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12.201-970 São José dos Campos, SP 

ABSTRACT 

A realistic fully time-dependent computer model which simulates the 
dynamic behavior of the low-Iatitude ionosphere is presented. The time 
evolution and spatial distribution of the ionospheric particle densities and 
velocities are computed by numerically solving the time-dependent, cou-
pled, nonlinear system of continuity and momentum equations for the ions 
O, 0, N0+,  A and N+, taking into account photoionization of the 
atmospheric species by the solar extreme ultraviolet radiation, chemical 
and ionic production and loss reactions, and plasma transport processes, 
including the ionospheric effects of thermospheric neutral winds, plasma 
diffusion and electromagnetic E x B plasma drifts. The Earth's magnetic 
field is represented by a tilted centered magnetic dipole. This set of cou-
pled nonlinear equations is solved along a given magnetic fleld une in a 
frame of reference moving vertically, in the magnetic meridian plane, with 
the electromagnetic E x B plasma drift velocity. The spatial and time 
distribution of the thermosphéric neutral wind velocities and the pattern 
of the electromagnetic drifts are taken as known quantities, given through 
specified analytical or empirical modeis. The model simulation results are 
presented in the form of computer-generated colour maps and reproduce 
the typical ionization distribution and time evolution normally observed 
in the low-latitude ionosphere, including details of the equatorial Appleton 
anomaly dynamics. The speciflc effects on the ionosphere due to changes 
in the thermospheric neutral winds and the electromagnetic plasma drifts 
can be investigated using different wind and drift models, including the 
important longitudinal effects associated with magnetic declination de-
pendence and latitudinal separation between geographic and geomagnetic 
equators. This report includes a reference catalog of colour maps show-
ing the typical behavior of the low-latitude ionosphere in the Brazilian 
longitudinal region, for different seasons and geophysical conditions under 
solar maximum activity. 
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1. INTRODUCTION 

The ionosphere is usually defined as the region of the upper atmo-
sphere where ions and electrons exist in quantities sufficient to influence 
the propagation of radio waves. It is the result of the interaction of so-
lar ionizing electromagnetic and corpuscular radiations with the neutral 
atmospheric constituents, forming ion-electron pairs which ultimately re-
combine. li is maintained by a balance of ion-electron production, chem-
ical and physical loss mechanisms and transport processes. 

The lower boundary of the Earth's ionosphere, at about 60 km, co-
incides with the region where the ionization is produced by the most pen-
etrating radiation, generaily osmic rays. The upper boundary can be 
defined by the interaction of the solar wind (the plasma that continu-
ally fiows outward from the Sun at supersonic speeds as the result of the 
expansion of the hot solar corona) with the planetary magnetic field. 

The symbols D, E, Fi and F2 are used to distinguish the various 
ionospheric regions in terms of altitude ranges which diff'er basically in 
the physical and chemical processes governing the behavior of each layer. 

The D-region, below approximately 90 km, is a region of weakly-
ionized plasma and large neutral species number density, as well as com-
plex ion-interchange and electron attachment and detachment reactions. 
In the E-region (about 90 to 150 km) the major ions are N0 and Ot, 
with iV and 0+  as minor ions. Both the D and E-regions are primarily 
controlled by photochemical production and loss processes rather than by 
transport processes, and the main loss rate is proportional to n, where 

71 e denotes the electron number density. 
The daytime F-regiou is divided into Fi (about 150 to 200 km) and 

F2 (above about 200 km) layers. The F1-layer is representative of the 
maximum of ion production and is controlled by photochemical processes 
with again a loss rate proportional to n2 , since the recombination rate 
is limited by a dissociative recombination reaction. At greater heights, 
plasma transport processes become increasingly important so that, above 
approximately 250 km, a transport regime exists with the geomagnetic 
field playing a very important role in determining the ionization distribu-
tion in the F24ayer. The combined effects of ion-chernistry and plasma 
diffusion result in the F2-peak which represents the maximum of electron 
density in the vertical height profile. Recombination in situ is linear (pro-
portional to ne), since the rate is limited by a chemical charge transfer 
reaction. 
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At night, in the absence of the solar ionizing source, the Fi and 
F2-layers coalesce as the F-region, which decays through recombination 
reactions. 

For an overali description of the Earth's ionosphere and of its rele-
vant physical and chemical processes, as well as of some of the important 
ionospheric phenomena, refer to Rishbeth and Garriot (1969), Whitten 
and Poppoff (1971), Ratcliffe (1972), Banks and Kockarts (1973), Bauer 
(1973). Girard and Petit (1976), Kelley (1989), MacNamara (1991) and 
Hargreaves (1992). For iliustration purposes. Fig. 1 presents the mean 
vertical distribution of the principal ions in the Earth's ionosphere typical 
of daytime, under solar minimum conditions, taken from Rishbeth and 
Garriot (1969). 

2. THE LOW-LATITUDE IONOSPHERIC ANOMALY 

Since the ionospheric ionization is produced as the result of photoion-
ization of the atmospheric species by the solar extreme ultraviolet (XUV) 
radiation, a maximum of ioniation would be expected around the sub-
solar point in the low latitudinal regions, where the ionization production 
is a maximum. However, when measured values of the electron number 
density at the F2-peak are plotted as a function of magnetic latitude, for 
a given longitude and local time, a curve is obtained which shows a miii-
imum (trough) over the magnetic dip equator, with two maxima (crests) 
at dip latitudes which may,  vary between 100  to  200  north and south of 
the dip equator, depending on local time and season. This anomalous ion-
ization distribution extends into the topside ionosphere where it gradually 
diminishes. At the magnetic equator the F2-peak height is a maximum 
and the peak electron density is typically about 20 to 50 percent less than 
at the crests. 

The low-latitude ionospheric anomaly was first recognized by Apple-
ton (1946) and lias since been investigated by many workers. It shows 
rather different features depending on longitude, local time, season and 
period of the sunspot cycle. The diurnal development of the equatorial 
ionospheric anomaly lias been studied in some detail for both sunspot max-
imum and sunspot minimum conditions (Rao, 1962; Lyon and Thomas, 
1963; Thomas, 1968; R.astogi, 1966; Rush et al., 1969). There is also 
considerable longitudinal variation iii the development and decay of the 
anomaly. It shows marked differences in the various longitudinal sectors, 
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Fig. 1 Vertical distribution aí the principal positive ions typi-
cal of the low-latitude diurnal ionosphere during solar minimum 
conditions. 

depending on the correspondiug magnetic declination oí each sector. A 
latitudinal asyrnmetry in the electron density, as well as in the F2-peak 
height, at the north-south crests lias also been observed, which shows dif-
ferent behavior in the various longitudinal sectors, at the sarne local time. 

This anomalous ionization distribution at low latitudes lias been ex-
plained in terms of plasma trans port processes which moves the ionization 
to regions other than that of its production. It lias been investigated the-
oretically over the past several years by rnany researchers (e.g. Martyn, 
1953; Bramley and Feart. 1965; Hanson and Moffett, 1966; Bramley and 
Young, 1968; Baxter and Kendall, 1968; Abbur-Robb and Windle, 1969; 
Sterling et al., 1969; Anderson, 1973a,b; Bittencourt and Tinsley, 1976; 
Bittencourt et al., 1976). The transport processes affecting the ionization 
distribution in the low-latitude ionosphere are plasma diffnsion, electro-
magnetic plasma drifis and thermospheric neutral wind drag caused by the 
meridional and zonal global pressure gradients. 
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3. PHYSICAL PROCESSES 

The physical processes involving production, loss and transport of ion-
ization in the low-latitude ionosphere have different degrees of importance, 
depending ou the altitude region and local time under consideration. 

lhe sources of ionization in the ionosphere include both electromag-
netic and corpuscular radiations. Because of magnetic shielding effects, 
corpuscular radiation is important only at high latitudes as au ionizing 
source. Since in the ionosphere the principal neutral constituent is atomic 
oxygen, at least 13.6 eV is required for each ion-electron pair created and 
this energy can be suplied by the solar extreme ultraviolet (XUV) radia-
tion with wavelengths shorter than 911 A. 

lhe ionization produced in a given elementary volume of the iono-
sphere may leave it either by being destroyed inside it or by moving outside 
it. lhe ion species and electrons may disappear as a result of chemical 
and ionic reactions such as electron-ion recombination, involving electrons 
and either atomic or molecular positive ions, or as ion-ion recombination, 
involving positive and negative ions. This second loss mechanism is small 
compared to the first one, since few negative ions exist at F-region alti-
tudes due to a low production rate and loss by photodetachment. 

In the Fi-region and below, a photochemical equilibrium condition 
exists during the daytime, since the recombination time constant is suf-
ficiently small and transport processes are relatively unimportant. lhe 
recombination coefficient (3) decreases with increasing altitude, since it 
is proportional to the particle density, so that the recombination time 
constant (rR 1/3) increases with altitude. 

The time constant for loss by diffusion (rD)  is approximatelv given 
by H/D. where H is the plasma scale height and D is the plasma 
diffusion coefficient. Since D is proportional to the neutral gas density, 
TD decreases with increasing altitude. 

In the F2-region, due to the longer recombination lifetime and smaller 
diffusion lifetime, transport of ionization plays a dominant role. Labora- 
tory and ionospheric measurements of the recombination rates appropriate 
to the F2-region indicate that the lifetime of an ion-electron pair is about 
one to two hours (Ferguson, 1969). At the altitude where rR TD both 
processes are comparable and, as a consequence, the electron density as a 
function of altitude reaches its maximum at approximately this altitude. 

As already mentioned, the three relevant transport processes that 
move the ionization to regions other than that of its formation are plasma 



diffusion along the magnetic field lines. electromagnetic (E x B) plasma 
drifts, which transport the ionization perpendicularly to the magnetic field 
lines, and thermospheric neutral winds, which drag the ionization in the 
direction of the wind component along the field line. 

The plasma drift due to an east-west electric fleld moves the low-
latitude ionospheric ionization perpendicularly to the magnetic fleld lines, 
in the well-known fountain effect. This transport process, combined with 
plasma diffusion along the magnetic field lines, caused by gravity and pres-
sure gradients, produces a symmetrical ionization distribution about the 
magnetic dip equator. Two crests of plasma concentration are generated 
around ±15 0  (north-south) on either side of the magnetic dip equator. 
The latitudinal position of these ionization crests vary with local time and 
season, depending 011 the time variation of the E x B plasma drift, as 
well as with longitude. Fig. 2, taken from Hanson and Moffett (1966), 
illustrates the plasma flow associated with the equatorial fountain effect 
as a result of the combined effects of electroclynamic plasma lifting (E x B 
drift) across the magnetic fleld lines and plasma diffusion along the fleld 
lines. 

The third process is transport due to thermospheric neutral winds. 
The neutral-ion collisional drag transports the ionization along the mag-
netic field lines, in the direction of the wind component along the field, 
producing an interhemisphere transport of ionization at the same time 
that it moves the ionization upward in the upwind side and downward in 
the downwind side of the magnetic field line. This process results in an 
asyrnmetrical ionization distribution about the magnetic dip equator, with 
unequal values of the electron densities and heights of the F2-peak at the 
ionization crests around +150  either side of the magnetic equator. The 
ionospheric plasma vertical drift produced by a horizontal thermospheric 
neutral wind at low latitudes is illustrated schematically in Fig. 3, taken 
from Bittencourt and Sahai (1978). 

At low latitudes these transport processes are greatly dependent 011 

the geometry of the magnetic field lines at a particular region. The longitu-
dinal variations of the magnetic declination and of the latitudinal separa-
tion between the geographic and the geomagnetic equators play important 
roles in the drift and wind effects on the ionospheric plasma. 

For this purpose it very convenient to separate the tropical iollosphere 
into three longitudinal sectors (Bittencourt et al., 1976, 1992), based on 
the value of the magnetic declination at a given longitude. namely: 



Mnenc 
equator 	 Maqnetic tafilude (deq) 

E 

4, 
t 

Fig. 2 Schematic illustration of the equatorial fountain effect, 
showing the plasma flux resulting from the combined effects of 
vertically upward electrornagnetic plasma drift across the field 
lines and plasma diffusion along the fielcl fines. 

Ãtlantic Sector, from —65 0 W to 0, where the magnetic declination is 
west and takes its maximum value (about 20° W) at the magnetic equator. 

Indian Sector, from 0°  to 150 ° E, where the magnetic dedlination is 
everywhere near zero at the magnetic equator. 

Pacific Sector, from 1.50 0 E to —65 ° W, where the magnetic declination 
is dose to 10 ° E at the magnetic equator. 

The great advantage of using this classification of longitudinal sec-
tors, in terms of magnetic declination, is that it allows us to separate 
the speciflc ionospheric effects of the zonal and meridional thermospheric 
wind components, as well as the effects associated with the seasonal de-
pendences of the vertical electromagnetic plasma drift velocities. Details 
of these ionospheric wind and drift effects, and their magnetic declination 
dependences, are discussed in Sections 5 and 6. 

4. BASIC TRANSPORT EQUATIONS 

The appropriate equations governing the spatial and time distribution 
of the electron and ion densities in the ionosphere are the time-dependent 
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Fig. 3 Schematic diagram illustrating the vertical plasma drift 
(w) produced by Lhe horizontal thermospheric wind component 
along the rpagnetic meridian (uo).  The rnagnetic dip angle is 
denoted by I. 

continuity equation, the momentum conservation equation and the energy 
conservation equation for each charged particle species. The continuum 
approximation to the Boltzmann equation holds under the assumption 
that coilisions between the particles are so frequent that the ions and 
electrons can both be treated as fluids. Normally, this assumption is very 
well justified for thermal particles in the ionosphere. Above about 600 km, 
ia the exosphere, the neutral particles move in balistic orbits and suifer 
few coilisions. However, the plasma fluid approximation is still applicable 
to even higher altitudes because of the large Coulomb cross sections. 

4.1 The Plasma Continuity Equations 

The continuity equation relates the rate of change in the particle 
number density to the rate of production and loss per unit volume, and to 
the divergence of the particle flux. If n i  and vi  denote the number density 
and the macroscopic (average) velocity of the ilh  ion species, respectively, 
then the quantity n ivi  represents the flux of this charged particle species 
and its divergence gives the resulting loss rate per unit volume, due to 
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macroscopic transp ort. 
For the jth  ion species, the continuity equation can be expressed as 

(Bittencourt, 1988) 

at 

where P and L i  are the production and loss rates per unit volume, re-
spectively. 

The macroscopic charge neutrality plasma condition requires that the 
electron number density be given by 

(4.1.2) 

where only singly charged positive ions are considered, since negative ions 
are scarce in the ionosphere. 

lhe charged particles in the low-latitude ionosphere may have a com-
mon drift velocity due to an external electrostatic field E, not parallei 
to the geomagnetic induction field B, such as that associated with the 
wind-driven dynamo current system of the E-region, which is very ef-
fective in transporting ionization across the magnetic field lines, as well 
as a diffusion velocity along the magnetic fleld lines arising from non-
electromagnetic forces, namely those due to gravitation, pressure gradients 
and coilisions. lhe non-electromagnetic forces are unable to transport ion-
ization across the magnetic field lines, since at ionospheric F-region heights 
the charged particle magnetic gyrofrequency is much greater than its col-
lision frequency with neutrais, effectively causing it to be guided by the 
magnetic fieid. lhe cyciotron frequency to coilision frequency ratio, at 
F-region altitudes, is estimated to be about 3 x 102  for ions and about 
3 x 104  for eiectrons (Rishbeth and Garriot. 1969). 

For caicuiation purposes, it is therefore convenient to separate the 
particie macroscopic (average) veiocity v i  into components parallel and 
perpendicular to the magnetic fleld lines 

Vi= 'viM + vJ 
	 (4.1.3) 

where v 1  corresponds to the electromagnetic E x B/B 2  plasma drift ve- 
iocity. In addition, the natural frame of refererence for expressing the 
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charged particle motion is a coordinate system moving with the plasma 
drift velocity v  with respect to a flxed Earth-centered system. 

The divergence of the plasma flux perpendicular to the magnetic field 
can be separated into two parts 

V. (nvj) = v 1  Vn + nV v 1 	 (4.1.4) 

Adding the advective part to (3n/3t) gives 

Dni 3n 
Dt =--+vj'Vn  

which is the total rate of change in the particle number density in a frame 
of reference moving with the plasma driít velocity v1. 

The great advantage of using this Lagrangian reference frame is that 
in this system all plasma motions appear to be fleld aligned. This approach 
was flrst used by Moffett and Hanson (1965) in solving the time-dependent 
electron continuity equation including the effects of diffusion, plasma drift, 
production and loss. 

Therefore, in the drifting coordinate system, the continuity equation 
for each ion species becomes 

Dn 
Dt +V•(nV)+nV•v± =P— L 	(4.1.6) 

An expression for the flux parallel to B, for each ion constituent, flVj11, 

is derived in the next section starting from the equations of motion for 
the electrons and ions. The divergence terna involving the plasma drift 
velocity, as well as the production and loss terms, will be considered sub-
sequently. 

4.2 The Equations of MotÍon 

The forces acting ou the ionospheric plasma include gravitational, 
collisional and pressure gradient forces, as well as electric and magnetic 
forces. The equation of motion for each ion species can be expressed as 
(Bittencourt, 1988) 

3V mi 	 = e(E + v i  x B) + m jg- 
at 
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---V(nkT) - 
ni  >i: mv(v - u) - - v) (4.2.1) 

and for the electrons, 

ave  
me 	+ (Ve  V)Ve] = — e(E + Ve  X B) - 1v(nekTe) [ at  ne 

(4.2.2) 

where it is assumed that, in the equation for the electrons, both the gravi-
tationai and the coilisional terms are very small compared to the remaining 
terrns and can be neglected (Rishbeth and Garriot, 1969). Also, a scalar 
pressure (pc, = nkT, where a = e. i) replaces the stress tensor, since 
the velocity distribution function is isotropic. Subscripts e, i and ri refer 
to electrons, ions and neutrais, respectiveiy. IN'lass and temperature are 
represented by m and T, the acceieration due to gravity is g, e denotes 
the eiectronic charge, k is Boitzrnann's constant, u is the thermospheric 
neutral wind veiocity, and v and ujj are the effective coilision frequencies 
between ions and neutrais, and ions and ions, respectively. 

The acceleration term ou the left-hand side of the equation of motion 
for both electrons and ions (in the moving reference frarne) can be set 
equai to zero, being generaily negligible for the large scale motions that 
constitute the main interest here. However, they might not be neghgible 
for smaH-scale waveiike motioris. Tàking the component of (4.2.2) paraliei 
to the magnetic fleld lines, the poiarization electric field generated between 
electrons and ions is obtained as 

E 11  = 1V n (n ekTe ) 
en 6  

(4.2.3) 

Adopting the convention previously used by Kendall (1962), we can 
write 

V 11 	t 
Os 
	 (4.2.4) 

where t represents a unit vector aiong the magnetic fieid une, defined such 
that for points in the northern hemisphere it is above the horizontal and 
towards the geomagnetic equator, and s is the arc length along the fleld 
line measured in the sarne sense as t. Since the cyciotron frequency greatly 
exceeds the coilision frequeucy with neutrais throughout the F-region, the 
non-electromagnetic forces vi11 transport the ionization essentially aiong 
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kT6  Dii e  kT &rz 

1 e as 	ni  Da 
+ Y:rnivi. 	+ E miviiviiiI] j (4.2.5) 

the field lines. Thus, taking the component of (4.2.1) paraliel to the mag-
netic field, using the expression in (4.2.3) and rearranging, we obtain 

vi ii  = 
1 

v + 
[—in i g sin 1— k(T e  + T) 

Os 

where —g sin 1 = g and 1 denotes the magnetic dip angle. 

4.3 The Energy Conservation Equations 

For each ion species the energy conservation equation, considering 
an isotropic distribution function such that we can replace the stress ten-
sor by a scalar pressure (P i  = nkT), can be expressed in terms of the 
temperature Ti as (Bittencourt, 1988) 

+ (v V)T] = —nkT(V v) - qj+ 

+M - mv A + ( in i v - 	(P - L) 	(4.3.1) 

where qj denotes the heat flux vector, lvii  represents the rate of energy 
density change due to coilisions, A i  stands for the coilision terms appear-
ing in the equation of motion (4.2.1), and Pi  and L i  are respectively the 
production and loss terms of the continuity equation (4.1.1). 

Equations (4.1.1), (4.2.1) and (4.3.1) constitute a coupled set ofnon-
linear equations to be solved simultaneously in order to determine the 
spatial and temporal distribution of the particle number density, macro-
scopic velocity and temperature, for each species. In order to simplify 
matters, instead of solving the energy equation (4.3.1), a usual approach 
consists in considering the temperature distribution for each species, as a 
function of space and time, as 'a known quantity. With this approach, the 
problem reduces to the solution of the coupled nonlinear set of continuity 
and momentum conservation equations for each charged particle species. 
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4.4 The Divergence Terms 

We shall assume that the Earth's magnetic field can be approximated 
by a centered magnetic dipole, thus having only radial and meridional 
components. In a region free from electric currents the magnetic induc-
tion fleld can be described in terms of the gradient of a magnetic scalar 
potential y, according to 

B = 	 (4.4.1) 

For the geomagnetic dipole approximation we have 

3 c08 O 
7 = 

 

	

go ro 	 (4.4.2) 

so that, 
3 c08 	3 sin0- 

B = 2g0 r0 	r+ go r0 	O 	 (4.4.3) 

where? and 0 are unit vectors along the r and O directions of a spherical 
polar coordinate system (r, O, ) in which O denotes the colatitude and the 
axis O = 00  passes through the north pole. Here r0  denotes the Earth's 
radius and go  is the dipole coefficient, approximately equal to —0.31 gauss. 

In addition, the equation of a magnetic field une is 

T = T sin 2 O 	 (4.4.4) 

where Te represents the radial distance to the point of intersection of the 
field line with the geomagnetic equatorial plane. 

The sense and magnitude of the magnetic dip angle 1 is taken such 
that 

	

sin I= 
2:os0 	

(4.4.5) 

cos I—Sin 
0 
 (4.4.6) 

where a = ( 1+3 cos 2 O). These expressions can be obtained from equation 
(4.4.3), noting that tan 1 = B/B9. Therefore, we have 

	

= sin 1í+cos I 	 (4Á.7) 

3 cosI 3 
Vil= 	=t Sin i 	+ 	 (4.4.8) 

35 
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Kendall (1962) has shown that the basic transport equations for the 
low-latitude ionosphere are greatly simplifed by transforming from the 
spherical coordinate system (r; 9, é) to one whose coordinates define direc-
tions paraliel and perpendicular to the magnetic field lines. Accordingly, 
we define a system of orthogonal durvilinear coordinates (p, q. ) by 

r 

= r0  sin20 	
(4.4.9) 

a O 
q = (4.4.10) 

Thus. p = constant defines the family of curves which represent the mag-
netic field lines, while the family of constant magnetic potential surfaces 
is represented by q = constant. 

Along a given field une (p = constant) we have 

(4.4.11) 
3r 0r aq 

(4.4.12) 
00 _0o Oq 

and using equations (4.4.9) and (4.4.10), together with (4.4.5) and (4.4.6), 
the operator V 11 , given in equation (4.4.8), becomes 

As Kendall (1962) has shown. 

1 
t•V= 

- ah/ 2 r 

r3 	(9q
(4.4.13) 

(9 cos 9 + 15 cos 2 6) 	 (4.4.14) 

and using the vector identity 

V (nv 11 ) = (nv 11 ) V .t+ (t - V)(nv 11 ) 	(4.4.15) 

the expression for the divergence of the charged particle flux parailel to 
the magnetic field lines can be written as 

1vga'!2 3 
V (nv11) = [(9 cos 9 + 15 cos29) 

- 	r3 	] (
nv 11 ) ( 4.4.16) 

3/2 aq 
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The expression for v 11 , given in equation (4.2.5), can easily be trans-
formed using eqiaat.ion (4.4.14) and the result incorporated in (4.4.16). 

4.5 Coupling to the Neutral Winds and Electric Fields 

Since the coilisional terms in the charged particle momentum con-
servation equations involve the thermospheric neutral wind velocity u, 
we must consider the corresponding transport equations for the atmo-
spheric neutral species, which áre coupled to the charged particle equations 
through the collisional terms. The ion drag produced by the neutral wind 
modifies the ionization distribution, which in turn modifles the neutral 
wind pattern. Thus, for a self-consistent treatment these coupled sys-
tem of nonlinear equations must be considered simultaneously. lhe basic 
equations for the thermospheric neutral wind velocity will be considered 
in Section 5. 

Also, the electric field responsible for the plasma drift in the F-region 
arises as a result of dynamo action in the E-region, as well as in the 
F-region. lhe E-region dynamo is controlled by the atmospheric tides 
which moves the ionization across the magnetic field lines, since at E-
region altitudes the collision frequency is much higher than the particle 
cyclotron frequency. The electric field thus generated maps to the F-region 
through the high electric conductivity along the field lines. 

The thermospheric neutral winds are responsible for the F-region dy-
namo. However, during the daytime due to the high conductivity of the 
E-region, the F-region dynamo is short-circuited through coupling with 
the E-region via the highly conducting magnetic field lines. But, at night, 
when the E-region conductivity drops drastically, the circuit is open allow-
ing the development of polarization electric flelds in the F-region. Again, 
the electric fields produced modify Lhe ionization distribution in the low-
latitude F-region, which in turn modify the pattern of thermospheric neu-
tral winds through ion-neutral drag and, consequently, the electric field. 

lherefore, a complete self-consistent formulation requires the inclu-
sion of this electrodyrtamical coupling between the E and F-regions, res-
ponsible for the generation of the F-region electric fields. lhis sub ject will 
be considered in more detail in Section 6. 

To built a complete self-consistent ionospheric model is an extremelly 
complicated task, requiring the simultaneous numerical solution of a large 
number of coupled nonlinear differential equations. Furthermore, in the 
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usual approach considered so far, the plasma equations are referred to a 
Lagrangian geomagnetic coordinate system in order to simplify the com-
putational procedure, whereas the neutral gas equations are referred to the 
normal Eulerian geographic coordinate system. For this reason up to date, 
there are no computer modeis constructed using a complete self-consistent 
formulation in the sense just described, for the ionosphere-thermosphere 
system with electrodynamical coupling. 

So far, the ionospheric computer modeis consider the spatial and time 
variation of both the thermospheric neutral wind velocities and the iono-
spheric electric fields as known quantities, specifled either through ana-
lytical formulas or empirical models (e.g. Sterling et al., 1969; Anderson, 
1973a; Bittencourt and Tinsley, 1976; Anderson et al., 1987, 1989; Bailey 
and Sellek, 1990; Batista et al., 1991; Bailey et al., 1993). 

Also, the existing thermospheric neutral wind modeis consider the 
spatial and time variation of the ionospheric parameters as known quanti-
ties, specified either through analytical formulas or empirical models (e.g. 
Fuller-Rowell and Rees, 1980). Nevertheless, Fuller-Rowell et al. (1987) 
have constructed a coupled thermosphere-ionosphere computer model for 
high latitudes but, for low latitudes, they still use analytical formulas for 
the ionospheric variables, given by the empirical ionospheric model of Chiu 
(1975). 

Regarding the computation of the ionospheric electric fields, low-
latitude computer models have been built which solve the equation of 
motion for the neutral gas together with the equations for the electric 
fields considering the electrodynamical coupling of the equatorial E and 
F regions (e.g. Heelis et ai.. 1974; Batista et al., 1986). In this case, ex-
tremelly simplified equations or empirical formulas are used for the iono-
spheric parameters and conductivities, in order to simplify the computa-
tional treatment. 

In the low-latitude ionospheric computer model described here we 
shall consider the spatial and time distribution of both the thermospheric 
neutral wind velocities and neutral densities, and the ionospheric electric 
flelds as known quantities, specified through analytical formulas or empir-
ical models. Details of these specified models are presented in Sections 5 
and 6. 
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5. THERMOSPHERIC NEUTRAL WINDS 

A theoretical description of the global thermospheric neutral wind 
system requires the numerical solution of a large number of coupled iono-
spheric and atmospheric equations, involving the time-dependent conti-
nuity equations, the momentum conservation equations and the energy 
conservation equations for eacli of the ion species as well as for the neutral 
gas. In addition, to understand also the longitudinal behavior, a three-
dimensional solution of this problem is required, taking into account the 
dependence of the Earth's magnetic field on the geographic coordinates. 

The forces acting on the neutral air are the pressure gradient force, 
gravity, frictional forces due to viscosity of the air and due to coilisions 
between the neutral gas particles and the ions (ion-drag), and the Coriolis 
and centripetal forces due to the Earth's rotation. Since the ion-drag force 
is proportional to the collision frequency and to the difference between the 
wind velocity and the ion drift velocity, the various forces that cause ion 
motion must also be considered simultaneously in a self-consistent way. 

5.1 Basie Equations 

The atoms and molecules in the atmosphere collide so frequently that 
the air can be regarded as a fluid in local thermodynamic equilibrium, de-
scribed by the usual hydrodynamic conservation equations. Furthermore, 
the neutral air can be treated as a single fluid, since the macroscopic differ-
ential motion of its various constituents is very much less than the overali 
macroscopic wind velocity. 

lhe set of equations governing the dynamics of the neutral upper 
atmosphere are (Rishbeth, 1972): 

lhe continuity equation for the whole neutral gas, which express the 
Ia-,v of mass conservation, 

Op 
 +Vjpu)=0  

at 
lhe Navier-Stokes equation of motion, which express the law of mo-

mentum conservation, assuming the air to be incompressible and with 
constant viscosity, 

ôu 
+ (u . V)u+ 2(9 x u)  +fl x (ÍZ x r) = 
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=_ivp_vi(u_ vi)  +v2u+g 	(5.1.2) 
P 	. 	 p 

The energy conservation equation, negiecting the energy dissipated by 
viscosity and ion-drag, 

(

OT 
 (5.1.3) 

at 

The ideal gas equation of state, which relates pressure, density and 
temperature for the neutral air, 

p=nkT 
	

(5.1.4) 

In this coupled set of equations, u denotes the neutral wind velocity, 
p is the neutral air mass density sllch that p = nffi, ri is the neutral air 
number density, 5i is the aveiage neutral particle mass, vi is the i lh ion 
drift velocity, 9 is the Earth's angular rotation velocity, r is the radius 
vector from the center of the Earth to the point where the equations 
are applied, p stands for the scalar pressure, v,i is the effective neutral-
ion collision frequency, p/p is the kinematic viscosity coefficient, g is the 
acceleration due to gravity, c is the specific heat at constant volume, KT 
is the thermal conductivity coefficient, k is Boltzmann's constant and PE 
and LE represent sources and sinks of energy density. 

Since the ion-drag term depends on the ion densities (through the 
coilision frequency) and on the ion drift velocities, the continuity, mo-
meutum and energy equations for each ion species must be considered 
simultaneously with the neutral gas conservation equations. Furthermore, 
the motion of the neutral gas is appropriately represented in terms of ge-
ographic coordinates, while that of the ions must be expressed in terms 
of drifting geomagnetic coordinates. To build a complete and detailed 
self-consistent model is a formidable task, which requires the simultane-
ous solution of the three-dimensional system of equations just indicated. 
At the present time this problem requires the introduction of simplifying 
approximations. 

There have been several numerical model analysis of thermospheric 
motions. In most of them the temperature field is regarded as a fixed input 
quantity, usually taken from some phenomenological atmospheric model, 
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such as that of Jacchia (1965. 1971, 1977). In these cases a treatment of 
the energy conservation equation is not required. 

Simplifying approximations are also made regarding the ion densities 
and the ion drift velocities. So far, ali present modeis for the 10w latitude 
thermospheric neutral wind considers the ion densities and ion velocities 
as known flxed quantities, specified as a function of space and local time, 
through a parametric model. Hence, only the set of simplified conserva-
tion equations for the neutral air is solved, so that these modeis are not 
self-consistent in the sense that the wind pattern modifies the ionization 
distribution through ion-drag which in turn modifies the wind pattern. 

5.2 Global Pressure Gradients 

In general the thermospheric neutral winds blow away from the hot-
test part of the thermosphere, in the afternoon sector, towards the coldest 
part, in the early morning sector, across the polar regions and zonally 
around the Earth in low latitudes. This behavior is quite different from 
that of winds in the lower atmosphere (troposphere), which are controlled 
by the Coriolis force and the difference is attributed mainly to the impor-
tance of ion-drag and viscosity in the upper atmosphere (thermosphere). 

To calculate the thermospheric wind velocities from (5.1.2) it is nec-
essary to know the horizontal pressure gradients which provide the driving 
force for the winds. Clearly, the pressure gradient involves the addictive 
effects of a density gradient and a temperature gradient, as can be seen 
from equation (5.1.4), SO that a specified numerical model giving the spa-
tial and time variations of these quantities is required. 

The global models of the thermosphere assume fixed boundary con-
ditions (temperatute and neutral species densities) at a lower boundary, 
often taken as 120 km. lhe neutral temperature vertical profile is assumed 
to have a certain shape, tending at great heights to a limiting value, the 
exospheric temperature (T), which is a function of local time, latitude, 
longitude, season, solar activity and magnetic disturbances. The number 
density vertical profile of each neutral constituent is computed using the 
diffusive equilibrium equation. 

One of the most well known global neutral atmosphcre models is that 
of Jacchia (1965, 1971 7  1977), whose general approach is to determine em-
pirical temperature profiles which yield density distributions in agreement 
with satellite drag measurements. Jacchia's model provides the global 
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distribution and vertical profiles of the temperature and neutral species 
densities, with their corresponding time dependences, solar cycle varia-
tions, as well as geomagnetic storm atmospheric effects. 

Other neutral atmosphere models, based on sateilite and ground-
based observations, are available today, such as the MSIS-86 thermo-
spheric model (Hedin, 1987), as well as models which give the thermo-
spheric neutral wind velocity distribution (e.g. Hedin et al., 1988, 1991) 
and theoretical global thermospheric modeis such as that of Fuller-Rowell 
and R.ees (1980). 

5.3 Boundary Conditions 

Many atmospheric models used for wind computations assume that 
the pressure, density and temperature are fixed at some lower boundary 
level, often taken at 120 km ;  so that the horizontal pressure gradient 
vanishes at this boundary. It is therefore generaily assumed that the 
horizontal wind components are equal to zero at this level, viscosity being 
too weak to vertically transmit any significant horizontal velocity from 
greater heights. 

This assumption of unvarying conditions at the lower boundary can-
not be expected to be realistic (Chandra and Stubbe, 1970). If the atmo-
spheric parameters p, p and T were assumed to vary at the lower bound-
ary, as they probably do in reality, some effect would be observed in the 
computed winds at greater heights. 

Since the kinematic viscosity (p/p) becomes very large at great 
heights, the derivative (0 2 u/3z 2 ) must become small at these heights, 
in order that the viscosity term in the equation of motion (5.1.2) should 
not become overwhelrningly large. This implies that we must have 
(ôu/Dz) -> constant. Further, to maintain a finite velocity gradient there 
would have to exist a shearing force which neither the pressure gradients 
nor the Coriolis force nor ion-dfag can provide, so that in fact, (ôu/Oz) = 0 
at great heights, i.e. u becomes height-independent, which is the upper 
boundary condition for the neutral air equation of motion. 

5.4 Thermospheric Neutral Wind Models 

As mentioned before, in the low-latitude ionospheric computer model 
described here, the horizontal thermospheric neutral wind velocity field is 
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considered to be specified through some analytical or empirical expression, 
or even given through a numerical model. 

As the atmosphere undergoes thermal contraction and expansion, the 
vertical velocity of a surface of constant pressure is given by 

QTPg OT 

	

U r  = 	J - 	dz 	 (5.4.1) 
g , 20 T 2  59 

Taking the temperature T as being the exospheric temperature T, inde-
pendent of altitude, we have 

Q 0T00 (z—z o )r 

	

= 	
Dç& (RE + zo) 	

(5.4.2) 

The neutral air wind velocity along B can be expressed as 

u 11  = (Ur sin 1 + UO cos 1) t 	 (5.4.3) 

Here n r  is the radial velocity of the neutral air due to the diurnal expansion 
and contraction of the atmosphere, given by expression (5.4.2), and no 
is the magnetie north-south component of the horizontal thermospheric 
neutral wind velocity. relative to the Earth. 

The horizontal wind velocity component along the magnetie merid-
ian (no ) can be expressed in terms of the geog'raphic components of the 
horizontal thermospheric wind velocity as 

no = u cos 8m  + u sin ôm 	 (5.4.4) 

where z4 represents the geographic meridional wind component, u repre-
sents the geographi cal zonal wind component and bm  stands for magnetic 
declination, which is greatly longitudinal dependent. 

Notice that the ionospheric plasma equations are solved along a given 
magnetic fleld line, so that the proper wind component to be used in the 
plasma equations is the magnetic meridian component u, with its lon-
gitudinal dependence on magnetic declination already included according 
to (5.4.4). 

A number of thermospheric neutral wind models, giving the space 
and time dependence of z4 and 4. can be considered for the present iono-
spheric calculations. The most recent one is the global model of thermo-
spheric winds, based on satellite and ground-based observations, of Hedin 
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et ai. (1991, 1988). In the present computations we shall use a very simple 
analytical expression for the thermospheric wind velocity field, represented 
by a cosine function in the local time dependence and an amplitude which 
increases with latitude (Bittencourt and Tinsley, 1976), 

ri - siri (9 - 
(1—sinO0) 1 [cos (+)+c] 	(5.4.5) 

In this expression no is a constant velocity, 0 is the magnetic colatitude, 
00  is a normalization constant, the parameter ço  determines the local 
time at which the wind achieves its maximum velocity, E perrnits a choice 
of smaller velocities during the daytime as compared to the nighttime, 
allowing for the effect of great •  ion drag during the day, and A represents 
the latitudinal difference between the position of the magnetic equator 
at a particular longitude and the latitude to which the winds converge or 
diverge in their global pattern. Thus, for equinox conditions, A represents 
the geographic latitude of the location of the magnetic equator at a fixed 
longitude. Further, up to 14 0  can be considered for the separation between 
the magnetic and geographic equators, depending on the longitude chosen, 
and another 230  for the movement of the sub-solar point depending on the 
season. 

Fig. 4 shows the local time and latitudinal dependence of the wind 
velocity represented by (5.4.5), for the case when n o  = —175 m/s, 90 = 
60° , A = 00 , óo = _300 and E = — 0.25. This wind model presents 
a poleward velocity during the daytime from 09:00 LT to 19:00 LT and 
equatorward from 19:00 LT to 09:00 LT, achieving, at 15 0  latitude, a 
maximum poleward velocity of about 35 m/s at 14:00 LT and a maximum 
equatorward velocity of about 55 m/s at 02:00 LT. 

An expression similar to (5.4.5) was previously used by Sterling et al. 
(1969) and Brasher and Hanson (1970) on previous tropical F-region mod-
els, but only for the simple case of equinox and coincidence of geomagnetic 
and geographic equators. 

In the results to be presented here we shall consider wind models la-
beled Vil to W3, based on equation (5.4.5), with different values assiged 
to the parameters contained in equation (5.4.5), in order te represent dif-
ferent gophysical conditions. Since the plasma equations are referred to a 
geomagnetic frame, different magnetic latitude dependence for the wind is 
obtained by using different values of A. For A = 0 0 , for example, the wind 
is symmetric about the magnetic equator and, therefore, no asymmetry 
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Fig. 4 Neutral wind velocity along the magnetic meridian as a 
function of local time for various geographic latitudes, according 
to equation (5.4.5), for equinox and coincidence of geographic 
and magnetic equators. Positive velocities are equatorward. 

will result in the distribution of ionization about the magnetic equator in 
the low latitude ionosphere. 

In the three wind modeis (Vil to W3) considered for the generation of 
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the catalogue of colour maps presented in the Appendix of this report, 
we have considered the foliowing parameters: n o  = —175 m/s, Oo = 60 0 ,  

= .300 and € = —0.25. Furthermore, ali results were generated for 
the geographical conditions corresponding to the longitudinal rnagnetic 
meridian passing through the eastern Brazilian sector (longitude of 450 j4T ,  

magnetic declination of 20 ° W and magnetic equator placed at 70  to the 
South of the geographic equator). The basic differences between the wind 
modeis Wi to W3 are as follows. 

Wind model Wi lias the time of north-south reversal from poleward 
to equatorward at 19:00 LT (5 = _300) and corresponds to equinox, 
with zero solar declination. The magnetic equator is taken at 70  to the 
South of the geographic equator (A = +7 ° ). Thus, it represents equinox 
conditions for the Brazilian longitudinal region. Figure 5 shows the lo-
cal time variation and iatitudinai dependence of the thermospheric wind 
velocity for model \V1 (equinox). 

Wind model W2 is chosen for the magnetic dip equator and wind 
convergence (and divergence) latitude separated by A = _ 160 ,  corre-
sponding to December soistice (summer in the Southern Hemisphere), 
i.e. —230  (south) for the solar declination (sub-solar point) plus 70  for the 
latitudinal position of the geomagnetic equator in the Brazilian longitudi-
nal region. The other parameters are the sarne as for Wi. lhe local time 
variation and latitudinal dependence of the thermospheric wind velocity 
for model W2 (December solstice) is shown in Figure 6. 

Wind model W3 is representative of June solstice conditions (win-
ter in the Southern Hernisphere) for the Brazilian longitudinal region and 
is chosen with A = +30 0 , i.e. 23°  (north) for the solar declination plus 70  

for the latitudinal position of ihe geomagnetic equator. The other param-
eters are the same as for Wi. Figure 7 iliustrates the local time variation 
and latitudinal dependence of the thermospheric wind velocity for rnodel 
WT3 (June solstice). In this particular case, due to the large separation 
between the magnetic equator (at the Brazilian longitudes) and the lati-
tude of wind convergence (and divergence), very strong asymmetries are 
expected to occur in the ionization distribution between the northern and 
southern magnetic hernispheres. 

Different wind representations can be used in order to analyze the 
wind effects on the low-latitude ionospheric ionization distribution at the 
various longitudes, seasons and solar activity, including geomagnetic dis-
turbances and geomagnetic longitudinal differences. 
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Fig. 5 Neutral wind velocity along the magnetic meridian as a function of 
local time and magnetic latitude, according to equation (5.4.5), for equinox. 
Positive velocities are equatorward. 
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6. ELECTROMAGNETIC PLASMA DRIFTS 

In the ionospheric E-region the motion of the neutral air, caused by 
atmospheric tides, are able to transport (through coilisions) the ioniza-
tion across the magnetic fleld lines causing currents to flow. Polarization 
fields (electrostatic) are generated which affect the motion of the charged 
particles in the ionospheric F-region and in the magnetosphere. Since the 
electrical conductivity along the magnetic field lines is very high, they can 
be thought of as equipotentiaj wires which transmit electric fields from 
one region to another (Farley. 1959). 

Rishbeth (1971) suggested that thermospheric neutral winds may gen-
erate F-region currents (see also Rishbeth 1977, 1981). The resultant po-
larization fields may or may,  not be shorted out in the E-region. During 
the day the E-region ionization is sufficient to short circuit these polar-
ization fields, but at night the very low E-region electron densities allow 
the field to develop. Consequently, a vertical electric field is established 
in the equatorial F-region, by the zonal thermospheric winds, causing the 
ionization to drift in the east-west direction. This plasma drift is in the 
sarne direction as the neutral wind which produces the polarization fleld. 

The electrostatic component E of the total electric field (E + u x B) 
gives rise to the drifts of the F-region plasma. At the rnagnetic equator, 
the east-west cornponent of E generates the vertical E x B ionization 
drift, which is upwards during the daytime and downwards at night. The 
north-south cornponent of the E-region electric field when transrnitted to 
the F-region, over the magnetic equator, points in the vertical direction 
giving rise to an east-west E x B plasma drift. 

Review articles on the equatorial ionospheric electric flelds and ou 
low-latitude electrodynamic plasma drifts have been published by Fejer 
(1981, 1991). 

6.1 Theoretical Modeis 

Some theoretical models involving the calculation of electric fields 
(and the corresponding electric potentials) in the low-latitude ionosphere 
have been developed (e.g. Heellis et al. 1974; Batista et al., 1986). These 
rnodels consider that the equatorial F-region electric field is generated by 
the atmospheric tides, through the E-region dynamo, and by the ther-
mospheric winds, through the F-region dynarno and the electrodynarnical 

29 



WIND MODEL - DECEMBER - SOLAR MAXIMUM 

w 
o 
3 
1- 
1— 

o 
1- 
w 
z 
o 

10 	12 	14 	16 	18 	20 	22 	24 

LOCAL TIME 

Fig. 6 	Neutral wind velocity along the magnetic meridian as a 
function of local time and magnetic latitude, according to equation 
(5.4.5), for December soistice. Positive velocities are equatorward. 
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coupling between the E and F-regions. 
The basic equations include the conservation equations for the neu-

tral air and for the ionospheric ionization. Maxwell equations and the 
equation for the electric current flow which provides the electrodyllamical 
coupling between the E and F-regions. The modeis developed by Heellis 
et ai. (1974) and by Batista et ai. (1986) assume various simplifying ap-
proximations for this set of equations in order to reduce the compiexity of 
its numericai solution. 

In the low-latitude ionospheric model described here we shall assume 
that the F-region E x B plasma drifts are kuown as a function of space 
and time, and specified through auaiyticai or empirical formulas based on 
observations and modeiling results. 

6.2 The Divergence of the Plasma Drift Veiocity 

In the F-region, the electric fleid E which exists normal to the mag-
netic fleld as a result of dynamo action in the E-region, produces a drift 
velocity of the plasma across the magnetic fieid lines given by 

ExB 
VL = (6.2.1) 

The eiectric field responsible for this drift can be separated into two parts 

(6.2.2) 

where Ecor  is such that the velocity (E cor  x B)/B 2  gives corotation with 
the Earth, i.e., 

E 0 xB - 	- 
B2 	

r sin 8 Q 	 (6.2.3) - 

where Q denotes the Earth's angular velocity, õ represents a unit vector 
in the Ó-direction and Ed is the electric field normally associated with the 
ionospheric dynamo system. 

The plasma drift velocity can be resolved into the form 

VI = vfi + (v + r sin 9 	 (6.2.4) 

where fi = cos 1 í - sin 1 9, which represcnts a unit vector in the vertical 
plane, normal to the magnetic field une, and v and are the components 
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Fig. 7 	Neutral wind velocity along the magnetic meridian as a 
function of local time and magnetic latitude, according to equation 
(5.4.5), for Juno soistico. Positive velocities are equatorward. 
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of v1  in the vertical plane and in the east-west direction, respectively, 
relative to the Earth. Therefore, 

v n n 	[(Es x B) 	?+ 	[(Ed x B) . 	 (6.2.5) 

1 
= 	[(Es x B) 	J 	 (6.2.6) 

and the divergence of the -component is 

1 	3v 
Vjr sino Q+vó)= (6.2.7) 

rsin9 3ç5 

Sterlillg et ai. (1969) showed that the effect of v o  in the solutions is 
negligible so that in the numerical computer calculations it can be assumed 
that v o  = 0. 

The divergence of the component of v 1  in the vertical plane can be 
expressed as (Baxter, 1964; Moffett and Hansoil, 1965) 

0v 0 	4v 0  
+ -- (6 cos 6 0 - 3 cos4 9 - 4 cosO + 1) 	(6.2.8) 

Ore   

where v is the equatorial value of v, r is the radial distance from the 
center of the Earth to the field line's equatorial crossing point and a = 
(1 + 3 cos 2 ü). 

The radial dependence of the vertical drift at the dipole equator is 
given by (Sterling et al.. 1972) 

Vn= t( 
+ ro)2 	

(6.2.9) 

where r0  denotes the Earth's radius and v 0  is the plasma drift velocity at 
li 0  = 300 km above the surface at the dip equator, i.e., the drift velocity 
normally measured at Jicamirca with the incoherent scatter radar, for 
example. This radial squared dependence in v o  is chosen so that the 
magnetic flux in the field tube is conserved as the plasma moves vertically. 
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6.3 Plasma Drift Velocity Modeis 

Measurements of vertical plasma drifts at the magnetic equator have 
been reported by Woodman (1970) and Fejer et al. (1989, 1991), obtained 
using the incoherent scatter radar at Jicamarca, Peru. Typically, upward 
velocities of 20 to 25 m/s are observed during the day and downward 
velocities of about the sarne magnitude at night. A rapid increase ill 
the upward velocity, cormnencing around sunset and lasting between one 
to two hours, is also observed which is a consistent feature appearing 
every day with regularity, after which the velocities reverse to downward. 
Typical velocities at this pre-reversal peak are of the order of 40 M/s. The 
amplitude and duration of this pre-reversal peak in the upward velocities 
vary from one longitudinal region to another and with season, showing 
a marked dependence on magnetic declination. Woodman (1970) found 
that the spread in the velocities at any one time, for different da ys, is as 
large as the velocities themselves, even during magnetically quiet days, and 
that the daily behavior of the drift velocities is far from sinusoidal. Also, 
Fejer et al. (1979) investigated the effects of geomagnetic disturbances 
on the vertical electromagnetic plasma drifts, finding that in general, in 
most cases during geomagnetic storm conditions, the drifts are somewhat 
inhibited. 

Woodman (1972) lias measured the east-west E x B plasma drift 
component, finding that the plasma drifts westward during the day with 
a typical velocity of about 50 m/s and eastward at night with typical 
velocities from 100 to 150 m/s. 

In the ionospheric computer model described here only drifts in the 
magnetic meridional plane, due to an east-west electric fleld, are consid-
ered, even though east-west plasma drifts are known to exist. Sterling et 
al. (1969) found that the east-west cornponent of the electromagnetic drift 
has little effect on the solutions. 

Bittencourt and Abdu (1981) found that when the F-layer is suffi-
ciently high, such that transport processes dominate over recombination 
(above about 300 km), the vertical plasma drifts can be determined to 
good accuracy from the vertical motions of the F2-peak height, as deter-
mined from ionosonde measurements. This technique allows the deter-
mination of the vertical plasma drifts in different longitudinal regions to 
investigate their magnetic declination and seasonal dependence, at least 
in the hours near sunset and early evening when the F-layer is sufficiently 
high. This method, however, underestimates the vertical plasma drifts 

34 



when the F-layer is not high enough, due to the effects of plasma recom-
bination (Batista et ai., 1990; Fejer et ai., 1989). 

The vertical plasma drift modeis considered in the present modei are 
based 011 incoherent scatter and ionosonde observations, as well as ou nu-
merical modelling. Fig. 8 shows the local time variation of the vertical 
plasma drift velocities correspoudiug to the drift modeis labeied here Dito 
D3, which are representative of equinox, December soistice and June 
solst ice conditions, respectively. They represent the drift velocity vari-
ations for the Brazilian equatorial region under solar maximum activity, 
and are taken from Batista et ai. (1996). 

Different drift modeis can be considered in order to provide au ad-
equate representation for the drift dependence ou longitude (magnetic 
declination) and season, as well as on solar activity. 

7. PHOTOIONIZATION AND TON CHEMISTRY 

7.1 Photoionization Estes 

The photoionization rate per unit volume for each of the absorbing 
atmospheric species, produced by the solar iouizing radiation, can be ex-
pressed as 

Q(r, x) = 	( A k ) exp [- r(Àk, r, x)] u(i)  k) n(r)  

where 	(Àk)  represents the. incident solar extreme ultraviolet (XUV) 
radiation flux, in the wavelength baud specified by Xk, at the top of the 
atmosphere where the optical depth T(Ãk, r, x) is zero, a denotes the 
photoionizatiou cross sectiou in the wavelength band Àk for the jlh ab-
sorbing atmospheric species, r is the radial distance, n(r) is the number 
deusity of the j 1 " species, x is the solar zeuith angle and the summatiou 
applies over all waveleugth bands of incident solar XUV radiation. The to-
tal photoiouization rate per uuit volume is obtained by summiug equatiou 
(7.1.1) over all absorbing species, 

QT(r,x) = >Qj(r.x) 	 (7.1.2) 
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Fig. 8 Local time variations of the vertical electromagnetic 
plasma drilt, at the magnetic equator, corresponding to the drift 
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June solstice conditions, respectively (after Batista et ai., 1996,). 
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The exponential part in (7.1.1) represents the attenuation of the solar 
radiation produced by the atmosphere above the altitude considered. The 
optical depth can be expressed as 

r, x) = 	f Ua)(Àk) n(r') Ch(r'/H, x)  dr' 	(7.1.3) 

where Hj  is the scale height of the j2 '' constituent, Ch(r'/H, x)  denotes 
the geometrical Chapman function which takes into account the Earth's 

sphericity and a(Xk) stands for the absorption cross section in the wa-
velength band AI, for the jlh  absorbing species. Equation (7.1.3) can be 
replaced by the following approximated simplifled expression 

r(Xk,r,x) = Ea(Àk) n(r) Hj  Ch(r/H,x) 	(7.1.4) 

For each of the absorbing species, taken to be 0, 02 and 1V2 , the 
photoionization rate per unit volume is computed from expression (7.1.1), 
considering 62 discrete wavelength intervals in the range from 30 Á to 
1026 Á. The incident solar XUV radiation flux ,Âk) and the absorp- 

tion and jonization cross sections, a(Àk) and a(Àk), used in previous 
modeis were taken from the reults published by Hinteregger et al. (1965), 
which are based on sateilite and rocket observations. Hinteregger (1970) 
lias suggested that these solar XLTV radiation fluxes, measured under solar 
minimum conditions (in 1963), are probably more representative of solar 
maximum conditions. 

More recently, a solar EUV flux model lias been published by Tobiska 
and Barth (1990) and by Tobiska (1991). The solar fluxes and ionization 
cross sections published by Tobiska (1991) have been used to generate the 
results presented in the catalogue of colour maps shown in the Appendix. 

The optical depth for each wavelength band is calculated from expres-
sion (7.1.4), considering the summation (index j) over the atmospheric 
species 0, 02 and N2 . Due to the predominance of atomic oxygen above 
about 250 km, it constitutes the dominant term in the calculation of the 
optical depth. 
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7.2 Ton Chemistry 

Loss of ionization in the ionospheric F-region is controlled by recom-
bination processes such as electron-ion and ion-ion recombinations. The 
pertinent reactions in these loss mechanisms include radiative and dissocia-
tive recombinations. Jon-atom interchange and charge exchange reactions 
are also efficient and must be considered in both production and loss rates 
for the ion species. Jon-atom interchange reactions are generaily more 
rapid than charge exchange reactions (Bates, 1955). 

The ionization production and loss rates per unit volume, resulting 
from ion chemistry, are governed by the rate coefficients of the relevant ion-
ion, ion-neutral and ion-electron processes. lhe ionic reactions considered 
in the present ionospheric computer model and the magnitude of their 
reaction rate coefficients, are presented in Table 7.1. The reaction rates 
published by Torr and Torr (1979) have been used in the calculations made 
for the present results shown iii the Appendix. 

8. NEUTRAL ATMOSPHERE MODEL 

Several model atmospheres, based on experimental data from satel-
lites and from the basic equations governing atmospheric structure, have 
been developed, which provide the spatial and time dependence of the 
neutral gas temperature and neutral species conceritrations in the upper 
atmosphere, including seasonai, solar cycle and geomagnetic activity de-
pendences (e.g. Jacchia, 1965, 1971, 1977; Hedin, 1987). 

The model atmosphere used in the present ionospheric model is simi-
lar to that employed by Steriing et ai. (1969), Brasher and Hanson (1970), 
Anderson (1973a,b), Bittencourt and Tinsley (1976), and Bittencourt et 
al. (1976). It is based on the Jacchia (1977) atmospheric model combined 
with Walker's (1965) analytic expressions for the temperature and density 
profiles. The modification incorporated by Walker (1965) avoids the nu-
merical integration of the diffusive equilibrium equations for each neutral 
species. 

Another possible approach is to use the MSIS-86 thermospheric model 
of Hedin (1987), which is based on sateilite data. 
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TABLE 7.1 

Chemicai and Ionic R.eactions and Their Rates (in em 3r1 ). 
(Temperature dependences given by f(T) = 300/T and g(T) = 700/T) 

Reaction Rate Reference 

0 + 02 -* O + O 2.0 x 10-" f (T) Donahue (1968) 
0 + N2 	N0 + 1V 1.0 x 10 12 f(T) Donahue (1868) 
0 + NO - NO +0 2.0 x 10_ 11  Dunkin et ai. (1971) 

0 + e -# O + hu 1.7 x 10-12 Tinsiey et ai. (1973) 
0 +N2  - NO + NO 1.0 x iü' Ferguson (1967) 
O + NO —* NO + 02 8.0 x 10_ I1  Ferguson (1967) 

O + N - NO + O 1.8 x 10_ 10  Goldan et ai. (1966) 
0 + e -, O + O 1.0 x 10 7 g(T) Biondi (1969) 

N0 + e -, 1V + O 2.0 x 10 7g(T) Biondi (1969) 
N + 02 -> Ot + N 5.0 x 10 Keneshea et ai. (1970) 

N + NO -* NO + N2  3.3>< 10_ 10  Fehsenfeid et ai. (1970) 
N2  + O 	NO + N 2.5 x 10_l 0  Ferguson et ai. (1965) 

AT+ + e -~ 1V + 1V 3.0 x 10 7 f(T) Kasner and Biondi (1965) 
N+ + 02 	N.  0 +  +0 3.0 x 10_ 10  Dunkin et ai. (1968) 

N + 02 -* O + N 3.0 x 10_ 10  Dunkin et ai. (1968) 
f\T+ + NO - NO + 1V 8.0 x 10_ 10  Goldan et ai. (1966) 

8.1 Temperature Profiles 

Jacchia's expression for the global distribution of exospheric temper-
ature. T, is 

= T0 (1 + R sin tm ?5). 

[1 + R 
(cosmo - sinm) 

 COS 
(1 + R s inm) 

where To  is the minimum nighttime exospheric temperature, (1 + R)T0  
is the maximum daytime value of the exospheric temperature, rn and ri 
are constants, ij and 'i are functions of geographic latitude (A) and solar 
declination (b0 ). deflned by 

77 = (A - 
	 (8.1.2) 

moi 



= (A+80)/2 
	

(8.1.3) 

and the parameter r is a function of local time deflned according to 

r=H+/3+psin(H+y) (—r< < ir) (8.1.4) 

where H represents the solar hour angle measured from noon, in radi-
ans, and 0, p and 'y are constants which specify the phase of maximum 
exospheric temperature and the shape of the isotherms of exospheric tem-
perature over the globe. The quantity ih  is dependent on solar activity 

lhe temperature profile is calculated, according to Walker (1965), 
from 

T = T - (T - T120 ) exp ( — aC) 	 (8.1.5) 

where T120  is the temperature at 120 km and a is ali analytical function 
of T given (in km -l ) by 

a = 0.0291 exp (—X 2 /2) + (ro  + 120) — ' 	(8.1.6) 

where r 3  is the Earth's radius (in km) and 

(T - 800) 
= 750 + 1.722 x 10-4(T - 800)2 	(8.1.7) 

The geopotential altitude, , is given (in km) by 

(z - 120) (ro  + 120) 
(8.1.8) 

(ro+z) 

in which z represents the altitude of the point considered, above the 
Earth's surface. 

For all computations in the present model the electron and ion tem-
peratures were taken equal to the neutral gas temperature. 

8.2 Neutral Density Profiles 

The diffusive equilibrium equation can be integrated analytically us-
ing the temperature profile given in (8.1.5). Walker (1965) obtained the 
following expression for the number density of the cv neutral species 

n (z) = n(120) 
r 	(1—o) 

exp (—b 0 aC) 	(8.2.1) 
Li—a exp(—a)i 
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TABLE 8.1 

Parameters for the Neutral Atmosphere Model 

Parameter Value 

Temperature at 120 km 355 K 
O Density at 120 ?crn 7.6 x 1010  em -' 
02 Density at 120 km 7.5 x 10 10  CM -

3 

N2  Density at 120 km 4.0 x 10 11  CM - 3 

Minimum Temperatute 7'o  800 K 
iii 2.5 
ri 2.5 
R 0.3 
p 12°  

_450  
7 450 

where 

9 
(T - T120 ) 

TOO 

(8.2.2) 

b - m a  9120 	 (8.2.3) 
ukT 

k is Boltzmann's constant, 9120  stands for the gravitational acceleration 
at the 120 km base levei and m a  is the mass of the neutral constituent a. 

The values of the atmospheric parameters used in the present model 
are given in Table 8.1. For the concentrations of 1V and NO needed in 
this model, the profiles deduced by Norton (1967), which are based on the 
observations by Barth (1966), are used. 

9. DIFFUSION BATES AND COLLISION FREQUENCIES 

The general theory for diffusion of ions through a gas was originaily 
developed by Chapman (1939). Tu the low-iatitude ionosphere the relevant 
ions O,  O, iVO, N and N+  difl'use through the gases of the neutral 
atmosphere and through each other. The force per unit volume acting on 
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TABLE 9.1 

Binary Coilision Parameters bij  (in em - ' 8 - ') 

0 N0 0 Nt N 

N0 2.5 x iO' 
Ot 2.5 x io' 2.1 x 10 15  

Nt 2.6 x iü' 2.1 x io' 2.1 x io' 
N 2.8 x io' 2.6 x 10 15  2.6 x io' 2.7 x iü' 

O 3.7 x 1018 3.3 x 1018 3.3 x 1 W S  3.3 x 10 4.7 x 10 
02 3.3 x 1018 1.0 x 10 18  1.3 x 1018 1.3 x 1018 2.9 x 10 1  
N 2  3.4 x 1018 1.8 x 1018 1.9 x 1018 1.9 x 1018 2.8 x 10 1  

the jih  species, due to coilisions, is given by 
/ f(i) - - - v) - 	 - u) 	(9.1) coll -minivij(vi 

.1 	 ri 

where the first surnmation is over ali ion species, except the 	and the 
second one is over all neutral atmospheric species. 

The collision frequencies used in the present computer model are de-
rived from the relationship 

vii - 
kTjn 

m i bij  
(9.2) 

where the b's  are the billary coilision parameters. The values used for 
the binary collision parameters are presented in Table 9.1 and have been 
derived from the individual ion mobilities in a neutral gas as given by 
Dalgarno (1961, 1964). 

The temperature dependence of the ion-ion collision parameters was 
considered, in the present computer model to be (T/1500) 5 / 2  and the de-
pendence of the ion-neutral coilision parameters was (T/300) 1 I2 , with the 
temperatures expressed in degrees Kelvin. Furthermore, in all calculations 
for the present model, we take Ti = Te  = T. 

The ion diffusion coefficient Di  and the collision frequency v j  are 
related through the expression 

kTi  
Di=

l 	
(9.3) 

Vij) 
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The summation in equation (9.3) applies to both ions and neutrais. 

10. COMPUTATIONAL PROCEDURE 

10.1 Variable Transformations 

Tu order to simplify the equations and to put them in a form suitable 
for numerical solution, three variable transformations are made. These 
variable transformations are dictated mainly by numerical stabihty con-
siderations, speed of computation and convenience in interpreting the re-
sults. 

The first transformation involves the change of the independent vari-
able time t, to longitude ç5, which ailows a straightforward interpretation 
of the results at specified local times, according to 

ôni 	1 	Diii 

	

= (v/r + Q) 	
(10.1.1) 

The second transformation maps the parameter q into a parameter 
Y, defined by 

	

sinh(Fq) 	
(10.1.2) 

sinh(Fqma ) 

where f' is a suitably chosen number and qmax  is the value of q at the 
northern end of the fleld line, where r = rb, and rb is some base value of 
r. This base levei in the present model is taken at 120 km and F = 10. 
Baxter and Kendall (1968) and Steriing et al. (1969) found that equal 
increments in q give too many points at high altitudes and not enough 
near the F2-peak. This transformation maps the magnetic field lines into 
straight lines with Y = 1 at the northern end (where q = qmax), Y = 0 at 
the dipole equator and Y = —1 at the southern end (where q = 

The third transformation replaces the dependent variable n(r, t) by 
the variabie G(r, t), deflned by 

j
r  dr'\

= n exp 	
0 aH» 	

(10.1.3) 

where a = (T€ +T)/T and Hi  is the ion scale height. This transformation 
was used by Hanson and Moffett (1966) and Baxter (1967) to improve the 
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stability of the ilumerical solutions since, at great altitudes where ni  varies 
in an exponential manner. G i  is essentially constant along a magnetic field 
line. It can be applied to any of the ions considered here, but its use was 
restricted to the 0+ ions only, which is the domiriant ion above the F2-
peak in the low-iatitude ionospheric F-region. 

These transformations are incorporated in the equations according 
to the details given in Bittencourt and Tinsley (1976) and Sterhng et 
ai. (1969). The resultant system of coupied partial differential equations 
is soived using an iterative, implicit finite-difference method, similar to 
method three of Crank and Nicolson (1947) (see also Potter, 1980). 

10.2 Boundary Conditions 

At ali times the boundary conditions at y = ±1 (base levei) are 
n(ç5, y) = 0, while at t = O some initial ionization distribution is assumed 
everywhere along the fleld hne. After a few integration steps in time, the 
solution becomes independent of the initial values adopted, because of the 
effects of photoionization, ion chemistry and plasma transport. 

10.3 Spatial Grid and Time Step 

After the coupied set of non-linear differentiai equations are trans-
formed into a discrete numerical set of finite-difference equations, we must 
specify,  the time step and spatiai grid to be used in the numerical compu-
tations. 

A usual step in ç (local time) is 2.5 0  (corresponding to 10 minutes), 
but in some cases a step of 7•50  (corresponding to 30 minutes) may be 
adequate. Smailer steps in ó may be used depending on the ionospheric 
phenomena under analysis. Along the magnetic fleld line 99 steps are 
used in y (50 in each hemisphere, with one common point at the magnetic 
equator). It is appropriate to start the time integration around 08:00 
local time, cover a full 24-hour period, ending about two or three hours 
past 08:00 local time of the next day, when the caiculation results start 
to repeat themselves for the same local time. The calcuiation results for 
the flrst two or three hours are then neglected in order to eliminate any 
possible influence of the initial values adopted. In this sense, the results 
obtained for a complete day (24 hours) must repeat themselves for the 
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next 24 hours, when the computer program is asked to run in sequence, 
so that there is a periodicity in the results, with a period of 24 hours. 

In order to be able to construct vertical profiles of the particle number 
densities and velocities, over a latitudinal range between about ±200,  the 
integration in 0 is repeated over the 24-hour period for a given number 
of magnetic field lines (about twenty five or more field lines) with their 
equatorial crossing altitude chosen in such a way as to cover the altitude 
range of interest, for all times, in the latitudinal range considered. The 
distribution in height of the starting magnetic field lines (equatorial  cross-
ing altitude of each field line) is selected such that the vertical ionization 
distribution in the region of the equatorial Appleton anomaly (between at 
least ±150  north-south) can be accurately constructed for all ç-steps. 

For each step in (local time) a two-dimensional interpolation scheme 
is employed to transform the particle number densities and velocities along 
the magnetic fleld lines into a uniform grid in height and magnetic latitude. 
A two-dimensional grid is then constructed at 5 /cm (or less) increments 
in height and 0.50  increments in magnetic latitude using a three-point 
Lagrange interpolation scheme. This interpolation is carried out first in 
height along each fleld line and then in latitude for each height level using 
the various fleld lines. These results are then graphically processed with 
appropriate graphic softwares in order to generate different types of repre-
sentations for adequate visualization of the various ionospheric phenomena 
of interest. 

11. COMPUTED REFERENCE IONOSPHERIC MODELS 

In this section we shall discuss some of the results generated by this 
low-latitude ionospheric computer model for different seasons, under solar 
maximum conditions, and for the Brazilian longitudinal region. 

The catalogue of colour maps presented in the Appendices 1. 2 
and 3 illustrates the potentiat applicability of the model in the study of 
a variety of important ionospheric phenomena at low latitudes. It also 
allows the computation of the intensity distribution, in space and time, 
of various atmospheric airglow recombination emissions, which constitute 
a important remote diagnostic technique for the study of dynamical pro-
cesses in the ionosphere. The ionospheric model results presented here are 
labeled as models lvii to M3 and their main characteristics are summarized 
in Table 11.1. All these models are computed for solar maximum activity, 
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TABLE 11.1 
Main Characteristics of Computed Ionospheric Modeis 

Model Drift Wind 6o A Wind Reversal 

Ml Dl 
W1 

00 +70  09:00-19:OOLT 
M2 D2 W2. -23°  —16°  09:00-19:OOLT 
M3 D3 W3 +230  +30 0  09:00-19:OOLT 

but similar results can be generated for solar minimum, or average solar 
conditions, using the appropriate geophysical and solar parameters in the 
input data. 

The magnetic field line geometry for the geophysical grid (height ver-
sus magnetic latitude) used in each colour map presented iii the appen-
dices, is shown in Figure 9. The superposition of this magnetic fleld une 
grid with each of the maps illustrates how the plasma is distributed along 
the magnetic fleld lines in the magnetic meridional plane. 

11.1 Catalogue of Colour Maps 

Tu the Appendices 1. 2 and 3 we present the set of results generated by 
the computer model, showing the local time variation and spatial (height 
and magnetic latitude) distribution of the ionospheric ionization (electron, 
0+, N0+, 0, N+ and j\r2+ ) in the magnetic meridian, for the Brazilian 
longitudinal sector and under solar maximum activity. The set of results 
for equinox conditions is shown in Appendix 1, for December solstice 
in Appendix 2 and for June solstice in Appendix 3. 

These maps constitute a realistie reference model for the low lati-
tude ionosphere, for solar maximum conditions, and allow a detailed analy-
sis of the dynarnical behavior of the ionosphere under different geophysical 
conditions. Although we are presenting here only the maps generated for 
each 2 hours (12 maps per day), the computer program calculates all the 
ionization distribution for each time step, using a small time step (such 
as 1 minute or 10 minutes, and so on), so that it is possible to construct 
a sequence of maps every minute, e.g., in order to produce a movie fllm 
illustrating the dynamical behavior of the low latitude ionosphere. 

Similar maps can also be produced for solar minimum conditions or 
for average solar conditions, as well as for various different geophysical pa- 
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Fig. 9 Magnetic field une geometry for the geophysical grid 
(height versus magnetic latitude) used 511 the ionospheric colour 
maps. 

rameters (such as different plasma drift velocities, different thermospheric 
wind velocities, ionization rates, coilision frequencies, and so on), in order 
to allalyse the ionospheric behavior under various circunstances. 

This reference dynamic ionospheric model can also be used for the 
investigation of electromagnetic wave propagation through the ionosphere, 
of great importance in telecommunications. 

11.2 Electromagnetic Plasma Drift Effects 

The electromagnetic vertical plasma drift at low latitudes is the main 
mechanism responsible for the formation of the Appleton ionospheric equa- 
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tonal anomaly, as discussed earlier. In general terms, as the vertical up-
ward dnift increases, the latitudinal separation of the anomaly north-south 
crests increases, at the sarne time that the crest-to-trough natio in the elec-
tron density also increases. The enhancernent in the vertical plasma drift 
which occurs just after sunset (known as the pre-reversal enhancement) 
produces a more pronounced ionospheric anomaly, and in some cases (de-
pending 011 other sirnultaneous conditions) is responsible for the generation 
of plasma irregularities and large scale plasma bubbles (depleted plasma 
regions) in the low latitude ionosphere, through plasma instability pro-
cesses. 

When there are no vertical plasma drifts, the peak electron density 
maximizes at the magnetic equator in the late afternoon hours and the 
ionospheric equatorial anornaly is not generated. 

Also, because of the large electrical conductivity along the magnetic 
fleld lines, the vertical plasma drift, through the so-called fountain ef-
fect, produces a distribution of ionization which is symmetric about the 
magnetic equator, when a thermospheric neutral wind is not included. 

11.3 Thermospheric Neutral Wind Effects 

One of the important effects of the thermospheric wind velocity along 
the magnetic field une is to produce a north-south asyrnrnetry, about the 
magnetic equator, in the ionization distribution. As illustrated in Fig. 3, 
the wind moves, through ion-drag, the ionization upward in the upwind 
side of the magnetic field line, into regions where the recombination rate 
is lower, and downward in the downwind side of the magnetic field line, 
into regions where the recornbination rate is higher, at the same time that 
it promotes an interhernisphere transport of ionization. 

Also, the peak height of the ionospheric F-layer is very sensitive to 
changes in the wind velocity direction so that when the there is a reversal 
in the wind velocity the north-south asymmetry in the F-layer peak height 
distribution is also reversed, showing a very fast response of the ionospheric 
peak height to changes in the wind direction. The same is not true for the 
electron density distribution due to the combined effects of recombination. 

The north-south asymmetries in the ionization distribution, present 
in the colour maps shown in the Appendices, are mainly due to thermo- 
spheric wind effects, and to a smaller extent also due to neutral atmo- 
sphere asymmetries associated with the solstice seasons. In particular, for 
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the June soistice (maps shown in Appendix 3) the very strong thermo-
spheric wind velocities existing in the southern hemisphere is responsible 
for the large asymmetries present in the ionization distribution and for 
the fast decay of the ionization after sunset. 

11.4 Formation of a G-Layer or F3-Layer 

One of the interesting results of the combined effects of both the ther-
mospheric wmds and the electromagnetic plasma drifts is the formation 
of an extended electron density vertical profile, with a somewhat broad 
maximum density height regioh, specifically near the magnetic equatorial 
region. For some particular local times, this broad maximum density re-
gion, in the vertical profile, splits into two density peaks. This additional 
density peak, in the vertical height profile, lias been called the ionospheric 
G-layer or F3-layer. Its formation can be clearly seen near the equatorial 
egion in the colour maps presented for 12:00 LT, for December solstice 
and for June solstice. 

12. SUMMARY AND CONCLUSIONS 

The low-latitude ionospheric computer model presented here provides 
the spatial distribution and time evolution of the number density and 
macroscopic velocity of the electrons and the ions 0+, 02+, NO+, 

and AT+  in the low-latitude ionosphere, considering various different geo-
physical conditions. 

It permits the study of the ionospheric changes related to solar ac-
tivity, including the solar cycle variation and changes due to geomagnetic 
storms, to seasonal and neutral atmosphere variations, to plasma dynam-
ical processes such as the electromagnetic plasma drift and to thermo-
spheric neutral wind coupling. 

Also, from the ion density distributions generated by the model, the 
intensity of various airglow emission lines due to recombination processes 
can be calculated as a function of space and time. These emissions con-
stitute a powerful diagnostic technique to study, from the ground, various 
dynamical processes which occur in the low-latitude ionosphere. The total 
electron content along a given line of sight can be easily calculated from 
the ionization distribution generated by the model. 
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Important ionospheric effects on electromagnetic radio wave propaga-
tion through the ionosphere can also be investigated, so that this reference 
ionospheric model is of great iitility for telecommunications. 

Difl'erent drift modeis can be used to represent different situations 
and conditions. As discussed earlier, the amplitude and duration of the 
prereversal peak in the upward plasma drift velocities is greatly dependent 
on the season and on the magnetic declination at a particular longitude. 
This dependence is due rnainly to the variation in the low-latitude iono-
spheric conductivity at magnetically conjugate points near sunset as the 
terminator crosses the magnetic meridian, since the angle formed between 
these two lines depends on season and magnetic declination. These effects 
can be included in the model through proper selection of the electromag-
netic plasma drift velocities appropriate for each longitudinal sector and 
1*BIiJ*! 

Since the horizontal wind velocity that goes into the model is the wind 
component along the magnetíc meridian, the effects of the geographic zonal 
and meridional wind components will depend on the value of magnetic 
declination at a specified longitude. According to equation (5.4.4), the 
effects of the geographic zonal wind component will be just opposite in 
the longitudinal regions where the magnetic declination is east or west 
(because of the sign of siri ôm). Thus, the effect of the neutral wind 
on the low-latitude ionosphere is strongly longitudinal dependent, due to 
the longitudinal variation of magnetic declination. These effects can be 
included in the calculations through proper selection, for each longitudinal 
sector, of the wind velocity model (uo) along the magnetic meridian. 

Comparison of the computer model results with ionospheric measure-
ments and with existent empirical ionospheric models can provide im-
portant information for appropriate physical interpretation of ionospheric 
data and for improvement of empirical models at low latitudes. 
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APPENDIX 1 

REFERENCE IONOSPHERIC MODEL 

FOR EQUINOX 

Au Atlas of computer generated colour maps showing the electron and ion 
distributions as a function of height and magnetic latitude in the magnetic 
meridional plane, for the Brazilian longitudinal sector, for each two hours, 
under solar maximum conditions. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
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NO+ ion density distribution (expressed as logi O in units of cm-3) as a function of height 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function ofheight 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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N+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
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N+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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N+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 

1- 
1 
(9 
w 
1 

- 



20:00 LT - N+ DENSITY - EQUINOX - SOLAR MAXIMUM 

700 
 

- 600 	" 

E- 5flfl1 	.-' 
o 
LU 
'4 

3 

2 

-20 	-15 	-10 	-5 	 10 	15 

MAGNETIC LATITUDE 

5.6 

5.4 

:• 5.2 

5.0 

4.8 

4.6 

4.4 

4.0 

4.2 

3.8  
3.6 

3.4 

Íi°  

2.0 

1.0 

20 

22:00 LT - N+ DENSITY - EQUINOX - SOLAR MAXIMUM 

	

- 	5.4 

5.2 

5.0 

4.8 

- 4.6 

4.4 

4.2 

- 3.8 

3.6 

3.4 

à
3.0 

2 . 0  

1.0 

-20 	-15 	-10 	-5 	 10 	15 	20 

MAGNETIC LATITUDE 

N+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
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APPENDIX 2 

REFERENCE IONOSPHERIC MODEL 

FOR DECEMBER SOLSTICE 

Au Atlas of computer generated colour maps showing the electrori and ion 
distributions as a function of height and magnetic latitude in the magnetic 
meridional plane, for the Brazilian longitudinal sector, for each two hours, 
under solar maximum conditions. 

95 



6.6 

6.4 

6.2 

6.0 

5.8 

5.6 

5.4 

5.2 

P 5.0  4.8 

4.6 

4.4 

I 3.0  2.0 

1- 
1 
o 
w 
1 

08:00 LT - ELECTRON DENSITY - DECEMBER - SOLAR MAXIMUM 

1- 
1 
o 
w 
1 

6.4 

6.2 

6.0 

5.8 

5.6 

5.4 

5.2 

Íç 
4.0 

I 3.0  2.0 

-20 	-15 	-10 	-5 	 10 	15 	20 

MAGNETIC LATITUDE 

10:00 LT - ELECTRON DENSITY - DECEMBER - SOLAR MAXIMUM 

-20 	-15 	-10 	-5 	 lu 	 zu 

MAGNETIC LATITUDE 

Electron density distribution (expressed as log10 in units of cm-3) as a furiction of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 

1IA 



12:00 LT - 02+ DENSITY - DECEMBER - SOLAR MAXIMUM 

E 

1- 
1 
o 
LU 
1 

5.6 

5.4 

5.2 

5.0 

•4.8 

4.6 

4.4 

4.2 

Ï
4.0 

 
3.8 

3.6 

3.4 

3.0 

I2.0  1.0 

-20 	-15 	-10 	-5 	 10 	15 	20 

MAGNETIC LATITUDE 

14:00 LT - 02+ DENSITY - DECEMBER - SOLAR MAXIMUM 

1- 
1 
o 
w 
1 

1.5.6 

5.4 

5.2 

5.0 

4.8 

4.6 

4.4 

4.2 

Ø 4.0  

3.8 

3.6 

3.4 

. 3.0 

2.0 

1.0 

-20 	-15 	-10 	-5 	 10 	15 	20 

MAGNETIC LATITUDE 

02+ ion density distributiori (expressed as 10g1 0 in units of cm-3) as a function of height 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
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02+ lon density distribution (expressed as logi O in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazitian longitudinal sector. 
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02+ ion density distribution (expressed as 10g1 in units of cm-3) as a function of height 
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N+ ion density distribution (expressed as 10g1 0 in units of cm-3) as a function of height 
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(OBS: The N2+ density values are practically zero after sunset. They are not shown here 
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APPENDIX 3 

REFERENCE IONOSPHERIC MODEL 

FOR JUNE SOLSTICE 

Au Atlas of computer generated colour maps showing the electron and ion 
distributions as a function of height and magnetic latitude in the magnetic 
meridional plane, for the Brazilian longitudinal sector, for each two hours, 
under solar maximum conditions. 
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Electron density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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Electron density distribution (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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Electron density distribution (expressed as 10g1 0 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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Electron density distribution (expressed as 10g1 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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0+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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0+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distnbution (expressed as logi O in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as log 10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function ofheight 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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NO+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazitian longitudinal sector. 
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02+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as logi O in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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02+ ion density distribution (expressed as 10g1 0 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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N+ ion density distribution (expressed as 10g1 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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N+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 



5.6 

5.4 

5.2 

5.0 

4.8 

4.6 

4.4 

4.2 

4.0 

3.8 

3.6 

3.4 

3.0 

I 2.0  1.0 

16:00 LT - N+ DENSITY - JUNE - SOLAR MAXIMUM 
900 1 

5.6 

1 5.4 
800-1 :  

5.2 

. 7001 
5.0 

4.8 

600- 4.6 
.. ........................... 4.4 

500 4.2 
- O . 

400-, -  38 

300 	
. 	 ..., 	. 	 ...' 	. 	 . 	 ,.. 3.6 

34 
- 

. 	 ..'. 
3.0 

200 
.- .. 	 .. 	. 	 . ........ . 

2.0 

	

—.-----w---------.., 	 - 	.--- 	. 

ioc 0 	
-15 ' 
	

-10 	-5 	
1 	

' l 'O 	' 15 ' 	2'0

1.0  

MAGNETIC LATITUDE 

18:00 LT - N+ DENSITY - JUNE - SOLAR MAXIMUM 
900 T 

I bUU  

	

500- 	
4k 

Ç2 	-. 

	

400 	
?kt 

	

300 	 . 	.. 4.. 

200 

100- 
-20 	-15 	-10 	-5 

MAGNETIC LATITUDE 

N+ ion density distributiorï (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazílian longitudinal sector. 
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N+ ion density distribution (expressed as 10g1 in units of cm-3) as a function of height and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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N+ ion density distribution (expressed as log10 in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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(OBS. : The N+ ion density around 04:00 LT is practically zero for June under solar 
maximum conditions and it is not shown here.) 
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N2+ ion density distribution (expressed as loglO in units of cm-3) as a function of height 
and magnetic latitude in the magnetic meridional plane for the Brazilian longitudinal sector. 
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APPENDIX 4 

FORTRAN LISTING OF 

COMPUTER PROGRAM 

A complete listing of the dynamic computer program for the low latitude 
ionosphere, written in Fortran 77. 
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C THIS IS VERSION IONSGR.FOR 
C------------------------------------ -------------------------------- 

C JOSE AUGUSTO BITTENCOURT 
C PESQUISADOR TITULAR III 
C INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS - IMPE / MCT 
C COORDENADORIA DE CIENCIAS ESPACIAIS E ATMOSFERICAS - CEA 
C DIVISAO DE AERONOMIA - DAE 
C 
C 	 MAIN PROGRAN 
C 
C DYNANIC BEHAVIOR OF THE LOW-LATITUDE IONOSPHERIC PLASMA 
C CONSIDERING SOLAR PHOTOIONIZATION, ION CHEMISTRY, PLASMA 
C DIFFUSION, ELECTROMAGNETIC E X B PLASMA DRIFT AND NEUTRAL 
C WIND DRAG, IN A CENTERED, TILTED, DIPOLE MAGNETIC FIELD. 
C MULTIPLE ION SPECIES: 0+, N0+, 02+, N2+, N+, O++, 0+(2D), H+. 
C OUTPUT: VELOCITIES AND DENSITIES FOR ELECTRONS AND EACH ION 
C SPECIES ALONG MAGNETIC FIELD TIJBE (100 POINTS) COVERING BOTH 
C SIDES (NORTH AND SOUTH) OF MAGNETIC EQUATOR AT EACH TIME STEP. 
C--------------------------------------------------------------------
C THIS VERSION OF TRE PROGRAN DIFFERS FROM IONS.FOR IN THE OUTPUT 
C FORMAT, GENERATING SEPARATE COLUNNS FOR EACH ION SPECIES IN THE 
C OUTPUT, WHEREAS IONS.FOR OUTPUTS THE DATA (ALL SPECIES) IN 
C COLUMNS FOR EACH LATITUDE (AND HEIG}IT) ALONG THE FIELD LINE. 
C--------------- - ------------------- - -------------------------------- 

REAL*4 NZAO,NZOO,NZON2,NZOO2,LAN3DA,N(100,10,2), 
1LONG, LNG, LOSS 
REAL*4 NT(100) ,INTLNG,LNGOBS,LATOBS 
REAL KB,LSC 
DIMENSION V(100,10,2) ,G(100,10,2) 
COMMON NSET,M,M2,CS(7),DUM1,DUM2,T0,T120,NZAO 
COMMON CRSCN2,AUO,BOEQ,NZOO,NZOO2,NZON2,DUM3,CK(2),CTH1, 

1DUN4, DUNS 
COMMON CTH4, CTE (2) , CDO, DUTVIG, CRSCO, CRSCPH,DELTA, TILT 
COMMON UPEASE, CUPHI, PHIU,DUN9,DUM1O,OFFSET,DELPH, 

1PHFNAL, DPHOUT 
COMMON ZEINIT, PHINIT,DELPHO, LAMBDA, RBASE,RD, 

1DUM11, SPHASE, DUN12 
COMMON SCLN, DBO, DDB 
COMNON RO, DELY,WTHO ,WPERPO, OMEGA,B0, DWDRE,DWDPH,TIME 
COMMON INTLNG, DELNG, LNGOBS, UT, LONG, LATOBS, QRA, OMEGAO 
COMMON GMULT,KB,COSTIL,SINTIL,RAD,Cll,C12,C13,L00,DYDT 
COMMON /S0/ SOL(15,100),SOLE(15,100) 
COMMON /COEFF/ X(700) 
COMMON /OPR/ IREP,IPUNCH 
COMMON /MOL/ NOMOL,MOL(10,2) 
COMMON /ILOVE/ NOOKY,INBED 
COMMON /BETAC/ BETAC,ALPHC 
COMMON /NDATA/ N 
COMMON /SUMMO/ SUMX(8,100) 

C 
C ..................................... 
C DEFINITION OF INPUT AND OUTPUT DATA FILES 

OPEN (UNIT = 1, FILE = 'IONDATA.DAT', STATUS = 'UNKNOWN') 
OPEN (UNIT = 3, FILE = 'IONOUT.DAT', STATUS = 'UNKNOWN') 

o --------------------- ----------------- 

C 
C INITIALIZATION OF SOME CONSTANTS AND VARIABLES (CGS UNITS) 
C IARRAY IS NUMBER OF POINTS ALONG MAGNETIC FIELD LINE. 
C RO IS EARTH'S RADIUS (IN CM). 
C OMEGA IS EARTI-I'S ANGULAR VELOCITY OF ROTATION (IN RAD/S). 
C NOMOL IS NUMBER OF ION SPECIES CONSIDERED. 

IARRAY=100 
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1 CONTINUE 
ZERO=0. 
ONE=1. 
TWO=2. 
FOUR=4. 
RNDOFF=0 .5 
R0=6370 .E5 
R200=R0+200 .E5 
KB=1 . 38054E-16 
PI=3 .1415926535 
P12=PI/2. 
RAD=PI/180. 
DE LPRX=RAD 
DEGS=ONE/RAD 
CM5=1 . ES 
CM2=100. 
PERIOD=24 . *3600. 
OMEGA=TWO*PI/PERIOD 
OMEGAO =OMEGA 
DELRE=5 . ES 
WPERPO = ZERO 
WTI-l0=ZERO 
DWDRE= ZERO 
DWDPI-I=0. 
UT=0. 
LONG=0. 
QRA=1. 
BETAC=1. 
ALPHC=1. 
NOOKY=1 

C 
C SET UP PARANETERS FOR CHAPMAN FtJNCTION IN A SPHERICALLY 
C STRATIFIED ATNOSPHERE FOR PHOTOIONIZATION CALCULATIONS 
C (GEOMETRICAL FACTOR). 

CACA=CHO (ZERO) 
C 
C READ IN SOLAR FLUXES AND CROSS SECTIONS (ABSORPTION AND 
C IONIZATION), FOR ATMOSPHERIC SPECIES. PREPARE VARIABLES FOR 
C SUB PHOTO, WHICH CALCULATES SOLAR PHOTOIONIZATION RATES. 

CALL PHOTOO 
C 
C INITIALIZE PARANETERS FOR ECLIPSE CALCULATIONS, IF ANY. 
C NOECLP = 1 (READ IN READEC) FOR NO ECLIPSE CALCULATIONS. 
C LATOBS IS MAGNETIC LATITUTE OF OBSERVATIONS. 

CALL READEC(INTLNG, DELNG, LNGOBS, LATOBS,NCLP, FSC, LSC) 
NOECLP=NCLP 

C 
C SET UP STORAGE ARRAYS SOL AND SOLE, 15 VARIABLES EACH, FOR 
C IARRAY ( = 100) POINTS ALONG FIELD LINE. 
C SOLE(7,J) = TI-IERMOSPHERIC WIND VELOCITY 

DO 5 J=1,IARRAY 
DO 5 1=1,15 
SOL (1, J) =0 

5 SOLE (I,J)=0. 
C 
C INITIALIZE DENSITIES AND VELOCITIES. 
C ION DENSITIES ARE DENOTED BY N(I,J,K) 
C ELECTRON DENSITIES ARE DENOTED BY NT(I,J,K) 
C ION VELOCITIES ARE DENOTED BY V(I,J,K) 

DO 7 K=1,2 
DO 7 J=1,10 
DO 7 I=1,IARRTkY 
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N (1, J, K) =1. E- 5 
7 V(I,J,K)=1.E-5 

C 
C READ INPUT PARAMETERS. 
C ZE IS HEIGHT OF FIELD LINE AT THE MAGNETIC EQUATOR. 
C PH IS THE LOCAL TIME IN DEGREES (12:00 LT IS 360 DEGREES). 
C M = INTEGER INDEX FOR EACH POINT ALONG FIELD LINE. 
C M2 = IARRAY/2 = 50. 

RE=R0 
PHI=0. 

6 CALL INPUT(S0,RE,PHI,N,V,NCLP) 
ITWOM=2*M 
RDDIS=RD+10 . ES 
CALL COEFOO 
S=S0 
CALL ECLPSE (TIME, LNGOBS, PHI,UT,LONG, SINX, COSX, 

1PHIM, THT,NENTRY) 
NOECLP=NCLP 
L=0 
LUST=0 
CALL RKAM(PHI,TIME,RE,DELPH/NOOKY,2,LUST) 
LFINIS= ABS ( (PHFNAL-PHI ) /DELPH) + .5 
SINPH = SIN(PHI) 
COSPH = COS(PHI) 
CALL COEFO (RE,PHI,COSPH) 
CALL COEF2(RE,PI-{I,16.,2.) 
LPHOUT=DPHOUT/DELPH + .5 
GO TO 26 

10 IF(L.GE.LFINIS)GOTO 6 
C 
C SET UP OLD PROFILES 

DO 8 K=1,NOECLP 
CALL CONTOG(G,N,1,K) 
IF(NOMOL.EQ.1)GO TO 8 
DO 81 J=2,NOMOL 
DO 81 I=1,M2 
G(I, J,K)=N(I,J,K) 

81 CONTINUE 
8 CONTINUE 

c 
L=L+1 
DO 11 I=1,NOOKY 
LUST=LUST+1 
CALL RKAM(PHI, TIME, RE, DELPH/NOOKY, 2, LUST) 

11 PHI=PHI +DELPH/NOOKY 
IF(RE.LT .RDDIS)GOTO 13 
SINPH=SIN(PHI) 
COSPH=COS (PHI) 
CALL ECLPSE (TIME, LNGOBS, PHI,UT, LONG, SINX, COSX, 

1PHIM, THT, NENTRY) 
NOECLP=NCLP 
CALL COEFO (RE, P111, COSPI-I) 
CALL COEF2(RE,PHI,16.,2.) 
CALL GCALC(RE, PHI,DELPH,LNGOBS,DELY, 
1G,N,V,NOECLP) 
LOUT=1,0UT+1 
IF(LOUT.GT .LPHOUT)GO TO 26 
GO TO 10 

13 PHIX=PHI/RAD 
ZE= (RE-RO) /i .E5 
WRITE (3,130) ZE, PHIX 

130 FORMAT(' 	ZE=',F11.3, 	' PMI=',F11.3) 



LOtJT=LOUT+ 1 
IF (LOUT GT LPHOUT) LOUT=1 
IF(L.GE.LFINIS)GOTO 6 
L=L+1 
DO 14 I=1,NOOKY 
LUST=LUST+i 
CALL RKAN(PHI, TIME, RE,DELPH/NOOKY, 2, LUST) 

14 PHI=PHT+DELPH/NOOKY 
IF(RE.LT .RDDIS)GOTO 13 
LOUT=LOUT+1 
IF(LOUT.GT.LPHOUT)LOtJT=1 
GO TO 10 

e 
C ------------------------------- ----------------------------- 
C OUTPUT 

26 PH=PHI/RAD 
I=uT/3600 * 
UTIME= (UT+2400 *1)/GO. 
TIEMPO=TIME/3600. 
LNG=LONG/RAD 
ZE =(RE-R0)/CM5 
IX=NOMOL 
IF(IPTJNCH.EQ.0)GOTO 32 
K= O 
KK= 1 
Li =M2 / 16 
1j2=Li*16_M2 
IF(L2 .LT. 0)L2=L2+1G 
L3=(M2+L2 )*IX 

27 DO 30 I=1,IX 
DO 28 J=1,M2 
K=K+1 

x(K) =ALOG1O (N(J, 1, KK)) 
28 IF(X(K) .LT.OJX(K)=O. 

IF(L2.EQ.0)GOTO 30 
DO 29 J=1,L2 
K=K+1 

29 	x(K)=O. 
30 CONTINUE 

IF(NOECLP.EQ.i)GOTO 32 
KK=KK+ 1 
IF(KK.GT.2)GOTO 32 
K= O 
GOTO 27 

32 LOUT=1 
DO 33 I=1,M2 

x(I) =(SOL(1, 1) -RO) /i .E5 
x(ioo+I) = ( P12-SOL(4,I))/RAD 
x(300+I) = SOLE(2,I)/K3 

33 X(400+I) = SOLE(3,I)/KB 
e 
C WRITE STATEMENTS (IF NEEDED; LABEL IDENTIFICATION = 2) 
O 	WRITE(2,2003)ZE,PH 

2003 FORMAT(1X,F8.3,F9.3) 
C 
C PREVIOUS OUTPUT STATEMENTS (LABEL IDENTIFICATION = 3) 
O 	WRITE(3,1003)ZE,PH 
O 

DO 57 KK=i,NOEOLP 
CALL 0000NT(CNO,PRD,LOSS,N,1,KK) 
RX= 	(RE/R200)**3/(RE*R0) 
ONO=CNO*RX 
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PRD=PRD*RX 
LOSS=LOSS*RX 
DO 133 I=1,M2 
x(200+I) = 1.0 

133 IF(KK.EQ.2.AND 
134 CONTINUE 

PHI.NE .PHINIT) x(200+I) = SOLE(9,I) 

C 
C ------- - ------------------------------------------ - -----------------  

C NORTHERN HEMISPHERE OUTPUT 
C PREVIOUS OUTPUT STATEMENTS (LABEL IDENTIFICATION = 3) 
C 	WRITE(3,1009) 
C 	WRITE(3,1006) 
C 	WRITE(3,1007) 
C 

DO 145 I=1,IX 
II=MOL (1, 2) 
GOTO (140,141,142,143,144,1441,1442,1443,1444,1445),II 

140 CONTINUE 
C 140 WRITE(3,1108) 

GOTO 145 
141 CONTINUE 

C 141 WRITE(3,1109) 
GOTO 145 

142 CONTINUE 
C 142 WRITE(3,1110) 

GOTO 145 
143 CONTINUE 

C 143 WRITE(3,1111) 
GOTO 145 

144 CONTINUE 
C 144 WRITE(3,1112) 

GO TO 145 
1441 CONTINUE 

C 	WRITE (3,1113) 
GO TO 145 

1442 CONTINUE 
C 	WRITE (3,1114) 

GO TO 145 
1443 CONTINUE 

C 	WRITE (3,1115) 
GO TO 145 

1444 CONTINUE 
1445 CONTINUE 

C 	WRITE(3,1114) II 
145 CONTINUE 

C 
C 
C PREVIOUS WRITE STATEMENTS BLOCK; REPLACED FOR GRAPHIC PROCESSING. 
C 
C 	DO 35 I=1,M,3 
C 	NL=I 
C 	NU=NL-i-2 
C 	IF(NU.GT.M)GOTO 36 
C 	DO 34 J=NL,NU 
C 	NT(J)=0. 
C 	DO 34 K=1,IX 
C 34 NT(J)=N(J,K,KK)+NT(J) 
C 
C WRITE STATEMENTS (IF NEEDED; LABEL IDENTIFICATION = 2) 
C 	WRITE(2,2005) (x(J) ,x(ioo+J) ,J=NL,NU) 
C 	WRITE(2,2004) (NT(J) ,J=NL,NU) 
C 	1(N(J,1,KK),J=NL,NU),(N(J,3,KK),J=NL,NU) 
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C- 2005 FORMAT(1X,6(F7.2,F6.2)) 
C -------- 2004 	FORMAT(1X,9(6(1PE10.3,1X)/1X)) 
C ------------------- - ------------------------------------------------ 
C PREVIOUS OUTPUT STATEMENTS (LABEL IDENTIFICATION = 3) 
C WRITE(3,1005) 	(x(200+J),X(J),X(100+J),J=NL,NU) 
C 35 WRITE(3,1004) 	(SOLE(7,J) ,NT(J) ,J=NL,NU) 
C 1 	 ((V(J,K,KK),N(J,K,KK),J=NL,NU),K=1,IX) 
e-------------------------------------------------------------- ------ 
C 
e------------------------------------------ -------------------------- 
e PRESENT OUTPUT FORNAT FOR GRAPHIC PROCESSING VIA "SURFER". 
C 
C GR 	WRTTE(3,1021) 
1021 FORMAT(1X,'TIME',' 	HEIGHT',' 	LATIT 	',' 	ELEC DENS',' 0+ DENS 

1 	1 NO+DENS','02+DENS 1 , 1 N2+DENS',' N+DENS') 
DO 35 I=1,M 
NT (1) = 0. 
DO 34 K=1,TX 

34 NT(I)=N(I,K,KK) 	+ NT(I) 
35 WRITE(3,1001) 	PH,X(I),X(100+I),NT(I),(N(I,K,KK),K=1,5) 

1001 FORMAT(1X, 	F4.0, 	F7.1, 	F7.2, 	6(1PE10.3)) 
e------------------------------------------ -------------------------- 
e 

IF(M.EQ.M2)GO TO 57 
GOTO 39 

36 NU=M 
DO 37 J=NL,NU 
NT (J) =0. 
DO 37 K=1,IX 

37 NT(J)=N(J,K,KK)+NT(J) 
e 
C WRITE STATEMENTS (IF NEEDED; LABEL IDENTIFICATION =  
e WRITE(2,2005)(X(J),X(100+J),J=NL,NU) 
C WRITE(2,2004) (NT(J) ,J=NL,NtJ) 
e---------------------------------- -------------------------------- 
C PREVIOUS OUTPUT STATEMENTS (LABEL IDENTIFICATION =  
e WRITE(3,1005) 	(x(200+J),X(J),X(100+J),J=NL,NU) 
e WRITE(3,1004)(SOLE(7,J),NT(J),J=NL,NU) 
e----------------------------- ----------------------------- 

DO 38 K=1,IX 
e 
C WRITE STATEMENTS (IF NEEDED) 

IF(K.EQ.2) 	GO TO 2000 
IF(K.GT.3) 	GO TO 2000 

e WRITE(2,2004)(N(J,K,KK),J=NL,NU) 
2000 CONTINUE 

C----------------------- ------------------- 
e PREVIOUS OUTPUT STATEMENTS 

38 CONTINUE 
C 38 WRITE(3,1004) 	(V(J,K,KK),N(J,K,KK),J=NL,NU) 
C................................ 

IF(M.EQ.M2)GO TO 57 
C 
e 
C SOUTHERN HEMISPI-IERE OUTPUT 
C PREVIOUS OUPUT STATEMENTS (LABEL IDENTIFICATION = 3) 

39 CONTINUE 
C 39 WRITE(3,1010) 
e WRITE(3,1006) 
e WRITE(3,1007) 
C 

DO 45 I=1,IX 
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II=MOL(I, 2) 
GO TO (40,41,42,43,44,1045,1046,1047,1048,1049) ,II 

40 CONTINUE 
C 40 WRITE(3,1108) 

GOTO 45 
41 CONTINUE 

C 41 WRITE(3, 1109) 
GOTO 45 

42 CONTINUE 
C 42 WRITE(3, 1110) 

GOTO 45 
43 CONTINUE 

C 43 WRITE(3, 1111) 
GOTO 45 

44 CONTINUE 
C 44 WRITE(3, 1112) 

GOTO 45 
1045 CONTINUE 

C 
	

WRITE (3,1113) 
GO TO 45 

1046 CONTINUE 
C 
	

WRITE (3,1114) 
GO TO 45 

1047 CONTINUE 
C 
	

WRITE (3,1115) 
GO TO 45 

1048 CONTINUE 
1049 CONTINUE 
C WRITE(3,1114) II 

45 CONTINUE 
C 
C 
C 
C PREVIOUS tiRITE STATEMENTS BLOCK; REPLACED FOR GRAPHIC PROCESSING. 
C 
C 	DO 53 I=1,M,3 
C 	NL=I 
C 	NU=NL+2 
C 	IF(NJ.GT.M)GOTO 54 
C 	DO 51 J=NL,NU 
C 	NT(J)=0. 
C 	DO 51 K=1,IX 
C 51 NT(J)=N( ITWOM-J,K,KK)+NT(J) 
C 
C WRITE STATEMENTS (IF NEEDED) 
C 	WRITE(2,2005)(X(ITWOM-J),X(100+ITWOM-J),JNL,NU) 
C 	WRITE(2,2004) (NT(J) ,J=NL,NIJ) 
C 	1(N(ITWOM J,1,KK),J_NL,NU),(N(ITWOM J,3,KK),J-NL,NU) 
C 
C PREVIOUS OUTPUT STATEMENTS 
C 	WRITE (3,1005) (X(200+ITWOM-J), x(ITWOM-J), x(100+ITWOM-J), 
C 	1J=NL,NU) 
C 53 WRITE(3,1004)(SOLE(7,ITWOMJ),NT(J),JNL,NU), 
C 	1((V(ITWOMJ,K,KK),N(ITWOMJ,K,KK),J_NL,NU),<_ 1 ;) 

C 
C 
C 
C PRESENT OUTPUT FOR GRAPHIC PROCESSING VIA 11 SURFER T1  

DO 53 I=1,M 
NT(I) =0. 
DO 51 K=1,IX 

51 NT(I)=N(ITWOM-I,K,KK) + NT(I) 
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53 WRITE(3,1001) 	PH,X(ITWOPI-I),X(100+ITWOM-T), 	NT(I), 
1(N(ITWOM-I,K,KK) ,K=1,5) 

C--------------------------------------- ----------------------------- 
C 

GOTO 57 
54 NU=M 

DO 55 J=NL,NU 
NT(J) =0. 
DO 55 K=1,IX 

55 NT(J)=N( 	ITWOM-J,K,KK)+NT(J) 
C 
C WRITE STATEMENTS (IF NEEDED) 
C WRITE(2,2005)(X(ITWOM-J),X(100+ITWOM-J),J=NL,NU) 
C WRITE(2,2004) (NT(J) ,J=NL,NU) 
C---------------------------------------- ---------------------------- 
C 	PREVIOUS OUTPUT STATEMENTS 
C WRITE(3,1005) 	(x(200+ITWOM-J),X(ITWOM-J),X(100+ITWOM-J), 
C 1J=NL,NU) 
C WRITE(3,1004)(SOLE(7,ITWOM-J),NT(J),J=NL,NU) 
C--------------------------------------------- ----------------------- 

DO 56 K=1,IX 
C 
C WRITE STATEMENTS (IF NEEDED) 

IF(K.EQ.2) 	GO TO 3000 
IF(K.GT.3) 	GO TO 3000 

C WRITE(2,2004)(N(ITWOM-J,K,KK),J=NL,NU) 
3000 CONTINUE 

C -------------------------------------------------------- ------------ 
C 	PREVIOUS OUTPUT STATEMENTS 

56 CONTINUE 
C 	56 WRITE(3.1004) 	(v(ITWOM-J,K,KK),N(ITWOM-J,K,KK),J=NL,NU) 
C ---------------------------------------------------------------- ---- 

57 CONTINUE 
6969 CONTINUE 
1015 FORMAT(' 	',10(1PE12.3)) 

IFORT=2 
IF(IFORT.EQ.1)GOTO 666 
GOTO 10 

666 CONTINUE 
998 FORMAT(' 	N=',IS,' 	NO. 	OF COUNTS OF DELG') 
999 FORMAT(615) 

1003 FORMAT(' 	', 	' 	ZE 	=',F8.3,' 	PHI=',F9.3) 
1004 FORMAT(' 	' ,18(3(-2PF7.2,1PE1O.3,SX)/1X)/) 
1005 FORMAT(' 	',3( 	F7.2,0PF7.2,F7.2,1X)) 
1006 FORMAT(' 	ECL 	Z 	LAT 	ECL 	Z 	LAT ECL 

1 	Z 	LAT') 
1007 FORMAT(' 	WIND 	NE 	 WIND 	NE WIND 

1 	ME') 
1108 FORMAT(' 	VO 	0+ 	 VO 	0+ VO 

1 	0+') 
1109 FORMAT(' 	VNO 	N0+ 	 VNO 	NO+ VNO 

1 	NO+') 
1110 FORMAT(' 	V02 	02+ 	 V02 	02+ V02 

1 	02+') 
1111 FORNAT(' 	VN2 	N2+ 	 VN2 	N2+ VN2 

1 	N2+') 
1112 FORMAT(' 	VN 	N+ 	 VN 	N+ VN 

1 	N-i-') 
1113 FORMAT(' 	Vo 	o++ 	 Vo 	o++ vo 

1 	0++') 
1114 FORMAT(' 	VO+ 	0+2D 	 VO+ 	0+2D V0+ 

1 	0+2D') 
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1115 FORMAT(' 	Vil 	11+ 	 Vil 	11+ 	 Vil 

1 H+') 
1009 FORMAT('0',T30,'NORTHERN HEMISPHERE') 
1010 FORMAT('0',T30, 'SOUTHERN HEMISPHERE') 
1011 FORMAT(' HGT=',F8.3,' PHI=',F8.2,' N(PHI)=',1PE11.3) 
1013 FORMAT(21F6.0) 

STOP 
END 

c 
c 

SUBROUTINE INPUT(S,RE,PHI,N,V,NOECLP) 
c------------------------------------------------ -------------------- 
C READS INPUT VARIABLES AND INPUT PARANETRIC MODELS 

IMPLICIT REAL*4  (A-Z) 
INTEGER NOX 
INTEGER NENTRY 
INTEGER WNDMDL, DRFMDL,QTMDL,ATMS71 
INTEGER NN,IX,IIJJ,I,J,K,NSET,M,M2,JJW,KOX 
INTEGER NOOKY,NOECLP,NL,NU, ITWOM, INBED,MOL, NOMOL, PUNCH,REP 
DIMENSION vVw(50),PHW(50),NEQ(50) 
DIMENSION VV(100),PH(100),TE(100),NE(100) 
DIMENSION N(100, 10,2),CC(54) ,V(100,10,2) ,REQ(S0) 
COMNON NSET,M,M2,CS(7),DUM2,DUM3,T0,T120,NZAO 
COMNON CRSCN2,AUO,BOEQ,NZOO,NZOO2,NZON2,DUM6, 

1CK(2) ,CTH1,A1,A2 
COMNON CTH4,CTE(2) ,CDO,DUM7,CRSCO,CRSCPH,DELTA,TILT 
COMMON UPRASE, CUPHI, PHIU, DUM9, DUN1O, OFFSET, 

1DELPH, PHFNAIJ, DPHOUT 
COMMON ZEINIT, PHINIT,DELPHO,LANBDA, RBASE, RD, 
1DUN11,SPHASE,DUN12 
COMMON DUM13,DUN14,1)UM15 
COMMON RO ,DELY,WTHO ,WPERPO, OMEGA, B0,DWDRE, DWDPH, TIME 
COMMON INTLNG, DELNG, LNGOBS, UT, LONG, LATOBS, QRA, OMEGAO 
COMMON GMULT,KB,COSTIL,SINTIL,RAD,C11,C12,C13,L00,DYDT 
COMMON /OPR/ REP,PUNCH 
COMMON /MOL/ NOMOL,MOL(10,2) 
COMMON /C1-IEM/ LM(10,5) 
COMMON /PROFL/ HTT(100),PRF(8,100),NOX 
COMMON /CNTRL/ WNDMDL, DRFMDL, QTMDL, ATMS71 
COMMON /ILOVE/ NOOKY,INBED 
COMMON /50/ SOL(15,100),SOLE(15,100) 
COMMON /COEFF/ XX(700) 
COMMON /BETAC/ BETAC,ALPHC 
COMMON /EPSLN/ EPS(100),HGT(100),CNEBYO(100),II 

C 
1 READ(1,998) NN 

C 
C PARANETER NN SPECIFIES SET OF DATA TO BE READ 
C NN=1 READ NSET,M,M2 
C NN=2 REAL PARAI'4ETERS 
C NN=3 READ DENSITIES AND CONVERT TO G 
C NN=4 EXECUTE 
C NN=5 READ ZEINIT PHINIT 
o NN=6 READ DELPH,PHFNAL,DPI-IOUT 
C NN=7 STOP 
O NN=11 READ IN ATMOSPHERIC PROFILES 
C NN=8 READ EQUATORIAL HEIGMT PROFILE AND CONVERT TO PROFILE 
o 	ALONG MAGNETIC FIELD LINE; MAXIMUM ARRAY IS 50. 
C NN=9 CONVERT EQUATORIAL PROFILE TO PROFILE ALONG FIELD LINE 
O NN=10 CHEMICAL BATES 
C NN=12 PHOTOCI-IEMICAL NORMALIZATION FACTORS 
O NN=13 INITIALIZE ECLIPSE FUNCTION 
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C 
C 
C 
C 
C 
C 
C 
C 

NN=14 COMPUTE HEATING EFFICIENCIES 
NN=15 READ IN DRIFT VALUES 
NN=16 READ IN WIND VALUES 
NN=17 COMPUTE IRON PROFILE 
NN=18 REAL) PLOT VALUES 
NN=19 PRODUCTION AND LOSS TERMS 
NN=20 PLOT LEGION 

FROM INPUT PROFILE 

KB=1 38054E-16 
PI=3.1415926535 
RAD=PI/180. 
GO TO (10,20,30,40, 50,60,70, 80, 90, 100,110,120,130,140, 

1150, 161, 170, 180, 190, 200) , NN 

10 CONTINUE 
WRITE(3,998)NN 
READ(1, 999)NSET,M,M2 
WRITE(3, 1010)NSET,M,M2 
READ(1, 999)WNDMDL,DRFMDL,QTMDL,ATMS71 
WRITE(3,11)WNDMDL,DRFMDL,QTMDL,ATMS71 

11 FORMAT(' WNDMDL=',15,'DRFMDL=',15,' QTMDL=',IS, 
1' ATMS71=',IS) 

READ(1, 998)NOMOL 
READ(1,999) ((MOL(I,J) ,J=1,2) ,I=1,NOMOL) 
WRITE (3, 12) ( (MOL(I,J) , J=1, 2) , I=1,NOMOL) 

12 FORMAT (' MOL1=',215,' MOL2=',215,' MOL3=',215, 
1' MOL4=',215, 
1 	 ' MOL5=',215,' MOL6=',215,' MOL8=',215, 
1' MOL9=',215,' MOL10=',2I5) 

READ(1, 999)REP, PtJNCH,NOOKY, INBED 
WRITE (3, 13)REP, PUNCH,NOOKY, INBED 

13 FORMAT(' REP IS # OF ITERATIONS OF SOLUTION IN GCALC'/ 
1 	' PUNCH=0 MEANS NO CARDS PUNCHED IN MAIN' / 
2 	' NOOKY IS # OF ITERPSTIONS OF RKAN IN MAIN'/ 
3' REP=',15,' PUNCH=',IS,' NOOKY=',15,' INBED=',15) 

ITWOM=2 
GO TO 1 

20 CONTINUE 
WRITE(3,998) NN 
READ (1, 1001) (CC(I) , 1=1, 54) 
WRITE (3, 1011) (CC(I) , 1=1,27) 
WRITE (3, 1012) (CC(I) , 1=28, 54) 
CS(1)=CC(1) 
CS(2)=CC(2) 
CS(3)=CC(3) 
CS(4)=CC(4) 
CS(5)=CC(5) 
CS(6)=CC(6) 
OS (7) =CC (7) 
IJUN2=CC(8) 
DUTI3=CC(9) 
T0=CC (10) 
T120=CC(11) 
NZAO=CC(12) 
CRSCN2=CC(13) 
AUO =CC(14) 
BOEQ=CC(15) 
B0=BOEQ 
NZ0 0= CC ( 16 
NZO02=CC (17) 
NZON2=CC (18) 

C 

C 
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DTJN6=CC(19) 
CK(1)=CC(20) 
CK(2)=CC(21) 
CTH1=CC(22)*RAD 

A1=CC(23) 
A2=CC(24) 
CTH4=CC(25) *pj 
CTE(1) =CC(26) 
CTE (2) =CC(27) 
CDO=CC(28) 
DUM7=CC(29) 
CRS 00= CC (30 
CRSCPH= CC (3 1) 
IJELTA=CC(32) *pj 
TILT=CC(33) *ppjj 
UPHASE=CC(34) *pj 
CUPHI=CC (35) *100. 
PHIU=CC(36)*RAD 
DUM9=CC(37) 
DUM1O=CC(38) 
OFFSET=CC(39) 
DELPH=CC(40) *pj 
PHFNAL=CC (41) *ppjj 
DPHOUT=CC (42) *JJ 
ZEINIT=CC (43) *1.  ES 
PHINIT=CC (44) *ppjj 
DELPHO=CC (45) *ppjj 
LAMBDA=CC (46) 
RBASE=CC (47) *1.  ES +R0 
RD=CC (48) *1.  ES +R0 
DUM11=CC(49) 
SPHASE=CC(50) *pjjj 
DUM12=CC(51) 
DUTvl13=CC(52) 
DtJN14=CC(53) 
DUM15=CC(54) 
REAB (1,1000) OMEGA 
WRITE (3,21) OMEGA 

21 FORNAT (' OMEGA = ',1PE11.3) 
DELY=1 /M 
PHI=PHINIT 
RE=ZEINIT+R0 
CALL SS(S,COS(PHI+SPJIASE) ,SIN(PHI+SPIiASE) ,RE) 
IF (RE . LT RD)RE=RD 
CALIJ COEFOO 
GO TO 1 

30 CONTINUE 
WRITE(3,998) NN 
READ(1, 998)J 
DO 34 K=1,NOECLP 
DO 31 I=1,M,6 
NL= 1 
NU=NL+ 5 
IF (NU.GT.M)NU=M 

31 READ(1,1002)(N(IX,J,K),IXN1j,NU) 
IF(M.EQ.M2)GO TO 33 
DO 32 1=144 , 6  
NL=I 
NtJ=NL+ 5 
IF (NU.GT.M)NEJ=M 

32 READ(1,1002)(N(ITWOM_IX,J,K),IXNL,) 

ES 
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33 DO 34 I=1,M2 
34 v(I,J,K)=0. 

GO TO 1 
C 

50 READ(1,1000)ZEINIT,PRINIT 
WRITE (3,51) ZEINIT, PHINIT 

51 FORMAT(' ZEINIT=',F11.3,' PHINIT=',F11.3) 
ZEINIT=ZEINIT*1 ES 
PHINIT=PHINIT*RAD 
RE=ZEINIT+R0 
PHI=PHINIT 
CALL SS(S,COS(PHI+SPHASE) ,SIN(PHI+SPHASE) ,RE) 
IF(RE .LT.RD)RE=RD 
GO TO 1 

C 
60 READ(1,1000)DELPH,PHFNAL,DPHOUT 

WRITE (3,62) DELPH, PHFNAL, DPHOUT 
62 FORMAT(' DELPH=',F11.3,' PHFNAL=',F11.3,' DPHOUT= 1 ,F11.3) 

DELPH=DELPH*RAD 
PHFNAL=PHFNAL*RAD 
DPHOUT=DPHOUT*RAD 
GO TO 1 

C 
70 STOP 

C 
80 REA.D(1,1004) KOX, (REQ(J),NEQ(J), J=1,KOX) 

90 J=1 
K=KOX 
R=RBASE 
CALL QR1(SINHQM,COSHQM,P,QP4AX,RE) 
Y=1. 
DO 83 I=1,M 
Y=Y-DELY 
IF(I.EQ.M)Y=0. 
CALL QR(Y,Q,R,SINHQM,COSHQM,P,QP4AX,RE) 

81 NQ=NEQ(J) 
RQ=REQ(J)*1.E5+R0 
IF(J.EQ.K)GO TO 82 
IF(R.LE.RQ)GO TO 82 
J=J+1 
IF(J.GT.K)J=K 
GO TO 81 

82 N(I,1,1)=NQ 
N (1, 1, 2) =NQ 
IF(M.EQ.M2)GO TO 83 
N(ITWOM-I, 1,1) =NQ 
N(ITWOM-I,1,2)=NQ 

83 CONTINUE 
GOTO 1 

100 CONTINUE 
WRITE(3,998) NN 
READ(1, 101) ((LM(I,J) ,J=1, 5) , 1=1, 10) 

101 FORNAT(5E11.3) 
WRITE (3,102) ((LM(I,J),J=1,5),I=1,10) 

102 FORMAT(' CHEMICAL RATE COEFFICIENTS'/ 
1 	' 	0+',5(1PE11.3)/ 
2 	' NO+',5(1PE11.3)/ 
3 	' 02+',5(1PE11.3)/ 
4 	' N2-i- 1 ,5(1PE11.3)/ 
5 	' 	N+ 1 ,5(1PE11.3)/ 
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E 	' 0++',5(1PE11.3)/ 
7 	' HE+',5(1PE11.3)/ 
8 	' 	H+',5(1PE11.3)/ 
9 	5(1PE11.3)/ 
A 	5(1PE11.3)) 

GOTO 1 
C 

110 CONTINUE 
WRITE(3,998) NN 
REAL) (1,998) NOX 
READ (1, iii) (HTT(I), (PRF (J, 1) ,J=1, 8) , I=1,NOX) 

111 FORMAT((5E13.5/4E13.5)) 
WRITE(3,112)(HTT(I),(PRF(J,I),J=1,8),I=1,NOX) 

112 FORMAT(' HGT =',E13.5, 
2 	' TZ =',E13.5/ 
3 	' N2 	=',E13.5, 
4 	' 02 	=',E13.5, 
5 	' O 	= 1 ,E13.5/ 
6 	' NZNO=',E13.5, 
7 	' NZN =',E13.5, 
8 	' NZHE=',E13.5, 
9 	' NZH = 1 ,E13.5) 

GOTO 1 
998 FORMAT(8X,I5) 
999 FORMAT(6(8X,15)) 

1000 FORMAT(3(8X,E11.3)) 
C --------1001 FORMAT(17(3(8X,E11.3)/),3(8X,E11.3)) 

1001 FORMAT(17(8X,E11.3,8X,E11.3,8X,E11.3/) 
1 	 8X, Eh .3, 8X, Eh .3, 8X, E11.3) 

1010 FORMAT(' 	NSET=',IS,' 	M=',IS,' 	M2=',I5) 
1011 FORMAT(' 	CS(1)=',1PE11.3,' 	CS(2)=',E11.3, 

1' 	CS(3)=',E11.3/ 
1 	 1 	Cs(4)=', E11.3,' 	CS(5)=',E11.3, 
1' 	Cs(6)=',E11.3/ 
2 	' 	CS(7)=', E11.3,' 	DUM2=',E11.3, 
1' 	DUM3=',E11.3/ 
3 	 1 T0=', E11.3,' 	T120=',E11.3, 
1' 	NZA0=',E11.3/ 
4 	' CRSCN2=', E11.3,' 	AUO=',E11.3, 
1' 	BOEQ= 1 ,E11.3/ 
5 	 1 	NZOO=', 	E11.3,' 	NZO02=',E11.3, 
1' NZON2= 1 ,E11.3/ 
6 	' 	DTJN6=', E11.3,' 	K(02)=',E11.3, 
1' 	K(N2)= 1 ,E11.3/ 
7 	' 	CTH1=', E11.3,' 	A1=',Eh1.3, 
1' 	A2=',E11.3/ 
8 	' 	CTH4=', E11.3,' CTE(1)=',E11.3, 
1' CTE(2)=',E11.3) 

1012 FORMAT(' 	CDO=', E11.3,' 	DtJM7=',E11.3, 
1' CRSCO=',E11.3/ 
A 	' CRSCPH=', E11.3,' DELTA=',E11.3, 
1' 	TILT= 1 ,E11.3/ 
B 	' UPHASE=', E11.3,' 	CtJPHI=',E11.3, 
1' 	PHIU= 1 ,E11.3/ 
C 	' 	DTJN9=', E11.3,' 	DUM10=',E11.3, 
1' OFFSET=',E11.3/ 
ID 	' 	DELPH=', E11.3,' PHFNAL=',E11.3, 
1' IJPHOUT=',E11.3/ 
E 	 1 ZEINIT=', E11.3,' PI-IINIT=',E11.3, 
1' DELPHO=',E11.3/ 
F 	' LAMBDA=', Ei1.3,' ZBASE=',E11.3, 
1' 	ZD= 1 ,E11.3/ 
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G 	' DUN11 =', E11.3,' SPHASE=',E11.3, 
1' DUN12=',E11 3/ 
1-1 	' 	DUM13=', E11.3,' 	DUN14=',E11.3, 
1' DUM15=',E11.3) 

1002 FORMAT(6E11.3) 
1003 FORMAT(6F5.1) 
1004 FORMAT(2E11.3,13) 

C 
C COMPUTE SOLAR FLUX FACTOR 

120 CONTINUE 
WRITE(3,998) NN 
READ(1, 1000)HGTQO,PHIQO,LATQO,Q0 
WRITE(3, 121)HGTQO, PRIQO, LATQO,Q0 

121 FORNAT(' HGTQO=',Fll 3,' PHIQO=' ,F11.3, '  LATQO=' ,F11.3, 
1' Q0=',F11.3) 
HGTQO=HGTQO*1 ES 
PHIQO=PHIQO*RAD 
LATQO=LATQO*PAD 
READ(1, 1000)BETAC,ALPHC 
WRITE(3, 122)BETAC,ALPHC 

122 FORMAT(' 	BETAC=',1PE11.3,' ALPI-{C=',1PE11.3) 
CALL RATES 
QRA=1. 
IF(HGTQO.EQ.OJGOTO 1 
CALL PRDCT(HGTQO,PHIQO,LATQO ,DELTA,NZOO,NZOO2,NZON2, 

1NZO,NZ02,NZN2 ,TZ, QRÀ,.QO,QN,HO,BETA) 
QPA=Q0 /QO 
WRITE(3,123) QRA,QO,HO,BETA,TZ 

123 FORMAT(' QRATIO=',Fll 3,' QO=',Fll 3,' HO=',-5PF11 3/ 
1' BETA=',1PE11.3,' 	TZ=',OPF11.3) 
GO TO 1 

C 
130 CONTINUE 

WRITE(3,998) NN 
TIME=0. 
CALL ECLINT (PHINIT) 
CALL ECLPSE (TIME, LNGOBS, PHINIT,UT, LON, SINX, COSX, 

1PHIM, THT, NENTRY) 
GOTO 1 

C 
C REAl) TE AND NE PROFILES 

140 CONTINUE 
WRITE(3,998) NN 
READ(1,141)LHADTA, II 

141 FORNAT(8X,F11.3,8X,IS) 
WRITE(3, 142)LHADTA 

142 FORNAT(' LHADTA=',F11.3) 
LHADTA=LHADTA* pJ\fl 
READ(1,143) (HGT(I),N'E(I),TE(I),I=1,II) 

143 FORMAT(FS .1,E10 1,FS .0) 
WRITE (3, 144) (HGT(I) ,NE (1) ,TE (1) , 1=1, II) 

144 FORMAT(' HGT=',F7.1,' NE=',1PE11.3,' TE=',OPF7.1) 
DO 145 1=1,11 
HGT(I) =HGT(I) *1 .E5 
CALL PRDCT(I-IGT(I) ,LHADTA,LATOBS,DELTA,NZOO,NZOO2,NZON2, 

1NZO,NZO2 ,NZN2 , TZ,QRA,QO, QN,}JO, BETA) 
xx(I)=QO 
xx(100+I) =BETA 
IF(TZ.GT .TE(I))TZ=TE(I) 
QEI =4 . 8E7*NE(I)*NE(I)*(TE(I)_TZ)/TE(I)**1.5+ 
1 3.E_12*NZO*NE(I)*(TE(I)TZ)/TZ 
EPS (1) =QEI/QN 
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145 CNEBYO(I)=NE(I)/NZO 
WRITE(3,146) (HGT(I),EPS(I),CNEBYO(I),XX(I),XX(100+I), 
11=1 1  II) 

146 FORMAT(' HGT=',-5PF11.3,' EPSILON=',OPF11.3, 
1' NE/N(0)=,'1PE11.3, 
1' QO=',OPF11.3,' BETA= 1 ,1PE11.3) 
CALL QtJNT(2) 
GOTO 1 

C 
C READ DRIFT VELOCITIES IN MIS  AND LOCAL HOUR ANGLE IN DEGREES 

150 CONTINUE 
WRITE(3,998) NN 
READ(1,151)HGTV,JJ 

151 FORP4AT(8X,F11.3,8X,15) 
WRITE(3,152)HGTV 

152 FORMAT(' HGTV= 1 ,F11.3) 
READ(1,.153)(PH(J),VV(J),J=1,JJ) 

153 FORMAT(16F5.0) 
WRITE(3,154)(PH(J),VV(J),J=1,JJ) 

154 FORNAT(' PH=',F7.0,' DRIFT=',F7.0) 
DO 155 J=1,JJ 
v1J(j) 1J1J(J) *100. 

155 PH (J) =PH (J) *pj 
IIGTV=HGTV*1 . ES 
GOTO 1 

ré 

ENTRY VPERP(HGTVV,PHI,WPERP 
HGTVV=HGTV 
PHIX=PHI 
WPERP=VV(1) 
IF(PHIX.LT.PH (1)GOTO 160 

156 IF((PHIx2.*PI).LT.PH(1))GOTO 157 
PHIX=PHIX-2 . *pj 
GOTO 156 

157 DO 158 J=2,JJ 
IF(PHIX.LT.PH (J))GOTO 159 

158 CONTINUE 
WPERP =VV(JJ) 
GOTO 160 

159 WPERP = vv(J_1)+(VV(J)_VV(J_1))* 
1(PHIX-PH(J-1))/(PH(J)-PH(J-1)) 

C 
160 RETIJRN 

C REAIS DIURNAL VARIATION OF WIND. NORMALIZATION IS 1 
161 READ(1,999)JJW 

READ(1,162)(PHW(J),VVW(J),J]-.JJW) 
162 FORMAT(16F5.0) 

WRITE(3,163)(PHW(J),VVW(J),J 1, JJW) 
163 FORMAT(' PHW=',F7.0,' WIND=',F7.0) 

DO 164 J=1,JJW 
164 PHW(J)=PHW(J)*RTW 

GOTO 1 

ENTRY VWIND(PHI,VW) 
PHIX=PHI 
vw=vvw(i) 
IF(PHIX.LT.PI-IW(1))GOTO 169 

165 IFNPHIX_2.*PI).LT.PHW(1))G0T0166 
PHIX=PHIX-2 . *PI 
GOTO 165 



166 DO 167 J=2,JJW 
IF(PHIX.LT .PHW(J))GOTO 168 

167 CONTINUE 
vw=vvw(JJW) 
GOTO 169 

168 VW = VVW(J_1)+(VVW(J)_VVW(J_1))* 
1 (PFIIx-PHW(J-1) )/ (P}-IW(J) -PHW(J-i) 

169 RETURN 
C 
C READ IN PARANETERS FOR FUNCTION PROFILE, USED IN FE+ ANALYSIS 

170 READ(1,.1002)NFEO,CFE 
READ(1,.171 )LATO,LAT1,LAT2 

171 FORMAT(6E11.3) 
WRITE(3,172) NFEO,CFE 

172 FORMAT(' NFE= 1 ,1PE11.3,' CFE=',OPF11.3) 
WRITE(3,173) LATO,LAT1,LAT2 

173 FORMAT(' LATO=',F11.3,' LAT1=',F11.3,' LAT2=',F11.3) 
CFE=(CFE*RAD) **2 
LATO=LATO*RAD 
LAT1=LAT1*RAD 
LAT2=LAT2*RAD 
R=REASE 
CALL QR1(SINHQM,COSHQM,P,QMAX,RE) 
Y=1. 
DO 177 I=1,M 
Y = Y - DE LY 
IF(Y.LT. O .)Y=0. 
CALL QR(Y,Q,R,SINHQM,COSHQM,P,QMAX,RE) 

C052=R/RE 
COS1=SQRT(COS2) 
LAT=ACOS (Cosi) 
IF(LAT.LT .LATO)GO TO 174 
IF(LAT.LT .LAT1)GO TO 175 
IF(LAT.LT.LAT2)GO TO 175 

174 N(I,2,1)=NFEO 
GO TO 176 

175 Z1= (LAT-LATO) **2/CFE 
Z2= (LAT-LAT1) **2/CFE 
Z3= (LAT-LAT2) **2/CFE 
IF(Zi .GT. 20.) Zi=20. 
IF(Z2 .GT. 20.) Z2=20. 
IF(Z3 .GT. 20.) Z3=20. 
N(I, 2,1) =NFEO* (EXP(-Zi) 

1 	 +EXP(-Z2) 
2 	 +EXP(-7,3)) 

176 IF(M.NE.M2)N(ITWOM-I,2, 1)=N(I,2,1) 
177 CONTINUE 

C 
180 CONTINUE 
190 CONTINUE 
200 CONTINUE 

GOTO 1 
1100 FORMAT (20A4) 
1110 FORNIAT (1014) 

C 
40 CONTINUE 

WRITE(3,998) NN 
RETURN 
END 

C 
C 

SUBROUTINE COEFOO 
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c 
C SET UP PARANETERS THAT DEPEND ON DIPOLE COORDINATES ONLY. 
C THIS SUBROUTINE USES FOR O TRANSFORN A LATITUDE INDEPENDENT 
C SCALE HEIGHT. THE TEMPERATURE TINE IS TAKEN AT TRE EQUATOR. 
C 

IMPLICIT REAL*4  (A-z) 
REAL*8 C11,C12,C13 
INTEGER MOLECC 
INTEGER WNDMDL, DRFMDL, QTMDL 
INTEGER NSET,M,M2,I,J,ITWOM,I1,NOTRAN 
INTEGER LO,LOO,JJ,JO,J1,K,NENTRY,ITYPE 
INTEGER MOLEC 
INTEGER*4 IM(10) ,NOMOL 
DIMENSION VX(9) 
DIMENSION CD(10,15),SOUP(2,100) 
DIMENSION LMB (10,5) 
DIMENSION UAN(3),tJPRO(3),ULOSS(3),UDELNV(3) 
DIMENSIONN(100,10,2),V(100,1O,2),ALF(100),G(100,10,2) 
COMMON NSET,M,M2,CS(7),DUM1,DUM2,T0,T120,NZAO 
COMMON CRSCN2,AUO,DUM3 ,NZOO,NZOO2,NZON2, 

1DUN4,CK(2) ,CTH1,D5,DE 
COMMON CTH4,CTE(2) ,CDO,DUN7,CRSCO,CRSCPH,DELTA,TILT 
COMMON UPHASE, CUPHI, PHIU, DUM9, DUN1O, 

1OFFSET, DELPH, PHFNAL, DPHOUT 
COMNON ZEINIT, PHINIT,DELPHO, LANBDA,RBASE, RD, 

1DUN12, SPHASE, DUM13 
COMMON DUM14, DBO, DDB 
COMNON RO, DELY,WTHO,WPERPO ,OMEGA, B0,DWDRE,DWDPH, TIME 
COMMON INTLNG, DELNG, LNGOBS, UT, LONG, LATOBS, QRà, OMEGAO 
COMNON GMULT,KB,COSTIL,SINTIL,RAD,C11,C12,C13,L00,DYDT 
COMMON /MOL/ NOMOL,MOL(10,2) 
COMMON /CNTRL/ WNDMDL, DRFMDL, QTMDL,ATMS71 
COMMON /COEFF/ X(7,100) 
COMMON /SO/ SOL(15,100),SOLE(15,100) 
COMMON /5050/ SOOL(6,100) 
COMNON /SUMMO/ StJMX(8,100) 

C 
INTR(X1,X2,X3)=(C11*X1_C12*X2+C13*X3)/DELY2 
DER9(X4,X3,X2,X1)=(41.13*X1+63.00*X2+46.35*X3_28.07*X4)/ 

1(387. 8*DELY) 
C SOL(1)=R 
O SOL(2)=SIN1 
O SOL(3)=COS1 
O SOL(4)=THETA 
O SOL(5)=SQRSIG 
O SOL(6)=SQRSIG*R02/R3 
C SOL(7)=DEL.T 
C SOL(8)=DEL.VEM 
O SOL(9)=L 
C SOL(10)=GRAV 
O SOL(11)=Y 
O SOL(12)=NTOG1 
C SOL(13)=ALFMO 
O SOL(14)=GTRAN 
O SOLE(1)=TINF 
O SOLE(2)=KTE 
C SOLE(3)=KTI 
C SOLE(4)=N(0) 
C SOLE(5)=N(02) 
O SOLE(6)=N(N2) 
O SOLE(7)=U*COSI+VTII*SINI 
C SOLE(8) =DDS(KTE+KTI) 
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C SOLE(9)=E 
C SOLE(10)=TZ 
C SOLE(11)=QO 
C SOLE(12)=Q02 
C SOLE(13)=QN2 
C SOLE(14)=QN 
C SOLE(15)=QOO 
C SOOL(1)=NO 
C SOOL(2)=N 
C SOOL(3)=HE 
C SOOL(4)=H 
C SOOL(6)=NZN2D 

LAMBD2 =LJ½IVIBDA* * 2 
DELY2 =DELY*DELY 
TWODY=2 . 
PROTON=1. 67252E-24 
KB=1 . 38054E-16 
GO=980 .655 
PI=3 .1415926535 
P12=PI/2. 
TWOPI=2 . *pj 
RAD=PI/180. 
R120=RO+120 .E5 
1-1120=120. ES 
1 TWOM = 2* M 
R02=R0*RO 
SNDEL=SIN (DELTA) 
CSDEL=CO5 (DELTA) 
SINOBS=SIN (LATOBS) 
COSOBS=COS (LATOBS) 
R02POB=R02*SINOBS 
C050B2=COSOBS**2 
COSTIL=COS (TILT) 
SINTIL=SIN(TILT) 
NZNO=0. 
NZN=O. 
NZHE=0. 
NZH=0. 
RETURN 

c 
c-------------------- ------------------------------------------------  

ENTRY COEFO (RE,PHI,CQSPH) 
R = RBAS E 
OMEGAO =WTHO /RE+OMEGA 
GMULT=1 . /ONEGAO 
CALL ATMS(RE,PHI) 
CALL UU0(PHI) 
CALL QR1(SINI-IQM,COSHQM,P,QMAX,RE) 
Y=1. 
DO 1 I=1,M 
Y=Y-DELY 
IF (1. EQ .M) Y=0. 
CALL QR(Y,Q,R,SINHQM,COSNQM,P,QMAX,RE) 
R2=R*R 
P3 =R2 *R 
C0S2=R/RE 
COS1=SQRT (COS2) 
S1N2=1. -COS2 
SIN1=SQRT (S1N2) 
51N3=S1N2*SIN1 
THETA=P12-ASIN (SIN1) 
SIG=1. +3 . 
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SQRSIG=SIG** 5 
GRAV=GO*R02/R2 
STOQ=SQRSIG*RO2/R3 
DIVWT=DWDRE+4 . *.jpp/ (R*SIG**2) * (6. *S1N2**3_3 . 

14. *S1N2+1) 
DIVWPH=DWDPH/RE 
SOL (1, 1) =R 
SOL(2, I)=SIN1 
SOL(3, I)=COS1 
SOL(4, 1) =THETA 
SOL(5, I)=SQRSTG 
SOL(6, I)=STOQ 
SOL(7,I)=(9.*SIN1+15.*SIN3)/(R*SIG**1.5) 
SOL(8, I)=DIvWT+DIVWPH 
SOL(9, 1) =LANBDA*COSH(LANBDA*Q) /SINBQM 
SOL(10, 1) =CRAV 
SOL(11, I)=Y 
IF(M.EQ.M2)GO TO 1 
SOL(1, ITWOM-I) =R 
SOL(2, ITWOM-I) =-SIN1 
SOL(3, ITWON-I)=COS1 
SOL(4, ITWOM-I)=PI-THETA 
SOL(5, ITWOM-I)=SQRSIG 
SOL(6, ITWOM-I)=STOQ 
SOL(7.ITWOM-I)=-SOL(7,I) 
SOL(8, ITWOM-I)=SOL(8, 1) 
SOL(9, ITWOM-I)=SOL(9, 1) 
SOL(10, ITWOM-I)=GRAV 
SOL(11,ITWOM-I)=-Y 
CONTINUE 

C 
C SET UP PARAÍVIETERS TI-JAT DEPEND ON BOTH REMISPHERES: 

E=1. 
DO 8 I=1,M2 
R=SOL(1, 1) 
GRAV=SOL(10, 1) 
Z=R-RO 
SIN1=SOL(2, 1) 
COS1=SOL(3, 1) 
SQRSIG=SOL(5, 1) 
SN1=SIN1*COSTIL+COS1*SINTIL 
CS1=COS1*COSTILSIN1*SINTIL 
CALL ATMST(TINF,TZ,Z,CS1,SN1) 
CALL ATMSD (DTDPH, DTDTN, DTDR) 
CALL ATMSN(NZOO,16. ,NZO) 
CALL ATMSN(NZ002,32. ,NZO2) 
CALL ATMSN(NZON2.28. ,NZN2) 
HO=KB*TZ/ (16. *pROTON*G\J) 
H02=HO*16 ./32. 
HN2=HO*16 ./28. 
DTDZ=DTDR/TZ 
110=1.! (1./HO-1-DTDZ) 
1102=1. / (1. /11O2+DTDZ) 
HN2=1 . / (1. /11N2+DTDZ) 
CALL UtJ(SN1,CS1,TJ) 
VT=OMEGA*DTDPH/ (TINF*R120) * (Z-H120) *R 

C 
C COMPUTE ELECTRON PRODtJCTION: 

IF(Z-1.E8)2,5,5 
2 COSCHI=SNDEL*SN1+CSDEL*CS1*COSPH 

CHI=ACOS (COSCHI) 
SINCHI=SIN(C1-1I) 
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IF(CHI-P12) 6,6,4 
4 IF(R*SINCHIRBASE)5,5,6 
5 QO4S=0. 

QO2D=0. 
QOO=O. 
Q02=O. 
QN2=O. 
QN=0. 
GO TO 7 

6 NHCHO=NZO*HO*CH(R/HO, CHI, SINCRI) 
N}ICH02=NZO2*H02*CH(R/H02, CHI, SINCHI) 
NBCHN2=NZN2*HN2*CH(R/HN2, CHI, SINCHI) 
OPLUS=1 . E6 
CALL PHOTO(NHCHO,NHCHO2 ,NHCRN2, OPLUS,QN, Q045, QO2D, 
1QOO,Q02,QN2,QRA,NZO,NZO2,NZN2) 

E. 
SINI=2 . *SIN1/SQRSIG 
COSI=COS1/SQRSIC 
SOLE(1, I)=TINF 
SOLE(4, 1) =NZO 
SOLE(5, I)=Nz02 
SOLE(6, 1) =NZN2 
SOLE(7, 1) =U*COSI+VT*SINI 
SOLE(10, 1) =TZ 
SOLE(11, 1) =Q045 
SOLE(12, I)=Q02 
SOLE(13,I)=QN2 
SOLE(14, 1) =QO2D 
SOLE(15, I)=QOO 
CALL ATMSUP(NZNO,NZN,NZHEP) 
SOOL(1, I)=NZNO 
SOOL(2, I)=NZN 
SOOL(3, I)=NZHE 
SOOL(4, 1) =0.0 
SOOL(5, 1) =NZHEP 
SOOL(6,I)=.4*NZN 
DYDT=WPERP0/R0*LAMBDA*COSRQM/ (SINHQM*2 . Q*p*p*QJ'4j() * 

1 (RO/RRASE) **3 
ZE=RE-R0 
R=RE*COSOB2 
R2=R*R 
ZD=R-R0 
PHIX=PHI/RAD 
Q=R02POB/R2 
Y0=SINH (LANBDA*Q) /SINHQM 
LO 0=1 
DO 9 I=1,M2 
IF(SOL(2,I) .GT.SINOBS)L00=I 
Y=SOL(11,L00) 
IF((Y-Y0).LT.DELY/2JL00=L001 
IF (L00 .LT. 1) L00=1 
IF(L00.GT. (M2-2))L00=M2-2 
Y1=SOL(11,L00) 
Y2 =SOL ( 11, LO 0+1) 
Y3 =SOL ( 11, LO O +2 
Cii= (Y0-Y2) * (Y0-Y3) /2. 
C12= (yo-Yi) * (Yo-Y3) 
C13= (YO-Y1) * (Y0-Y2) /2. 
IF(QTMDL.EQ.0)CAJJL QTJNT(2) 
RETURN 

o 
O COMPUTE CONTENT: 
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C 	 - 
ENTRY C000NT(CONTNT, PRD,LOSS,N,J,K) 
CONTNT=O. 
PRD=O. 
LOSS=O. 
COREND= 5 
DO 12 I=1,M2 
R4=SOL(1, I)**4 
COS4=SOL(3, 1) **4 
SIG=SOL(5, 1) **2 
L=SOL(9,I) 
NZ02=SOLE(5, 1) 
NZN2=SOLE(6, 1) 
TZ=SOLE(10, 1) 
QO=SOLE (11,1) 
IF(K.EQ.2)QO=QO*SOLE(9, 1) 
CALL RATEL(1,MB,TZ,1.38E-13) 
BETA=LMB(1, 1) *NZN2+LMB(1 2) *NZO2 
IF(I.EQ.M2)COREND=.5 
CX=C054*R4/ (L*RO*SIG) *DELY*COREND 

CONTNT=CONTNT+N(I, J, K) *Q( 
PRD = PRD +QO * CX 
LOSS=LOSS+BETA*N (1, J, K) *Cx 

12 COREND=1. 
RETURN 

C 
C SET UP TRANSFORNS: 
C 

ENTRY COEF2(RE,PHI,AU,ALFO) 
?4ASS=AU* PROTON 
CALL ATMST(TINF,TZ,RE-RO,COSTIL,SINTIL) 
CALL ATMSD(DTDPH,DTDTH,DTDR) 
ALFKT=ALFO *KB*TINp/55 
DO 13 I=1,M 
R=SOL(1, 1) 
Z=R-RO 
COS4=SOL(3, I)**4 
SIG=SOL(5, 1) **2 
STOQ=SOL(6, 1) 
GRAV=SOL(10, 1) 
SINI=2.*SOL(2,I)/SOL(5,I) 
ALFHO =ALFKT/GRAV 
NTOG1=- (WPERPO*COS4/SIGZ*R/RO*DTDPI4/TINF*ONEGAO) /ALFI4O 
GTRAN=EXP (R*z/ (Ro*ALFN0)) 
SOL(12, I)=NTOG1 
SOL(13, 1) =ALFHO 
SOL(14, 1) =GTRAN 
IF(M.EQ.M2)GO TO 13 
SOL (12, ITWOM- 1) =NTOG1, 
SOL(13, ITWOM-I) =ALFHO 
SOL(14, ITWOM-I)=GTRAN 

13 CONTINUE 
RETURN 

C 
C TRANSFORM FROM N TO G: 
C 

ENTRY CONTOG(G,N,J,K) 
DO 15 I=1,M2 
GTRAN=SOL (14, 1) 
IF(N(I,J,K) .LT.1. E-30)N(I,J,K)=1.E-30 

15 G(I,J,K) =N(I,J,K) * GTRAN 
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C 
C GO FROM G TO N: 
C 

ENTRY COGTON(N,J,K) 
DO 17 I=1,M2 
GTRAN=SOL(14, 1) 
N(I,J,K) =N(I,J,K) / CTRAN 
IF(N(I,J,K) .GT.1. E-30)GO TO 17 
N(I, J, K) =1 .E-30 

17 CONTINUE 
RETURN 
END 

C 
C ---------------------------------------------------- - ---------------

SUBROU'I'INE COEFN(ZZ,RE,PHI,N,V, IM,K, ITYPE,AU,MOLEC,LONGO,NOTRN 
C ---------------------------------------------- - --------------------  

C COMPUTE ANY ION. 
IMPJJICIT REAL*4 (A-Z) 
REAL*8 C11,C12,C13 
INTEGER MOLECC 
INTEGER WNDMDL, DRFMDL, QTMDL 
INTEGER NSET,M,M2,I,J,ITWOM,11,NOTRAN 
INTEGER LO,LOO,JJ,JO,J1,K,NENTRY, ITYPE 
INTEGER MOLEC 
INTEGER*4 IM(10) ,NOMOL 
DIMENSION Vx(9) 
DIMENSION CD(10,15),SOUP(2,100) 
DIMENSION LMB(10 .5) 
DIMENSION UAN(3),UPRO(3),ULOSS(3),tJDELNV(3) 
DIMENSIONN(100,1O,2),V(100,1O,2),ALF(100),G(100,1Q,2) 
COMMON NSET,M,M2,CS(7),DUM1,DUN2,TO,T120,NZAO 
COMMON CRSCN2,AUO,DUN3,NZOO,NZOO2,NZON2, 

1DUM4, CK(2) , CTH1,D5,D6 
COMMON CTH4,CTE(2) ,CDO,DUN7,CRSCO,CRSCPH,DELTA,TILT 
COMMON UPRASE, CUPHI, PHIU, DUM9, DUM1O, 

1OFFSET, DELPH, PHFNAL, DPHOUT 
COMMON ZEINIT, PHINIT;DELPHO, LANBDA, RBASE, RD, 

1DUM12, SPHASE,DUM13 
COMNON DtJM14 DBO ,DDB 
COMMON RO, DELY, WTHO, WPERPO, OMEGA, BO, DWDRE, DWDPH, TIME 
COMNON INTLNG, DELNG, LNGOBS, UT, LONG, LATOBS, QRA, OMEGAO 
COMNON GMULT,KB,COSTIL,SINTIL,RAD,C11,C12,C13,LOO,DYDT 
COMMON /MOL/ NOMOL,MOL(10,2) 
COMNON /CNTRL/ WNDMDL,DRFMDL, QTNDL,ATMS71 
COMMON /COEFF/ X(7,100) 
COMMON /SO/ SOL(15,100),SOLE(15.100) 
COMMON /SOsO/ SOOL(6,100) 
COMNON /SUMMO/ SUMX(8,100) 

C 
INTR(X1,X2,X3)=(C11*X1_C12*X2+C13*X3)/DELY2 
DER9(X4,X3,X2,X1)=(41.13*X1+63.00*X2+46.35*X3_28.07*X4)/ 
(387. 8DELY) 

C 
KB=1 . 38054E-16 
TWODY=2 . 
PROTON=1. 67252E-24 
DELY2=DELY*DELY 
LAMBD2=LANBDA**2 
I1=IM(1) 
IF(I1.NE.1)GO TO 127 
IF(QTMDL.NE .0)CALL QTITE(N,K) 
IF(K.NE.2)GO TO 127 
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C 
C 

PHIM=0. 
CALL ECLPSE(TIME,LONGO,PHI,UT,LONG,SINX,COSX, 

1PHIM, TET, NENTRY) 
SNPI-IIM=SIN (PRIM) 
CSPI-IIM=COS (PHIM) 
DO 126 I=1,M2 
E=1. 
IF(NENTRY.EQ.0)GO TO 125 
R=SOL(1, 1) 
SIN1=SOL(2, 1) 
COS1=SOL(3, 1) 
SN1=SIN1*COSTILICOS1*sINTIL 
CS1=COS1*COSTILSIN1*gINTIL 
CALL SUN(SN1,CS1,R) 
CALL MOON (E, SINX, COSX, SNPRIM, CSPHIM) 

125 SOLE(9,I)=E 
126 CONTINUE 
127 MASS=AU*PROTON 

DELYX=DELY 
J0 = 0 
:ri=i 
DO 129 I=1,M2 
L=SOL(9, 1) 
STOQ=SOL(6, 1) 
LSTOQ=L*STOQ 
TINF=SOLE(1, 1) 
KTE=SOLE(2, 1) 
KTI=SOLE(3, 1) 
NZO=SOLE(4, I)+NZAO 
NZ02=SOLE(5, 1) 
NZN2=SOLE (6, 1) 
WIND=SOLE(7, 1) 
DDSKT=SOLE (8, 1) 
DSDTT=DDSKT/KTI 
IF'(I.NE.M2)GO TO 128 
31 = O 
DELYX=DELY 
IF(M.NE.M2) GO TO 128 
31=-1 
DELYX=TWODY 

128 UTOO=O. 
NE=N (1, 1,K) 
IF(NOMOL. EQ. 1)GO TO 270 
DO 27 J=2,NOMOL 
UTOO=N(I-JO, IM(J) ,K) -N(I+J1, IM(J) ,K) +UTOO 
NE=NE+N (1 ,J, K) 

27 CONTINUE 
270 CONTINUE 

DDSN=LSTOQ*UTOO/DELYX 
ALF(I)=1.+ZZ*KTE*N(I,I1,K)/(KTI*NE) 

COMPUTE COLLISION COEFFICIENTS: 
MOLE CC =MOLEC 
IF (MOLEC EQ.7) MOLECC=1 
CALL RATED(CD, IM,MOLECC,TZ,TINF,KTI,KTE) 
DD=NZO/CD(I1,10)+NZO2/CD(I1,11)+NZN2/CD(I1.12) 
UTOO=DD 
IF(NOMOL.EQ.1)GO TO 280 
DO 28 J=2,NOMOL 
UTOO=N(I, IM(J) ,K) /CD(I1, 114(J)) +UTOO 

28 CONTINUE 
280 CONTINUE 
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SOUP(1, I)=1 /UTOO 
UTOO=WIND*DD 
IF(NOMOL.EQ.1)GO TO 290 
DO 29 J=2,NOMOL 
UTOO=V(I, IM(J) ,K) *N(I  IM(J) ,K)/CD(I1, IM(J) )+UTOO 

29 CONTINUE 
290 CONTINUE 

SOUP(2, I)=DSDTTUTOO1ZZ*DDSN*KTE/ (KTI*NE) 
JO = 1 

129 DELYX=TWODY 
JJ= 1 
LO =L0 O 
J0=0 
J1=1 
DELYX=DELY 
SIGN=1. 
E=1. 
DO 142 I=1,M2 
NE=0. 
DO 30 J=1,NOMOL 

30 NE=NE+N (I, J, K) 
TINF=SOLE(1, 1) 
KTE=SOLE(2, 1) 
KTI=SOLE(3, 1) 
NZO=SOLE(4, 1) 
NZ02=SOLE(5, 1) 
NZN2=SOLE(6, 1) 
NZNO=SOOL(1, 1) 
NZN=SOOL(2, 1) 
NZHE=SOOL(3, 1) 
NZH=SOOL(4, 1) 
HEPLUS=SOOL(S, 1) 
NZN2D=SOOL (6, 1) 
WIND=SOLE(7, 1) 
DDSKT=SOLE (8,1) 
TZ=SOLE(10, 1) 
R=SOL(1, 1) 
SIN1=SOL(2, 1) 
COS1=SOL(3, 1) 
SQRSIG=SOL(5, 1) 
STOQ=SOL(6, 1) 
DELT=SOL (7, 1) 
DELVEM=SOL (8, 1) 
L=SOL(9, 1) 
GRAV=SOL(10, 1) 
Y=SOL(11, 1) 
LSTOQ=L* STOQ 

C 
C COMPUTE RATE COEFFICIENTS: 

CALL RATEL(IJMB,TZ,KTE) 
IF(I.NE.M2)GO TO 131 
31=0 
DELYX=DELY 
IF(M.NE.M2)GO TO 131 
J1=-1 
DELYX=TWODY 
SI GN = -1 

C 
C COMPUTE T.DEL(N(I)V(I)): 

131 H=KTI/ (55*GRAV) 
SINI=2 *SIN1/SQRSIG 
SINI2=SINI*SINI 
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SIN2=SIN1**2 
COS2=1. -SIN2 
SIG2=SQRSIG* *4 
D=SOUP(1, 1) 
ALPHA=ALF(I) 
DSDTT=DDSKT/IÇTI 
ALPHAD=ALPHA*D 
SINIH=SINI/H 
DX=_2.*(SINI2+COS2/SIG2)/R 
DD1=D* (SOUP(2, 1) +SINIH) 
DDSD=LSTOQ*(SOUP(1,IJO)SOUp(1,I+J1))/DELyx 

1 /DEIJYX 
A2=LSTOQ* (SOUP(2, 1-JO) SIGN*SOUP(2, I+J1) ) *D/DELYX 

1-DDSD*DD1/D 

2D* (DSDTT*SINI+nx)/H 
A3=-DDSAD-DD1 
A4=-ALPHAD 

o 
C ADD ON N(I)V(I)*DEL.T: 

A2=DELT*DD1+A2 
A3 =A3 DELT*ALPHAD 

o 
C ADD REST QF CONTINUITY EQtJATION: 

B1=O. 
B2=-DELVEM-A2 
B3=-A3 
B4=-A4 

C 
O COMPUTE PRODUCTION AND LOSS TERNS: 

IF(K.EQ.2)E=SOLE(9, 1) 
C THE FOJ.JLIOWING VARIABLES STAND FOR TRE CORRESPONDING IONS: 
o 	N1=O+ 
o 	N2=NO+ 
o 	N3=O2+ 
o 	N4=N2+ 
o 	N5=N+ 
o 	N6=O++ 
o 	N7=O+2D 
o 	N8=H+ 

GO TO (132. 133,134,135, 1361, 1362,1363, 1364,1365) ,MOLEC 
O 
o FOR 0+ ---------------------------------------------------------- 

132 B1=B1+SOLE(11,I)*E+3.E_8*NE*N(I,7,K) 
B2 =B2 -LMB (1, 1) *NZN2  -LMB (1, 2) *NZO2 -LMB (1, 3) *NZNO 

2-LMB(1,4) *NE 
GO TO 137 

O 
OFOR NO+ --------------------------------------------------------- 

133 B1=B1 +LMB(1,1)*NZN2*N(I,1,K) 
1+ (LMB (3, 1) *NZNO+LMB (3, 2) *NZN+LMB  (3,3)  *NZN2) *N(I, 3,K) 
2+(LMB(4,2)*NZO+LMB(4,3)*NZNO)*N(I,4,K) 
3+ (LMB (5, 1) *NZ02/2 .+LMB(5,2) *NZNO) *N(I, 5,K) 

R2=B2-LMB(2,1) *NE 
GO TO 137 

O 
O FOR 02+ 

134 21 =B1 + SOLE(12,I)*E + (LJ4B(1,2)*N(I,1,K)+LMB(4,1)*N(I,4,K) 
1+LMB (5, 1)/2 *N (1,5, K) ) *NZO2 

112 =112 -LMB (3, 1) *NZNO -LMB (3, 2) *NZNLMB (3, 3) *NZN2 
LMB (3, 4) *NZN2DLMB (3, 5) *NE 

GO TO 137 
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C 
C FOR N2+ 

135 B1=B1+1,MB(10,2)*SOLE(13,J)*E 
1 +.3*LMB(7,1)*NZN2*HEPLUS+3.E_10*NZN2*N(I,7,K) 

B 2 =B 2 LMB( 4 , 1 )*NZO2Lr4B(4,2)*NzOLMB(4,3)*NzNOLMB(44)*NzN 
1-LMB(4, 5) *NE 
GO TO 137 

C 
C 
	

FOR N-i- 
1361 QN=(1._LMB(10,2))*SOLE(13,i)*E 

B1=B1+QN+LMB(4,4)*NzN*N(I,4,K)+.7*LMB(7,1)*NZN2*HEpLUS 
1+LME(3,4)*NZN2D*N(I,3,K) 

B2=B2-LMB (5,1) *NZO2.LMB(5, 2) *NZNO 
GO TO 137 

C 
C FOR O++ 

1362 B1=B1+SOLE(15, 1) *E 
B2 =B2 -LMB (6, 1) *NZO2  -LMB (6, 2) *NZN2 
GO TO 137 

e 
C FOR O+2D 

1363 B1=SOLE(14, 1) *E+B1 
B2=-3 .E_10*NZN2_3 .E_8*NE+B2 

1364 CONTINUE 
1365 CONTINUE 

137 CONTINUE 
SUMX(MOLEC, I)=B1+ (B2+DELVEM+A2) *N(I, 11,1) 
IF(ITYPE.EQ.0)GO TO 139 
IF(I.NE.L0)GO TO 139 
IF(L00 .LE.2 .OR.L00.GE. (M2-3))G0 TO 139 
LSTOQ2 =LSTOQ*LSTOQ 
ANO=N(LO-2, I1,K) 
AN1=N(LO-1, I1,K) 
AN2=N(L0, I1,K) 
AN3=N(L0+1, I1,K) 
N4=N(L0+2, Ii, K) 
D1NDY= (AN1-AN3) /TWODY 
D2NDY= (-ANO+16 . 	 *2+16 . *J3_pJ4) / (12. *DELY2) 
D1NDS=LSTOQ*D1NDY 
D2NDS=LSTOQ2*D2NDY+ (DELT+Y*LANBD2*sTOQ/L) *D1NDS 
UDELNV(JJ) =(DELvEF4+A2) *pJ'2+A3*D1NDS+A4*D2NDS 
UPRO (JJ) =B1 

SUBTRACT OUT DELVEM+A2 
ULOSS (JJ) =- (B2+DELvEN+A2) *J\Ç 
UPJN (JJ) =AN2 
IF(JJ.EQ.3)GO TO 138 
JLT=JJ+1 
LO =L0 +1 
GO TO 139 

138 AN=INTR(UAN(1),UAN(2),UAN(3)) 
PRO=INTR(tJPRO(1),tJPRO(2),UPRO(3)) 
LOSS=INTR(tJLOSS(1),ULOSS(2),ULOSS(3)) 
DELNV=INTR(UDELNV(1) ,UDELNV(2) ,UDELNV(3) 
SLAT=LATOBS/RAD 

139 IF(I.NE.M)GO TO 140 
ANX=N(M, 11, K) 
LOSSX=- (B2+DELVEM+A2) *J\J2)( 
PROX=B1 
NEX=NE 
TEX=KTE/KB 

C 
C 

Es 
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C IGNORE G-TRAN5FORM IF NOTRAN IS POSITIVE: 
140 IF(NOTRAN.GT.0)GQ TO 141 

C 
C N TO G TRANSFORM: 

NTOG1=SOL(12, 1) 
ALFHO=SOL(13, 1) 
GTRAN=SOL(14, 1) 
SI N IAJ-I= SI MI /ALFH O 
B1=B1 
B2=B2_B3*SINIAH+B4* (SINIAB**2Dx/ALFHo) -NTOG1 
B3=E3B4*2 

o 
C 5 TO Q TRANSFORM: 

141 B3=STOQ* (B3DELT*B4) 
B4=STOQ*STOQ*B4 

C 
C Q TO Y TR.ANSFORM: 

B3=1,*B3+Y* (LArVIBD2*84.DyDT) 
B4=L*L*34 
x(i, I)=LSTOQ 

I)=-DD1 
T)=ALPHAD*LSTOQ 
1) =B1*GMEJLT 
I)=B2*GP1IULT 
I)=B3*CMULT 
1) =B4*GMULT 

DELYX=TWODY 
142 J0=1 

RETURN 
C 
o-- - 

ENTRY COV(N,V, I1,K, ITYPE) 
J0=0 
J1=1 
DELYX=DELY 
DO 151 I=1,M2 
IP(I.LT.M2)GO TO 150 
DELYX=DELY 
Ji = O 
IF(M.EQ.M2)31=-1 
IF (M. EQ .M2) DELYX=TWODY 

150 DNDY=ALOG(N(I-J0,I1,K)/N(I+J1,I1,K))/DELYX 
JO = 1 
DELYX=TWODY 
v(I,I1,K)=X(2,I)+X(3,I)*DNDY 
IF(V(I, I1,K) .LT. -300.E2)V(I, I1,K)=-300 .E2 
IF(V(I,I1,K).GT.300.E2)V(I,I1,K)=300.E2 

151 CONTINUE 
IF(ITYPE.EQ. 0)RETURN 

o 
C COMPUTE NDELV: 

SLAT=0. 
DELVEM=SOL (8,M) 
LSTOQ=SOL(9,M) *SOL(GM) 
IF(M.NE.M2)GO TO 153 
DO 152 1=1,8 
N(M+I,I1,K)=N(M-I,I1,K) 
x (2, M+I) =X (2, M- 1) 

152 X(3,M--I)=X(3,M-I) 
153 DO 154 1=1,9 

DNDY=DER9(N(M-9+I,I1,K)-N(N - 1+I,I1,K), 
1 	 N(M-8+I,I1,.K)-N(M-2+I,I1,K), 

192 



2 	 N(M-7+I,I1,K)-N(M-3+I,I1,K), 
3 	 N(M 6+I,I1,K) N(M 4+I,I1,K)) 
IF(I .EQ.5)DN=DNDY 

154 VX(I)=X(2,M_5+I) +X(3,M_5 + I)*DNDy/N(M_5 + J , j , jç) 
DVX=DER9 (VX(1) - VX(9),Vx(2)-vX(8),vx(3)_vx(7),vx(4)_vç(5)) 
DELNV=(VX(5) *DN+N(M, I1,K) *D\JX) *LSTOQ+DELVEM*N(M, I1,K) 
RETURN 
END 

c 
c .................................................................... 

StJBROUTINE ATMS (RE, P111) 
c----- . -------- .. ---------------- . --------- . -------- . ------ .--------- 
C THE NEUTRAL ATMOSPHERE USES JACCHIA'S MODELS FOR TEMPERATURE 
O AND DENSITY OF TI-IR NEUTRAL SPECIES. THREE ENTRIES BESIDES TI-IR 
O SUBROUTINE ENTRY ARE USED. FOR THE ENTRY TO THE DERIVATIVES 
O BE SURE THAT ATOMIO OXYCEN IS BEING USED. 
O TO = 680 DEGREES FOR SOLAR MINIMUM 
O AND 1140 DEGREES FOR SOLAR MAXIMUM. 
O 	T0=OT(1), T120= CT(2) AND NZAO=OT(3). 
O 

IMPLIOIT REAL*4 (A-z) 
INTEGER WNDMDL, DRFMDL,QTMDL,ATMS71 
INTEGER Ii, NOX, NOMOL 
INTEGER NSET, MU, M2 
INTEGER INDX(32) ,IN,IM 
COMMON NSET,MU,M2.OS(7) ,DUM2,DUM3,T0,T120,NZAO 
COMNON CRSON2,AUO,DUN5,NZOO,NZOO2,NZON2, 

1DUM6,CK(2) ,CTI-I1,A1,A2 
COMMON CTH4, CTE (2) ,CDO, DUN7, CRSCO, ORSOPE, DELTA, DUM8 
COMMON UPHASE,CUPHI,PHIU,DUM9,DUM10, 

1OFFSET, DELPH, PHFNAL, DPHOUT 
COMNON ZEINIT, PHINIT,DUM11,LANBDA,RBASE,RD, 

1DUM12, SPHASE,DUM13 
COMNON DUM14,DBO,DDB 
COMMON R0,DELY,WTRO,WPERPO,OMEGA,B0 
COMNON /PROFL/ XZ(100),PRF(8,100),NOX 
COMMON /CNTRL/ WNDMDL, DRFMDL, QTMDL, ATMS71 
COMMON /MOL/ NOMOL,MOL(10,2) 
11=1 
INDX (28) =2 
INDX(32) =3 
INDX (16) =4 
INDX(30) =5 
INDX(14) =6 
INDX(4) =7 
INDX(1) =8 
ZERO=0. 
ONE=1. 
TWO=2. 
FOUR=4. 
11120=120 .E5 
R120=H120+R0 
K=1 . 38054E-16 
PI=3 .1415926535 
RAD=PI/180. 
G120=944.655 
MN=K*1130 . / (1. 67E_24*980 .65*14.) 
HNO=IIN*14 . /30. 
BETTA=-45 
GANMA=45. *}QJ1JJ 
P=12 *JQJfl 
R=0.3 
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M=2. 5 
MR=M*R 
N=2. 5 
M1=M-ONE 
AM2 =M- TWO 
AN1=N-ONE 
SINDEL= SIN (DELTA/TWO) 
COSDEL= COS (DELJTA/TWO) 
CEF1= ONE+P* COS(PHI +GAI'4MA) 
CAPPHI=P1-{I +BETTA+P* SIN(PHI +GANMA) 

1 IF(CAPPHI-PI)3,5,2 
2 CAPPHI=CAPPHITWO*PI 

GO TO 1 
3 IF(CAPPHI+PI)4,5,6 
4 CAPPHI=CAPPHI+TWO*PI 

GO TO 3 
5 CS1PH=ZERO 
GO TO 7 

6 CS1PH= COS(CAPPHI/TWO) 
7 CSN1PH=CS1PR**AN1 
CSNPH=CSN1PH*CS1PH 
ZE=RE-RO 
RETURN 

o 
C ----------------------- - ------------------- -------------- -----------  
o ENTRY TO NEUTRAL TEMPERATURES 

ENTRY ATMST(TINF,TZ,Z,COSINE.SINE) 
IF(ATMS71.EQ.1)GOTO 19 
0051= SQRT ( (ONE+COSINE) /TWO) 
SIN1=SINE / (TWO*COS1) 
SN1TH=SIN1*COSDEL+COS1*S INDEL 
DSN1TH= ABS(SN1TH) 
0S1TH=COS1*COSDELSIN1*SINDEL 
CS2TH=CS1TH*0S1TII 
SN1ET=SIN1*COSDELCOS1 S INDEL 
CS1ET=COS1*COSDEL+SIN1 *SINDEL 
CSM2ET=CS1ET**AN2 
CSM1ET=CSM2ET*CS1ET 
CSMET=CSM1ET*CS1ET 
SNM2TH=DSN1TH* *PJ42 
SNM1TH=SNM2TH* SN1TH 
SNMTH=SNM1TH* SN1TH 
CEF2=ONE+R*SNNTH 
CEF3=R* (CSMET-SNMTI4) /CEF2 
CEF4=CEF3 *CSNPH 
TINF= TO*OEF2* (ONE+CEF4) 
YO=TINF-800. 
Y1=1. 722E_4*YQ*YO 
x=Yo/(750. +Y1) 
S=0.0291E5* EXP(X*X/TWO) 
SIG=S+ONE /R120 
R120Z=R120/ (RO+Z) 
R120Z2=R12OZ*R12OZ 
ZETA= (z-H120) *R12OZ 
13= (TINF-T120) /TINF 
CEFO=ONE-B 
Y 2 = SI G * ZE TA 
Y3= EXP(-Y2) 
Y7= ABS(ONEB*Y3) 
Y8=CEFO/Y7 
TZ=TINF- (TINF-T120) *3 
RZ=G120/ (SIG*K*TINF) *1. 67E-24 
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19 ZX=Xz(T1) 
IF(ZX.LE.Z)GOTQ 22 

20 11=11-1 
IF(I1.LE.0)GOTO 23 
ZX=XZ(T1) 
TF(ZX.GT.Z)GOTQ 20 

21 FACT=(Z - XZ(Il))/(xz(11+j)-xz(j1)) 
GOTO 25 

22 11=11+1 
IF(I1.GT.NOX)GOTQ 24 
zx=xz(ii) 
IF(ZX.LE.Z)GOTO 22 
11=11-1 
GOTO 21 

23 11=1 
FACT=0. 
GOTO 25 

24 I1=NOX-1 
FACT=1. 

25 CONTINUE 
IF(ATMS71 .NE. 1)RETURN 
TINF=PRF(1,NOX) 
TZ=PRF(1, Ii) + (PRF(1, 11+1) -PRF(1, Ii)) *FACT 
RETURN 

C 
C--- - --------------------------------------------------------------- - 

C ENTRY TO DENSITY 
C MASS IN ATOMIC MASS UNITS 

ENTRY ATMSN(NO, MASS, NZ) 
IF(ATMS71.EQ.1)GOTO 18 
GAMA=MASS *HZ 
Y5=Y2 *GPJ4 
Y6= EXP(-Y5) 
ARG = GAMA 
Y9=Y8**ARG 
NZ=N0 *y9  *Y8 *Y6 
RETURN 

18 IN=MASS 
IM=INDX(IN) 
NZ=PRF(IM, Ii) + (PRF(IM, 11+1) -PRF(IM, Ii)) *FACT 
RETURN 

C 
C--------------------------------------------------------------------
C ENTRY TO DERIVATIVES OF NEUTRAL TEMPERATURES 
C 2H REFERS TO LONGITUDE AND TH REFERS TO COLATITUDE 

ENTRY ATMSD (DTDPH, DTUTH, DTDR) 
IF(ATMS71.EQ.1)GOTO 69 
DTDTH=T0*MR/TWO* (SNM1TH*CS1T}[* (ONE+CEF4) - 

1CSNPH* (CSM1ET*SN1ET 
1 	+ SNN1TH*CS1TH+CEF3*SNN1TH*CS1TH)) 
DTDPH=T0*CEF2*CEF3*N*CSN1PH*CEF1/TWO* ( -SIN(CAPPHI/TWO)) 
RETURN 

69 DTDPH=O. 
DTDTI-I=O. 
DTDR=0. 
RETURN 

C 
C 

ENTRY ATMSUP (NZNO, NZN, NZHEP) 
NZN=3 E6 
NZNO=5 E6 
IF(Z.LT.250.E5)GO TO 6767 
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NZN=3.E6*Exp(_(z250.E5)/HN) 
NZNO=5 .E6*EXP (- (z-250 .E5) /HN0) 

6767 NZHEP=PRF(8,I1)+(PRF(8,Ij+1)_pRF(8,11))*FACT 
RETURN 
END 

C 
C .................................................................... 

SUBROUTINE EVALU (PHI, Y, YP, L) 
C---------------------------------- - --------------------------------- 

REAL*4 NZAO,NZ0O,NZON2,NZ002,LAJvIBDA 
INTEGER WNDMDL, DRFMDL, QTNDL 
DIMENSION Y(10) ,YP(20,6) 
COMMON NSET,M,M2,CS(7),DUM2,DUM3,T0,T120,NzAO 
COMMON CRSCN2,AUO,DUM5,NZ0O,Nz002,NzON2, 

1DUM6,CK(2) ,CTH1,A1,A2 
COMNON CTH4, CTE (2) , CDO, DUM7, CRSCO, CRSCPH, DELTA,DtJTvIB 
COMNON UPRASE, CUPRI, PRIU, UM9,DUM10, 

1OFFSET, DELPI-i, PHFNAL, DPHOUT 
COMNON ZETNIT,PHINIT,DUM11,LAMBDA,RBASE,RD, 

1DUN12, SPHASE, DUN13 
COMMON DUM14, DB0, DDB 
COMNON RO, DELY, WTT-I0 ,WPERP0, OMEGA, B0, DWDRE, DWDPH 
COMMON /CNTRL/ WNDMDL, DRFMDL, QTMDL, ATMS71 
CONTINUE 
IF(DRFMDL.EQ.0)GOTO 10 
RE=Y(2) 
B=B0* (RO/RE) **3 
S2= ..B*OMEGA*RE*RE 
5= 	52 
DS2DR=B*OMEGA*RE 
CALL VPERP (zw, PHI WPERP) 
RW=ZW+R0 
RW2=RW*RW 
RE2=RE*RE 
WPERPO=WPERP*RE2 /RW2 
DWDRE=2. *WPERPO/RE 
WTHO=0. 
DWDPH =0. 
WTT-IT=( 	DS2DR)/B 
YP (1 ,L) =RE/WTHT 
YP(2 , L) =WPERPO*YP(1,  L) 
RETURN 

10 RE=Y(2) 
P12=3.1415926535/2. 
COSPH=COS (PHI) 
SINPH=SIN(PI-II) 
IF(RE.GT .RD)GOTO 110 
PHID=P12 
DPHTD=0. 
GOTO 111 

110 PT-IID=ASIN(SQRT(RD/RE)) 
DPHID= -SQRT (RD/ (RE-RD) ) / (2. *RE) 

111 PT-IIDS=P12-P1iID 
DPHIDS= -DPHID 
PSIA=CS(1)+CS(2)* COS(CS(3)*PHIDS) 
DPSIA=CS(2)*CS(3)* SIN(CS(3)*PHIDS)*DPHIDS 
PSIB=CS(4HCS(5)* COS(CS(6)*PHIDS) 
DPSIB=_CS(5)*CS(6)* SIN(CS(6)*PHIDS)*DPIIIDS 
B=B0* (RO/RE) **3 
S1=-CS (7) *R0* (PSIA*SINPH+PSIB*COSPH) 
52= B*OMEGA*RE*RE 
S=S1+S2 
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DSDTH=-CS(7) *R0* (PsIA*cospHpsIB*sINpH) 
DS1DR=-05 (7) *JQ* (DpsJA*sINp}j+ pgp*Qgp) 
DS2DR=B*OMEGA*RE 
WPERPO=-DSDTJ-I/ (B*RE) 
DWDRE=2 . *WPERPO/RE+CS (7) *fÇJ* 
1 (DPsIA*cospHDpsIB*sINpH) / (B*RE) 
WTHO=DS1DR/B 
DWDPH=-CS (7) *Q* (DPSIA*cospiiDpsIn*grnpH) /B 
WTT-IT= (DS1DR+DS2DR) /8 
YP (1, L) =RE/WTI4T 
YP(2 , L) =WPERPO*YP (1 I) 
RETIJRN 

c 
c----- - -------- - -----------------------------------------------------  

ENTRY SS(S,COSPH,SINPH,RE) 
IF(DRFMDL.EQ.0)GOTO 11 
B=B0* (RO/RE) **3 
S2=B*ONEGA*RE*RE 
S=S2 
RETURN 

11 P12=3.1415926535/2. 
IF (RE . LE . RD) PHID=P12 
IF(RE.GT .RD)PHID=ASIN( SQRT(RD/RE)) 
PHIDS=P12 -PHID 
PSIA=CS(1)+CS(2)* COS(CS(3)*PHIDS) 
PSIH=CS(4)+CS(5)* Cos(cs(6)*pHIDS) 
B=H0* (RO/RE) **3 
s1=-cs(7) *R0* (PSIA*SINpH+psIp*cospH) 
S2=B*OMEGA*RE*RE 
S=S1+S2 
RE TIJRN 
END 

c 
c ------------ - --------------------------------------------------- ---- 

SUBROUTINE PHOTO (NHCHO, NBCHO2, NHCHN2, OPLUS, 
1Q,Q04S,QO2D,QOO, Q02 ,QN2, QRATIO,NZO,NZO2 ,NZN2) 

c-------------------------------------------------------------------- 
IMPLICIT REAL(A-Z) 
INTEGER I,I3,K,TAU,IL 
DIMENSION ALMB(25) ,AA4S(25) ,AA2D(25) ,AA2P(25) 
1AA4P(25) ,A2PP(25) 
DIMENSION CR102(70) ,CRIO(70),CRIN2(70) 
DIMENSION EX(1000) , P1-f(70) , CRAO(70) , CRAO2 (70) , CRAN2 (70) 

1 LANDA (70) 
DIMENSION PHCRO(70),PCRO2D(70),PI-1CR02(70), 
1PHCRN2(70),PHCR00(70) 
DATA ALMB/734.,700.,663.,650.,600.,550.,500.,450.,435., 

1 425., 400. 1 1375. 1 350. ,325.,310.,300., 275. ,250.,225., 
1 200. ,175.,150.,125. ,100. , 0./ 
DATA AA4S/1.00, 0.46, 0.45, 0.32,0.30, 0.30, 0.29, 0.28, 
1 0.28,0.27,0.27,0.27,0.27,0.27,0.27,0.27,0.27,0.27,0.26, 
1 0.26,0.26,0.25,0.24,0.23,0.21/ 
DATA AA2D/0.00,0.54,0.55,0.42,0.45,0.44,0.44, 
1 0.44,0.44,0.41,0.41,0.40,0.39,0.38,0.38,0.36,0.35,0.34, 
1 0.34,0.33,0.33,0.32,0.31,0.28,0.26/ 
DATA AA2P/0 .00,0.00,0.00,0.26,0.25,0.26,0.27, 
1 0.28,0.28,0.25,0.25,10.25,0.25,0.25,0.25,0.23, 
1 0.23,0.22,0.21,0.20,0.20,0.19,1.18,0.18,0.15/ 
DATA AA4P/0 .00,0.00,0.00,0.00,0.00,0.00,0.00, 
1 0.00,0.00,0.07,0.07,0.08,0.09,0.10,0.10,0.10,0.10,0.11, 
1 0.11,0.12,0.12,0.13,0.15,0.18,0.22/ 
DATA A2PP/0.00,0. 00,0.00,0.00,0.00,0.00,0.00, 
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1 0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00 1 0.04,0.05,0.06, 
1 0.08,0.09,0.09,0.11,0.12,0.14,0.16/ 

QO4S=0. 
QO2D=0. 
QOO=0. 
Q02=0. 
QN2=0. 
DO 1 I=1,K 
TAtJ= (cRAO(I) 	 (1) *J}1CHO2+ 

1CRAN2 (1) *N}ICHN2) *100. +1.5 
IF(TAU.GT .1000)TAU=1000 
EXTAU=EX (TAU) 
Q04S=QO4S+PI-ICRO(I) *EXTAU 
Q02D=QO2D+PCRO2D (1) *EXTAU 
QOO=QOO+PRCROO (1) *EXTAU 
Q02=Q02+PHCR02 (1) *EXTAU 
QN2=QN2+PHCRN2 (1) *EXTAU 
Q04S=QO4S*NZO*QRATIO 
Q02D=QO2D*NZO*QRATIO 
QOO=QOO* OPLUS*QRATIO 
Q02 =Q02 *NZO2 *QFTIO 
QN2 =QN2 *NZN2 *QpATIO 
Q=Q04S+QO21)+QOO+Q02 +QN2 
RETURN 

c 
c 

ENTRY PHOTOO 
IL=1 
READ(1, 1000)K 
READ(1,1001)(PH(J),LANDA(J),CRAO(J),CRA02(J),CRAN2(J), 

1CRIO(J) , CRIO2 (J) CRIN2 (J) , J=1, K) 
WRITE (3, 997)K 

997 FORMAT(8X,15,' = (NtJMBER OF WAVELENGTH BANDS IN SOLAR SPECTRUM) 
WRITE(3,1003)(PH(J),LANDA(J),CRAO(J),CRA02(J),CRPN2(J), 
1 CRTO(J),CRI02(J),CRIN2(J),J=1,K) 

1000 FORMAT(8X,I5) 
1002 FORP4AT(' SUNSPOT # FOR DATA IS',FS.l,'ACTIVITY IS',FS.l) 
1001 FORMAT( 8F5.0) 
1003 FORMAT(' ',8F8.2) 
C FLUX IS READ IN PHOTONS CM-2 SEC-1 
C EFFECTIVE WAVELENGTN IN A 
C 	CROSSECTION IN CM-2/10E-18 

DO 765 I=1,K 
765 PHCROO(I)=0. 

DO 2 I=1,K 
69 IF(LAMDA(I).GT.ALJ4B(IL))GO TO 70 

IF(IL.EQ.25)GO TO 70 
TL=IL+1 
GO TO 69 

70 CONTINUE 
CRAO(I) =CRAO(I) *1E_18 
CRA02 (I)=CRAO2 (1) *1 .E-18 
CRAN2(I)=CRAN2(I)*1.E_18 
PHCR02(I)=PH(I)*CRI02(I)*1.E_9 
PHCRO(I)=PH(I)*CRIO(I)*1.E_9*(4S(IL)+4P(a)) 
PCR02D(I) = (AA2D(IL) +AA2P(IL)+A2PP(IL))*(I)*00(fl*1E_9 
IF(LM'IDA(I) .LT.36OJPHCROO(I)=.5*PHCRO(I) 

2 P1ICRN2(I)=PH(I)*CRIN2(I)*1.E_9 
DELX=.01 
x=0. 
DO 3 1=1,1000 
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EX(I)=EXP(-X) 
3 X=X+DELX 

51=0. 
S12D=0. 
52=0. 
53=0. 
S4=0. 
DO 4 I=1,K 
Si = Si + PHCRO (1) 
5121)=5121)+PCRO2D(I) 
52=S2+PHCROO (1) 
S3=53+PHCR02 (1) 
S4=S4+PHCRN2 (1) 
CONTINUE 
WRITE(3,5)S1,S12D,S2,53,54 
FORMAT(' PHCR04S+' ,1PE1O.3,' PHCR02D+ 1 ,E10.3, 
'PHCRO++',E10.3,/' 	PHCR02+',E10.3,' PHCRN2+',E10.3) 
RETURN 
END 

C 
C 

SUBROUTINE ECLPSE (TIME, LONGO,THETA,UT, LONG, SINX, COSX, 
1PHIM, THT, NENTRY) 

C--------------------------------------------------------------------
IMPLICIT REAL*4 (Az) 
INTEGER NOECLP, NENTRY 
NENTRY= O 
T0= (THO+LONGO-LNCEC) /RAD*240 . +TIMEEC 

C UT IS UNIVERSAL TIME KEPT AT FIELD LINE 
UT=T0 +TIME 

C LONGITUDE WEST OF FIELD LIME 
LONG=LONGO+TIME/240. *pj (THETA-THINIT) 

C TIMEEC IS UNIVERSAL TIME POINT OF TRANSIT 
IF(NOECLP.EQ. 1)RETURN 
IF(UT.LT.FSC.OR.UT.GT .LSC)RETURN 
NENTRY= 1 
BASS= (UT-TIMEEC) *DTDEC5+DEC5 
SNDEL= SIN(BASS*RAD) 
CSDEL= COS(BASS*RAD) 
THT=THETA- (UT-TIMEEC) *DTPJ5/240 *pJfl 
SINTH= SIN(THT) 
COSTH= COS(THT) 
SINX= SIN(((UTTIMEEC)*(DTDECM+(UTTIMEEC)*D2TDCM/2.)+ 

1DECM) *pD) 
COSX= SQRT(1. 	SIMX*SINX) 
LONGM= LNGEC- (UT-TIMEEC) * (DTRAM+ (UT-TIMEEC) *D2T}JXJ4/2 

1/240. *RAD+ 
1OMEGA* (UT-TIMEEC) 
PHIM=LONGM-LONG 
RETURN 

C 
C 

ENTRY SUN(SIN1,COS1,R) 
B1=R*RfRM2 
B2=TWORM*R 
CSCHIS=SIN1 *5NDEL+COS1*CSDEL*COSTH 
SNCHIS= SQRT(i. 	CSCHIS*CSCHIS) 
IF(SNCHIS . LT. 1 .E-4) SNCHIS=1 .E-4 
SMETA1=SINTH*CSDEL/SNCI-JIS 
CSETA1= (SNDELSIN1*CSCHIS) / (COS1*SMCHIS) 
RETURN 

C 
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C 
ENTRY MOON (F, SNX, CSX, SNPHIM, CSPHIM) 
F=1. 
CSCI-IIM=SIN1 *SNX+COS1 *CSX*CSPHIM 
SNCI-IIM= SQRT(1. 	CSCHIM*CSCHIM) 

C TEMPORARY CURE FOR ZERO DIVISOR. 
IF(SNCIIIM.LT.1.E-4)GO TO 16 
SNETA2=SNPHIM*CSx/SNCRIM 
CSETA2= (SNXCSCHIM*SIN1) / (SNCHIM*COS1) 
CSETA=CSETA2 *CSETA1+SNETA2*SNETA1 
XX= SQRT(B1+B2*CSCHIM) 
K=R*SNCHIM/XX 
SQRTK= SQRT(1. 	K*K) 
CSCIiI=SQRTK*CSCHIJ'4 K*SNCHIM 
SNCHI=SQRTK*SNCHIM+K*CSCHIM 
CSALFA=CSCHIS*CSCRI+SNCFJIS*SNCHI *CSETA 
ALFA=ACOS (CSALFA) 
DMOON=RM*DLUNA/XX 
ALFMIN= (DSUN-DMOON) /TWO 
IF (ALFMIN) 15,15,17 

15 ALFMIN=ALFMIN-ALFA0 
IF(ALFA+ALFMIN) 16,16,20 

16 F=0. 
RETURN 

17 ALFMIN=ALFMIN+ALFAO 
IF(ALFA-ALFMIN) 18, 18,.20 

18 F=1. -DMO0N2/DSUN2 
RETURN 

20 IF(ALFA- (DMOON+DSUN) /TWO) 22,22,21 
21 F=1. 

RETURN 
22 DMOON2 =DMOON*DMOON 

C1= (DSUN2-DMOON2) / (4. *ALFA) 
C2 =DMOON/DSUN 
RHO1= (C1+ALFA) /DsuN 
RH02= (-C1+ALFA) /DMOON 
F= (PI-ACOS (RI-foi) C2*ACOS (RHO2) + 
1RHO1* SQRT(1.RHO1*RHO1)+C2*RHO2* SQRT(1.-RH02*RHO2H/PI 
RETURN 

C 
C 

ENTRY READEC(INTLNG,DELNG, LNGOBS, LATOBS,NOECLP, FSC, LSC) 
READ(1, 1003)NOECLP 
CM5=1 . ES 
ONE=1. 
TWO=2. 
PI=3 .1415926535 
TWOPI=2. *PI 
RAD=PI/180. 
R0=6378 . 17E5 
D60=60 
D3600=3600 
PERIOD=23. 	*D3600+56 	*D60+4.09054 
SEC=PERIOD/360. 
OMEGA=TWOPI/ (3600. *24.) 
OMEGAN=TWOPI/(27.321661 	*24 *D3600) 
ALFAO=1 . E4'RAD 

C 	MEASURED FROM TRAMSIT 
C 	FOR ECLIPSE AT A GIVEN PLACE AND TIME 
C 	L1=INITIAL LONGITUDE OF FIELD LINE 
C 	L2=DELTA LONGITUDE OF THE THREE FIED LINES RtJN SIMULTANEOUSLY 
C 	L3=LONGITUDE OF OBSERVER 
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C L4=LATOBS 
READ(1, 1000)L1, L2 , L3 , L4 
WRITE(3, 1002)L1,L2,L3,L4 
INTLNG=L1*RAD 
DELNG=L2 *pjjj 
LNGOBS=L3 *J?JW 
LATOBS=L4 *pJ 

C ANGULAR DIAMETERS OF SUN AND MOON 
FSC=19. *fl3500 
FSC=18 *fl3500+15 . 
LSC=23 . 5*D3500 
LSC=21. *D3600+1Q . 
DSUN=(15. /D60+53.5 /fl3600)*TWO*RAD 
DSUN= (16. /D60+1 . S/D3600) *TWO*FJW 
DLUNA=(15. /D60+ 10.0 /D3600)*TWO*RAD 
DLUNA=(16./U60+42.9/D3600)*TWO*RAD 
TIMEEC=19. *fl3600+45  *D60+6 
TIMEEC=21 *JJ35QÇj3 * *D60+55 .0 
LNGEC=117 . +9. /D60 
LNGEC=139. +21. /D60+14 . /D3600 
LNGEC=LNGEC*RAD 
DECM=+( 4. +37. /D60+57.48/D3600) 
DECM=- (7.+46./D60+1.1/D3600) 
DECS=+( 4. +24. /D60+1.59 /D3600) 
DECS=- (7.+27./D60+9.2/D3600) 
DTDECS=-57.17 /D3600**2 
DTDECS=-56 * 3/D3600**2 
DTRAS=8.983 /D3600 
DTRAS=9 . 24/D3600 
DTDECM=-(14. /D60+56.64/D3600)/D3600 
DTDECM=- (11. /D60+9 . 8/D3600) /D3600 
DTRNvI=111.245 /D3600 
DTRAM=147.44/D3600 
D2TDCM=-1. 76/D3600**3 
D2TDCM=3 . 1/D3600**3 
D2TR.AJ1=0.00 /D3600*t2 
DSUN2=DSUN*DSUN 
PARLXM=(55. /D60+39.81 /D3600)*RAD 
PARLXM=(61./D60+23.8/D3600)*RAD  

RM=R0/PARLXM 
RM2=RM*RM 
TWORM=2. *RN 
RM3 =RM2 pJ'4 
RETURN 

c 
C—  

ENTRY ECLINT (THINIT) 
T1-I0=THINIT 

1 IF(THO-PI)3,2,2 
2 TT-I0=THO-TWOPI 
GO TO 1 

3 RETURN 
1000 FORMAT(4(8X,E11.3)) 
1002 FORMAT(' INTLNG=',1PE11.3,' DELNG=',E11.3,' LNGOBS=',E11.3, 

1 	' LATO3S=',E11.3) 
1003 FORMAT(8X,I5) 

END 
o o-------------------------------------------------------- ~ ----------- 

SUBROUTINE CMECK (N, '3, M2, K) 
o--------------- -----------------------------------------------------  

REAL*4 N(100,10,2) 
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10 CONTINUE 
DO 1 I=1,M2 

1 IF(N(I,J,K) .LT.1.E-10)N(I,J,K)1.E-10 
RETURN 
END 

C 
C 

SUBROUTINE SOLVE (O, J,M2, K) 
C.................................................................... 

DIMENSION 0(100,10,2) 
REAL*B xx(100) ,YY(ioo) ,DENOM 
COMMON /COEFF/ X(7,100) 

1 CONTINUE 
XX(1) =x(6, 1) /x(5, 1) 
YY(1) =X(7, 1) /x(5, 1) 
DO 10 I=2,M2 
DENOM=X(5,I)_X(4,I)*XX(I_1) 
XX(I)=x(6, 1) /DENOM 

10 YY(I)=(X(7,I)_X(4,I)*YY(I_1))/DENOM 
G(M2, J, K) =YY(M2) 
NM1=M2-1 
DO 20 KK=1,NM1 
I=M2-KK 

20 G(I,J,K)=YY(I) -XX(I) *G(I+1,J,K) 
RETURN 
END 

C 
C 

SUBROUTINE LINCO(N, J,DELYSQ,DELY2 ,RDELPH, M,M2, K) 
O ------------ -------------------------------------------------------- 

IMPLICIT REAL*4 (A-z) 
INTEGER I,J,M,M2,K 
DIMENSION N(100,10,2) 
COMMON /COEFF/ X(7,100) 

1 CONTINUE 
DO 90 I=1,M2 
A=X(7, I)/DELYSQ 
B=X(6, I)/DELY2 
C=X(5, 1) 
D=X(4, 1) 
X(4, I)=A+B 
X (5,1) =-2 . *A+C.RDELPH 
x(6, 1) =A-B 

90 x(7,I)=_DN(I,J,K)*RDELpH 
X(5,1)=X(5,1)+X(4,1)*N(1,J,K)/N(2,J,K) 
IF(M.LT.M2)X(5,M2)=X(5,M2)+X(6,M2)*N(M2,J,K)/N(M2_1,J,K) 
IF(M.EQ.M2)X(4,M)=X(4,M)+X(6,M) 
RETURN 
END 

C 
O 

SUBROUTINE RETHET(S0,RE, P111) 
O 

IMPLICIT REAL*4  (A-Z) 
PHIX=PHI*180 ./3.14159 
COSPH=COS (PHI) 
SINPI-1=SIN(P11I) 
DELRE=1 . ES 
CALL SS(S,COSPH,SINPH,RE) 
DELS=S-S0 
IF(DELS.GT .OJGO TO 3 
IF (DELS . EQ.0.) RETURN 
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1 CALL SS(S,COSPH,SINPH,RE+DELRE) 
DELS=S-S0 
IF(DELS.GT.OJGQ TO 2 
RE=RE+DELRE 
GO TO 1 

2 IF(DELS.LE.1.E8)GO TO 6 
DELRE=DELRE/2. 
GO TO 1 

3 CALL SS(S,COSPH,SINPH,RE-DELRE) 
DELS=S-S0 
IF(DELS.LE.OJGO TO 4 
RE=RE-DELRE 
GO TO 3 

4 IF((-DELS).LE.1.E8)GQ TO 5 
DELRE=DELRE/2. 
GO TO 3 

5 RE=RE-DELRE 
GO TO 7 

6 RE=RE+DELRE 
7 RETURN 

END 
C 
C----- - ---------- - ----------------------- - ---------------------------  

SUBROUTINE PRDCT(HGT, PHI, LATOBS , DELTA, NZ0O, NZOO2 ,NZ0N2, 
1NZO,NZO2,NZN2, TZ,QRA, QO4S, QN,HO, BETA) 

C --------------- - ------------------------------------------- -- -------
IMPLICIT REAL (A-z) 
DIMENSION LM3(10,5) 
R0=6370 .E5 

1 CONTINUE 
PROTON=1. 67252E-24 
KB = 1 . 3 8054 E -16 
G0=980. 655 
UNDRFL=1 .E-10 
R=R0+T-IGT 
CALL ATMS(R,PHI) 
GRAV=G0*R0*R0/ (R*R) 
SINOBS=SIN(LATOBS) -I-UNDRFL 
COSOBS=COS (LATOBS) +UNDRFL 
CALL ATMST(TINF, TZ,HGT, COSOBS, SINOBS) 
CALL ATMSN(NZ00,16. ,NZO) 
CALL ATMSN (NZOO2, 32. ,NZO2) 
CALL ATMSN(NZON2,28. ,NZN2) 
HO=KB*TZ/ (16.  *pROTON*GpV) 
H02=HO*16 .132. 
HN2=HO*16 . /28. 
SNDEL=SIN (DELTA) +UNDRFL 
CSDEL=COS (DELTA) +UNDRFL 
CIJI=ACOS(SNDEL*SINOBS+CSDEL*COSOBS*COS (PHI)) 
SINCHI=SIN (CHI) 
NHCHO=NZO*HO*CH (R/HO, CHI, SINCHI) 
NHCH02=NZO2*HO2*CH (R/H02, CHI, SINCHI) 
NHCHN2=NZN2 *HN2 *CH (R/HN2, CHI, SINCHI) 
OPLUS=1 . E6 
CALL PHOTO(NHCHO,NHCHO2 ,NJ4CHN2 ,OPLUS, QN,QO4S, QO2D, QOO,QO2, 

1QN2, QRA,NZO,NZO2, NZN2) 
CALL RATEL (LMB, TZ, KB*TZ) 
BETA=LMB(1, 1) *NZN2+LMB(1  2)  *NZO2 
RETURN 
END 

C 
C 
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SUBROtJTINE QR(Y,Q,R,SIN}{QM,COSHQM,P I QJ'&AJC,RE) e------------- . ---------------------- . ---- . ---------- .....--------- .. 

IMPLICIT REAL*4 (A-z) 
INTEGER NSET, MtJ, LX, M2 
COMMON NSET,NU,M2,CS(7),DTJM2,DUM3,T0,T120,NZAO 
COMMON CRSCN2,AUO,DTJM5,NZOO,NZQO2,NZON2, 

1DUN6,CK(2) ,CTH1,A1,A2 
CO?llON CTH4, CTE(2) ,CDO, DUM7, CRSCO, CRSCPH,DELTA, DUM8 
CONP4ON UPHASE, CUPHI, PHIU, DU149, DUM1O, 

1OPFSET, DELPH, PHFNAL, DPI-JOUT 
COMMON ZEINIT, PHINIT,DUM11,LAMBDA,RBASE,RD, 

1DUN12 , SPHASE, DUTVI13 
COMNON DtJI414,DBO,DDB 
COMNON RO, DELY, WTHO, WPERPO, OMEGA, B0 

C 
C CALCULATES Q FROM Y AND QIVIAX, THEN CALCULATES R FROM P 
C AND Q USING TI-TE NEWTON-RAPHSON METHOD. 

YSINJI=Y*SIN}{QM 
Q=ALOG(YSINI-I+SQRT (1 +YSINH*YSINH) ) /LANBDA 
IF(Q) 1, 1,3 

1 R=RE 
RETURN 

3 PR=1./P 
TOL=.0001 
F=R/R0 
LX= O 
QR2=1./(Q*Q) 
PRQR2=PR*QR2 

5 F3=F"FF 
CORR= ( (F3+PRQR2) *FQR2) / (4. *F3+PRQR2) 
F=F-CORR 
IF(A.BS (CORR) -TOL) 2,2,4 

4 LX=LX+1 
IF(L,X-100) 5,5,6 

6 WRTTE(3,1000)F,CORR,TOL,P,Q 
STOP 

2 R=F*RO 
RETURN 

ENTRY QR1 (SINHQM, COSHQM, P, QMAX,RE) 
RE = RE 
R02=R0*RO 
P=RE/R0 
QMAX=SQRT (1. -RBASE/RE) *R02/ (RBASE*REASE) 
SIN1-IQM=SINH (LANBDA*QMAX) 
COSHQM=COSH (LANBDA*QMAX) 
RETURN 

1000 FORMAT(1H ,'R DID NOT CONVERGE',lPSElS.S) 
END 

SUBROUTINE RKAM(PI-II,TIME,RE,DELPH,NEQ,L) 
e ------------------------------------------------ -------------------- 

C RtJNGE-KUTTA METHOD / ADANS-MOULTON PREDICTOR-CORRECTOR METHOD 
IMPLICIT REAL*4  (A-z) 
INTEGER NEQ,L,I,M 
COMMON DUN1(52 ),SPHASE 
DIMENSION K(20,6) ,YP(20,6) 
DIMENSION Y(10) ,YS(1O) 
X=PHI 
Y(1) =TIME 

C 
C 

C 
C 
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Y(2)=RE 
IF(L-5) 1,50,50 

c 
C RUNGE-KUTTA METHOD FOR INITIAL VALUES: 

1 IF(L-1)2,7,3 
2 H2=DELPH/2. 

H720=DELPH/720. 
H=DELPH 

3 CALL EVALU(X+SPHASE,Y,K,1) 
IF(L) 100, 100,7 

7 DO 8 I=1,NEQ 
8 YP(I,L)=K(r,1) 
X=X+H2 
DO 10 I=1,NEQ 

10 YS(I)=Y(I)+H2*K(I,1) 
CALL EVALU(X+SPHASE,YS,K, 2) 
DO 20 I=1,NEQ 

20 YS(I)=Y(I)+H2*K(I,2) 
CALL EVALU(X+SPHASE, YS, K, 3) 
X=X+1-12 
DO 30 I=1,NEQ 

30 YS(I)=Y(I)H*K(I,3) 
CALL EVALU(X+SPHASE,YS,K,4) 
DO 40 I=1,NEQ 

40 Y(I)=Y(I)+H*(K(I,1)+2.*(K(r,2)+K(I,3))+K(I,4))/6. 
TIME=Y(1) 
RE=Y(2) 

100 RETtJRN 
c 
C ADAMS-MOULTON PREDICTOR-CORRECTOP. METHOD: 

50 CALL EVALU(X-i-SPHASE,Y,YP,5) 
X=X+DELPH 
DO 60 I=1,NEQ 

60 YS(I)=Y(I)+1I720*(1901.*yp(I,5)_2774.*yp(I,4)+2616.*yp(I,3)_ 
1 	1274.*YP(I,2)+251.*YP(I,1)) 
CALL EVALU(X+SPHASE,YS,YP, 6) 
DO 70 I=1,NEQ 

70 Y(I)=Y(I)+H720*(251.*Yp(I,6)+646.*Yp(I,5)_264.*yp(I,4)+ 
1 	106.*YP(I,3) _19.*YP(I,2)) 
DO 80 I=1,NEQ 
DO 80 M=1,4 

80 YP(I,M)=YP(I,M+1) 
TIME=Y(1) 
RE=Y(2) 
RETURN 
END 

c 

SUBROUTINE GCALC(RE, PELE, DELPH, LONGO ,DELY,G, N,V,NOECLP) 
c ----------- - --------------------------------------- - ----------------  

IMPLICIT REAL*4 (A-z) 
INTEGER MOLEC,NOOKY, INBED 
INTEGER MOL,REP,I1,II,III,ITYPE,IM(10),ITYP 
LNTEGER I,M,M2,K,J,NSET,NOECLP,NOMOL 
COMMON NSET,M,M2,CS(7) ,DtJM1,DUM2,TO,T12O,NZAO 
COMMON CRSCN2,AUO,DUI'43,NZOO,NZOO2,NZON2, 

1DUM4,CK(2) ,CTH1,A1,A2 
COMMON CTH4,CTE (2) , CDO,DUN6, CRSCO, CRSCPH, DELTA, DUN8 
COMMON UPHASE, CUPHI, PHIU, DUM9, DUT'I1O, 

1OFFSET, BBBB1, PHFNAL, DPHOUT 
COMMON ZEINIT, PHINIT,DUM11, LAMBDA, RBASE, RD, 

1DUM12, SPHASE, DUN13 
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COMMON SCLN, DBO, DDB 
COMMON RO,B8B2,WT140,WPERPO,OMEGA,BO,DWDRE,DWDPH TIME 
COMNON INTLNG, DELNG, LNGOBS, UT, LONG, LATOBS, QRA, OMEGAO 
COMNON /c0EFF/ X(7,100) 
COMMON /MOL/ NOMOL,MOL(10,2) 
COMMON /OPR/ REP,PUNCH 
COMMON /ILOVE/ NOOKY,INBED 
DIMENSIONN(100,1O,2),V(100,1o,2),G(100,1o,2) 

e 
C NO ECLIPSE: NOECLP=1 
C ECLIPSE: NOECLP=2 
C 

PROTON=1. 67252E-24 
DELYSQ=DELY* * 2 
DELY2=DELY*2. 
RDELPH=1 . /DELPH 
DO 4 K=1,NOECLP 
ITYP=O 
ITYPE=O 
DO 4 III=1,REP 
IF(III.EQ.REP)ITYPE=1 
IF(III.EQ.REP)ITYP=INBED 
DO 5 J=1,NOMOL 

5 IM(J)=J 
DO 4 II=1,NOMOL 
I1=IM(1) 
AT4U=MOL(II,1) 
MOLEC=MOL(II, 2) 

C 
C ATOMIC MASS OF ATOM OR MOLECULE. 
C BIN NUMBER (LOCATION OF MOLECULE IN TABLES; 
C 	SEE MAIN, COEFF, RATES) 

z=1. 
IF(MOLEC.EQ.6)Z=2. 
IF(I1.EQ.1)CALL COEFN(Z,REPHI,N,V, IM,K, ITYP, 

1ANU,MOLEC, LONGO, O) 
IF(I1.NE.1)CALL COEFN(Z,RE,PHI,N,V, IM,K, ITYP, 

1AMIJ,MOLEC,LONG0, 1) 
CALL LINCO(G,I1,DELYSQ,DELY2,RDELPH,M,M2,K) 
CALL SOLVE (N,I1,M2,K)* 
IF(I1.EQ.1)CALL COGTON(N, Ii, 1<) 
CALL CHECK(N,I1,M2,K) 
CALL COV(N,V,I1,K,ITYPE) 
IF(NOMOL.EQ.1)CO TO 4 
DO 33 I=2,NOMOL 

33 IM(I-1)=IM(I) 
IM(NOMOL) =11 

4 CONTINUE 
NSET=NSET+ 1 
RETURN 
END 

C 
C ------------------------------------------------------- ------------- 

SUBROUTINE RATES 
C 

IMPLICIT REAL (A-Z) 
INTEGER I,J,I1,NSET,M,M2 
INTEGER IM(10) ,MOLEC,NOMOL 
DIMENSION CD(10,15),BCD(10,15),LANB(10,5) 

e ALPHC IS FOR CORRECTING RECOMBINATION RATES. 
C BETAC IS FACTOR FOR CORRECTING LOSS COEFFICIENT BETA. 

COMMON /BETAC/ BETAC,ÀLPHC 



C 

C 

C 

C 

C 

o 

C 

o 

o 

o 

C 

C 

o 

o 

o 

o 

o 

o 

o 

C 

OOMMON /MOL/ NOMOL,MOL(10,2) 
COMNON /CHEM/ LM(10,5) 
OONP4ON NSET,M,M2,DUM(27) ,ODO 
KB=1 . 38054E-16 
DO 111 1=1,6 
DO 111 J=1,15 

111 CD(I,J)=1.E22 
CXT=8.4E15/1500.**2.5*(16./17j**.5 
XT=300 ** .5 
MtJONO= ((16. +30.) / (16. *30)) ** .5 
MUO02= ((16. +32.) / (16. *32.) 

) ** .5 
MTJ0N2= ((16. +28.) / (16. *28.) ) ** .5 
MUOFE= ((16. +56.) / (16. *56.) ) ** .5 
MUNO02= ((30. +32.) / (30. *32.) ) ** .5 
MUNON2= ((30. +28.) / (30. *28.) ) ** .5 
MUNOFE= ((30. +56.) / (30. *56.) ) ** .5 
MtJ02N2= ((32. +28.) / (32. *28.) ) ** .5 
NU02FE= ((32. +56.) / (32. *56.) ) ** .5 
MUN2FE= ((30. +56.) / (30. *56)) ** 

MTJNO= ((14. +16.) / (14. *16.) ) ** .5 
MTJNNO= ((14. +30.) / (14. *30.) ) ** .5 
MUN02= ((14. +32.) / (14 .*32j) ** .5 
MIJNN2= ((14. +28.) / (14. *28.) 

) ** .5 
B (O+,NO+) 

CD(1, 2)=OXT*NUONO 
B(O+,O2+) 

CD(1,3)=OXT*MtJ002 
B(O+,N2+) 

CD (1, 4) =CXT*MUON2 
B (0+, O) 

OD(1, 10) =CDO/1000 	** .5 
B(0+,02) 

CD(1, 11) =3. 3E18/XT 
B(0+,N2) 

12) =3. 4E18/XT 
B(N0+, 0+) 

CD (2, 1) =CD (1, 2) 
B(N0+,02+) 

3)=OXT*MUNOO2 
B(N0+,N2+) 

CD (2 , 4) =CXT*MIJNON2 
B(N0+,0) 

CD(2,10) =3. 3E18/XT 
B(N0+,02) 

CD(2, 11) =1. 9E18/XT 
B(N0+,N2) 

OD(2, 12) =1. 8E18/XT 
B(02+,0+) 

CD (3, 1) =CD (1, 3) 
E (02+,N0+) 

CD (3, 2) =CD (2, 3) 
E (02+,N2+) 

CD (3,4) =CXT*I'RJ02N2 
B (02+,0) 

CD (3,10) =3. 3E18/XT 
B(02+,02) 

CD(3,11) =1. 3E18/XT 
B(02+,N2) 

CD(3,12) =1. 9E18/XT 
2 (N2+, 0+) 

CD(4, 1) =CD(1,4) 
E(N2+,N0+) 
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CD (4 , 2) =CD (2, 4) 
C B(N2+,02+) 

CD (4, 3) =CD (3, 4) 
CD (4,10) =CD (3,l0) 
CD (4,11) =CD(3,11) 
CD(4, 12) =CD(3,12) 

C B(N-f-,O+) 
CD(5,1)=1.08E15/(1000.**2.5) 

C B(N+,NO+) 
CD(5, 2) =CXT*MUNNO 

C B(N+,02+) 
CD(5, 3) =CXT*MUNO2 

C B(N+,N2+) 
CD (5, 4) =CXT*MtJNN2 

C B(N+,O) 
CD(5,10) =8. 64E18/SQRT(1000.) 

C B(N+,02) 
CD(5, 11) =5. 23E18/SQRT(1000.) 

C 	3(N-i-,N2) 
CD (5, 12) =5 . O 8E18/SQRT ( 1000 . 
CD (6, 10) =CD (1, lo) 
CD(6, ii) =CD(1, 11) 
CD(6, 12)=CD(1, 12) 
RETURN 

C 
C 

ENTRY RATED(BCD, IM,MOLEC,TZ,TINF,KTI,KTE) 
TI=KTI/KB 
TE=KTE/KB 
CXT=TI**2 .5 
XT=TINF** .5 
I1=IM(1) 
DO 56 I=1,NOMOL 

56 BCD(I1,IM(I))=CD(MOLEC,IM(I))*CXT 
BCD(I1, 10)=CD(M0LEC, 10) *XT 
BCD(I1, 11) =CD (MOLEC, 11) *XT 
BCD(I1, 12) =CD (NOLEC, r2) *XT 
IF(MOLEC.NE. 6)RETURN 
GAN=9 .43 
LNGAN=ALOG (GAN) 
BEE=1 . 02E8/LNGAN*CXT 
BCD (11,1) =BEE 
RETURN 

C 
--- 

ENTRY RATEL(LAMB,TZ,KTE) 
TTN=300 . /TZ 
IF(TZ.GT .900JTTN=300./900. 
TE = KTE / KB 
TTE=300 . /TE 
DO 60 1=1,10 
DO 60 J=1,5 
LAMB(I,J)=LM(I,J) 

60 CONTINUE 
TENORN=1000. /TE 
LANB (2,1) =LAMB (2,1) 
LLANB (3,5) =LANB (35) *TENOFJ4** .63 
LANB(4,5)=LANB(4,5)*TENORM**.37 
RETURN 
END 

C 
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SUBROUTINE QTITE (N, K) 
c.................................................................... 

REAL L,LSTOQ,KB,LAJvIBDA,NZAO,NzON2,Nz002, 
1NZOO,N ( 100, 10, 2) , NZO, NE 
COMNON NSET,M,M2,CS(7) ,DUM2,DtJM3,T0,T120,NZAO 
COMNON CRSCN2,AUO,BOEQ,NZOO,Nz002,NzON2, 

1DUT16,CK(2) ,CTH1,A1,A2 
COMMON CTH4, CTE(2) , CDO, DUN7, CRSCO, CRSCPH,DELTA, TILT 
COMMON UPHASE, CUPHI, PHIU, DUM9, DUM1 0, 

1OFFSET, DELPH, PHFNAL, DPHOUT 
COMNON ZEINIT, PHINIT, DELP}JO, LAMBDA, RBASE, RD, 

1DUM12, SPHASE, PUNCH 
COMMON SCLN, DBO , DDB 
COMMON RO, DELY,WTT-I0, WPERPO, OMEGA, BO, DWDRE, DWDPH, TIME 
COMNON /50/ SOL(15,100),SOLE(15,100) 
COMMON /TE/ TEMP(2,100) 
COMMON /EPSLN/ EPS(100),HGT(100),CNEBYO(100),II 
KB=1 38054E-16 

90 CONTINUE 
ITWOM=2 
TOL=5. 
1X2=1 
IF(M.NE.M2) 1X2=2 
DO 20 IX=1,1X2 
CO =CNEBYO (1) 
EPSLNO=EPS(1) 
10=1 
JX= 2 
3=10 
IF(IX.EQ. 2)J=ITWOM-I0 
NE=N(J, 1, K) +N(J, 2, K) +N(J, 3, K) +N(J, 4,K) 
NZO=SOLE(4 , J) 
C=NE/NZO 
IF(C.GT.00)GO TO 10 
TZ=SOLE (lo, J) 
SOLE(2 , J) =TZ*KB 
SOLE (3, J) =TZ*KB 
TEMP(K, J) =TZ 
10=10+1 
IF(I0.GT.M)GO TO 20 
GO TO 9 

10 DO 19 I=I0,M 
J= 1 
IF(IX.EQ.2)J=ITWOM-I 
NE=N(J, 1,K) +N(J, 2, K) +N(J, 3, K) +N(J, 4,K) 
NZO=SOLE(4 , 3_) 
C=NE/NZO 

11 IF(JX.GT .II)GO TO 18 
C1=CNEBYO (JX) 
IF(C.LT.C1)GO TO 12 
Co = Cl 
EPSLNO=EPS (JX) 
Jx=Jx+1 
GO TO 11 

12 x=(C-00)/(C1-00) 
EPSLN=EPSLNO+ (EPS (JX) -EPSLNO) *)( 
LX= 1 
TE=TEMP(K, J) 
TZ=SOLE (10,3) 
DEL=TE- TZ 
IF (DEL .LT.0.) DEL=0 - 
CNE2=4 8E7*NE*NE 
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CNZO=3 E12*NZO*NE/TZ 
QN=SOLE(14, LI) 

IF (K. EQ 2) QN=QN*SOLE (9, LI) 
QEI=QN*EPSLN 

14 X=TZ+DEL 
IF(x.GT.o)Go TO 31 
DEL=DEL/2. 
GO TO 14 

31 SQRTX=SQRT(X) 
XSQRTX=X* SQRTX 
F=QEI- (CNE2/XSQRTX+cNzo) *DEL 
DF=CNE2/XSQRTX*(1.5*DEL/X1.) -CNZO 
CORR=F /DF 
flEL=DEL - CORR 
IF(ABS (CORR) -TOL) 17,17,15 

15 LX=LX+l 
IF(LX.GT .20)GO TO 16 
GO TO 14 

16 WRITE(3,100)CORR 
100 FORMAT(' CORR=',F11.3) 

DEL=0. 
17 TE=TZ+DEL 

SOLE(2, J) =KB*TE 
TI=TZ 
SOLE (3, LI) =KB*TI 
TEMP (K, LI) =TE 
GO TO 19 

18 TZ=SOLE(10,J) 
SOLE(2, LI) =TZ*KB 
SOLE(3, J)=Tz*KB 
TEMP (K, LI) =TZ 

19 CONTINUE 
20 CONTINUE 

TWODY=DELY*2. 
Jo = o 
LI1=1 
DELYX=DELY 
DO 2 I=1,M2 
IF(I.LT.M2)GO TO 1 
DELYX=DELY 
J1=° 
IF(M. EQ.M2)LI1=-1 
IF(M.EQ.M2)DELYX=TWODY 

1 DTDY=(SOLE(2,I-J0)-SOLE(2,I+J1) 
1 	+SOLE(3,I-J0)-SOLE(3,I+J1))/DELYX 
JO = 1 
DELYX=TWODY 
STOQ=SOL(6, 1) 
L=SOL(9, 1) 
LSTOQ=L*STOQ 
DTDS=LSTOQ*DTDY 
SOLE (8, 1) =DTDS 
RETURN 

ENTRY QUNT(NOECLP) 
"=1.38054E-16 
DO 3 K=1,NOECLP 
DO 3 I=1,M2 
TZ=SOLE (10,1) 
SOLE (2,1) =TZ*KB 
SOLE (3,1) =TZ*KB 

C 
C 
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3 TEMP(K,I)=TZ 
TWOIJY=IJELY*2. 
Jo=o 
J'=l 
DELYX=DELY 
DO 5 I=1,M2 
IF(I.LT.M2)GO TO 4 
DELYX=DELY 
J1=o 
IF(M.EQ.M2)J1=-1 
IF(M.EQ.M2)DELYX=TWODY 
DTDY=(SOLE(2,I-JO)-SOLE(2,I+J1) 

+SOLE(3,I-JO)-SQLE(3,J+J1))/DELYX 
0O = 1 
DELYX=TWODY 
STOQ=SOL(6, 1) 
L=SOL(9, 1) 
LSTOQ=L*STOQ 
DTDS=LSTOQ*DTDY 
SOLE(8, I)=DTDs 
RETURN 
END 

C 
C-------------------------------------------------------------------- 

SUBROUTINE UTJO (PHI) 
C--------------------------------------------------------------------
C THERMOSPHERIC WIND VELOCITY NODEL. 
C VARIABLE WIND. DIURNAL FACTOR IS READ IN S.R. 1N2. 

INTEGER WNDNDL, DRFMDL, QTMDL 
REAL*4 NZA0,NZOO,NZON2,NZOO2,LANBDA 
COMNON NSET,M,M2,CS(7) ,DUM2,DUN3,TO,T120,NZAO 
COMMON CRSCN2,AUO,DUM5,NZOO,NZOO2 ,NZON2, 

1DUM6.CK(2) ,CTH1,A1,A2 
COMNON CTH4, CTE(2) ,CDO, DUM7, CRSCO, CRSCPH, DELTA,DUMS 
COMTVION UPHASE, CUPHI, PHIU, DUNS, DUM1O, 

1OFFSET, DELPH, PHFNAL, DPMOUT 
COMNON ZEINIT, PHINIT, DUM11, LANBDA,RBASE,RD, 
1DUH12,SPHASE,DUM13 
COMMON DUN14,1)BO, DDB 
COMMON RO, DELY,WTHO, WPERPO, OMEGA, BO DWDRE, DWDPH 
COMMON /CNTRL/ WNDMDL, DRFMDL, QTMDL,ATMS71 
CUPH=CUPHI/ (1. -COS(PHIU) 
IF(WNDMDL.EQ.0)GO TO 10 
CALL VWIND(PHI,UPH) 
GO TO 11 

10 UPI-I=COS (PI-II+tJPRASE) +OFFSET 
11 CSDEL=COS (DELTA) 

SNDEL=SIN (DELTA) 
RETURN 

C 
C 

ENTRY UU(SIN1,COS1,U) 
IF(WNDMDL.EQ.0)GO TO 12 
SINX=SIN1 *CSDEL COSi *SNDEL 
COSX=COS1*CSDEL+S IN1*SNDEL 
GO TO 13 

12 CONTINUE 
SINX=SIN1*CSDELCOS1*SNDEL 
COSX=COS1 *CSDEL+SIN1 *SNDEL 

13 CONTINUE 
U=CUPH* (1. -COSX) *UpM 
IF (SINX.LT. 0. 
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RETURN 
END 

C 
C --------------------------------------------- ----------------------- 

REAL FUNCTION CHO(CNEW) 
C ---------------------------------- -------------------------------- 

IMPLICIT REAL*8 (A-z) 
REAL*4 CNEW, X,, SNCHI, CH 
INTEGER 1 
DIMENSION A(48) ,Y(48) 

10 CONTINUE 
A(1)=.20615171495780099  
A(2)=.33105785495088417  
A(3)=.26579577764421415  
A (4) =. 13 62 96 93429 63 7754 
A(5)=.47328928694125211) -1 
A(6)=.1129990008033945D -1 
A(7) = . 1849070943526310D -2 
A(8)=.2042719153082784D -3 
A(9)=.1484458687398129D -4 
A(10)=.6828319330871196D-6 
A(11)=.18810248410796731)-7 
A(12)=.2862350242973881D-9 
A(13)=.2127079033224103D-11 
A(14)=.6297967002517867D-14 
A(15)=.5050473700035512D-17 
A(16)=.4161462370372855D-21 
Y(1)=.87649410478927841) -1 
Y(2)=.46269632891508083 
Y(3)=.1141057774831226D +1 
Y(4)=.21292836450983801) +1 
Y(5)=.34370866338932061) +1 
Y(6)=.5078018614549767D +1 
Y(7)=.7070338535048234D +1 
Y(8)=.9438314336391938D +1 
Y(9)=.1221422336886615D +2 
Y(10)=.1544152736878161D+2 
Y(11)=.1918015685675313D+2 
Y ( 12) =. 23 5159056 93 9919 OD+2 
Y(13)=.2857872974288214D+2 
Y(14)=.3458339870228662D+2 
Y(15) =.4194045264768833D+2 
Y(16) = .5170116033954331D+2  
A(17)=.2715245941175409D-1 
A(18)=.6225352393864789D-1 
A(19)=.9515851168249278D-1 
A(20)=.12462897125553387  
A(21) =.14959598881657673 
A(22) =.16915651939500253 
A(23)=.18260341504492358 
A(24)=.18945061045506849 
Y(17)=.98940093499164993  
Y(18)=.94457502307323257  
Y(19)=.86563120238783174  
Y(20)=.75540440835500303  
Y(21)=.61787624440264374 
Y(22)=.45801677765722738 
Y(23)=.28160355077925891 
Y(24)=.9501250983763744D - 1  
PI=3 .1415926535 
ONE=1 . DO 
TWO=2 .D0 
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CHO=0. O 
CNEW=O .0 
RETIJRN 

c 
c 

ENTRY CH(X,CHI,SNCHI) 
XSM=X*SNCHI 
XSN2 =XSN*XSN 
CHX=0 . DO 
PHIOO=80 .DO*PI/180.flO 
IF(CHI-PHIOO) 1,3,3 

1 DO 2 1=1,16 
2 CHX=CHX+A(I)/DSQRT(ONE-XSN2/(Y(I)+X)**2) 

CH=CHX 
RETURN 

3 IF(CI-II-PI/TWO)4,5,5 
4 PHIO=CHI_10.DO*PI/180.DO 

GO TO 6 
5 PHIO=80.D0*PI/180.DO 
6 SNPHIO=DSIN(PHIO) 

XX=XSN/SNPHI O 
XXSN=XSN 
XXSN2=XXSN*XXSN 
DO 7 1=1,16 

7 CHX=CHX1A(I)/DSQRT(ONEXXSN2/(Y(I)+XX)**2) 
CHX=CHX*DEXP (x* (ONE-SNCHI/sNPHIO)) 
A1= (CHI-PRIO) /TWO 
A2=(CHI+PHIO) /TWO 
A3 =XSN*A1 
DO 8 1=17,24 
SNPHI1=DSIN(_A1*Y(I)+A2) 
SNPHI2=DSIN(A1*Y(I)+A2) 

8 CHX=CHX1A3*A(I)*(DEXP(X*(ONESNCHI/SNPHh1))/(SNPHI1*SNPHh1) 
1+DEXP(+X* (ONE-SNcHI/SNPHI2) ) / (SNPHI2*SNPHI2)) 
CH=CHX 
RETURN 
END 

c------------------------------------------------------------- ------- 
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FIGURE CAPTIONS 

Figure 1. Vertical distribution of the principal positive ions typical of 
the low-latitude diurnal ionosphere during solar minimum conditions. 

Figure 2. 	Schematic iliustration of the equatorial fountain effect. 
showing the plasma flux resulting from the combined effects of vertically 
upward electromagnetic plasma drift across the field lines and plasma 
diffusion along the fleld lines. 

Figure 3. 	Schematic diagram illustrating the vertical plasma drift 
(w) produced by the horizontal thermospheric wind component along 
the magnetic meridian (n9). The magnetic dip angle is denoted by I. 

Figure 4. 	Neutral wind velocity along the magnetic meridian as 
a furiction of local time for various geographic latitudes, according to 
equation (5.4.5), for equinox and coincidence of geographic and mag-
netic equators. Positive velocities are equatorward. 

Figure 5. 	Neutral wind velocity along the magnetic meridian as 
a function of local time and magnetic latitude, according to equation 
(5.4.5), for equinox. Positive velocities are equatorward. 

Figure 6. 	Neutral wind *locity along the magnetic meridian as 
a function of local time and magnetic latitude, according to equation 
(5.4.5). for December solstice. Positive velocities are equatorward. 

Figure 7. 	Neutral wind velocity along the magnetic meridian as 
a function of local time and magnetic latitude, according to equation 
(5.4.5), for June solstice. Positive velocities are equatorward. 

Figure 8. 	Local time variations of the vertical electromagnetic 
plasma drift, at the magnetic equator, corresponding to the drift models 
Dl to D3, representing equinox, December solstice and June solstice 
conditions, respectively (after Batista et al., 1996). 

Figure 9. 	Magnetic field une geometry for the geophysical grid 
(height versus magnetic latitude) used in the ionospheric colour maps. 
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