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ABSTRACT

The purpose of this investigation is to calculate the total electron content and

four oxygen emissions for solar cycle maximum at equinox season. The investigation

shows that the total electron content reaches its maximum development at 2100 LT

with the crest nearest to the equator being the greatest. This asymmetry reverses

at 0200 LT when the crest farthest from the equator is smallest. In spite of the fact

that while Nmax decreases at noon, and the layer becomes greater in altitude under

the influence of the upward drift, the noon bite out occms at the equator around

1200 LT.

The behavior of 01 6300A, the brightest day glow source is investigated. The

oxygen at 6300A is strongly a function of Nmax and hmax- The data for the 01
o

6300A reveal that the latitudinal asymmetry is associated with the asymmetry in

altitude of F2 peak. The maximum electron density height is strongly affected by

vertical E x B drift velocity. The emission at 1356A and 7774A is calculated using

the radiative recombination and ion-ion recombination processes. The ion-ion re

combination has substantial effect in total emission rates. The intensity of 01 91lA

due to direct recombination to the ground state is obtained. These emissions can

be used as a way of remotely sensing the F region and exosphere plasma properties,

and the winds responsible for plasma transport.
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CHAPTER 1

INTRODUCTION

1.1 F LAYER AND EXOSPHERE PLASMA

The ionosphere is generally divided into six altitude regions designated as C, D,

E, Fi, F2 and exosphere plasma (Fig 1.1). In recent years F region and exosphere

becomes very significant scientifically and technologically because of radar facility

installation across The United States, nuclear explosion tests, and installation of

space station in the F layer. The upper atmosphere explored by sattelites and radio

sounding technique. The largest ionosphere layers are found to be the F layer and

the exosphere plasma which produce multiple ecohes, presumably by reflection of

radio signals. The outermost portion of the atmosphere which is almost ionized

and where helium and hydrogen ions predominate is called the protonosphere by

some and the exosphere by others, depending on whether they are emphasizing the

ionic or neutal composition. The neutral gases present at these high altitudes con

stitute a screen which removes radiations harmful to life, and the partially ionized

gas or plasma is closely associated with long distance radio communications and

geomagnetic variations. The source of ionization includes both electromagnetic and

corpuscular radiation. The energy emitted by the sun in the spectrum below I500A

is, only approximately 10"^ the energy emitted over the entire spectrum. This in

significant energy has profound effects: it is responsible for the ionized state of the

upper atmosphere and this provides the mean's for worldwide radio communication.

On the other hand, an increase in flux of less than an order of magnitude in the solar

X ray spectrum can make communications impossible in many frequency bands.
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Figure 1.1 :Schematic representation of atmospheric regions.



The uniqe characteristic of the Fi layer (180km-250km) is that the principal ions

produced is atomic, whereas the principal electron disappearance process is disso

ciative recombination with a molecule ion. Thus, ion interchange is the key process

that characterizes the Filayer. On the other hand, it should be noted that ambipo-

lar diffusion which is the diffusion rate of the ions through neutral gas across the

field line is not important yet. At an altitude 250 km ambipolar diffusion becomes

very significant which is called as F2 layer. In the F2 region itself the dominant ion

is ,However, at higher altitudes H^'is present in greater concentrations.

The exosphere can be described as the region where the mean free path of the

molecule is large and molecules move on ballistic trajectories and only very occa

sionally collide with each other. For typical exospheric temperatures and densities

in the earth's upper atmosphere, about 550 km can be taken as the lower boundary

of the exosphere.

For our investigations, the boundary between the low and, middle latitude

regions defined as the latitude below which the significant equatorial EDP enhance

ments occur (Appleton anomaly), and significant irreqularities characteristic of the

equatorial region such as spread F are found.

1.2 EQUILIBRIUM IN THE UPPER ATMOSPHERE

There are three types of equilibrium among the constituents that we must

consider, depending upon the component in question as well as the altitude range.

In the thermosphere one finds a condition of gravitational separation ,somtimes

called diffusive equilibrium, above 120 km for all atmospheric constituents. At

these levels the molecules move as independent particles. Each component obeys

a hvdrostatic law characterized bv its own molecule mass with result that each



component also has its own hydrostatic equations and scale height which hold for

each component separately.

At an altitude between 100 and 130 km (lower part of E region) molecular

diffusion is dominated by atmopheric turbulance which leads to a mixing of the

various components.

The last type of equilibrium is the photochemical equilibrium regime in which

chemical productions and loss processes are much faster than molecular and eddy

diffusion(C and D region).

1.3 ELECTRONIC STRUCTURE

The electronic structure of atoms and ions depend on atomic number and the

energy associated with that orbit. Orbitals are filled with electrons in order of

increasing energies. The s orbit can hold a maximum of two electrons, the p orbit

can hold a total of six electrons, and the d orbit can hold a total of ten electrons.

The p orbit has three sub shell, and the d orbit has five sub shells. When electrons

are added to orbitals of the same energy (such as 3p orbitals), one electron enters

each of the available orbitals before a second electron enters any one orbital. If

the net charge from the nucleus and the filled inner orbitals were concentrated at

a point at the nucleus, then the shell energies such as 3s, 3p, 3d orbitals would be

the same. But the screening electrons extend over an appreciable volume of space.

The net attraction that an electron with a principal quantum number expe

riences depends on how close it comes to the nucleus, and whether it penetrates

the lower screening electron clouds. As in Sommerfeld's elliptical orbit model, the

s orbital comes closer to the nucleus, and is somewhat more stable than the p.and

the p is more stable than the d. For a given value of the principal quantum number.



the order of increasing energy is s, p, d, f, g. Something unusual happens in the

fourth period of the periodic table. The 4s orbital penetrates closer to the nucleus

than does the 3d orbital,and at this point in the build up process the 4s has slightly

lower energy than 3d.

Atomic numbers for N, Na are 7, 6, 11 respectively, and their atomic

configurations are as following:

.V = (ls)^(2s)^(2p,)^(2p,)^(2p,)^

0++ = (ls)2, (2s)2, {2p,)\{2py)\{2p,f

Na^ (l5)^(2s)^(2p)'^^(3s)^

Atomic structure changes significantly in different reactions. Electrons can

move from one orbit to another and leave the atomic structure in the excited state.

Depending on the life time of the exitation state, the atomic structure decays to

the ground state through a cascading effect.

1.4 VARIATIONS IN THE IONOSPHERE

Variations in ionosphere structure, density, pressure, and temperature have

their origin in the rotation of the earth(diurnal variations) , revolution of the earth

about the sun (seasonal variations), and the sunspot cycle(solar cycle variations).

In addition, these physical properties also depend upon geographic and magnetic

latitudes.

The diurnal variations caused entirely by variation of the heating rate due to

change in the flux of solar ultraviolet radiation. Although most of this radiation

is absorbed at altitudes below the Fi layer the amplitude of the density and tem

perature variations is small at these heights because of the large heat capacity of



the atmosphere. Higher in the thermosphere the heat capacity is smaller and daily

fluctuations are greater.

Seasonal variations occur because of changes in the noon zenith angle as well

as in the duration of daylight.

Solar activity hais a very significant influence on upper atmosphere properties.

Most of the effect is due to variations in the intensity of ultraviolet solar radiation

incident on the earth. There is strong correlation between solar radio flux(Jansky)at

wavelengths of 8 to 10.7 cm, the Zurich sun spot number, and upper atmosphere

properties. The correlation of the 27 day (solar rotational period) average of radio

flux at 10.7 cm with the 27 day average sunspot number(Wolf sunspot number)

is more significant than the correlation of the instantaneous values. Because of

the dependace of thermospheric temperatures on the solar heating rate, a linear

relationship was suggested between solar cycle and temperatures.

1.5 PERTURBATIONS OF IONOSPHERE

Phenomena of a collective nature such as winds and waves are exteremly im

portant in upper atmosphere. In particular these are acoustic gravity waves, atmo

spheric tides, winds, circulations and turbulent transport.

Thermospheric winds are the result of thermally created tidal motions at high

altitudes, such air motions have ionospheric effects because of viscous interaction

between atmosphere and ionosphere. In particular they raise or depress the altitude

of the electron density peak. They also have pronounced effect on number densities

of neutral components and on heat flow in the thermosphere.

Internal gravity waves are disturbances which propagate as a consequence of

buoyant forces present in E region. Gravity waves which originate in the lower



atmosphere penetrate to the upper atmosphere with larger amplitude.

Tidal oscillations occur in atmospheric pressure at low altitude. These motions

are responsible for the flow of electric currents in the ionosphere. These disturbances

with large scale random fluctuations in density and velocity(turbulance) mix the

atmosphere and cause instability in parts of the ionosphere.

1.6 OPTICAL PHENOMENA

Two types of optical phenomena occur in the upper atmosphere: auroras, and

airglow. Airglow consists of dayglow, nightglow, twilight.

Dayglow is the result of excitation of atmospheric costituents by solar radiation

and, to smaller extent, by low energy electrons. The main emission mechanism is

resonance scattering which is the absorption of photons without a change in the

photon energy and wavelength.

Twilight glow is a transition period between dayglow and nightglow. The

emission mechanism is fluorescence which is the absorption of photons of one energy

and the emission of photons of lesser energy; radiation of one wavelength is absorbed

and radiation of a longer wavelength is emitted.

Nightglow phenomena are mainly produced by sunlight;they originate dur

ing the daylight and persist throughout the night. Solar radiation is, in essence,

stored in dissociative, ionized,and excited species during the daytime and released

at night by various relaxation processes such as ionic recombination,quantum emis

sion, etc(chemiluminescence).

Auroras result from the energy dissipated by charged particles that bombard

the atmosphere. The frequency of occurance decrease to minimum over the magnetic

poles.



1.7 ELECTRIC CURRENTS

The reqular diurnal variations in the geomagnetic field are due to electric cur

rents flowing in the upper atmosphere. Air motion caused by atmospheric tides

sweeps the ions and electrons across the magnetic field lines. This induces electric

fields which in turn produce the current flow. According to the dynamo theory,

tidal winds produce the motion of the charged particles. Under quiet condition

these winds and their associated currents can be seperated into two components,

one due to solar and the other due to lunar variations.

1.8 ANOMALIES

There are several anomalies in the Fo region such as electromagnetic drifts,

nocturnal ionization, geographical anomalies, temporal anomalies and other irre-

qularities such as spread F. Electromagnetic drifts play a very important role at

low geomagnetic latitude. Electric fields cause drifts across the geomagnetic field

lines in the F2 region. In addition, motions of the neutral atmosphere can induce

currents by viscous drag. Such convection currents can have pronounced effect on

the diurnal variation of maximum electron density, particularly in the equatorial F^

layer.

It has been found that the F2 region does not disappear at night, but rather

falls to some quasi-equilibrium profile. Electron number density varies only slightly

following the post sunset decrease. As may be expected, thermal contraction of

the atmosphere and downward diffusion of electrons and ions will help to maintain

the F2 region at night. However, downward diffusion apparently cannot by itself

account for the maintanace of the nocturnal Fo layer, therefore, there is some source

of ionization at night.
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Geographical anomalies are undoubtedly a consequence of geomagnetic control

of the F2 region. The most striking geographic anomaly is the equatorial anomaly

or (Appleton anomaly).

Temporal anomalies are diurnal, seasonal, annual. Ever since their causes are

not known, for example near the equator noon bite out occurs which is depression

in electron density distibutions.

There are several irreqularities present in the upper atmosphere such as spread

F. large scale irreqularities associated with variations in the fading period of radio

waves from a sattelite and radio star scintillation, or fluctuations in the observed

amplitude of the radio waves from strongly emitted star.

Spread F is the reflection of a vertically incident electromagnetic wave and

appears to occur at a continuum of altitudes. It occurs with greatest frequency at

the equatorial region and high altitudes.

1.9 THERMAL PROPERTIES

The rather strong absorption of solar ultraviolet radiation in the F2 region

results in intense heating of the upper atmosphere. It has been found that even a

small heat input to the electron gas must result in substantial departure from the

thermal equilibrium in the ionosphere above 150 km. Because the photoelectrons

rapidly thermalize with the ambient electron gas, they constitute a heat source for

this gas. Energy is lost from the ambient electrons to the neutral particles and ions

by elastic and inelastic collisions; it is also spatially redistributed by transport (heat

conduction)so that equilibrium temperature at any given height is set by the rates

of the heat input,loss, and conductive transfer. The temperature of the ion gas is

established in similar manner; the heat input occurs via Rutherford scattering of



hot electrons, loss through elastic scattering of neutral particles, and transport by

means of conduction. Hence, the electron temperature is substantially higher than

that of the neutral atmosphere, and the ion temperature is in intermediate between

the two.

1.10 PRODUCTION DETAILS

The Chapman profiles developed in the earliest days of ionospheric physics

offer a simple way to explain the structure of the plasma in the upper atmosphere.

They are based on relatively simple physics and thus can not be used to represent

the entire electron density distributions that emerge from the more sophisticated

simulation techniques in use today. As simple matematical formulas, however, they

are well suited for representing portions of the ionospheric profile. Specially, while

a single Chapman profile can not fit the entire Ne{h), seperate formulas can be

derived to investigate the significant parameters in upper atmosphere .

Unfortunately there are not enough data to generate the real EDP versus,

altitude, latitude, time, season, solar cycle activity, therefore , another method is

used to reproduce the topside and bottemside components of the peak electron

density profiles with good results. It was decided to define a generalized Chapman

formula with coefficents that vary for each topside and bottemside of the Ne{h)

profile. The total electron content is obtained by integrating the modified Chapman

function to investigate the properties of the upper atmosphere, ionospheric bublles

for solar cycle maximum, equinox season at exospheric temprature 1200"/C.

Volume and column emission rates for four features of atomic oxegen are cal

culated using the modified Chapman function. The 6300.^ oxygen red line, arising

from the intercombinational of magnetic dipole ̂ P-^D is one of the brithest day-

10



glow sources. The source of state is thought to be recombination of NO'^^nd

O2 with electrons, the photodissociation of O2 by absorption of solar radiation in

the Schumann Runge bands, and excitation by photoelectrons.

Volume and column emission rates of oxegen at 1356A and 7774A are calculated

by using two excitation mechanisms.

1. Radiative recombination

2. Ion-Ion recombination

In Ion-Ion recombination, the atomic oxygen products may reside in excited

states that directly or indirectly end in the ground states.

Particle precipitation has not been included in our calculations , because the

problem with particle precipitation is that any exciting electrons would have to have

an energy of about 10 ev to produce the right ratios of spectral line densities and

to fail to excite lower altitude constituents such ajs molecular nitrogen.

The radiative recombination e will produce continua near 2772A ,3026A

and a continuum near 9I0A emission. The 91lA oxygen is direct recombination to

the ground state. The column and volume emission rates of oxygen at 911A are

calculated. The calculations of oxygen intensities in far ultraviolet and near infrared

provide a new means of studying the low latitude plasma. These emissions can be

used as a way of remotely sensing the F region and exosphere properties, and the

winds responsible for plasma transport.

11



CHAPTER 2

LITERATURE SURVEY

2.1 THE MODEL OF HARRIS AND PRIESTER

Harris and Priester[l9j constructed a semiempirical model based on experimen

tal data and the thermal balance problem of the thermosphere from 120 to 1200

km for various conditions of solar activity at selected local times. They defined the

temperature dependace of a flowing ideal gas in an external gravity field as

dt ^ dz ^ Cu dz C„ (2.1)

Where z is in vertical direction. Hence the change in entropy is due to the heat

input. In above equation the w is vertical gas vlocity, q is the net gain of heat

due to thermal sources (conduction, radiation), is the specific heat at constant

volume and R is the universal gas costant. In order to solve the above equation

with standard mathematical method they assumed that:

T{z,t) = To{z) + Ti{z,t) and Ti < To

dTi dTo RTo dw
-w -(-

d
(2.2)

t dz C„ dz C„

If we consider a gas cell which moves vertically, at constant pressure with very slow

motion, we have(to the first order)

Pnexp J

P{z ■+■ wAt,t ^ At) = P[zA)

2-1-At gm

kT{t - At)
dz

(2.3)

(2.4)

12



Expanding {t At)

T{t + At) T(t)

1  dT
A

T{t) dt
t (2.5)

substitute in equation (2.4) yields the following value for vertical velocity gradient:

dw dTo f' 1 dTi , ' I dT,

0  o

substitute this form in equation (2.2):

z  " T2

dT, dT
+

dt dz 0  dt
dz = (2.7)

which can be integrated numerically by considering the net gain of the energy due

to

9 — Rcond "i~ R-rad ̂  ReUV "t" R (2-8)

where Rcond. is the thermal conduction term

Rcond - ̂«^(^)^
dz dz

^  A^njT ̂ (z)
Ei".

(2.9)

(2.10)

the symbols K, nj,Ai refer, respectively, to the thermal conductivity, the number

density of the ith constituent, and a constant varies from one constituent to another.

Rrad = -n{0)E,Ai2
W,exp'

-E , - B,.

W2 + l^iexp + Wt^exp kT
(2.11)

where n(0)is the number density of atomic oxygen, Eo and E, are, respectively,

the energy differences between the and ̂ P, levels and between the "P, and

"P2 levels of atomic oxygen,VV is the statistical weight of the level indicated by

subscript, and A,2 is the Einstein coefficent for transition to ̂ Pz- The Revv

13



term is the heat input due to solar EUV radiation obtained for multi component

atmosphere and a continuous EUV spectrum,

/OO
(2.12)

T,{X,z,t) = g,(A) / (2.13)
cosx[t)

where r,(A, z, t) is the optical thickness, Fx is the radiation flux per unit wave length.

Ct is the thermal efficency, and Qt(A) is the absorption cross section. Finally, R is

the heat source term representing other heating mechanisms, such as corpuscular

radiation which is the energy radiated in the form of particles rather than elec

tromagnetic waves. The boundary conditions are based on the empirical data. It

shows that convegence of temperature happens if and only if the heat equation is

integrated over a time span of several hours. They also found the number density

profiles for each species. With the assumption that the atmosphere is in diffusive

equilibrium above 120 km. By using the ideal ga^ law, and barometric equation, it

can be proved that

_ j'' rn^g{z')r  s / ^ 7^(0)n,{zj) = ■dz (2.14)
kT(z,t)

Other properties such as molecular mass, scale height, pressure, mass density are

then obtained from hydrostatic theory.Hydrostatic properties are approached through

barometric equation which relates pressure gradient to the mass density.

2.2 LOW LATITUDE IONOSPHERIC MODEL

A technique described by many investigators in Hanscom -\ir Force Base labrotaries

called low latitude ionospheric model, .\nderson 3l solved the electron density as a

function of latitude, altitude and local time by solving the time dependent ion (0~)

14



continuity equation numerically. The effects of production by photoionization, loss

through charge exchange with N2 and O2 and transport by diffusion, neutral winds

and vertical E x B drift are included. Because E x B drifts play such an important

role in determining the electron density distribution HansomilT] Moffet[26i Ander-

son[3j and have a seasonal and solar cycle dependace Fejer[l4], the calculations are

carried out for equinox and solstice conditions for both solar cycle maximum and

minimum periods.

The continuity equation is given by

dN — —-^+^-{N,V,)=P,-L, (2.15)

Where the Ni is the ion density, Pj is the ion production rate , Lj is the loss rate,

and is the ion transport property. In the ionosphere, plasma is transported

along geomagnetic field lines by diffusion and hy E x B drift Kendall [23l and

Pickering [33]. Equation (2.15) is solved by transforming the independent spherical

coordinates to a coordinate system parallei and perpendicular to B.

Equation (2.15) can be written as

^ + P., • VN, = P, - L, - V . (iV,F,,) - iV,V • v;, (2.16)

Where V is given by and Vi,^ includes the effect of plasma diffusion and

neuteal winds. The right hand side of the equation involves terms which are second

order in coordinates parallei to B . The left hand side is the time rate of change of

plasma density in a frame of referance which drifts with the E x B drift velocity.

Equation (2.16) solved numerically to give electron densities eis a function of time,

latitude, altitude. The set of models are used to solve continuity equation. Briefly

the models are the following:

15



(A) The MSIS [28] neutral atmosphere model is used to calculate N2, O2, and O

densities and the neutral temperature, as a function of altitude, latitude, local time

and an F 10.7 cm flux of 180 units to represent the solar cycle maximum period.

(B) Production and diffusion rates are 5.5 x 10^ for solar cycle maximum and

2.3 X 10^ HZ for solar cycle minimum. The loss rate adopted from Torr[39; at top

of the atmosphere.

(C) Plasma temperatures were chosen by IRI [21] model . Fiqure 2.1 illustrates the

temperature ratio behavior for sunspot maximum Equinox season.

(D) The vertical E x B drift velocity observed by Woodman [42] is essential in

producing the electron density distribution observed near the magnetic Equator.

.\doption of six vertical drift model to represent, three seasons and solar cycle max

imum. The different drift patterns are based on the Jicamarca incoherent scatter

radar observations by Fejer [14|. Fiqure 2.2 displays the diurnal variations in drift

for the Equinox season, solar cycle maximum.

(E) The geomagnetic field is represented by a dipole model whose axis is aligned

with the earth's rotational axis with incorporation E x B drift models appropriate

to the American sector and tilted dipole geomagnetic field with declination specified

over the sensitive regions.

(F) The analytic formulation for the meridional neutral wind field is adopted which

makes use of observations and theory. It is constructed on the basis of observed

diurnal, semidiurnal, terdional, harmonic with latitude variations of amplitude and

phase obtained from data by Forbes [15|. The general latitudinal pattern assumed

is guided by the tidal calculations and the zonal wind velocity by Roble [35|. Table

2.1 illustrates analytic wind equations. The solsticial modifications to the mean

and diurnal components adequately account for the main features of the observed

seasonal and latitudinal dependace of the meridional wind . Fiqure 2.3 gives contour
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plots of the overall wind model spanning the simulation region.It is important to

note while EUV varies markedly over a solar cycle, the associated variations in ion

drag suppress solar cycle variations in the tidal winds, although neutral tempera

tures vary considerablly.Therefore, the model assumed the current wind parameter

ization to be independant of solar activity.

2.3 EMISSION OF OXYGEN AT 6300 A

The post sunset is the result of excitation of atmospheric constituents by solar

radiation, and to a smaller extent, by low energy electrons. Observations, however,

are difficult because of the intense background of bright sky and solar Fraunhofer

spectra. In order to observe post sunset from the ground, very high resolution and

carefull analysis is neccessary. Successful! observations were made by resonance

scattering of sodium, and results have been reported. The results can be used to

design oxygen sensors, spectrometer, and photometer.

The 01 nightglow is known to be produced almost by dissociative recombination

of 0^ and possibly !\0~. Zipf [43] studied the dissociative recombination of OJ

in the laboratory and found that branching ratio per production of (^P)-(^D)-

(^5) oxygen atoms at 300'' to be 1.0, 0.9,0.1, respectively(not inclding cascating

effect). Quenching of 0(^S) undergoes radiative transition to with the emission

at the 5557A Forbes[l5i. The theory of the 0(^D) emission shows that the oxygen

^(^^)produced during the night time by the dissociative recombination of OT,

which can be proceeded by any of four processes:

~e-*0(^P} ̂ 0{^P) (2.17)

~e-^0(-P)'0('D) (2.18)
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0+ + e OCD) + 0CD) (2.19)

+ e^OCD)+0{^S) (2.20)

gives rise to the red line emission

0CD)-^0{^P) (2.21)

There is some doubt as to which of the following reactions results from the disso

ciative recombination of NO'^:

N0+ + e-^ N{'^S) + 0CD) (2.22)

NO+ + e ̂  NCD) ̂ 0{^P) (2.23)

Peterson i32i suggested the possibility of 0(^D) formation by quenching of N(^D)by

0(^P). It was known that the relative contribution to the airglow intensity of the

dissociative recombination of NO^, as opposed to the dissociative recombination of

O2 , is approximetly 10 percent. That implies 10 percent of the total 6300A emission

rate.Therefore, dissociative recombination of NO^has significant contribution to

the total 6300A emission rate. It is important to emphasize that the exospheric

temperatures for the data range from 800-1200 °K changes the number of excitation

of 0{^D) per recombination of including the cascading effect. The collisional

quenching of 0{^D) is important up to 300 km 0(^5), on the contrary, doesnot

suffer this fate except below 120 km. N[^D) is formed by dissociative recombination

of NO^; the state is quenched at all altitudes up to at least 550km by electrons and

below about 250 km by O2. The latest computed values for electron quenching of

A (•^D) suggest that this process dominates the loss rate in the F region above 250

km(F2 region). Above 200 km the dominant ion is O^and the rate of production
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of the metastable is governed by the slower first step, the reaction of with O2

or N2.

2A EMISSIONS OF OXYGEN AT 7774A ,1356A AND 911A

There are two mechanisms involved in producing oxygen 7774A and 1356A.

one due to radiative recombination and the other due to ion-ion recombination.

The prediction of radiative recombination as one of the F region recombination

processes has been recognized and has been shown by Appleton[4] and Batesioi and

Dalgarno il2i. Radiative recombination is the process

+ e~ O'~ hv' (2.24)

where O is an excited state of neutral, and hv is a photon of radiation which carries

away the differance between the recombination energy and that of the excited or

ground state of the neutral. Because of the Boltzman distribution of energies of the

electrons, the recombination radiation hv is in the form of continuum. Following the

radiative recombination the excited atom decays to the ground state in a cascade

transition of

O' O + Y^hv (2.25)

Radiative recombination results in one material body, in contrast to dissociative

recombination, which results in two material particles. Thus it is more difficult

to satisfy the need to conserve energy and momentum in radiative recombination

than in dissociative recombination. The rate coefficents for radiative recombination

is about five times smaller than for dissociative recombination as Vanzandt, and

TinsleyAOj proved.

Ion-Ion recombination of oxygen is discussed by Knudsen 24land Hanson 17:. It

appears that Ion-Ion recombination contribute substantially to the observed tropical
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UV airglow. For Ion-Ion recombination the negative ions are formed through the

radiative attachment reaction

O ̂  t O' ̂ hv (2.26)

where hv is a continuum photon (A < 8463A). It is clear by sattelite measuremants

that the reaction must occur predominately at Fi region. Some of the negative ions

are lost through the associative detachment:

0-+0—-Oa + e" (2.27)

and the remainder recombine in Ion-Ion neutralization

O- O'+0'+ KE (2.28)

leaving one or both oxygen atoms in an excited state, which can then decay or

cascade to ground state in one or two transitions. Because only 12.149 ev is avail

able for produced excited atoms, the possible transitions are fewer than those with

radiative recombination.

The ionization potential of the oxygen atom is 13.61 ev which corresponds to a

photon wavelength of 912A. Solar photons of energy greater than this are available

in the altitudes of the F and exospheric regions to produce O^. The 01 911A is

direct radiative recombination into the ground state.

2.5 PERTUBATIONS IN RADIO SIGNALS

Ionospheric disturbances caused by pulses of electromagnetic radiation are observed

in the propagation of radio signals . Specific events affecting particular aspects of

radio propagations in recent years are known as:

24



(A) Short Wave Fadeout(SWF)happens at frequency above 500 kHz in ionosphere

and large flares can blackout the long distance short wave radio communications.

(B) Sudden Cosmic Noise Absorption is high frequency signals of extraterrestial

origin which attenuated by atmosperic irreqularity and flares principally in D and

F region.

(C) Sudden Enhancement of Atmospherics are reflections of low frequency phenom

ena in D region.

(D) Sudden Phase Anomaly is amplitude changes in phase of low frequency radio

waves because of the electron concentrations in D and E region.

(E) Sudden Frequency Deviation observed on high frequency radio signals. In

creased ionization in the E and F regions result in changes of refractive index of

those regions for radio waves propagated through them. As the refractive index

changes, so does the phase path, and this results in a change of frequency propor

tional to the rate of change of the ionization. Hence, the more impulsive the event,

the more pronounced the Sudden Frequency Deviations.
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CHAPTER 3

ANALYTICAL APPROACH

3.1 CHAPMAN FUNCTION

The hydrostatic properties of the upper atmosphere are conveniently approaced

from the barometric equation which relates the pressure gradient to the mass density

as

dp

Th =

where the density can, in turn, be expressed in terms of the particle masses and

number density of the various components as

P = ̂  min^ (3.2)

Because of the very long mean free paths of the neutral particles at high altitudes,

one can treat the gases as ideal. Dividing the equation (3.1) by the equation of an

ideal gas

p = nKT (3.3)

yields

dp pg
;dh ' (3.4)

p  nKT

Where n is the total particle number density, T is the absolute temperature, K is

the Boltzman constant, and m = ̂ is the average particle mass.

The quantity H = ̂  is referred to as the scale height, the distance in which

the pressure of an isothermal atmosphere of constant composition drops by a factor
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e  The scale height is not constant and the integration of Equ (3.4) must be

performed numerically.

Within a short range of altitude, however, it is always a good approximation

to express the scale height as a linear function of altitude.

H = ah (3.5)

Inserting this form of H into equation (3.4) and integrating,

p = Po(l + (3.6)
tlQ

and

If one take the limita ̂  0,

n = no(l + + (3.7)
"0

p = Poexp(-^) (3.8)
as one expect for an isothermal atmosphere.

In any case, one can write the following equation for energy input:

lT[h] -Ylj F\{X,h)eQ^{X)n,{h)d\ (3.9)
i

where F\{X,h) is spectral irradiance which is the radiation flux per unit wavelength

of photons at height h, Uj is the number density of the ith species at height h, (^^(A)

is the absorption cross section, and e, is the amount of thermal energy liberated per

unit radiation absorbed(thermal efficiency). Spectral irradiance can be obtained by

the relation

Fx{X,h) = FA(A,oc)e-^'^''^l (3.10)

Too

) / n{h )dhT = secxQ j n(h )dh (3-11)
h
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For monochromatic radiation of wavelength Aq and a single component exponential

atmosphere by using equation (3.9)and (3.11) one can obtain,

qrih) = F(Ao, oo)n(/io)e<?exp
h  h

xQHexp{-—) (3.12)

where ho is the zero point for altitude measurements. It is obvious that q should

show a maximum at some height due to combined effects of increased heating rate

and increased absorption rate of radiation with descending altitude . Eventually an

altitude is reached where the attenuative effects in the atmosphere above offset the

effect of higher local atmospheric density. One can easily determine this height by

diffrentiating q(h) and equating to zero . The altitude of maximum absorption km

is related to the other parameters by

km — Hln[n{ho)Q H secx] (3.13)

Inserting this result into equation (3.12) yields

q{h) = q{hm)exp
h — hr

H

h — h r

- e

where

q{hrn} —
ir(Ao)ecosx

The above result is called the Chapman] 11] function.

(3.14)

(3.15)
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CHAPTER 4

GENERAL ANALYSIS

4.1 CHEMICAL RATE ANALYSIS TECHNIQUE

The ionic species formed initially in the F2 region are the same as at the lower

altitude, O^, iV^, and O^. Of these, the first two are important. The molecule

ions can recombine directly via the usual dissociative processes,

e + N+^N^N (4.1)

e + 0+ - O - O (4.2)

which occur rapidly because of the large recombination coefficents. Atomic oxygen

is a differnt case. The mechanism of direct recombination is neccessary radiative

and is very slow. A more rapid means of electron removal is offered by the chain of

processes,

0+ + N2^ NO^ + N (4.3)

0+ + O2 ̂  0+ 4- O (4.4)

NO^ + e^N^O (4.5)

The pertinent rate coefficents are ,

•7(0-) - {k4N2] + k4[02^[0^] (4.6)

^21^2 ~ ̂4i02j[0 ("^-f)

aslA^O^iiV = fcsliVsilO-j (4.8)
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N = [0+] + [N0+\ + [0^\ (4.9)

where N is the total ion number density, q{0'^) is the inergy input for ionization

process, and a and k rate coefficents. By eliminating [0~]and [NO^\ from equation

(4.9) with the aid of equations (4.8)and(4.7), one obtain a relation between energy

input and the total ion density

„(p + \ _ ( + *3|02])iV\nO ) - (4-10)
V  a2N atN /

The rate constants corresponding to reactions (4.3)and(4.4)are, respectively, about

2 to 4.5 X 10~^^and 2 to 4.3 x 10"^^ cm^sec"^. For typical values of 02 and 05(1.

2x 10"^), and ion number density about one can observe that

(4.11)
\ a2 J N

if one considers the fact that the gain of O"*" is proportion.vl to the gain of electron

number density then,

0N = q{0^) (4.12)

at altitudes above 250 km , one obtain

(3 « A:3[iV2] + K^[02\ (4-13)

where O2]=0-l [^2! for 180 to 400 km, (Zipf[43]). BecauseiV2, O2 have nearly the

same scale height , therefore, ,they behave almost exponentially in an isothermal

atmosphere.
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4.2 THE SEMI EMPIRICAL lONOSPERIC APPROACH

The purpose of semi empirical ionospheric model technique is to identify a

simple iVe(/i)function that will have a small number of coefficents and yet provide

a good representation of the profiles calculated from the theoretical model. The

Chapman equation developed in chapter 3 is modified to produce the topside and

bottemside components of the electron density profiles for solar cycle maximum at

equinox season.

Modified Chapman function is defined as

Ne{h) = Nmaxexp [c{l - Z - ] (4.14)

where

h — hmax / A , -\Z= J (4.I0)

Six parameters are needed to produce the overall electron density profiles (iVe(/i)),

they are ̂ max^ ̂max^ ^upt Clo-

There are three ways to produce electron density profiles.

1. Empirical model of CCIRiQj.

2. Observed values by FY84 sattelite data[2|.

3. Low Latitude Ionospheric Model by Hanscom Airforce Laboratory[3].

In our investigation A'man are provided internally by low latitude

ionospheric model as discussed in chapter 2. Combination of C and A are tested

until the sum of the square of the differences between modified Chapman function

and Low Latitude Ionospheric Model is minimized.
n

o(C, 4) = ̂  {-Vf "'(C, A. h,) - ,V,"'"(A.)}' (4.16)
1= 1

The range of values C and A in the loop are C = ̂  —• 2.0, AC = A =

10 —200km ,AA = lOkm. Figure 4.1 shows a comparison between the modified

Chapman function and Low Latitude Ionospheric Model.
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The total electron content calculated by integrating the profiles generated by

modified Chapman equation for Fi, F2, and exosphere plasma up to 1800 km. The

above analysis carried out from 26S to 26N of geomagnetic latitude, for 24 hours,

Equinox season, solar cycle maximum.

4.3 VOLUME AND COLUMN EMISSION RATE OF OXYGEN

Based on the modified Chapman function density profiles,the column emission

rate at 6300Aairglow intensity using the following formula calculated.

A  I 1800
^6300£P _ ' /

^Rayleigh — ]
•'iso

where

K,'P2\le-\
[At,t T K^[N-,\ + K,\e-\ + (if4)(02i J

dh (4.17)

^fi = 2xlO-»(^
K2 = 2.3 X 10"^^

Ko=2x I0-®

K4 = 5.3 X 10"^^

Atot = 0.00681

•^eaoo = 0.00515

All the K values, Atot and Aeaooare in units of 7U and —, respectivelv.
3€C S€C 3SC "

The O2 and concentrations hcis been obtained by MSIS|28j neutral atmosphere.

The column emission rate of oxygen at 7774A obtained by considering Ion-Ion

recombination and radiative recombination.

^radiative ~ I aV[h)dh (4.18)
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where volume emission is defined as,

V [h) = n{0'^)n{e) (4.19)

"7774 = .75 X .625{at - ag^ - 033] (4.20)

where at is the total coefficent, agg is the ground state coefficent, and Q33 is the

direct recombination to the specified state. The Ion -Ion recombination intensity

can be calculated by the relation,

.  r l3iK,K,nmn{e-]\-'
" J K,n(e-) + K,n{0) ' '

Ki ̂  1.3 X 10"^®

K2 = 1.5 X 10""^

Kz = 1.4 X 10"

/?7774 = 0.42

the column emission rate of oxygen at 1356A can be calculated by the same equa

tions with different radiative and Ion-Ion rate coefficents. The rate coefficent by

radiative recombination at 1200 °K is given by

"1356 = 0.625at - agg (4.22)

the rate coefficent foraisse = 7.108 x 10"^^, 07774 = 5.1 x I0~^'^, ogu = 3.23 x 10"^^.

where ogu is direct recombination to the ground state.
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CHAPTER 5

DISCUSSION OF RESULTS

5.1 ELECTRON CONTENT

Figure 5.1 shows the development of the anomaly at different magnetic latitudes

during the equinox period, a time of sun spot maximum. The so called equatorial

or Appleton anomaly manifests itself as an anomalous electron and ion distribution.

Fig 5.1b shows the existance of two peaks in total electron content(TEC) .one on

either side of the magnetic equator ±16 degrees dip latitude. The maximum of TEC

at equator is about 32 percent less than of 16 latitude. At equator, the decrease

in TEC between 1800 and 2000 local time is precipitous during the solar cycle

maximum period. This is due to large post sunset enhancement in upward E < B

drift, which is a common feature at solar cycle maximum. In fact the sharp drop

of TEC and Nmax can be considered a sign that the F layer is rising rapidly after

sunset and that the range type of incident vertical electromagnetic wave reflection is

likely appearing (spread F). Spread F negatively correlates with magnetic activities,

and maximum incidence occurs at equinox period as dicussed by Rastogi!4l'. The

low values of Nmax and TEC at night is also due to the neutral winds which blows

toward the equator causing a convergence of plasma there. The neutral winds move

ions across magnetic field lines, thus loss rates become significant. In addition, at F

region heights at night, thermospheric winds are capable of generating electrostatic

fields which significantly affect ionospheric plasma electron density (Rishbeth 34 ).

Loss of ionization in a two step processes in which 0~ charges exchanges with .V?

and O2 which subsequently dissociatively recombine with electrons. The loss rate
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decrezises with increasing altitude so that transport processes become more and

more important. Forces acting on the F region and exosphere plasma include the

Earth's gravitational field , plasma pressure gradients, collisions between charged

and neutral particles and electrostatic fields. Because of the presence of a magnetic

field , however, charged particles cannot, in general, move in the direction of applied

force. Since the ion cyclotron(gyro frequency) is much greater than the ion neutral

collision frequency at F region altitudes, non electromagnetic forces such as gravity,

pressure gradients and neutral winds, transport ionization along magnetic field lines

while electromagnetic forces due to an electrostatic field, E, effectively move plasma

perpendicular to B (Moffet[26)j. This electrostatic field is produced initially in the

ionospheric E region as a consequence of the neutral winds, ions move across mag

netic field lines thereby generating currents which cause instability in ionpsphere.

There is always a strong coupling between the plasma and the magnetic field which

in fact, support a mode of wave propagation such as hydro magnetic mode. The

exact character of the hydromagnetic wave is not known because of extreme com

plexity of the wave structure, but wave dissipation does lead to local heating of the

plasma.

It is important to know that at equatorial latitudes the geomagnetic field lines

are nearly horizontal in F2 region.

Fig 5.1c, and 5.1a shows that the crests start moving equatoward from 0200

to 0600 local time,where the distribution becomes almost symmetric. The crests

start forming again at 0700 and 0800 LT in south of the equator and they disappear

at 0900 LT. It is important to notice, there is no crest in north of the equator at

these times. They start forming again close to the equator around lOOOLT, move

poleward until 1900 LT. when the post sunset enhancement in upward E < B drift

is a maximum. The peaks start moving back toward the equator at 2000LT. The
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maximum TEC occurs at 2100 LT.

Fig 5.1b, and 5.1c indicates that during the solar cycle maximum period the

anomaly reaches its maximum development around 2100 LT with the crest nearest

the equator being the greatest. This asymmetry reverses by 0200LT with the crest

farthest from the equator being the smallest. The above two statements define the

equatorial and Appleton anomaly in a new fashion in terms of TEC.

Fig 5.1a shows noon bite out for the magnetic equator occur in the total electron

content except at 1000 LT and 1100 LT. This behavior is due to the fact, that the

F layer becomes broader in altitude under the influence of upward drift so that

no decrease in the content is observed. TEC starts increasing following the sun

rise at the equatorial region and reaches its maximum at 1500LT, following the

enhancement of E x 5 drift observed by Woodmani42j.

The maximum electron density height versus magnetic latitude is shown in

figure 5.2. The profiles of the peak electron density is a maximum at the equator

following the day time enhancement of the E < B upward drift (Fig 5.2b). At the

equator the maximum electron density height decreases following the depression of

the maximum upward drift at night except at 0200 local time as shown in Figure

5.2a. Fig 5.2d shows the maximum electron density height happens to be at 1900

LT following the night enhancement of the Ex B upward drift. As one can indicate,

the electron density distribution and TEC is strongly influenced by vertical E x B

drifts.

The E X B drift during daytime is predominantely upward. This upward drift,

acting in combination with ambipolar diffusion and neutral wind transport the

ionization away from the equator toward higher altitudes. As a result, the electron

density and TEC near the equator decreases, and there is corresponding increase

near 16 degrees latitude. The diurnal variation of the vertical E x B drift has
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been measured, using the incoherent scatter radar facility at Jicamarca. These

measurements show a general upward drift during the day and downward during

the night. A common feature of the drift pattern is a sharp increa.se in the upward

drift just after sunset but before the characteristic downward drift begins. After

sunset the upward E x B drift raises the F layer region ionization to high altitudes,

typically 550km later, the E x B drift is downward , and the ionization that earlier

was raised to high altitudes is forced down to lower altitudes. Current empirical

models of the low latitude ionospheric F region can servely underestimate the day

time plasma total electron content when compared to actual observations. The

most dramatic differences between our calculations and empirical models occur

after sunset. At the magnetic equator, the post sunset enhancement in upward

drift lifts the F layer to 610 km compared to hmax values of 500 km for the Harris

and Priester[l9] model and 450 km for Bent 6j model. Such differences in hmax

would cause significant differances in the calculations of oxygen at 6300A airglow

intensity which is the brightest dayglow source, and the ion-neutral drag coefficent

in the neutral momentum equation as discussed by Roble [35j.

There are several factors that one need to consider in analyzing the F layer

and exosphere plasma behaviors. One of the most important factor is the effect of

the verticalF^ x B drifts on neutral winds. At F layer heights the ion drag acting on

the neutral gas is proportional to the electron density. Therefore, a variation in the

electron density results in a pertubation in neutal gas dynamics. The magnitude of

the neutral atmosphere response depends upon the scale size of the electron density

variations as dicussed by Dickenson [13{. The neutral gas accelarates shortly after

sunset as the F layer is raised to high altitudes hyE x B drift, and the ion drag acting

on the neutral gas is reduced. Several hours later the neutral wind decelerates as the

F layer is driven to lower altitudes by downward£' x B drift, increasing the ion drag
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on the neutral gas. The resuting divergence and convergence of the neutral winds

give rise, to upward and downward vertical motions. The vertical motions cause

adiabatic cooling and heating, therefore, it changes the rate of ionization. Thus the

neutral gas temperature decreases at a more rapid post sunset decay rate due to

the raising the F layer and exosphere plasma to high altitude by the E x B drift.

Also, a neutral gas temperature increase would be expected near the midnight as

the F layer is driven to the lower altitudes by the downward E x B drift. As one

can notice, the above analysis ignored the effect of pressure forces acting on the

neutral gas, and assumed the neutral gas motion is mainly controled by ion drag.

However, an interaction will always occur, because the neutral wind is greater than

the ion drift, and electron density change of about several order of magnitude occurs

as the F layer descends. Since the upward drift of ionization after sunset and its

subsequent reversal are a common occurance at the equator, one can deduce that F

layer interaction with neutral gas occurs reqularly.Before midnight the neutral wind

is large because of reduced ion dag the F region moves to exospheric regions.As

the layer descends, the increased ion drag causes the neutral wind to decrease.

Through the continuity the convergence of the neutral wind results in downward

vertical motion.The above analysis can be improved by Rishbeth's model |34i of

the temporal variations of the upper ionosphere. He suggested that the neutral

wind at night, which forces ionization perpendicular to the geomagnetic field lines,

causes a polarization field to develop that in turn drives the F region and exosphere

ionization in the direction of the neutral wind, therefore, the ion and neutral particle

drag becomes smaller. Nevertheless,the phase of the local time variations of the

wind component controls the shape of diurnal variations of the height and number

density of the F-z peak. The local time when the component changes from poleward

to equatoward effects the preservation of the Fo peak.
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5.2 EMISSION RATE OF OXYGEN AT6300A

The major ion found in the F2 region and exosphere plasma is and its

number density about equal the electron density.The ionization potential of oxygen

atom is 13.61 ev which corresponds to a photon wavelength of 91lA.Solar photons

of energy greater than this are readily available in the altitudes of the exosphere to

produce by the reaction,

hv{9l2A) ̂  O ̂  {O^) + e (5.1)

Measurements of the number density of O"*" in the Appleton anomaly by Chan

dra lOl from OGO-4 showed that dissociative recombination produces 01 6300A

emission, with emission rate varying both Nmaxfi s^rid hmaxF2-

Figure 5.3 shows the column emission rate of oxygen at 6300A versus magnetic

latitude. Fig 5.3e, and 5.3f shows that the minimum of the emission rate occurs

at night following the depression of £' x B at equator. The maximum of column

emission rate is ±13" at 0200 local time as shown in Figure 3a. The form of 01

emission arcs is shown dramatically in far ultraviolet pictures of the earth obtained

from the surface of the moon by Carruthers and Page[8j.The apparent joining of

the equatorial bands is believed to be the result of prospective, although some

discussions continues regarding the proper interpretation of the picture. Figure

5.3e shows that the anomaly crests move from 20 degree at sunset to 8 degree at

midnight on the average. Fig 5.3d shows that the minimum of the emission rate falls

to 4 degrees latitude at 1700 local time. Measurements of ion density by the Bent[6j,

ion mass spectrometer on board the Atmosphere Explorer C Sattelite (AE-C), and

by rocket-borne spectrometer, Goldberg [I6j and Narcisi [29i indicates that after

sunset near the magnetic equator, NO^ and OJ are dominant at lower altitude

and is the dominant ion only at higher altitude. The observations imply that
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upward transport is an important physical processes, which affects the molecular ion

distribution and it also implies the importance of radiative recombination of iVO+,

and the abundance of 0{^D), which contributes significantly in the calculation of

emission rates at 6300A due to dissociative recombination.

Bittencourt and Sahai [36] studied the behavior of 6300A emission at equatorial

zone and found , that the emission at 6300A enhancement is closely related to the

time behavior of vertical ExB drift, its magnitude and time of reversal.They found;

1. When the post sunset enhancement in upward drift is well developed and down

ward drift commences after 2000, the maximum emission occurs around 0200 local

time.

2. When upward drift is less and downward drift occurs at 1900 LT, the maximum

6300A intensity occurs around 2300 LT.

Fig 5.3f justifies the above conclusion for the second case at the equator and

contradicts the first case. As a matter of fact the data demonstrates that when

the post sunset enhancement in upward drift is well developed, then the minimum

6300A column emission rate occurs around 2000LT. Nevertheless, the first statement

is correct for 13^^ geomagnetic latitude , and the second statement is contradicted

for 13° geomagnetic latitude.

Fig 5.3g shows the maximum electron density height at equator versus the

column emission rate at night. One observes that the minimum column emission

rate corresponds to a peak of the maximum electron density height, at which altitude

0"''is the dominant specie, whereas iVO"*" and O^are dominant in lower altitude.

The data gives the value /imai=611 km, which is in the exospheric region. The

radar measurements show that a significant portion of the emission comes from

above the F peak, thereby making it difficult to perform precise calculations with

the ionosonde data. Measurements of Oxygen at 6300A showed that near magnetic
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equator, just after sunset, the intensity drops to less than 10 Rayleighs due to the

high altitude of the bottomside of the F layer. The above measurements correlate

with our data at 2000 local time, when the post sunset enhancement of vertical

E X B drift is well developed and downward drift commences after that.

Nightglow emission from the F region and exosphere plasma appears to be the

result primarily of reactions involving charged particles.There are two factors need

to be considered.

(a) The various reactions which remove O^.

(b) Low energy electron excitation.

As one can expect, significant excitation of 0{^D) occurs by low energy elec

trons in F region. Noxon |30] studied the behavior of low energy electrons when

conductive heat flow from protonosphere leads to an appreciable rise in the elec

tron and ambient temperature in the F region.The conjugate flux is thought to be

responsible, at least in part, for the pre dawn enhancement of 6300A which occurs

at equinox well before the onset of local photoelectron production. It appears that

the direct excitation of 0{^D) is sensitive to local ionospheric conditions, in par

ticular, upon the ratio when the latter is large a major fraction of conjugate

photoelectron energy is deposited in the local elctron gas and less goes to O. Some

of the pre dawn enhancement, at some locations, is a direct result of a lowering of

the F layer and the consequent of ionic recombinations. Depending upon local con

ditions the enhancement due to direct excitation of O by conjugate photoelctrons

may vary from 10 to 100 Rayleighs (Johnson !22j). One can observe how the low

energy electrons are significant in calculating the 01 6300A.

In a rocket experiment (NASA 18.31 UA) launched from Wallops Island, Vir

ginia, the emission rate at 6300A were measured. Evaluation of the roles of electron

impact excitation of the emissions led to the accurate description of the height
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profiles of excitation for all of the relevant mechanisems. Specially the dissocia

tive recombination of and the electron impact of atomic oxygen were found

to be important at 6300A (red line) and 5557A (green line). The 6300Aoxygen

measurements of Oj excitation due to dissociative recombination inferred from the

data.Only small coritributions from electron impact to the emission up to 240 km

are apparent during sunrise. However, the photodissociation excitation ofO(^D)

and 0(^5) atoms is evident from the measurements. The 0(^5) doesnot have a

significant contribution at F region.

Figure 5.4 shows the 6300A volume emission rate of oxygen versus altitude.The

6300A peak at 0500 LT, and 0600 LT doesnot change significantly and both

profiles have significant emission rates at lower altitudes. At 0700 LT the volume

emission rate peak goes up by a factor of 2 to 3 and volume emission rate at F2

region increase significantly. At 0800 LT the volume emission rate peak increases

but the plasma shifts to the lower altitudes. It is shown that at 0700 LT the Fi

region almost disappears and the distribution lifts the F2 peak, but at 0800 LT the

01 6300A becomes significant at Fi region. This phenomena can be explained in

terms of vertical E x Bdrift such that the upward drift lifts the plasma at 0700

LT and depresses the region at 0800 LT(refer to Figure 2. in literature). The

measuremeants of 6300A emission rate between 100-240 km are about 50 percent

for photodissociation , 13 percent for electron impact, and 37 percent for dissocia

tive recombination. At 240 km and above the measurements show 15 percent for

photodissociation, 47 percent for electron impact and 38 percent for dissociative

recombination (Schaeffer, and Feldman 37:)- The collisions of low energy electrons

with atoms and molecules are important for several reasons. First. They control

the cooling rate of the electron gas in regions where the neutral particle density is

much greater than the ion number density.
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Secondly, they control the rate at which the ambient electron gas in an ionosphere

extracts energy from the electromagnetic wave and hydromagnetic wave in the radio

frequency range and transform it into the kinetic energy of random molecular mo

tion. Thirdly, the vibrational modes of ground state nitrogen and oxygen molecules

are quite excited by impact of electrons.

Figure 5.4b show that at 2000 LT, the volume emission rate peak drop by a

factor of 4.5 from 1200 to lOOO^FT and volume emission rate peah drop by a factor

of 60 from 1200 to SOO^/^T at the equator. The results correlates with Peterson [32]

investigations. He explained that the exospheric temperatures for data range from

800-1200''iiLr changes the number of excitation of 0(^Z?)per recombination of 0^

(including the cascading effect),therefore, the emission rate changes significajitly.

The above investigations not only provide a basis for understanding the nature

of the equatorial airglow but also provide useful means for estimating ionospheric

parameters. The cause for the asymmetry in the height of the F2 peak is also the

vertical movement associated with the neutral wind,Rishbeth [34]. A meridional

wind blowing from south to north of the geomagnetic equator tend to move the

ionization upward to the south of the geomagnetic equator and downward to the

north, Abur-Robb and Windle [1]. In this situation the F2 peak will be higher

south of the equator resulting in the asymmetric distribution in the airglow emission

rate(Figure 5.5, 5.6). It also correlates with Noxon [30] investigations.
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5.3 EMISSION RATES OF OXYGEN AT 1356A AND 7774A

Ultraviolet emissions of 01 at 1304A ,1356A and near infrared emissions at
0

7774A in the region of Appleton anomaly can be used as a way of remotely sensing

F region and exosphere plasma properties, and the winds responsible for plasma

transport. The recent development in the theory of F region and exosphere plasma

processes radiative recombination and ion-ion recombination are discussed. The

radiative recombination results in one material body and a photon, in contrast

to dissociative recombination , which results in a two material particles. Thus it

is harder to satisfy the need to conserve energy and momentum in radiative re

combination than dissociative recombination. Consequently, the rate coefRcent for

radiative recombination is five times smaller than for dissociative recombination,

Hanson [I7j. However,in the upper F region, where there are few molecular con

stituents to produce molecule ions for dissociative recombination, radiative recom

bination of 0"'"can be more important. The investigation of 01 1356.^ and 7774.4

for 53 latitude (26S-26N) reveales that the maximum column emission rate located

at ±14° geomagnetic latitude at 2100LT. One'appropriate approach to investigate

the behavior of Oxygen emission is the Chapman layer model. The Chapman layer

model assumes the EDP is always described by a modified Chapman function.This

technique make use of the direct relation between atomic oxygen emission features

and the oxygen ions.

In the Chapman layer model, the intensities of the two features are related

to the EDP maximum, and the height of the maximumn, by the

equation

fl356 = g\{NmF2^hTnF2)

hzbd is column emission rate and g\ is a function whose form depends on EDP as
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well as chemistry and neutral densities.

1135Q — ̂ ion — ion "t" Iradiative

Premilinary observational results of 01 at 1356A emissions in the equatorial zone

from an experiment abroad the polar orbiting sattelite OGO-4 showed these emis

sions were most frequently observed during the Equinoxes with maximum intensity

around 1400 LT at equator, and it was also shown that the 01 1356A emission

doesnot correlate with magnetic activity. The I356A distributions reveal that (I+I)

recombinations are very significant in the F\ region after midnight until 0800 LT(Fig

5.7). After 0800 LT, in F2 region both processes become significant. The maximum

column emission rate is 100 Rayleigh at 1400 LT, which about 93 percent is due

to radiative recombination, and 7 percent is due to ion-ion recombination. The

ion-ion recombination is a maximum at 0900 LT and a minimum at 0600 LT. The

minimum column emission rate is 2.21 Rayleigh at 0600 LT, with 1.54, and .671

Rayleigh due to radiative recombination and ion-ion recombination, respectively.

OGO-4 predicted the intensity of 1356A up to 200 Rayleigh for low latitudes, which

correlates with our data.

Calculations of column emission rates does not give an exact relationship in

terms of Nmax and hmax in day time of low latitude but at ±21'^ degree latitude

toward the midlatitude, there is a linear relationship between the square root of

/i356 and electron density and only a weak depedence on hmF2 as shown in Figure

5.8. The error within 20 percent is acceptable (AFGL[2i). According to our results

presented, important expression for the night time F region , Equinox season, solar

cycle maximum at critical frequency in terms of /13.56 can be found.
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The Nmax is related to the /0F2 according to the expression

Nmax{e) = 1.24(10)^[/oF2j^ (5.2)

where, foFo is in MHZ and iV^(e)is in

Experimental and theoretical investigations of depleted plasma and their associ

ated irreqularities in the equatorial ionosphere, have been made in past few years.

Various experimental techniques have been used, including incoherent back scat

ter radar observations, scintillation measurements , ionosonde measurements, and

airglow observations of atomic oxygen at 6300A and 7774A. The investigations

proposed that ionospheric irreqularities at low latitude initially generated through

a fluid type, gradient instability mechanisms, and that the ionosperic plasma bub

bles are actually plasma depleted magnetic flux tube,(Ossakow[3li). The plasma

depleted regions, or bubbles, aligned along the magnetic field lines, are generated

in the bottomside of the F region just after sunset, when the layers show rapid

movement. These bublles then buoyantly rise upward and westward with respect

to ambient plasma, Mcclure[25j. The bubbles are very long and perpendicular to

the magnetic plane. They break up in to smaller scale size irreqularities which are

associated with scintillation and spread F, (Harrendel ilSj). The 01 7774A emission

can be used to remotely monitor the dynamic of transequatorial bubbles and large

scale irregularities in the ionospheric F region.

Measurements of 7774A by Teixeira and Takahashi [38: in Brazil (11.95 S)
i

showed that the peak height, h^F, can be estimated from the ratio Moore

and Weber [27] discussed that the F layer profile may change from outside to inside

of the depletion making the ratio unsuitable for large height determination.
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Figure 5.9 shows the volume emission rate versus altitude at equator. The profiles

reveal that roughly 25 percent of total emission rate is due to ion-ion recombina

tion from midnight to 0800 LT. The maximum and minimum column emission rate

occurs at 1500 LT and 0600 LT. According to our results, there is no direct rela

tionship between the /0F2 and column emission rates at very low latitudes. The

intensities depend upon both N^ax and hmax-

Bittencourt, and Sahai [7| in Situ observations by sattelite measured the in

tensity of the 01 7774A at 22.7 south. According to their results the following

expression for the F layer in terms of critical frequency obtained at night.

/0-F2 = [430/7774; * (5.3)

The observed intensities can be related to Nmax when there is no spread F. In the

case of spread F, the depression seen in foF2 values, reflects a decrease in integrated

vertical electron density.

The above equation correlates with our investigations from -20 to -26 degrees

latitude with error about 15 percent in NmaxF-i and almost error about 26 percent

from 20 to 26 degrees latitude.

One of the major factors that one need to consider in order to generate a realis

tic volume emission rate, is particle precipitation as discussed by Hicks and Chubb

[20]. The problem with particle precipitation is that any exciting electron would

have to have an energy of about 10 ev to produce the right ratio of spectral lines

intensities and to fail to excite lower altitude constituents such as molecular nitro

gen. As one can observe the particle precipitation may have substantial influence

in total emission rates.
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5.4 EMISSION OF OXYGEN AT 91lA

The oxygen at 911A is direct recombination to the ground state.The maximum

column emission rate occurs at either side of geomagnetic latitude at ±14 degree

latitude (2100 LT). The maximum and minimum column emission rate is 43.5 and

.723 Rayleigh at equator as shown in Fig 5.10. The 01 911A from OGO-4 showed

that the intensity is proportional to foF^ or they correlate with These results

correlates with our data at night after the enhancement of the maximum electron

density.
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CHAPTER 6

CONCLUSION

The investigation of low latitude electron content in F region and exosphere

plasma reveales that one can define the Appleton anomaly for sunspot maximum

at equinox season in a new fashion. The investigation shows that the total electron

content reaches its maximum development at 2100 LT with the crest nearest the

equator being the greatest. This asymmetry reverses at 0200LT when the crest

farthest form the equator is smallest. The noon bite out occurs at 1200 LT and

continues until the night. The total electron content does not change significantly

at 1400 LT, 1600 LT, 1700 LT. The sharp drop in total electron content can also

be considered a sign that the F layer is rising rapidly after sunset and equatorial

spread F is likely to happen.

The dynamic interaction between the neutral and ionized gas is discussed.

The neutral wind which blows toward the equator is large before midnight because

of reduced ion drag. As the layer descends, the increase of ion drag causes the

neutral wind to decrease. Through the continuity the convergence of the neutral

wind results in a downward vertical motion and causes the temperature pertubation

around midnight. The temperature pertubation changes the electron number of

density.

The neutral winds which blow from north to south transport ionization from

the northern hemisphere to the southern hemisphere causing SmaxF^ to be larger in

the south initially. But because the neutral wind also causes hmazF2 to be at a lower

altitude in the south where the loss rate is greater, the ionization at night decays
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faster in the southern hemisphere, causing a reversal in the asymmetry of NmazF2

and TEC. Because of the competing mechanisms of transport, production and loss,

the important processes affect the time dependent electron density distribution and

total electron content.

The meridional winds which blow from south to the north tend to move the

ionization upward to the south and downward to the north. In this situation

peak will be higher south of the equator resulting in asymmetrical distribution in

the airglow emissions. In addition, thermospheric winds significantly affect the

structure of ionospheric plasma dynamics.

An understanding of the asymmetry in emission rates and electron densities

are very complicated. The problem require a comprehensive investigation about the

global pressure gradients, which is the driving force for the ionospheric winds.

The comparison of the model with the observations using the Jicamarca inco

herent scatter radar facility demonstrates that hmax at 2000 LT and 1400 LT are in

reasonable agreement. Again, these profiles vary with vertical E y B drift velocities

whose diurnal variations may have significant day to day changes .

The ion-ion and radiative recombination processes in the F region and exo-

sphere plasma are compared. It appears that ion-ion recombination contributes

significantly to the calculated total tropical ultraviolet airglow, but the contribu

tion will not exceed that due to radiative recombination. The continuum radiation

arising from electron attachment to atomic oxygen would provide an upper limit

to the ultraviolet radiation that could result from ion-ion recombination. The in

vestigation of 01 radiation in the far ultraviolet and near infrared have provided a

new means of studying the equatorial anomally. The emissions will be important to

study the dynamics of the large scale irreqularities and the generation processes of

the transequatorial bubbles. The bubbles aligned along the geomagnetic field lines
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are generated in the F region and exosphere plasma just after sunset, when the layer

shows a rapid upward movement. The investigation shows that the square root of

intensity at 7774A to oxygen intensity at 6300A can not determine the height of the

hmaxF2 uniquely. Therefore, it depends to electron density profiles. The F layer

profiles change from outside to inside the depleted region (or bubbles) making this

ratio unsuitable for layer height determination.

A modified chapman layer is introduced to investigate the emission of oxygen

at 1356A. It appeares that the square root of 01 1356A varies linearly with Nmax

from ±21'' toward mid latitude at night. The maximum intensity occurs at ±14"

latitude.

The 01 911A is direct recombination to ground state. The 01 91lA behaves

like foF2 after the enhancement of the maximum electron density. The maximum

intensity appears to be at ±14" latitude.

The or 6300A is the brightest dayglow source. It appears that 01 at 6300A

is strongly a function of Nmax d^nAhmax- The maximum intensity occurs at ±13"

latitude at 0200 LT. The investigation shows that the crests move from 20" at

sunset to 8" at midnight on the average. The minimum of 01 emission falls to

4" latitude at 1700 LT. Good fits have been obtained between observed airglow

intensities and our calculations. The radar measurements show that a significant

portion of the emission comes from the above F layer peak, thereby making it

difficult to perform precise calculations with ionosonde data. The data shows that

the latitudinal asymmetry is associated with asymmetry in the height of the 01

6300A emission and hence with the altitude of the F2 peak.
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CHAPTER 7

RECOMMENDATIONS

As our investigation indicatens that one of the important future roles that

theoretical ionospheric models can play is to improve our understanding of the

various coupling processes which occur between:

1. Plasma density and plasma temperature.

2. Electric fields, neutral winds and plcisma density as it applies to both large scale

ambient ionosphere and to the growth of smaller scale structures.

3. lonosphere-plasmasphere coupling at low latitudes.

4. Electron density across the depleted region.

5. Spread F and electron density height.

6. particle precipitation and 01 emissions.

7. Low energy electrons from magnetic conjugate point and 01 at 6300A.

8. Pressure gradients and the ionosperic winds.

Understanding the feedback processes which occur among the various relevant

physical processes will allow us to progress beyond the stage of adjusting input

parameters so that calculated ion and electron density matches the observed values.

These are not easy problems to solve and extensive further ionospheric investigations

are required.
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