differences in the F re
gion between the Asian and American sectors. The second category of models is 
concerned chiefly with the exchange of ionization between the ionosphere and the 
protonosphere. This is relevant to the mid-latitude regions where the effects of the 
neutral wind also becomes important. The works of Mayr et al. (1972), Moffett 
and Murphy (1973) and Massa (1974) are worth mentioning in this regard. The two 
classes of models, although useful in their respective domains of applicability~ pos
sess certain limitations. The fonner is restricted to the low-latitude F regions only 
and cannot be used to study the overlying protonosphere. The latter class, on the 
other hand, is suitable for mid-latitude regions only, since electromagnetic drift ef
fects are not included. 
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The present model is a combination of the two and is generally applicable to 
both mid- and low-latitude F region and protonosphere. The governing equations of 
o+ and H+ are solved along geomagnetic field lines from the base of the F region 
in the northern hemisphere to the conjugate point in the southern hemisphere. The 
effects of the centrifugal force, neutral wind and electromagnetic drift are included .. 
The inclusion of the centrifugal force becomes important for the longer field lines 
and low-latitude locations ( cf. Angerami and Thomas, 1964 ). For greater accuracy, 
a more realistic tilted dipole model of the geomagnetic field is incorporated. Thus, 
distinction is made between the geographic and dipole coordinates as well as be
tween local time and dipole time. In this paper; results of the applications of this 
model to the ionospheric profiles at a mid-latitude station (Arecibo) and a low-lati
tude station (Jicamarca) are presented. The model is further used to study the total 
columnar content from Ootacamund to the ATS-6 satellite as measured by the 
radio beacon experiments of the satellite. 

2. EQUATIONS 

The production, loss and movement of ionization are governed by the continuity 
an9 momentum equations. The momentum equations of the ions (O+and H+) and 
electrons are substituted into the continuity equations of the ions to form two 
coupled nonlinear partial differential equations called diffusion equations. The 
various symbols used in this paper are a<. defined in the Appendix. The indications 
of the subscripts are as follows: e following T indicates electron and i following T 
indicates ion. Elsewhere, i stands for the ion under consideration (O+ or H+), j 
stands for the other ion (H+ or o+) and n denotes the neutrals. The subscripts II and 
1 refer to directions parallel with and perpendicular to the magnetic field. The con
tinuity equation for ions is given by 

(I) 

By resolving V; into components along and perpendicular to the field lines, equa
tion (1) can be written as 

(2) 

where the first term represents the rate of change of Ni in a frame of reference mov
ing with the tube of ionization under the action of the H x B drift. 

Taking into account the pressure gradicn1 forces. gravity. centrifugal fore:e, elec-

3 
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tric forces of charge separation and collisional forces, the force equation of the ions, 
resolved along the field lines is given by 

Since the mass of the electron is negligible compared to that of the ions, the force 
equation of the electron, resolved along s, can be taken as 

(4) 

Equations (2), (3) and ( 4), together with the charge neutrality condition, are com
bined into the diffusion equations for the ions, 

(5) 

where the coefficients are as given in the Appendix. 

After Kendall (1962) and Sterling eta/. (1969), it has been found convenient to 
make two transformations of the independent variable as follows: 

q = - cos8 cosec4 8 (6) 
L 

and x = - sinh(rq) (7) 
sinh(r'lm in) ' 

where Lis Mcllwain's shell parameter, 8 the dipole colatitude and r is an adjustable 
parameter. Under these transformations, the diffusion equation (5) is rewritten as 

(8) 

where the coefficients are again found in the Appendix. Equation (8) is solved by 
the Laasonen (1949) method using the algorithm of Richtmyer (1957). 
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3. INPUT DATA 

The chemical reactions and their rate coefficients used in this study are given in 
Table 1. Table 2 lists the various collision frequencies. Model electron temperatures 
showing the broad features of observed diurnal, seasonal, latitudinal and altitudinal 
variations are prescribed by the following expressions. 

Day Te(z) = 2000 [l + .3 cos1
'
8 x] f(X) f(z), cosx>O, 

(9) 

Night Te(z) =2000[1- .31cosxl114 ]f(X)f(z), cosx<O, 

f (X) = [1 - .4 cos (]}) ] , 

and f(z) gives the altitudinal factor. Figure 1 shows the diurnal and altitudinal varia
tions of Te for Millstone Hill, Massachussetts (along L = 3.2) as given by these ex
pres_sions. The ion temperature Ti is assumed to increase linearly with altitude from 
T n to Te between 400 km and 1000 km. 

Table 1. Reaction Rates 

Reaction Reaction Rate ( cm3 s· 1) Reference 

Jon-Neutral Charge Transfer Reactions 

W + 0 4 H + o+ 3.8 x 10-11 (Ti+ T n/16)112 Schunk and Walker (1972) 

o+ + H40+ H+ 

o+ + N2 4 N + No+ 

o+ + o 2 4 o + 0 2+ 

4.3 x 10-ll(Tn + Ti/16)112 

1.2 x 10-12(300/Ti) 

2.0 x I o-11(300/T. )112 
I 

Jon-Electron Radiative Recombination Reactions 

a"+ e· 4 0 + hV 3.7 x 10·12(250/Ti)'7 

W + e· 4 H + h V · 4.8 x 10-12(250/Tj)-7 

Bates and Dalgrano ( 1962) 

s 
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Table 2. Collision Frequencies 

Collision Frequency (s·l) Reference 

Ion-Neutral Collision Frequencies 

'Yo+-H = 1.5 x 10-12 Tn112Nu 

"u+-o = 2.1 x 10-11 T/'2N0 

Banks and Kockarts ( 1973) 

V0+ _ 0 = 1.6 x 10-ll (Ti+ T 0 )
112 N0 

'Yu+-u = 1.0 x 10-10(Ti + T0 )
112 N8 

Ion-Jon Collision Frequencies 
Vo+-w=7.88x 10-2 Ti-312 N8+ 

)) u+ -o+ = 1.26 T?'2 No+ 

Banks (1966) 

Banks and Kockarts (1973) 

The above quantities are not altered in the various model studies. The quantities 
that are adjusted are the neutral atmospheric densities and photoionization produc
tion rates. The neutral atmospheric densities of N2, 0 2 and O are calculated from 
the Jacchia (1964) model as presented by Walker (1965). The density of atomic 
hydrogen is obtained from the expression 

N120(H) = 1.7 x 106 [l + 0.3 sin 8J:~o ] cm·3, 

so that the densities at 350 km agree with the obseivations of Brinton and Mayr 
(1971 ). The photoionization production rates are calculated by the theory of Chap
man ( 1931 a, b ). Different combinations of the model atmospheric parameters have 
been used in order to obtain the best possible results. These parameters are summar
ized in Table 3. 

Two other important quantities that are prescribed are the meridional neutral 
wind and the vertical electromagnetic drift. The neutral wind model used in this 
study is given by 

Day lJ = -40 sin (A - l> cosx) cosxms-1, cosx>O, 

(IO) 

Night U = - 120 sin ( A - l> cosx) cosxms-1, cosx<O. 
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Figure 2 shows the diurnal variation of the neutral wind velocity for selected lati· 
tudes under equinox conditions. 

The vertical electromagnetic drift velocity is specified by its equatorial value 

ore 
Vpe =at· (11) 

By integrating and dividing by r0 , we get the equation of motion of the tube of 
ionization under the action of the electromagnetic drift. 

L(t) = L0 + - 1 JVp dt r0 e (12) 
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Table 3. Atmospheric Parameters 

Mid-latitude Arecibo Profiles for Low-latitude Ootacamund Profiles 
Profile Studies February 10, 1972 Profile Studies for December, 1975 

Neutral Atmospheric Model (;') 
t!l 
0 

Model Jacchia (1971) Jacchia (1971) Jacchia ( 1970) J acchia (1970) 
..,, -fll 

Too 800°K 800°K 775°K 750°K n 
> -N12o(N2) 3.69 x 1011 cm·3 3.69 x 1011 cm·3 3.6 x 1.011 cm·3 3.6 x 1011 cm·3 z 
,-j 
t!l 

N120(02) 5.20 x 1010 cm·3 5.20 x 1010 cm·3 5.0 x 1010 cm·3 5.0 x 1010 cm·3 "' z 
N12o(O) 1.44 x 1011 cm·3 1.44 x 1011 cm·3 7.6 x 1010 cm·3 7.6 x 1010 cm·3 ~ 

5 
z 

Ionization Rate Coefficients > 
t"' 

foro• 2.5 x 10-7 s·1 3.2 x 10-1 s·l 4.5 x 10-1 s·· 3.6 x 10-7 s·l 

for H" 8.0 x 10-s s·l 1.1 x 10-1 s·1 1.5 x 10-7 s·l 1.2 x 10-7 s·l 
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Fig. 2. Model equatorward neutral wind velocity at Millstone Hill (solid line), Arecfbo (dashed 
line), and Jicamarca (dotted line) for equinox 1.'0nditions. 
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4. RESULTS 

This study investigates the main features of the mid- and low-latitude F region iono
sphere and the protonosphere. In particular, model variations of the peak electron 
density (Nm F2), the height of the F2 peak (Hm F2), the o+ - W transition height 
CHtr> and the transition level ion density of either o+ or W (Ntr> are studied. 

4, 1. Mid-latitude ionospheric profile studies 

Model variations of Nm F2, Hm F2, Ntr and Htr under sunspot minimum and equi
nox conditions at Arecibo (A= 18.50°, ~ = 293.17°) are presented in Figure 3. 
The atmospheric parameters used are given in Table 3. The neutral wind model is 
given by equations (10) while a sinusoidal electromagnetic drift of amplitude 
20 ms·l is used. In the absence of electric' fields and neutral winds, the results are 
readily explained. There is-a sharp increase of Nm F2 at sunrise and a steady decline 
during the night. In the absence of electric fields and neutral winds, the height of 
the F2 peak remains near 300 km during the night. After sunrise, Hm F2 dips to 
near 250 km altitude where photoionization production maximizes. 8m F2 slowly 
rises during the day with upward diffusion of the ionization, This upward diffusion 
of o+ immediately raises Htr to above 1500 km and is accompanied by the steady 
conversion of o• to H+. ThevariationofNtr points to an upward fluxofo• through-

. out the day and a downward flux throughout the night. The effect of the E x B 
drift on Nm F2 and Hm F2 is rather small at this latitude. The upward drift in day
time slightly diminishes Nm F2 due to greater spreading of ionization over higher 
altitudes. The effect of the downward drift during the night is also to decrease 
Nm F2 shifting the field tube slightly downward into regions of greater loss rate. 
The effect of the upward drift on Hm F2 becomes significant in the evening only, 
while Htr shows a rapid rise in the morning hours. 

The neutral wind is seen to have a much greater effect on Nm F2 than the elec
tromagnetic drift. A poleward wind during the day drives the ionization to lower 
heights where greater loss reduces the peak electron density. The nighttime wind, 
on the other hand, drives the ionization to higher altitudes where loss rate is slower 
and reduces the decay of Nm F2. The neutral wind therefore has a stabilizing effect 
on Nm F2. The notion of the maintenance of the nocturnal Nm F2 at mid-latitudes 
by neutral winds (Hanson and Patterson, J 964) is realized in Figure 3. The effect 
of the neutral wind is also seen to flatten the gradients of the Ntr and Htr curves, 
contrary to the effects of the electric field. The variation of Htr with neutral wind 
generally follows the pattern deduced by Titheridge (I 976), but with a greater am
plitude, 
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Figures 4 and 5 show a few comparisons between observed and calculated iono
spheric profiles at Millstone Hill ( A = 42.60°, ~= 288.50°) and Arecibo. The Mill
stone Hill calculations were made for sunspot minimum and equinox conditions. 
The ion transition height lies above 1100 km and the H+ density is rather small at 
this latitude. For the Arecibo profiles, higher photoionization rate coefficients were 
used (Table 3) and 8 was taken to be -14. 70°. The best results were obtained with 
a moderately large E x B drift and a small neutral wind. The amplitude of the Ex B 
drift was taken as 30 ms·l while those of the meridional wind in equations (10) 
were halved. The observed densities in Figure 5 were taken from Hagen and Hsu 
(1974) with neglect of Ht densities. 
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Fig. 4. Observed (circles, from !·:vans, 1967) and calculated electron densities at Millstone Hill 
for April. 1964 at 1400 LT. 
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4.2. Low-latitude ionospheric profile studies 

Figure 6 presents the calculated variations of Nm F2, Hm F2, Ntr and Htr for 
equinox conditions at Jicamarca (A= -11.95°, ~ = 283.14°) under simple drift 
velocity models. The model atmospheric parameters (Table 3) are chosen for later 
comparison with Ootacamund profiles. For the case of zero drift, the ionospheric 
profile shows rather simple diurnal variations that are readily explained for the 
idealized situation. Nm F2 builds up after sunrise and the F2 peak is situated near 
320 km. During the night, the higher loss rate of o+ at this altitude diminishes the 
0 + density there and consequently Hm F2 migrates to a higher altitude of about 
400 km. The enhancement of o+ also drives Htr to higher altitudes during the day. 
The broken lines show the case of an idealized sinusoidal drift velocity model with 
amplitude of 20 ms- I . A characteristic result of such drift models is the formation 
of two distinct peaks in the Nm F2 curve, separated by a 'valley'. A manifestation 
of the 'equatorial anomaly', this phenomenon is called the 'noon bite-out' and is a 
common occurrence in the low-latitude Nm F2 curves around the world. Subsequent 
to Martyn's (1947) explanation of the equatorial anomaly, this phenomenon has 
been investigated by Bramley and Peart (1965), Hanson and Moffett (1966), and 
Baxter and Kendall (1968). The model sinusoidal drift velocity raises tubes of ioni
zation during the day and lowers them during the night, thereby altering both 
Hm F2 and Htr curves after itself. There is a marked increase in Ntr after sunset, 
when the direction of the drift is reversed. The dotted lines represent the case of a 
'rift valley' shaped drift model. In this model, the upward drift is constant from 
0800 LT to 1600 LT. The resulting Nm F2 curve has the shape of a plateau for day
time hours. Hm F2, however, has a gradual rise during the day. Ntr has a pattern 
similar to that of the sinusoidal drift but Htr has a more 'plateau'-like shape. The 
higher density_ at the transition altitude after sunset is present with both the sinu
soidal and the 'rift-valley' shaped drift models. This follows the beginning of the 
downward drift of ionization. As Htr decreases, Ntr increases until after the F re
gion has decayed substantially and downward fluxes begin to reduce Ntr-

The dotted and dashed lines illustrate an interesting case where the drift velocity 
has two peaks separated by two valleys. The higher peak is located at 1000 LT and 
the lower one at 2000 LT. In this case, the daytime 'bite-out' in Nm F2 occurs ear
lier because of the greater initial upward drift. Again, both Htr and Hm F2 curves 
are strongly influenced by the drift pattern, with the second peak in Hm F.::! higher 
than the first. The post-sunset increase in Ntr is suppressed and delayed by the sec
ond upward drift during this time. Another interesting feature of the 'double
peaked' drift model is the enhancement in Nm F2 after midnight. At this time the 
drift velocity is downwards and the F2 peak is situated above 350 km. Evidently. 
the enhancement. took place in a Joss region when the 'squeezing' of the field tubes 
associated with the downward drift overcame the loss rate of o+. This .can be view-
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ed as the reverse. of the daytime 'bite-out'. Occurrences like this were obseived at 
Ibadan and Kodaikanal ( cf. Rastogi and Sanatani, 1963). 



A. Tan and S. T. Wu 27 

While the drift velocity models considered were idealized cases, the results are 
nevertheless valuable in understanding the nature of ionospheric response to the 
various drifts. This would become evident in the following study of the Ootaca
mund profiles. The real drifts observed over Jicamarca (Figure 7, from R. F. Wood
man, unpublished) were similar to those chosen for our study. 

4.3 Total electron content studies at Ootacamund 

By total electron content NT is meant the total number of electrons in a tube of 
unit cross section along the raypath. It is thus equal to the area under the electron 
density curve along the raypath. Modulation phase measurements of the ATS-6 
radio beacon experiments have furnished, for the first time, the total electron con
tent from ground to the satellite (Davies et al., 1976). Figure 8 ( from Bouwer et al., 
1979) shows the total electron contents from Ootacamund to the ATS-6 satellite 
for the months of October, November and December, 1975. Progressive diminution 
of the content is evident as the months approach winter. The objective of this study 
is to find a plausible drift velocity model that, together with suitable atmospheric 
parameters, would simulate the observed results. 
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Ootacamund ( A = 11.25°, <P = 76.43°), like Jicamarca, is situated near the geo
magnetic equator, while the ATS-6 satellite, in its second phase, was located at 
( A = o0 , <P = 35°). In order to study the total electron content along a slant ray
path, we need to find the electron densities along the raypath and integrate them 
up to the plasmapause at which the ion density drops to zero. This is done by run
ning the program for a host of field lines covering the region up to the plasmapause. 
The densities along the raypath are determined by two interpolation schemes. The 
first interpolates the densities along the zenith angle 8 and the second interpolates 
the densities along the local time. Finally, an integration scheme yields the total 
content along the slant path. Since the plasmasphere normally extends up to about 
L = 4.5 (Maynard and Grebowsky, 1977), it suffices to integrate the electron dens
ities up to L = 5. 

In modelling the total content, the ionospheric profile is of importance, since 
it is possible that different profiles can have the same content. For this reason, para
meters such as Nm F2 and Hm F2 have to be taken into consideration. Because of 
the lack of Nm F2 and Hm F2 data at Ootacamund, we have looked for those at 
neighboring stations. The median values of Nm F2 are obtained from the f0 F2 data 
of Kodaikanal ( A= 10.20°, <P = 77 .50°), whereas the median values of Hm F2 
are taken from the HPF2 data of Thumba (A= 8.60°, <P = 76.900). The atmos
pheric parameters (Table 3) were so chosen as to obtain reasonably good fits with 
the observed data. The drift velocity models for October and December and the re
sults of the calculations are shown in Figures 9 and 10. The declinations of the sun 
for the two months were taken as -8.2° and - 23.22°, respectively. 

In arriving at our model drifts, the following points were taken into considera
tion. 

(1) For the month of October, Nm F2 shows two distinct 'bite-outs' during the 
day. This indicates the presence of two separate upward drifts, one occurring 
around 1000 LT and the other around 1900 LT. For the month of December, the 
first 'bite-out' has given way to a near plateau, which points to a steady upward 
drift. 

(2) The steady decline of Nm F2 during the night suggests steady downward drifts 
during the night rather than a large downward drift that produces an enhancement 
in NmF2. 

(3) The variation of Hm F2 supports our contentions (1) and (2) and is consis
tent with the Nm F2 data. 
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( 4) The early morning 'rise' in Nm F2 and NT give a measure of the production 
rates. 

( 5) An upward drift in daytime ( which decreases Nm F2) increases NT because 
of the lifting of the ionization produced to higher heights where loss rates are 
smaller . Conversely, a downward drift during the day decreases NT, although it 
increases Nm F2. 

(6) Downward drifts during the night decrease NT while they may increase or 
decrease Nm F2 depending upon the drift velocity. 

It is emphasized that the drift velocity models are not those giving the closest 
possible fits with the experimental data. Rather, they represent simple drift velocity 
models that adequately and simultaneously explain the main features of NT, Nm F2 
and 8m F2. The fairly good agreement between observed and calculated results in
dicates that the model drifts were quite realistic. It also indicates consistency be
tween the NT, Nm F2 and Hm F2 measurements over the three nearby locations 
(Ootacamund, Kodaikanal and Thumba). Comparisons with Figure 7 reveal broad 
similarities between the vertical drifts at Jicamarca and Ootacamund. In the year 
1975, the Jicamarca drifts show very little or no sunset maxima. Ifwe compare the 
Autumn drifts with the October drifts at Ootacamund, we find a much larger sunset 
maximum at Ootacamund. Otherwise both drifts show a small downward motion 
near 1600 LT and a fairly constant downward motion during the night. During the 
winter, the Jicamarca obseivations show a large upward drift in daytime and a total 
absence of the sunset maximum, whereas the Ootacamund drift stays constant dur
ing the day and has a small sunset maximum. During the night, however, both drifts 
are downward. 

Difficulty was encountered in fitting the October and December data with the 
same atmospheric parameters. The total content was 40 "/o greater in October than 
in December and this could not be explained in the model by merely changing the 

declination of the sun and the resulting changes in the neutral atmospheric densities 
and production rates. The production rates had to be increased considerably for Oc
tober to obtain better agreement with obseivations. However, this does not serious
ly affect the determination of the drifts, which strongly affect the Nm F2 and Hm F2 
variations. It appears that the key to this discrepancy lies in the neutral atmospheric 
model. The seasonal variations in the neutral atmospheric densities are greater than 
those allowed by the static diffusion model of Jacchia (cf. Jacchia, 1974). This 
problem needs further investigation in the future. 

..)1 
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5. CONCLUSIONS 

The time dependent continuity and momentum equations of o+ and H+ are solved 
for both mid- and low-latitude locations. The effect of a sinusoidal E x B drift at 
mid-latitudes is to accentuate the gradients of the Nm F2, Hm F2, N1r and Htr 
cuives , whereas a nighttime equatorward neutral wind acts to stabilize the ionos
pheric profile by reducing the variations of Nm F2, Ntr and Htr· 

The electromagnetic drift plays a dominating role in the low-latitude ionosphere. 
A vertical drift that peaks during the day produces a 'valley' in the Nm F2 cutve, 
while a constant vertical drift produces a 'plateau'. The nighttime decay of Nm F2 
is a result of a slow downward drift and ion recombination. A nocturnal increase in 
Nm F2 occurs in a low loss region with a sufficiently large downward drift. The 
Hm F2 and Htr variations tend to follow the drift velocity pattern with gradients 
somewhat flattened. A downward reversal of the drift at sunset causes an enhance
ment in the post-sunset Ntr· 

Application of the model to the NT, Nm F2 and Hm F2 studies provides a deter
mination of the vertical drift velocity over Ootacamund. The drift velocity pattern 
shows broad similarities and minor differences with those obsetved over Jicamarca. 
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APPENDIX 

N number density 
V = velocity 
B earth's magnetic field 
t local time 
s = arc length along geomagnetic field lines from the base of 

the ionosphere in the northern hemisphere 
a production rate of ions 
f3 loss coefficient of ions 
k = Boltzmann's constant 
T = temperature 
e electronic chaxge 
E electric field 
m ion mass 
g = acceleration due to gravity 
v collision frequency 
u meridional neutral wind velocity (reckoned positive, 

if equatorward) 

f 
G 
M = 
n 
Vpe = 
L = 
r 
re = 
ro = 
0 = 
e = 
A = 
A 
4> = 
00 = 
6 
x 
z 
T = 00 

· centrifugal acceleration 
universal gravitational constant 
mass of the earth 
angular velocity of the earth 
equatorial value of the vertical drift velocity 
Mcllwain's shell parameter 
radial coordinate 
equatorial value of r 
radius of the earth 
dipole colatitude 
geographic colatitude 
dipole latitude 
geographic latitude 
geographic longitude 

geographic colatitude of geomagnetic north pole 
declination of the sun 
solar zenith angle 
altitude 
exospheric neutral temperature 
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Coefficients of the Diffusion Equations 
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a _ a as= 'Yax" 

(3cos2 8 + ov2 rcosh(rq) 

'Y = - L2 re sin6 8 sinh{Il:imin) 
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