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ABSTRACT

The importance of the polar thermosphere has been well documented.
For the first time, data from the 0GO-6 satellite has made it possible
to separate a number of temperature effects from those based on density
and thus the moxphology of the high-latitude thermosphere can be
studied in some detail. Specifically, the atomic oxygen density at
120 km, the 630 nm airglow temperature, the helium density at 300 km
and the molecular nitrogen density near 400 km have been examined as
functions of geomagnetic latitude, geomagnetic time, season and
magnetic activity level. The long-term averages of these quantities
have been examined so as te provide a baseline of these thermospheric
parameters from which future studies may be made for comparison.

The hours around magnetic noon are characterized by low
temperatures, high 0 and He densities, and median nitrogen densities:
The pre-midnight-hours- exhibit -high temperatures, high He density, low
nitrogen density and median O densities. The post-midnight sector
shows low O and He :densities, median temperatures and high nitrogen
densities. These results are compared to recent models and observations

and are discussed with respect to their causes due to divergence of the

wind field and energy deposition in the thermosphere.

xiv



CHAPTER I

INTRODUCTION

1.1 General Statement of the Problem

The high latitude thermosphere is of primary importance because
it 1s the site of major emergy inputs to the upper atmosphere. This
energy causes jonigzation and dissociation of atmospherie constituents
and controls the circulation. cells that produce meridional winds. The
winds redistribute the energy-to lower latitudes and also carry the
constituents with them. They greatly modify the F region of the
ionosphere by raising the layer to heights where recombination is low
and by transporting atomic oxygen-to low latitudes which changes the
0 to N2 density ratio. Since the major ion is 0+ and the major loss
mechanism is O+ + N2 -+ NO+ + N, the O to N2 ratio affects the electron
density.

It has been difficult to determine- thermospheric densities
because satellites generally make measurements at only one height.

The 0GO-6- satellite.mass-—spectrometervdata, as well: as the 630 nm
airglow temperatures, have -beenrmade-available o us and the purpose
of this~study-is to separate a number of temperature .effects from
those based on’ demsity- so. that the morphology of the high latitude

thermosphere- can” berstudied--in some detadil.

1.2 Introductionsto-Thermospheric Models

From early satellite.drag:..measurements, it has been shown that
gecmagnetic activity affects .thermospheric -density and temperature

(Nicolet, 1961; Jacchiay, 1959a,b).-- However even recent models and



observations have failed to explain adequately how these parameters
are affected by the’ observed thermospheric circulation.

Recent findings and theories (see reviews by von Zahmn, 1974;
Righbeth, 1974; Carignan, 1975; and Champion, 1975) indicate that the
magnetic storm acts as an energy source which generates electric
fields and currents in the polar thermosphere. These currents in
turn, heat the neutral atmospheric constituents and the resulting
pressure gradients and the electric fields produce horizontal winds
which lead to upwelling of gases from below (Mayr and Volland, 1972).
The upwelling changes .the boundary conditions and in particular the
atomic oxygen density at 120 km in the lower thermosphere. Thus energy
is transported into and out of the polar regions by horizontal winds
(Hays et al., 1973). Observational support for these concepts is
discussed in section 1.3.

Various models have been developed recently using different
assumptions. For example, some-models-use fixed boundary temperatures
and density (Jacchia, 1971) .or they fix the temperature and vary the
density (Hedin et al., 1974). Mayr and Volland (1972) have, however,
delineated the inputs required for .a successful model based on Joule
heating and variable density and temperature. ALl of the models also
assume diffusive equilibrium for all constituents in the lower thermo-
sphere, an assumption recently attacked by Kasprzak and Newton (1976)

and Zimmerman and Keneshea (1976).

1.3 Theoretical Models

Nicolet (1961) examined satellite drag results and initiated a

model of the thermosphere in which cooling of the atmosphere took



place. The theoretical results showed consistent temperature and
density profiles, which were nearly independent of the assumed initial
conditions.

Other early models of the thermosphere were made by Jacchia
(1964, 1965) based on earlier satellite drag data (Jacchia, 1959a,b).
He was able to construct a global model of temperature and density
with respect to diurnal, seascnal, latitudinal and longitudinal changes.
He has updated his work (Jaecchia, 1970, 1971, 1974) and one of his
latest models is included in the CIRA Standard Upper Atmosphere tables
(CIRA 1972)., His models have been based on constant temperature and
density at the base of the thermosphere. He also assumes diffusive
equilibrium throughout the thermosphere.

Other polar and global models have appeared recently. Mayr and
Volland (1972, 1974) have attempted to model magnetic storm
characteristics of- the  thermosphere by allowing .both temperature and
density to vary-by-a small amount.. They then used spherical harmonic
analysis of the perturbations of these two parameters using Joule
heating as the energy source. Their results imply that molecular
nitrogen expansion in the auroral zone generates meridional winds
that are everywhere equatorwazrd. Their model also depicts the decrease
of helium and aromic oxygen with.increased magnetic activity as well
as the delay time of magnetic effects. The results have been compared
favorably with the 0GO-6 mass speectrometer data of Hedin et al., (1974)
which were for middle and low latitudes and high magnetic activity.

In a later work Mayr and Volland (1974) concluded that the 0G0-6 data
could be explained by diffusive mass transport which arises from the

thermospheric circulation.



Moffett (1973) has offered a critique of Mayr and Volland's
work in which he pointed out that their neglect of the higher—order
harmonics of temperature and use of an’ incorrect zeroth-order harmenic
produced significant errors. He also felt that variations in number
density and temperature at 120 km may influence the phases of both
mass and number density relative to the phase of the temperature.
This situation can only complicate the results. He concluded by
adding that-a three-dimensienal, time dependent model has not yvet
been successfully developed.

Bailey and Moffett (1972) have- developed a global theoretical
model using fixed density .and .temperature in the lower thermosphere,
Their results show that-vertical veloecity has important effects on
density and temperature at 120 km, the lower boundary of static
diffusion models.

Hays et al., (1973) have modeled-the: auroral region and have
shown that as a magnetic storm begins; the helium and atomic oxygen
densities are decreased relative-to the molecular nitrogen density.
They conclude that this decrease of-density is due to cellular
upwelling in which-gases rich in.molecular nitrogen and poor in
helium and atomic oxygen are carried upward. This vertical motion
leads to horizontal flow. They also conclude that there is enough
energy available in the auroral..electric fields to generate this flow
by heating the' neutral atmosphere.

Cole (1975)-has-also argued -that- the dissipation of electrice
fields is a major source of energy.for-the thermosphere. He also

presents: the theory that enexrgy from-tropospheric weather systems may



propagate upward to the thermosphere to produce winds. Then electro-
static fields are produced by dynamo action which leads to trapping
of solar wind plasma in the magnetosphere which, in turn, leads to a
magnetic storm. Thus, there may be a conmection between tropospheric
weather and thermospheric motioms.

Reber et al., (1971) argue that the helium concentrations are
indicators of the thermospherie winds. Thus observations and models
of helium should give clues to thermospheric dynamics. Continuing
this reasoning, Reber and Hays (1973) have attempted to model helium
in the global thermosphere. They show helium upwelling in the summer
hemisphere flowing toward and descending into the winter hemispherxe.

Blum and Harris (1975a, b} have presented a model of the global
thermospheric wind system where they integrated the horizontal
equations of wmotion, including all non-lineaxr texrms. They used the
thermospheric model of Jacchia (1971) and the ionospheric model of
Nisbet (1970). Their results show a wind field at 300 km that blows
from the dayside to nightside over the poles. Their main conclusion,
however, was that the-equations .of motion cannot be simplified without
considerable loss of accuracy.

Creekmore et al., .(1975) took the Jacchia (1971) model with
constant lower boundary conditions and.derived a model based on
conservation of mass-and .energy... They, too, included all non-linear
terms in the equations of motion.. They concluded .that the major
shortcoming of this approach and..those-of previous models was the

neglect of vertical motions on- the energy balance. Strauss et al.,

(1975) took the model of Creeckmore et al., (1975) and added solar EUV



heating. Their conclusion was that there is a necessity for an
additional heat source at high latitudes, even during magnetically

quiet periods,.

1.4 Observations and Empirical Models

Newton (1970) used satellite density gauge data to infer a
permanent heating source above 40° latitude. He felt this source
may be influenced by’ increased magnetic activity.

Taeusch et al., (1971) presented results from the neutral
atmospheric experiment on board the 0GO-6 satellite, These resulis
indicate that the major portion of -the energy from a magnetic storm
is deposited at high-latitudes. causing enhancements in molecular
nitrogen densities. The results also -suggest dynamic processes that
cause a thermospheric-ecirculation that is upward at the pole with
subgidence at the equator. Carignan and Reber (1971) presented
similar results from a study of- the- large magnetic storm of 8 March
1970, -

Reber- et ai., (1971). present data. from 0GO-6 showing the
horizontal distribution of helium at high altitudes and latitudes.
They show a‘one order of magnitude higher concentration in winter
than in summer with' the maximum -concentration at -53° magnetic latitude.
They reiterate the point that helium concentrations are indicators
of thermospheric winds.

Blamont and Luton (1972) presented 630 nm airglow temperature
from 0GO-6 and concluded that high latitude behavior is largely
determined by geomagnetic\éctivity. They also showed unexpected

temperature maxima-in the polar regions during quiet magnetic periods.



DeVries (1972) used accelerometer data to show that most of the
energy asscciated with geomagnetic activity is deposited in the
auroral region” and is then transported toward the equator by atmospheric
waves and convective circulation.

Hedin and Reber (1972) presented 0GO-6 data that showed the
helium concentrations varying inversely to the nitrogen concentrations.
Maximum nitrogen densities- at 450 km occur above 65° latitude and a
maximum alsec occurs near 0800 UT, Their conclusion was that the polar
heat input is magnetiecally controlled.

Johnson and Gottlieb (1973)- have attempted to explain observed
atomic oxygen density variations as.resulting from photodissociation
of molecular oxygen at the' subsolar point. Winds then carry the
densities- toward the poles at equinox and toward the winter pole at
solstice. - Kohl-and King (196¥)-and. Blum and Harris. (1973) have shown
similar results.

Reber et al., (1973)" have. taken- the 0GO-6 :data and concluded that
dynamics play a significant role in the thermosphere., -Geomagnetic
disturbances create- circulation cells which decrease the atomic
oxygen at low altitudes.

Forbes and Marcos (1973) have used accelerometer datz from a
satellite to show that- density enhancements occur in conjunction
with electrojet currents: These density variations are what would be
expected from Joule«peating‘ Therefores: they point out that future
models should include electric fields, Joule heating and dynamics.
Support for the electric field inclusion. came from Truttse (1969) who

showed a linear relation between density variations and the AE indices.



Burge et al., (1973) used work by Roemer (1971) to show that the
preferential héating of the high latitude during magnetic storms is
sufficient to reverse the normal poleward daytime wind. Similarly,
Johnson (1974) analyzed data from various sources and concluded that
during magnetic stormsg the heat input iIn the auroral region may
actually equal or exceed .that at the low latitudes so that there can
be large-scale winds away from the auroral =zones.

Reber and Hedin (1974), again using OG0-6 data, showed that heat
inputs exist in both hemispheres at mid to high latitudes that corotate
with the magnetic poles. The heat source showed maxima at 0900 and at
2100 UT. They conclude that .the observed variation of .peak concentration
of helium in winter is also.a manifestation of this heating.

Brekke et al., (1974) used rocket data to show that the neutral
wind ovexr the poles at altitudes of 110-115 km flowed in a mainly -
antisolar direction during a magnetic storm due to a heat source in
the auroral oval.

Barlier et al., (1974) used several different types of data and
came to the conclusion that there. is more energy deposited in the
southern hemisphere than in the northern hemisphere. This asymmetry
may be due to geomagnetic field asymmetry and tidal dissipation from
agsymmetrical ozone distribution.

Philbrick (1974) used a satellite mass spectrometer to show that
molecular nitrogen has a large variability in the polar regions. The
variations are much larger than those used in static diffusion models

with constant boundary densities and temperatures at 120 km.



Wydra (1975) analyzed 0GO-6 data and showed that atomic oxygen
observations indicate that particularly under disturbed magnetic
conditions the atomic oxygen vertical velocity is upward in the polar
cap and downward at low latitudes. He also concluded that the thermo-
spheric pressure induces winds which are nongeostrophic-due to ion
drag such that the pressure gradients are minimized. He also compared
airglow temperature and the temperature derived from the density of a
single gas constituent. He concluded that the density-derived
temperatures had, at times, significant errors due to changes in the
lower thermospheric boundary conditions of atomic oxygen.

Taeusch and Hinton (1975) have analyzed the 0GO-6 data which
show that the molecular nitrogen density at 400 km at polar latitudes
peaks near local magnetic noon and has a minimum around 1800 local
magnetic time. They conclude that these variations are magnetically
controlled and are associated with localized heating effects such as
electrodynamic_ggd particle heating sources. This last conclusion,
however, is different from the results of Wydra (1975) who showed
that the 630 nm airglow temperature peaks in the pre-midnight sector
and has a minimum.in the noon. sector regardless of the magnetic activity
level. The data used by Taeusch and Hinton (1975) and those used by
Wydra (1975) are included in the data base used in the present paper
and this point is a major item for the present study.

Kasprzak and Newton (1976) have compared San Marcos 3 data with
0G0-6 data and have shown that non-diffusive equilibrium exists below

170 km, especially for helium, at low and middle latitudes.
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Prolss and von Zahn (1976) have presented results from the ESRO 4
gas analyzer which shows that atomic oxygen decreases and molecular
nitrogen increases with increasing magnetic activity. Under disturbed
conditions, small-scale fluctuations were dominant.

Nisbet and Glenar (1977) have taken the analysis of atomic
oxygen discussed in section 3.3 and shown that the atomic oxygen
variations are related to vertical velocities in the 95 km to 120 km
altitude region and to the meridional fluxes at 70° geomagnetic latitude,
These fluxes are compared to.fluxes derived from high latitude rocket
vapor trail wind measurements. It is shown that the poleward fluxes
are well correlated with the derived oxygen densities. The average
upward vertical velocity in .the.region poleward of 70° geomagnetic
latitude is calculated to be of the order of 0.3 m/sec. The eneregy
transported by the winds out of the region poleward of 70° geomagnetic
latitude is calculated to be of the order of 3 x 1010 watts for Kp
levels of 2, L

Other reviews of models and observations, especially for lower

latitudes may be found.in Carignan (1975), Champion (1975) and Wydra

(1975).

1.5 General ~Comments on the Models

All of the models-above have admitted shortcomings. Some of these
are pointed out by-Kasprzak.and.Newton (1976).. They have presented
satellite data which-they compared to the Hedin et al., (1974) 0GO-6
model to show that conditions are not really in diffusive equilibrium

below 170 km.
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Also, Zimmerman and Keneshea (1976) have presented theoretical
arguments against the assumption of diffusive equilibrium which cast
doubt on such practices as:

1) Using satellite drag densities to-model the thermosphere.

2) Determining thermospheric densities from incoherent backscatter

radar.

3) Determining temperature from single-species measurements.

4) Deriving flow diagrams. from meridional differences in

lower-thermospheric.heating .and: species production.
They argue- that' thedir rocket -data-show: that the lower thermosphere is
not in an equilibrium state.

As' already-stated, Moffett (1973)-as well as Johnson (1973)
argued against .the use .of constant.boundary conditions in the lower
thermosphere.

Another primary deficiencwy in .these-models has been insufficient

data, especially in the polar regions. This-paper includes extensive

data analysis-which will demonstrate that the density and temperature
distributions over the polar thermosphere are much more complex than
has been shown previously or included -in theoretical or empirical

thermospheric models.

1.6 Specific Statement ;o0f the Problem

it is thepurpose- of- this study to,

1) Determine. the distributions.of the densities of 0, He and
N2 and temperature as a function of magnetic time.

2) Present mathematical models of these distributions which
will reproduce the observations as functions of three seasons

and three levels of magnetic activity.


http:dist-ributionsz.of
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3) Qualitatively explain the reasons for the observed

distributions.



CHAPTER II

DATA ACQUISITION

2.1 0G0-6 Satellite Measurements

The 0GO-6 gsatellite was..launched 5 June 1969 into a polar orbit
of inclination 82° with a perigee of 398 km and an apogee of about
1100 km. The orbital period was about 100 minutes.

The 630 nm oxygen airglow emission was determined by the use
of a spherical Fabry-Perot interferometer aimed towards the horizon.
Blamont and Luton (1972) discuss this instrument and its data in
detail. The accuracy of the measurement of the neutral temperatures
determined from the profile of this emission line was calculated to be
i_650 K for each individual measurement. The spatial resolution of
the measurement was approximately'lo longitude, 6° latitude, and
30 km altitude at the equator. The measurements were made at altitudes
in the range of 240 to 300 km,

The 0GO-6 quadrupole mass spectrometer used to measure the
concentration of O, He and N2 is described by Carignan and Pinkus (1968)
and Hedin et al., (1974). The uncertainty of these measurements were
determined by these authors to vary with-constituent and to increase
with increasing altitude. . The uncertainties were generally less than
10 to 15 per cent near perigee, .however, there is an additional
calibration uncertainty of 10 to 15 per cent in the absolute value of
all measurements. No data were used where the estimated statistical

uncertainty was greater than 25 per cent for N

9 and O and 50 per cent
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for He., The’ spatial resolution of the measurement is less than

1/2° in latitude and longitude and less than 5 km in altitude.



CHAPTER III

DATA ANALYSTS

3.1 Generxal Description of the Data

The measurements of polar thermospheric densities and temperatures
have been made available by observations from the 0G0-6 satellite as
described in Chapter 1I. Theser observations cover the period of
June 1969 to August 1971.

Since the: purpose of this study is to investigate the long-term
averages of the atomic oxygen, helium and molecular nitrogen densities
and 630 nm airglow temperatures and since the short term fluctuations-
of these observations are subject to large variations, they were
averaged over a period of 45 days before and after the solstices and
equinoxes. In addition, they were averaged over both hemispheres,
i.e., June in the northern hemisphere was averaged with December in
the southern hemisphere. The equinox: values were also averaged .
together. This averaging over the hemispheres and equinoxes also
minimized the amount of missing data.

:8ince geophysical effects at high latitudes are known to be
influenced mainly by geomagnetic variations, the data are displayed
in geomagnetic coordinates. - The-method used to calculate these
coordinates is the method of Agy (1965) as adapted by Nisbet (1976).

The data were then subdivided into- "bins" of geomagnetic latitude -
at 5 degree-.intervals from 60° to 90° and in intervals of one hour in
geomagnetic time (longitude). They were further divided into ranges

of the Kp index from 0.0 to 1.3, from 1.3 to 4.0 and > 4.0. The
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average of each "bin" and the number.of observations used in
calculating the averages of the data are shown in tables in sectioms
3.2 through 3.5.

To quantify the variations of these averages and to also allow
for future comparisons, a Fourier analysis was done for each latitude
band. This Fourier analysis uses an equation of the form:

o

F(t) = Ab + X Ah cos
n=1

EEEE- + B. sin 2wt

where Ab is the average for the latitude band and A.n and B£ are
coefficients of the sine and cosine components for the fundamental
and harmonics. T is 24 hours and t is the magnetic local time. The
values of A.0 and first five coefficients of each sine and cosine term
for each latitude band are shown in sections 3.2 through 3.5. Some
of the tables for winter and sumﬁer are not shown due to insufficient
data. o

In order to show the results graphically, the tables of averages
were converted to a 25 by 25 matrix using standard linear interpolation'’
techniques; the result being displayed in polar coordinates. Missing
data were also estimated where possible by the use of linear interpola-
tion.

The matrix was then analyzed (in a synoptic sense) by drawing
gimple ‘'fsopleths (contours) in polar geomagnetic coordinates. These
results are shown in the figures in sections 3.2 through 3.5. The
concentric circles are geomagnetic latitude and the radial lines

indicate local geomagnetic time.
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It should be pointed out that for the high Kp level, there are
less data than for the lower levels. There are also less data for
helium than for oxygen, airglow temperature or nitrogen, except at the
equinoxes. Also, any areas on the matrix used for the contour analysis
having fewer than five observations have been indicated by cross-
hatching. The number of observations for each point ranged from five
to over 800.

The quantitative aspects and general, persistent features of the
results are discussed in the following sections. The possible physical

causes for the results are discussed in Chapter IV.

3.2 630 nm Airglow Temperature

The 630 nm airglow temperature.is shown as a function of geomagnetic
time and latitude in Figures 1 through 9 and Tables 2 through 16. Table
1l provides a convenient index to this data.

The dependence of this temperature on latitude is seen in the
Fourier coefficient tables. The Ao (average) term peaks near the pole
during winter. During.summer this peak moves to lower latitudes. The
contributions of the fundamental and harmonic terms are small, being
two to three orders of magnitude smaller than the AD term.

The geomagnetic local time effect is evident in Figures 1 through
9. There are persistent.maxima_at 1800-2200 IMT and 0500-0800 LMT.
There are minima at.1200.LMT and.l400 to 1600 LMT.

The effect of magnetic activity on- these .temperatures 1s also
easily.seen in Figures 1 through 9. The temperatures increase
markedly with increasing. magnetic a?tivity. The AO_Fourier coefficient
shows the temperature.at equinox is 700.higher for Kp = 1.3 to 4.0 and

250° higher for Kp > 4.0 than. for Kp = 0.0 to 1.3.
1
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A seasonal effect .is also obsef%éd,_beingWLOquwarmer at equinox
and- 180°% warmer in summer than in winter for Xp =.1.3.to 4.0. The
seasonal effect is larger for- the low Kp level than for the high Kp
level.

It should also be mentioned that these temperatures were used
as the isothermal thermospheric temperature, T , in the following
sections.

Thuillier (1976) has reexamined the data base used here for the
630 nm temperatures and discovered that under certain conditions of
background radiation, range and altitude quite large  errors can occur.
Based on these analyses he has edited the data base so that these
erroneous points are not included. . We have, unfortunately, not been
able to obtain tapes of the edited data, .nor have we edited the data
ourselves as we do not have the raw data tapes. We have done all
that we can to eliminate the problem by removing data points that are
more than 2.5 ¢ from the average value in each data bin and then
reaveraging. Care should be taken, however, in accepting the tempera-

tures from this source too literally.

3.3 Atomic Oxygen Density at 120 km

The atomic oxygen density measurements were extrapolated from
satellite altitudes down to 120 km, the height of the lower boundary
of static diffusion models. This extrapolation requires the
assumption of diffusive equilibrium. Nisbet and Glenar (1976) have

presented a similar extrapolation which is outlined below.
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The vertical distribution of ateomic oxygen .under diffusive

equilibrium with no vertical diffusion velocities is given by:

1 dn(0) _ n(Q)g 1 4T

n(0) az - kT T T 4z (L

where n(0) is the density of atomic .oxygen, T is temperature, Z is
altitude, m{0) is the mass of an atomic .oxygen.atom, k is the

Boltzmann constant, and.g is the gravitational-.acceleration of height

1

Z. The E"%% term is difficult to evaluate but it can be eliminated

by noting that:

1 dn(Nz) m(Nz)g 4T

_ 1
n () iz = - kT T az (2)

Tntegrating equations (1) and (2) from 120 km to height Z and
combining them to eliminate the first term on the right hand side of

each equation gives:

T

3 b4
- logen(Nz)z)+-?loge T

_ 4
logen(0)120~ 1ogen(0)z+ 7 (logen(N "

2)120

(3)
In this way the oxygen density at 120 km can be derived using
the measured temperature, oxygen and nitrogen densities at the satellite
2)120 and T120 can be taken as constant values
and 3500K, respectively from the CIRA (1972) model.

altitude providing n(Hd
of 3.8 x 1011 cm_3
Tz is taken as the 630 nm airglow temperature, since the satellite

measurements of the densities were taken in the isothermal region

of the thermosphere.
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The results of this extrapolation .are.shown in Figures 10
through 18 and Tables 16 through 30.

A latitudinal wvariation is apparent from the Ab Fourier components.
For ¥p = 1.3 to 4.0 the density decreases with increasing latitude, the
pole densities being 40 per cent lower than 60°-65° latitude in summer,
20 per cent lower in winter and 15 per cent lower at equinox.

There is also a strong seasonal variation; the density is 46
per cent lower in summer and 14 per cent higher in winter than at
equinox for Kp = 1.3 to 4.0.

There is a marked decrease in n(O)lZO with magnetic activity and
the densities are 20 per cent higher for Kp = 0.0 to 1.3 and 27 per
cent lower for Kp > 4.0 than for Kp = 1.3 to 4.0 at equinox.

The variation of atomic oxygen with geomagnetic time shows the
most impressive result of all. There is a persistent area of low
density (about 25 to 50 per cent lower than at other times) in the
0000 to 0800 IMT sector. ’This gector of low density is present in
all seasons at all Kp levels, In addition, the densities are consistently
high in the noon sector. The possible physical significance of these
results will be discussed in Chapter IV.

As.stated earlier, vertical velocities were neglected in the
extrapolation of the atomic oxygen demsities. to 120 km. The work -
of Nisbet and Glenar (1976) and the atomic oxygen. observations at
95 km by Donahue et al., (1974) allows one to estimate these velocities
and then to estimate the error in the extrapolated densities due to

the assumption of diffusive equilibrium.
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Examples of the comparison between the.results of this section
and Donahue's data are shown in Tables 31 and 32. Table 31 shows the
comparison for mid-latitudes and Table 32 shows the comparison for
high latitudes. There is a suggestion that the density difference
between the two altitudes increases over the poles. Nisbet and
Glenar (1976) attribute this observation to increased upward diffusion
velocity over the poles.

This diffusion velocity may be estimated, as shown by Nisbet and
Glenar (1976), by the equation:

%
loglo n(0)120 = - 10.14 Vd 120 + log10 n(O)95 - 1.52 (4)

%
where n(09120 is the extrapolated atomic oxygen density at 120 km

(no vertical velocity), is the vertieal diffusion veloecity at

Va 120
120 km and n(O)95 is the measured atomic oxygen density at 95 km.

This equation giégs vertical diffusion velocities of -.15 m s_l at

low latitudes and -.10 m s_1 at high latitudes based on the information
in Tables 31 and 32. Nisbet and Glenar (1976) also show that the
difference between extrapolated densities and true densities is a
function of the wvertical diffusion velocity only, i.e.:

%

1oge n{0) + 6.74 V = loge n{0)

120 d 120 ()

120

where n(O)120 is the actual atomic oxygen density at 120 km., The
above-mentioned vertical velocities give actual densities at 120 km

of around 50 to 60 per cent lower than the extrapolated values for the

same season and magnetic activity. The actual values of density at
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126 km, then, are nearly one order of magnitude smaller than the actual
density at 95 km. This difference is clese to that reported by

Donahue et al., (1974).

3.4 Temperature Derived from Molecular Nitrogen Densities

The nitrogen densities are presented here in the form of
equivalent temperatures for comparison with the airglow temperatures
as has been done previously by Wydra (1975) and Nisbet et al., (1977).
These values are merely the temperature, T, of the CIRA (1972) model
that would give the same N2 density at the satellite altitude. They
are not real temperatures but depend greatly on the temperature
gradients in the 95 to 150 km region. These values will be caiied
NT. A regression equation was used to fit the CIRA (1972) densities

of N2 to the exospheric temperature, The resulting equation was:

1

1521.5 -~ 12,0697 Z

4 Z
10g10 n(NZ)

15.9523 — 2.4356 x 10 (6)

where Z is the satellite altitude in kilometers and n(Nz) is the
molecular nitrogen demsity (m_3) at altitude Z.

The results are shown in Figures 19 through 29 and Tables 31
through 45.

The latitudinal variation of these NT values is such that the
peak occurs near the pole in winter with higher values at lower
latitudes in summer. The difference between the pole and lower

latitudes is greater in winter than in summer.
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The variation with magnetic activity is shown by the NT value
being 100°K lower at Kp = 0.0 to 1.3 and 200°K higher at
Kp » 4.0 than at Kp =—1.3 to 4.0 for equinox. These NT differences
correspond to the density being 8 times smallier at Kp = 0.0 to 1.3
and 15 times larger at Kp > 4.0 than at.Kp.= 1.3 to 4.0 for equinox
at an altitude of agbout 400 km.

There is a strong seasonal variation as well; the NT value is
275 K higher in summer and 120 K lower in winter than at equinox
for Kp =.1.3 to 4.0. These differences correspond to the N2 density
being 14 times larger in summer and 8 times smaller in winter than
at equinox at 400 km. This represents a change of two orders of
magnitude in the molecular nitrogen density not included in the CIRA
1972 model.

The variation with geomagnetic time indicates that there is a
persistent maximum near the 0800 to 1200 LMT sector and a nminimum
in the 1600 to 2000 IMT sector. This is in close agreement with
Taesusch and Hinton (1975) and Hedin and Reber (1972). However,
Tauesch and Hinton (1975) show a second maximum around 0000-0300 LMT
which does not appear in the data presented here. This difference
may be due to different averaging techniques and the fact that the
data presented here were averaged over a.much longer time. Also, their
results were presented relative to the 0G0-6 model of Hedin et al.,

(1974). )

The comparison of these NT values with the airglow temperatures

shows that the average NT wvalues are higher at all Kp levels and all
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seasons. At equinox the NT values are. higher by 67 K at Kp = 0.0 to
1.3, 87 K at Kp = 1.3 to 4.0 and 106 K at Kp > 4.0. . In summer, the
difference is nearly 200° at all Kp levels. WNisbet et al., (1977)
show average differences of about 75°K at low Kp and about 100°% )
at bigh Kp at geomagnetic latitudes above 60°.

The differences in horizontal distributions of these two
temperatures, are obviously large at all Kp levels and all seasons as
seen by comparing corresponding figures. WNisbet et al., (1977)’point
out that it is not surprising that the two temperatures do not
correspond on a one-to-one basis since it is known that large changes
in temperature profile occur with magnetic activity. It should be
emphasized, therefore, that the NT values presented here should be
interpreted as the distribution of a parameter indicative of both
the temperature gradients in the 95 to 150 km region and the exospheric

temperature.

3.5 Helium Densities at 300 km

The helium densities measured at satellite altitudes were
extrapolated to a constant height of 300 km using the isothermal

diffusive equilibrium equation:
n(He)SOO = n(He)z exp [(2—300) M(He)g/RT] (7).

where'n(He)Z is the heliuvm density measured at satellite altitude Z;
T is airglow temperature; M(He) is atomic mass of He; g is acceleration

of gravity; R is the universal gas constant.
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There were less helium density data than for the other comnstituents,
except at equinox. Also, the mass spectrometer on the satellite had
a much lower signal-to-noise ratio for the helium data than for the
rest of the data. Therefore, the quantitative aspects of the summer
and winter data should-be regarded with caution.

The. results .are shown in Figures 28 through 36 and Tables 46
through 61. There does not appear to be any persistent latitudinal
dependence: of He density in the data.presented here. The dependence
on- magnetic activity shows the average density is 8 per cent higher
at Kp = 0.0 to 1.3 and 20 per cent lower at Kp > 4.0 than at Kp =
1.3 to 4.0 at equinox. There is also.a.seasonal dependence; the average
density is 19 per cent lower in winter and 21 per cent lower in summer
than at equinox for Kp = 1.3 to 4.0. The variation with magnetic time
-indicates there is a persistent maximum around 2000-2300 LMT at
latitudes 70°-80°. There is a‘persistent minimum in the pre--dawn

hours at latitudes 60°-70° similar to the low density sector observed

for atomic oxygen at 120 km.

The distribution of helium density appears to be more complex
than expected, but this could be due to fewer data.

The maximum average density over the poles appears to occur at
equinox. This observation does not agree with theory which suggests
that the .maximum should occur in winter as shown by Reber et al,, (1971).
The work of Reber et al., (1971), however, shows only low and middle
latitudes. Wo previous observations of helium at high latitudes

could be found. The work of Hedin and Reber (1972) also shows
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averages of helium density over several orbits over.the North Pole.
They show helium densities on the.ordexr of 4.5 x 106fcm-3 near
equinox at low magnetic activity at 450 km altitude. The difference
between the highest and lowest density wvalues is about 2.5 x 106 cm_s.
These observations compare favorably with Figure 31,

The pertinent details of the results presented here along with

possible physical mechanisms will be discussed in the next chapter,
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Fourier Analysis:
Table 10, p. 45
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Fourier Analysis:
Table 12, p. 47

Winter

Tabulated Values
Table 13, p. 48
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Figure 1: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for summer.
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Figure 2: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for summer.
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Figure 3: 630 nm airglow temperature as a function of

geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for summer.
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Figure 4: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for equinox.
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1100 - 1200K EQUINOX
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12h

18h

Oh
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Figure 5: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for equinox.
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630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for equinox.
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Figure 7: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for winter.
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Figure 8: 630 nm airglow temperature as a function of

geomagnetic latitude for Kp range 1.3 to 4.0
for winter,
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Figure 9: 630 nm airglow temperature as a function of
geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for winter.




TAG (R}

SUMMER
Kp = 0.0 - 1.3

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

85 - 90 1150 1098 920 1133 1113 1094 1028 1124 1228 1087 1185 1124 1234 1026 1177 946
1 3 3 5 1 2 6 2 3 4 4 2 3 2 3 1

80 - 85 1085 1037 1130 1081 1232 1004 1130 1109 1025 1126 1090 1098 1224 1144 1313 1176
7 6 8 10 6 8 3 12 3 11 11 13 7 6 3 3

75 - 80 1054 1159 1153 1125 1117 1195 1089 1226 1158 1109 1157 1092 1074 1181 1195 1233
5 10 9 8 5 13 1 § 10 10 16 18 i3 14 14 12

70 = 75 1180 1139 1207 1079 1159 1140 1176 1157 1157 1102 1156 1083 1168 1139 1195 1192
1 7 18 15 13 18 12 13 19 12 19 22 17 13 15 12

65 - 70 1253 1029 1135 1175 1107 1143 1129 1108 1103 1005 1100 1107 1112 1152 1184 1170
1 1 12 23 19 13 14 17 21 7 1% 37 17 18 13 17

60 - 65 0 0 12%6 1154 1153 1127 1087 1137 1084 1080 1053 1056 1079 1108 1100 1147
o 0 4 21 23 23 40 32 16 16 20 26 21 23 13 12

17

210

1091

1172
10

1220
11

1172
11

1156

18
959

1135

1236

1157

1189

14

1179
22

19

1232

1247

1181
11

1153
12

1148
14

1172
i7

20
1165

1219

1224

1173

1286

1192
10

21

1155

1130

1156

1172

1138

11

1091

22

1148

1262

1194

1196

1121

1043
10

23

987

971

1250

1227

106¢

1

1185

Table 2: 630 nm airglow temperatures and numbers of samples of averaged data tabulated

by geomagnetic latitude and geomagnetic time for Kp range 0.0 to 1.3 for summer.

Lg
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TAG ()
SIMMER
Kp = 0.0-~1.3

Geomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80
A I 1136 1164 1167
o
N
S
A U 15.12 19.23 19.08
1 F
B F -33,83 -19.30 -32.32
1
I
C
A2 I -27.23 - 0.20 -14.02
E
B2 N 16.12 1.04 -12.24
E
AB D - 3.88 26.23 29.10
A
B T - 5.18 - 7.71 - 6.22
3
A
A4 2.61 - 1.31 - 3.15
B4 22.99 ~ 3.34 -12.48
As 8.82 - 7.03 13.07
B5 16.61 - 1.56 -10.44

80-85

1137

-46.10

-17.56

12,49

~19.61

-33.05

-12.64

12.43

25,30

15.00

85-90

1099

-12.24

14,15

37.72

-47.26

-37.48

~13.27

- 7.33

40.14

47,18

21.79

Table 3: Fourier coefficients for the 630 nm airglow temperatures
tabulated by geomagnetic latitude for Kp range 0.0 to 1.3

for summer.
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Tae®
SUMMER
Kp=1.3~40

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 [ 5 6 7 8 9 10 11 12 13 1 15 16 17 18 1% 20 21 22 Z3 24
85 - 90 1112 1220 1060 1242 1033 1335 1203 1234 1156 1193 1188 1284 1229 1315 1185 1050 1241 1190 1168 1199 1162 1215 1211 1279
2 5 [ 6 2 6 8 4 5 6 4 7 5 2 3 2 3 6 1 2 2 2 4 8
80 - 85 1175 1192 1228 1216 1231 1200 1185 1178 1257 1247 1220 1137 1182 1254 1238 1262 1166 1269 1279 1282 1177 1218 1328 1250
16 9 14 14 9 8 7 12 11 9 23 12 10 17 g8 10 11 9 6 9 3 g8 11 12
75 - 80 1184 1272 1228 1234 1220 1208 1219 1250 1265 1217 1195 1210 1199 1209 1188 1260 1185 1253 1198 1259 1239 1329 1271 1305
14 15 21 19 12 14 15 16 15 25 24 3 23 19 19 19 1 23 11 12 16 10 13 10
0 - 75 1211 1277 1222 1235 1241 1210 1240 1191 1252 1202 1233 1189 1241 1214 1186 1205 1259 1201 1312 1186 1267 1288 1315 1242
8 8 26 26 23 26 18 22 41 31 35 40 21 29 31 23 30 & 23 12 14 20 13 7
65 - 70 1236 1157 1207 1278 1212 1201 1209 1230 1191 1096 1172 1166 1151 1230 1179 1230 1260 1247 1205 1270 1218 1279 1266 1297
2 5 23 31 40 34 27 53 44 26 18 33 33 26 33 28 35 31 25 26 21 21 21 7
60 — 65 1298 1171 1333 1229 1198 1165 1173 1213 1185 1115 1115 1079 1144 1164 1158 1198 1216 1203 1178 1229 1221 1258 1210 1266

2 2 3 43 41 55 67 108 39 20 32 32 36 39 34 37 42 43 39 38 43 22 5 5

Table 4: 630 nm airglow temperatures and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range 1.3 to 4.0 for summer.

6t
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Tyo X
SUMMER
RKp = 1.3-4.0

Geomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80 80-85 B5-90
A,0 1197 1216 1234 1232 1224 1195
Al 60.66 38.31 24.86 23.65 1i.62 -21.76
B1 - 0.17 -17.81 - 6.37 - 1.82 ~18.83 -1.19
A2 - 8.61 -14.01 5.12 5.30 - 4.83 16.31
B2 11.12 0.00 -10.96 ~17.11 - 8.42 =13.74
A3 14.65 13.32 - 0.46 g.33 6.47 - 0.23
B3 5.07 -15.21 - 2.88 ~ 5.34 1.59 -27.68
A4 -16.93 6.59 3.74 -11.91 - 6.86 29,02
B, 2.68 - 7.32 - 7.95 -~ 8.83 -11.91 21.39
A5 —~_1.36 2.46 ~ 2.61 - 5.29 37.07 - 5.24
B5 ~12.68 -16.09 -14.63 -13.04 -10.37 -16.13

Table 5: Fourier coefficients for the 630 nm airglow temperatures
tabulated by geomagnetic latitude for Kp range 1.3 to 4.0
for summer.
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Geomagnetic
Latitude 1 2

83

80

75

70

65

60

90 0 1246
0 1

85 1419 1333

3 3
80 1177 0
i 0
75 0 1415
0 i
70 0 o
0 0
65 0 0
0 0
Table 6:

0 0 1567 1404

1485 1276 1373 1253
2 1 2 1

1487 1447 Q9 1372
6 1 0 7

1282 1354 1274 1343
i 4 3 2

1254 1364 1432 1314
1 5 4 5

0 1375 1401 1262
¢ 3 5 &

7 8

1
)
o 0
1559 0
1 o
1411 1251
2 1
1360 1192
17
1350 1328
4 7
1211 1323
5 16

10

Q0 1514

o

1439

1280 1368

5

3

1354 1364

6

5

1290 1705

6

1

1487 1276

2

2

TAG

(x)

SUMMER

Kp > &

.0

Local Geomagnetic Time in Hours

11

1338
1

1452

1364
1398
5

1289
5

12

1528
1401
1360
1374

7
1369

1371
2

13

1563

1291

1290

1434

1392

1281
7

14

1725

1252

1328

1315

1366

1562
3

15 1 17 18 19 20 21 22 23 24
1113 4] 0 o -0 0 1399 0 0 0
2 0 o 0 0 0 p A 0 0 0
1295 1362 1408 1302 1334 1427 1552 0 1648 1170
2 2 2 3 1 1 1 0 1 1
1344 1290 1371 1225 0 1277 Q 0 0 0
3 4 5 3 0 2 0 0 0 0
1211 1296 1321 1259 1332 1315 1334 1412 0 0
4 3 2 3 4 1 2 2 0 0
1361 1269 1358 1358 1192 1232 1210 1256 ] 0
3 7 [ 4 1 3 1 1 0 (o]
1277 1267 1313 1309 1314 1212 1268 1237 1326 0
4 3 8 2 3 5 2 3 1 0

630 nm airglow temperatures and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time for Kp range > 4.0 for summer,

%



Geomagnetic
Latitude 1 2 3 ¢4 5
85 - 90 1179 1115 1098 1157 1131
3 8 7 11 6
80 - 85 1151 1190 1136 1063 1108
15 § 17 16 17
75 - 80 1097 1113 1087 1070 1042
22 26 20 37 3
70 - 75 1068 108)1 1031 1030 987
20 20 14 20 23
65 - 70 1034 1047 1033 1039 1016
16 20 15 26 26
60 - 65 1179 1145 1101 1124 947
3 4 4 8 10
Table 7:

1080
32

1049
26

1043
37

1003
44

1018
27

992
12

7

1132

1049
27

1046
48

1046
75

1070
86

1055
52

8
1052
12

1033
21

1079
45

1051
65

1023
74

1039
59

9

1131

1102
29

1037
29

1052
47

1068
33

946
55

Tad®d
EQUINOX
Kp =00 -1.3

Local Geomagpnetic Time in Hours

o 11 12 13 14 15 16

1038 1066 1207 1191 1009 1059 1080
4 6 8§ 3 5 3 7

1054
28

1067
35

1102
31

1066
24

1091
16

1098
18

1139
23

1089
30

1070
45

1048
47

1054
40

1096
37

1009
27

1129
27

1055
50

1022
58

1077
69

1029
62

1024
56

1043
68

993
33

1016
59

1013
85

1039
73

1011
86

969
73

1060
68

1098
46

1026
47

999
68

1004
59

955
31

1063
30

1142
21

1131
18

17

1087

1074
20

1110
35

1084
37

1078
31

1076
22

18

1031

1035
16

1122
18

1090
33

1017
32

1060
24

19

1036

1024
19

1087
25

1102
19

1038
24

1084
17

20

1120
8

1143
14

1122
19

Lill
30

1086
22

1157
13

21
969
6

1157
9

1096
17

1099
20

1038
14

1045
7

22
1171
10

1106
10

1131
20

1062
19

1089
20

1140
8

23

976
3

1152
16

1136
24

1083
26

1071
24

1064
i

630 nm airglow temperature and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range 0.0 to 1.3 for equinox.

24

1126
9

1093
16

1098
25

1138
20

1121
15

1132
6

47
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TAG(K)

- EQUINOX
Kp = 0.0 ~ 1.3

Geomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80 80-85 85-90

A, 1067 1045 1056 1084 1096 1093
A 53,70 17.71 21.70 21.83 31.60 - 1.40
B, -33.47 -11.03 -23.24 -21.01 - 6.05 28.52
A, ’ 5.95 -1.79 9,21 11.53 27.91 15.79
B, 26.44 - 8.76 ~20.78 -~ 4.52 13.29 19.45
A, 20.60 19.18 2.13 084 6.70 ~15.63
By 14,00 1.70 15.47 2.70 - 4,08 2.46
A, -23,31 - 4,30 6.35 - 4,30 -23.47 16.36
B, 12.23 -11.98 13.84 4.81 1.67 9.88
Ag - 3.89 ~ 5,72 0.31 3.90 - 5.91 ~17.49
B, 19.62 7.07 - 5,06 -10.01 17.39 0.75

Table 8: Fourier coefficients for the 630 nm airglow temperatures
tabulated by geomagnetic latitude for Kp range 0.0 to 1.3
for equinox.
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Geomagnetic
Latitude 1
85 - 90 1014
7
80 - 85 1243
34
75 - 80 1177
37
70 - 75 1151
36
65 = 70 1164
28
60 - 65 1185
2
Table 9:

1174 1147 1180
13 9 12

1215 1221 1184
22 29 27

1170 1665 1170
33 29 33

1157 1192 1116
26 31 37

1086 1089 1105
24 30 36

1155 1069 1046
5 18 31

630 nm airglow temperature and numbers of
geomagnetic latitude and geomagnetic time

1173

1190
30

1159
43

1110
35

1079
50

1089
42

1119
10

1192
30

1171
66

1167
68

1115
53

1092
66

1185
12

1172
33

1165
73

1169
111

1177
132

1131
135

1112
10

1138
36

1138
46

1156
94

1148
116

1065
125

TAG (K)

EQUINOX
Kp = 1.3 - 4.0

Local Geomagnetic Time in Hours

1166

1132
38

1170
58

1139
78

1108
116

1052
125

10

1166

1181
44

1150
58

1136
73

1115
114

1070
155

11

1121

1146
50

1156
63

1121
113

1083
145

1060
216

12

1224

118¢
42

1142
73

1112
110

1160
129

1049
147

13

1167

1139
46

1159
72

1122
101

1083
140

1061
115

14 15 16 17 18 19 20 21 22 123
1156 1126 1259 1322 1183 1191 1143 1230 1202 121¢
11 13 6 8 7 3 7 12 2 14

1225 1115 1185 1182 1087 1212 1127 1164 1103 1145
24 31 25 22 25 18 23 31 22 25

1172 1189 1147 1223 1144 1144 1136 1167 1174 1174
61 54 50 40 53 38 32 44 39 35

1100 1141 1095 1087 1150 1133 1167 1157 1170 1154
80 73 B8l 66 49 48 47 45 41 49

1091 1108 1096 1090 1147 1091 1134 1174 1192 1134
143 132 85 B81 64 56 46 33 55 50

1063 1131 1085 1073 1103 1159 1081 1152 1122 1083
103 149 122 92 70 60 50 43 63 4l

24
1089
12

1147
23

1141
33

1201
43

1156
50

1113
19

samples of averaged data tabulated by

for Kp range 1.3 to 4.0 for equinox.

ks



45

Tpe(®

EQUINOX
Kp = 1.3 - 4.0

Geomagnetic Latitude

Coefficlent 60-65 65~70 70-75 75-80 80-85 85-90
A 1085 1119 1143 1159 1168 1169
Al 30.19 20.84 26.70 - 3.36 9.24 -12.72
31 =11.42 - 2,62 8.66 - 7.38 16.3% -34.41
A, - 1.31 1.35 6.68 - 0.63 3.10 -24.82
B, - 0,50 -25.03 -14.74 0.83 25.40 - 1.39
A3 11.41 15.71 6,78 13.47 - 5,48 -~ 7.63
B3 1.65 ~11,49 - 3.68 -~ 8.86 9.29 - 4.25
A, 2.89 0.46 - 0.87 5.37 1.95 - 4,78
B, 19.65 5.89 8.70 - 6.65 11.17 -35.36
A,5 - 1.34 - 8,06 - 1.22 1.06 1.79 -33.68
B5 21.53 1,61 - 2.54 5.38 13.86 - 18.42

Table 10: Fourdier coefficients for the 630 nm airglow temperatures

tabulated by geomagnetic latitude for Kp range 1.3 to 4.0
for eguinox.
2tnt .. 2mnt

n )
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T,o (0

EQUINOX
Kp > 4.0
Local Geomagnetic

Geomagnetic "
Latitude 1 2 3 4 5 6 7 8 9 ¢ 11 12 13 14

85 - 90 0 1813 1335 0 1227 1151 0 1342 1397 1303 0 1203 1346 0
0 1 1 0 1 2 0 2 z 2 0 2 1 0
80 ~ 85 1483 1356 1334 1267 1421 1287 1366 1303 1345 1137 1416 1465 1297 1317
2 1 3 4 7 3 7 6 2 2 6 3 2 6
75 - 80 1205 1282 1528 1458 1313 1525 1375 1326 1432 1379 1457 1326 1315 1411
3 3 3 2 3 7 14 3 3 10 1 12 10 4
70 - 75 1350 1371 1297 1355 1439 1414 1449 1336 1297 1308 1318 1388 1302 1338
4 5 4 3 2 7 11 31 1¢ 7 1l 7 18 16
65 - 70 1339 1337 1237 1226 1394 E437 1404 1357 1374 1266 1377 1295 1231 1323
4 4 3 5 # 6 21 15 12 12 11 9 4 19
60 - 65 1310 1290 1270 1252 1231 1340 1311 1317 128F 1234 1322 1308 1232 1344

1 1 )3 3 7 10 25 1z 19 14 16 11 13 12

Table 11: 630 nm airglow temperatures and numbers of samples of averaged data tabulated by
geomagnetic altitude and geomagnetic time for Kp range > 4.0 for equinox.

Time in Hours

i5 16 17

1261 1195 1348
1 P 1

1313 1232 1402
4 5 L

1310 1467 1338
7 4 3

1304 1293 1249
14 11 4

1284 1343 1270
16 11 12

1252 1261 1177
25 16 6

18

0
0
1248
1299
4
1282

1324

1165
10

19

1296

1333
3

1232
1

1397
2

1280
6

1315
&

20

0
0

0 1142

0

2

1369 1357 1292

2

4

4

1267 1512 1340

5

4

9

1321 1375 1307

5

6

4

1333 1412 1230

4

6

7

1399 1270 1184

4

9

7

23
0
0

1439
7

1511
2

1229
5

1329

1332
6

24

1364

1313

1139

1317

1280

1331

9%
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Ty

EQUINOX
Kp > 4.0

Geomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80 80~-85 85-90

Ab 1280 1321 1334 1369 1339 ;
S

Al 6.65 - 3.79 1.27 =19.45 28.02 g

By 15.01 23.27 35.67 31.81 4.48 i
c

AZ 15.73 -22.68 ~23.50 -10.13 29.39 ;

B, -13.32 -25.98 - 1.84 - 2.41 2.66 g

AB - 2,39 15.07 -25.19 -18.58 - 6.13 E

By -12.22 -15.06 -16.12 -37.78 - 5.79 i

A4 4.01 12.69 14.00 =-42,17 36.68

B, 36.91 11.10 26.34 -58.34 15.62

A5 18.24 - 2.72 - 0.91 -34.03 -17.11

Be _52j43 40.03 27.30 -11.26 13.73

Table 12: Fourier coefficients for the 630 om airglow temperatures
tabulated by geomagnetic latitude for Kp range > 4.0 for
equinox.

2mt . 2mnt

o
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3 4 5 6

974 1053 773 787 953 1029

& 2 3 2 4

892 895 1039 992 930 877

Geomagnetic
Latitude 1 2
85 - 90

2
80 - 85

3
75 - 80

70

65

60

75

70

65

3 6 6 5 5

1020 911 939 1026 906 1057

oo oo

oo

Table 13:

3 4 9 7 9

1091 858 995 1045 984

i 4 6 8 9

976 858 1168 1146 B854

1 2 & 3 7

0 0 1200 1158 914
0 0 3 5 11

630 nm airglow
by geomagnetic

Tae®

WINTER

Kp = 0.0 - 1.3

Local Geomagnetic Time in Hours

7 8 9 10 11
903 975 998 989 1016
1 4 1 4 5

958 1063 973 1032 B76
9 2 7 7 4

909 955 970 1010 937
6 11 12 18 15

890 924 916 970 903
8 10 21 24 18

976 952 917 922 938
12 21 22 19 18

982 983 842 862 966
8§ 12 21 21 33

temperatures and numbers of samples of averaged data tabulated
latitude and geomagnetic time for Kp range 0.0 to 1.3 for winter.

12

0
0

994

905
17

973

22

925
28

00
42

13
946

962
11

932
15

979
21

948
26

911
43

14

863

931

896
16

915
28

899
25

925
41

15
99¢%

973
21

940

896
22

973
26

939
21

16
927

1026
12

883
18

861

961
14

908
26

17

899
2

953

i6

925

937
11

948
13

883
19

18

210

983

932
10

944

930
19

1061
15

19 20 21

22

923 1081 1103 1075

1 1 3

908 922 915
11 5 7

3

914
5

921 1069 918 1016

15 4 12
917 893 926
20 17 3

893 943 1111

19 9 3
992 1178 0
22 3 0

8

23

0
0

24

992
1

1083 1005

4

7

1020 1001

2

oo

4

8%
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Ty (K
WINEER
Kp = 1.3 - 4.0
Local Gecmagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

85 - 90 1053 1098 1039 982 1118 1099 1025 1205 1062 1014 1071 1134 1072 1152 1095 1084 955 1024 1039 1009 1075 1015 1158 1229
7 7 6 8 3 4 3 6 8 4 7 5 9 8 4 7 5 ] 3 3 3 7 3 5

BO - 85 1044 1063 993 1199 1127 1103 1072 1021 1059 1035 1083 1043 1170 1122 1061 1067 1047 1089 1073 1060 1019 1002 1000 1051
6 14 13 15 1 5 12 18 11 17 11 i7 18 20 23 27 12 22 1% 19 20 6 13 12

75 - 80 871 990 1147 1048 1129 1075 1117 1104 1061 1031 1115 1106 1076 1100 1058 1063 1047 1055 1047 1031 1007 1030 980 1001
3 10 8 19 11 18 22 21 25 26 3 27 31 22 32 1% 35 33 37 29 19 1l 4 3

70 = 75 1010 857 1044 944 1012 1092 1039 1024 1035 1025 1013 1045 996 987 993 993 1058 998 1036 962 979 1103 986 1182
1 5 711 20 15 30 34 34 44 48 44 48 47 33 23 21 30 57 46 13 6 3 2

65 - 70 760 839 787 1022 1096 944 976 1097 1002 1024 1024 1038 1005 983 960 957 997 996 1007 962 1064 969 1157 693
1 1 3 16 16 31 42 34 47 54 55 54 50 45 29 32 25 36 52 36 7 2 1 1

60 -~ 65 o 0 975 971 1039 973 999 981 997 987 974 979 994 998 1003 977 947 1014 1001 945 1056 729 0 0
a 0 1 6 8 23 34 50 59 61 70 66 59 48 44 44 55 46 72 23 4 3 0 0

Table 14: 530 nm airglow temperature and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range 1.3 to 4.0 for winter.

6%
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(K)
Tae
WINTER

KP = 1-3-4-0

Geomagnetic Latitude

Coefficlent 60-65 65-70 70-75 75-80 80-85 85-90
A I 976 1015 1052 1066 1074
° N

S

A T -52.89 - 3,07 -47.67  -20.92 - 3.72
F

B, F ~10.34 3.91 20.28 10.59 16.21
I
p )

a, T -30.42 -~ 0,28  -29.46  -15.59 33.42
E

B, N -58.02  -21.81 5.92 28.74 0.72
T

A, D ~25,02 19.52  -26.04  -24.98 26.61
A

B, T -43.84  -13.48  ~15.51  =12.13  -30.21
A

A, 0.17 29,10 - 5.40 13.96 12.99

B, -44,80  -15.36 - 7.81 4.62 17.62

A 1.82 3.56  -14.04 21.21 15.02

B, -37.43 - 4.84  -17.63 - 6.43 - 4.31

}

Table 15: Fourier coefficients for the 630 nm airglow temperatures
tabulated by geomagnetic latitude for Kp range 1.3 to 4.0
for winter. ;

2wnt . Zﬂnt)

(A.n cos —— + B sin

[¢ =)
TygK) = Ag + T n T

n=1



Geomagnetic
Latitude 1 2 3 4 5
85 - 90 1071 1438 0 1076 0
1 1 0 2 0
80 - 85 1096 0 0 0 0
3 0 0 [¢] 0
75 - 80 1348 0 0 0 1179
3 0 0 0 2
70 - 75 0 1311 942 1151 1549
0 3 2 1 1
65 - 70 0 977 1255 1051 1]
0 1 3 4 0
60 - 65 G 0 1053 1247 1187
0 O 2 3 3
Table 16:

1177

0 936

0

1236 1417 1233 1031

1

1189
4

1294
3

1196
3

1177
6

1

1

1202 1196

2

2

1197 1182

2

2

1294 1308

5

4

1270 1142

5

7

2

1202

1285

1311

1126
&

10

1307

1281

1291

1388

1212

13

1240
8

. TAG(K)

WINTER
Kp > 40

Local Geomagnetic Time in Hours

11 12 13 14 15 16 17 18 19 20 21 22 23
1269 0 0 1168 0 1217 0 1177 0 0 0 0 1202
1 0 0 2 0 1 0 1 0 0 0 0 1

1180 1164 0 1283 1141 0 1313 1313 1546 1275 1348 987 884
1 4 0 4 1 0 2 3 1 2 2 2 1

1341 1407 971 1235 1157 1215 948 1158 1135 1163 860 1104 1223
3 1 2 4 1 1 4 3 2 4 1 3 1

1307 1295 1351 1123 1196 1097 1110 1102 1122 1087 1037 1195 0
3 3 4 4 5 4 3 3 4 6 2 4 0

1188 1153 1106 1211 1162 1138 1081 1063 1003 1079 1241
2 5 5 5 5 5 1 1 7 5 2

oo
oo

1079 1148 945 1216 1141 1152 1006 0 1056 1104 0 0 o]
12 10 7 4 7 9 8 0 12 4 0 0 0

630 nm airglow temperatures and numbers of samples of averaged data tabulated

by geomagnetic time for Kp range > 4.0 for winter.

24
0
0

1287

1250

16



0 <Kp < 1.3

1.3 <Kp < 4.0

Kp > 4,0

Table 17:

Summer

Tabulated Values:
Table 18, p. 62

Graphical Analysis:

Figure 10, p. 53
Fourier Analysis:

Table 19, p. 63

Tabulated Values:
Table 20, p. 64

Graphical Analysis:

Figure 11, p. 54
Fourier Analysis:

Table 21, p. 65

Tabulated Values:
Table 22, p. 66

Graphical Analysis:

Figure 12, p. 55

Fourier Analysis:
Insufficient Data

Data. index

for .atomic oxygen density.

Equinox

Tabulated Values:
Table 23, p. 67

Graphical Analysis:.
Figure 13, p. 56

Fourier Analysis:
Table 24, p. 68
Tabulated Values:

Table 25, p. 69

Graphical Analysis:
¥Figure 14, p. 57

Fourier Analysis:
Table 26, p. 70
Tabulated Values:

Table 27, p. 71

Graphical Analysis:
Figure 13, p. 58

Fourier Analysis:
Table 28, p. 72

Winter

Tabulated Values:
Table 29, p. 73

Graphical Analysis:
Figure 16, p. 59

Fourier Analysis:
Insufficient Data
Tabulated Values:

Table 30, p. 74

Graphical Analysis:
Figure 17, p. 60

Fourier Analysis:
Table 31, p. 75
Tabulated Values:

Table 32, p. 76

Graphical Analysis:
Figure 18, p. 61

Fourier Analysis:
Insufficient Data



'16.8-16.9
16.7—- 168
166-16.7
165 =166

I8h

Figure 10:

LOG |° n(O]
SUMMER
K’ 0-0' L‘

Oh
GEOMAGNETIC LOCAL TIME

Atomic oxygen density at 120 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for summer.



LOG,o n(0)

168 -16.9
16.7- 168 SUMMER
166 -16.7 Kp 1.3-40
16.5- 166

12 h

Oh
GEOMAGNETIC LOCAL TIME

Figure 11: Atomic oxygen density at 120 km as a function
of geomagnetic time and geomagnetic latitude
for Kp range 1.3 to 4.0 for summer.




6.8 -16.9
16.7 - 16.8
166-16.7
16.5 -16.6

| | 163-165

Figure 12:

LOG,, n(0)
SUMMER
Kp >4.0

12h

6h

T

Oh
GEOMAGNETIC LOCAL TIME

Atomic oxygen density at 120 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for summer.



17.1-17.2 LOG, n(0)

17.0-17.1 EQUINOX
16.9-17.0 Kp 0-1.3
16.8-16.9

12 h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 13: Atomic oxygen density at 120 km as a function of
geomagnetic latitude for Kp range 0.0 to 1.3 for
equinox.




170 =17.1 LOG,, nlO)

169 -17.0 EQUINOX
16.8 -16.9 Kp 1.3-4.0
16.7-168

12 h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 14:. Atomic oxygen density at 120 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for equinox.



'7-0- l7| LOG|° l'\(O)

16.9-17.0 EQUINOX
16.8-169 Kp >4.0

16.7-16.8
16.6 - 16.7
165-1686
16.3-16.5

i2h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 15: Atomic oxygen density at 120 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for equinox.




r‘y
72 =13 LOG|0 n(0)
Iz =ire WINTER
17.0-17.1 Kp 00-13
16.9 - 170
NO DATA
12 h
i8h
GEOMAGNETIC LOCAL TIME
Figure 16: Atomix oxygen density at 120 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for winter




60

17.2-17.3 LOG,, n(0)
§70 — T2 WINTER
17.0-17.1 K, 13-40
169 -17.0

16.8—16.9

16.7-16.8

16.6-16.7

12h

18h

GEOMAGNETIC LOCAL TIME

Figure 17: Atomic oxygen density at 120 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for winter.




LOG,, n(O)
WINTER
Ke >4.0

171-17.2
170-17.1
16.9-17.0
16.8-16.9
16.7—-16.8
16.6-16.7
NO DATA

12h

18h

h
GEOMAGNETIC LOCAL TIME

Figure 18: Atomic oxygen density at 120 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for winter.



Geomagnetic
Latitude 1 2 3
85 - 90 16,61 16.57 16.68
1 9 8
80 - 85 16.61 16,61 16,66
31 48 95
75 - B0 16.69 16,66 16.62
156 41 69
70 = 75 16.65 16,69 16.69
73 168 175
65 - 70 16.77 16,75 16.68
48 B0 244
60 - 65 16.84 16.82 16.71
1 1 1al
Table 18:

16.64

16.67
67

16.63
129

16.65
183

16.68
263

16.68
227

16.57
10

16.63
69

16.64
149

16.67
186

16.67
200

16.66
188

16.57
15

16.61
65

16.54
177

16.69
187

16.67
218

16.68
212

16.59
22

16.59
99

16.63
131

16.68
169

16.70
217

16.72
262

Log,, n(0) E

SUMMER
Kp = 0.0 - 1.3

Local Geomagnetic Time in Hours

16.57
19

16.63
129

16.69
106

16.73
117

16.72
187

16.76
200

16.58
20

16.60
107

16.68
106

16.73
127

16.76
74

16.78
183

Atomic oxygen densities

by geomagnetic latitude

10
16.56
18

16.62
105

16.66
80

16.76
93

16.80
18

16.83
173

at 120 km and numbers of samples of averaged data tabulated

11
16.55
16

16.61
140

16.74
48

16.81
118

16.80
141

16.80
214

12
16.60
36

16.62
126

16.75
68

16.80
87

16.83
128

16.81
223

13
16.61
30

16.65
136

16.72
76

16.80
94

16.83
101

16.80
210

14
16,56
22

16.61
90

16.67
100

16.72
131

16.77
153

16.79
215

15
16.62
23

16.67
123

16.65
101

16.71
170

16.73
203

16.73
259

16
16.62
20

16.67
142

16.67
152

16.70
176

16,71
208

16,72
264

17

16.62

16.70
96

16.67
147

16.72
191

16.73
239

16.74
260

18

16.60

16.70
81

16.72
151

16.72
162

16.74
236

16.75
242

19
16.59
13

16.79
25

16.74
119

16.72
171

16.76
282

16.76
280

20

16.57

16.77
26

16.75
113

16.84
121

16.75
235

16.78
295

21 22
16.57 16.56
1 11

16.72 16.61
29 15

16,73 16,74
By S |

16.72 16.72
204 222

16.73 16.70
286 245

16.75 16.79
173 T4

23

16,55
12

16.58
25

16.64

16.78
102

16.81
34

16.88
50

24

16.65
14

20

16.63
71

16.70

and geomagnetic time for Kp range 0.0 to 1.3 for summer.

29




Coefficient 60-65

Table 19:

16,768

.010

-.017

.063

~.024

.018

015

.014

.012

.006

T _0004

Fourier coefficients for atomic oxygen densities at

Loglo hrl :0)31_3

63

SUMMER
Kp = 0.0-1.3

Geomagnetic Latitude

65«70

16, 745

-.020

-.017

.050

~.015

-.001

.014

.019

011

.009

-.005

70-75

16,725

-.026

-.024

.025

-.031

-.021

.000

.006

002

-.004

~.003

75-80

16,681

-.011

~-.032

.010

-.026

-.024

.008

.006

.011

-.010

.004

80-85

16,648

.010

-.047

-.036

-.004

~.030

.016

-.008

013

.009

003

85-90

16592

.006

0.000

~.004

027

.001

.010

-.002

0.000

~.004

-~.008

120 km tabulated by geomapgnetic latitude for Kp range
0.0 to 1.3 for summer.

Log, n(0)m 3 = Ayt T

n=1

(A.n cos

2mnt +
T

B sin
T

T

Zﬂnt)



Geomagnetic

Latitude

85

80

75

70

65

60

90

85

80

75

70

63

1 2

3

19152 15 53 15 5]

22 ° 28

26

16.61 16,57 16 61

158 79

130

16.64 16 66 16 62

302 276

286

16 63 16 56 16 64

441 218

373

16 71 16 69 16 58

130 166

545

16.74 16 72 16 74

121 106

Table 20;

129

4 5
12 56 16 47
k3 28

16 57 16 690
114 134

16 59 16,57
276 215

15 58 16 55
391 327

16 61 15.57
454 472

16 59 16 58
401 398

& 7
16 66 16 57
38 27

16,59 16 57
165 187

16 59 16 58
269 330

16 56 16,57
321 325

16 58 16 55
493 362

16,57 16 60
495 476

Kp=13-40

Log10 Tl((l)m-3

SUMMER

Local Geomagnetic Time in Hours

16 54
21

16 87
208

16 58
251

16 60
226

16 67
284

16 70
383

16 54
| 23

16 58
169

16 63
173

16 64
175

16 70
251

16 74
294

10
15 56
42

16 59
189

16 64
215

16 64
208

16 69
191

16 76
295

11
16 54
35

16 60
242

16 69
198

16 76
i89

16 79
236

16 79
338

12
16 60
33

16 57
227

16 74
130

16 77
128

16 82
160

16 79
284

13 i4

15

16

16 6316 62 16 61 16 63
65 3, 3

16 60 16 65
233 251

16 68 16 64
140 148

16 7 16 68
106 216

16 76 16.73
185 229

16 79 16 73
194 284

!

16.63
215

16 67
227

16 73
238

i6 73
277

16 75
414

43

16 62
161

16 64
210

16 69
306

16 70
310

16,74
393

17 18 19 20 21 22 23 24

16 65 16 65 16 59 16,51 16,57 16 55 16.54 16.58
71 39 26 14 16 19 20 33

16.65 16.69 16 72 16.68 16.63 16.56 16 66 16,59
220 148 133 122 101 60 138 85

16 64 16 69 16.70 16 71 16 68 16 71 16 68 16.66
2346 270 249 189 229 272 253 326

16 68 16 68 16 73 16 71 16,71 16,69 16 70 16.67
272 297 331 314 351 368 296 392

16 69 16 72 16 73 16 73 16,68 16,66 16 65 16.64
381 422 433 443 419 452 565 531

16,72 16,72 16 77 16 75 16 72 16 74 16 71 16.81
486 504 492 461 352 330 206 64

%9

Atomic oxygen densities at 120 km and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time for Kp range 1.3 to 4.0 for summer.



65

Log,p @ (O)m-3

SUMMER
Kp = 1.3-4.0

Geomagnetic Latitude

Coefficient  60-65 65-70 70-75 75-80 80-85 85-90
A, 16,718 16,684 16,661 16,652 16,613 16,572
Al -.016 ~.045 -.025 0.000 .006 -.032
B, -.052 -.055 —.067 —-.045 -.042 -.032
A, .057 .044 .036 .030 -.016 -.013
B, -.012 ~.007 -.017 -.015 0.000 .014
Ay .001 .017 -.017 -.018 -.007 .012
B, 034 .026 .003 .007 .009 -.008
A, ~.007 .005 .004 .007 .008 .022
B, .011 .015 -.007 .001 .008 -.001
A .001 -.001 -.002 -.007 .021 -.010
B, -.001 .008 0.000 .002 -.002 ~.004

Table 21: Fourier coefficients for atomic oxygen densities at
120 km tabulated by geomagnetic latitude for Kp
range 1.3 to 4.0 for summer.

2mnt . 2mnt
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Log,g n(O)m_a'

SUMMER
Kp =4 0

Local Geomagmetic Time in Hours

Geomagnetic

Latitude 1 2 3 4 ] 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

85 ~ 90 0 16 61 0 ] 0 .0 0 0 0 16 56 16.37 16 59 16 60 16 65 16 49 0 0 0 0 o} 0 0 0 0
0 1 0 0 O vye O 0 0 0 6 12 10 8 6 4 0 0 0 0 0 o 0 0 0

80 ~ 85 16.65 16.55 16 56 16 56 16.56 16 32 16.55 0 16.47 0 16 52 16.60 16 57 16 58 16.55 16 59 16 57 16 62 16 67 16 70 16.58 0 16.66 16,61
12 7 5 5 5 2 8 Y 24 0 13 26 3 47 29 20 28 13 8 22 7 0 13 8

5 - 80 16 46 0 16,63 16.66 0 16 66 16 42 16.40 16 48 16,50 0 16 5% 14 58 16 70 16 67 16 58 16 54 16 57 0 15 84 0 4] o 0
8 0 13 12 0 23 19 38 21 20 (] 7 18 12 35 39 32 4 0 6 0 0 0 0
70 ~ 75 0 16.68 16 55 16.59 16 5% 16.90 16 45 16 &1 16 45 16 54 0 0 16 50 0 16 64 16 63 16 55 16.64 16 72 0 16.69 16 54 0 0
0 14 ] 14 24 3 7 43 18 18 0 0 8 0 44 8 23 12 21 a 9 8 0 0

65 -~ 70 0 0 16 58 16.56 16 59 16 53 16.40 16 53 16 55 16.68 0 0 16 43 16 56 16 68 16 69 16 63 16 73 0 0 16 82 16 61 0 0
0 o] [ i5 25 11 45 48 10 20 0 0 2 11 32 18 8 28 0 0 3 16 0 0
60 ~ 65 0 Q 0 16 33 16,51 16 50 16 &4 16 59 16 58 16.66 0 16 77 16 59 16,76 16 73 16 77 16 74 16 73 16 74 16 51 16 73 16.63 0

[ ]
~

0 (] 0 3 11l 18 - 60 38 4 18 0 11 13 33 11 12 38 40 19 37 12 0

Table 22: Atomic oxygen densities at 120 km and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range > 4.0 for summer.
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log,p B ) 3
EQUINOX
Kp=00-1,3

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 L9 20 21 22 23 24
BS -~ 50 16 23 16 99 17 03 17 00 17,00 17,03 17 02 17 03 17 00 16 92 16 89 16 97 16 94 16.97 16 96 16 94 16,94 17 00 16,95 17 02 16 93 17 03 17 07 17 03

7 22 29 31 24 24 15 25 17 15 L4 25 15 13 27 19 17 13 10 11 19 L7 i9 19

B0 -~ 85 16 99 16 98 16 98 16 96 16,97 16 95 17 00 16 99 17 02 17 00 16.95 16 96 17 02 17 04 17 08 17,02 17,04 16,99 17 02 17 02 17.05 16.98 16 97 16.98
160 149 119 90 74 88 101 79 66 65 49 52 57 57 63 75 83 99 84 77 46 53 81 149

75 - 80 17 0C 16 9% 16,94 16 93 16 95 16 93 16 92 16.95 16.95 16 98 17 00 16 96 17,03 17,05 16 04 16 98 17 00 17 05 17 04 17 05 17 10 17.04 17 D3 17 03
127 73 54 61 51 56 92 113 92 11 127 120 133 135 196 127 138 121 12 96 65 57 k27 17%

70 - 75 17 00 16 91 16 83 16.87 16 94 16.90 16 87 16 97 16 99 17 00 17 02 17,04 17 @4 17.09 17.09 17 02 17 03 17 07 17 05 17.13 17.11 17,06 17.06 17.05
121 94 56 88 91 9% 115 168 158 162 139 128 135 I35 143 183 179 117 128 105 119 101 164 156

65 - 70 16,96 16 98 £6.94 16 93 16 95 16 93 16 91 17.01 17.06 17 09 17.09 17 05 17 10 17 12 17 16 17,14 17,10 17.08 17.315 17 10 17 11 17 07 17 05 16 96
31 65 112 142 140 100 150 189 119 108 158 126 146 146 188 245 194 227 150 193 153 156 152 54

60 ~ 65 16 92 16 90 16,92 16 94 16 95 16 87 16 91 17.02 17 13 17 18 17.10 17 08 17 10 17,16 17 16 17,09 17,08 17 07 17,13 17 16 17.14 17 12 17 10 17 OI
94 123 161 171 126 8¢ 130 111 85 81 192 196 165 177 177 127 78 192 154 250 206 242 194 11C

Table 23: Atomic oxygen densities at 120 km and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range 0.0 - 1.3 for equinox.
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Loglo n(O)m_3
EQUINOX
Kp = 0.0-1.3

Geomagnetic Latitude

Coefficient 60-65 65-70 70~75 75-80 80-85
AO 17. 051 17. 045 17.005 16 .997 16, 998
Al -.054 -.047 ~.014 .012 -.011
B, ~.094  -.089  -.092  ~.054  ~.028
A2 029 011 .029 017 -.007
B2 -.052 -.017 -.034 -.012 .003
A3 -.009 -.004 .003 -,005 .010
B3 -.005 004 -.016 -.008 ~-.004
A4 -.038 -.024 001 -.006 ~,020
B4 -.018 -.007 .005 .009 .012
A5 .032 012 .023 .011 .004
B5 -. 011 001 .008 .002 .003
Table 24: Fourier coefficients for atomic oxygen densities at
120 km tzbulated by geomagnetic latitude for Kp
range 0.0 to 1.3 for equinox.
-3 _ b 2mt .. 2int
Log,q n{O)m ~ = AO + (Ah cos =— + B sin = )

n=1

85-90

16, 980

.030

.021

~-.009

-.009

.007

-.023

.001

.006

.004

~.026



Log,o n(0) w3

EQUINOX
Xp=13- 4.0

Local Geomagnetic Time in Hours

Gaomagnetic
Latitude 1 2 3 & 5 6 7 8 9 10 11 12 13
|
85 = 90 16.84 16 83 16 85 16 87 16 90 16 90 16 39 16.8% 16 91 16 86 16 88 16.83 16 94
32 29 38 28 38 22 35 37T 25 43 31 11 30
80 - 85 16 93 16.93 16 92 16,8% 16 87 16 86 16 88 16,86 16 88 16 89 16 87 16.89 16 91
155 155 121 130 144 153 126 91 138 138 102 111 108
75 -~ 80 16 92 16 93 16 89 16.91 16 85 16 83 16 82 16 85 16 87 16.85 16 89 16 91 16 96
124 151 165 168 170 171 214 291 261 250 295 275 270
jo - 75 16 89 16 89 16 %0 16 87 16 84 16 84 16 85 16 86 16 87 16,86 16 %0 15 94 16 96
140 144 201 239 268 198 264 330 392 345 355 405 421
65 - 70 16 91 16 82 16 86 16 86 16 85 16 87 16 88 16 92 16 96 16 97 16 95 16 99 17 00
136 143 227 323 333 330 359 340 355 291 372 343 386
60 - 65 16 92 16.84 16 78 16 82 16 87 16 87 16.92 16 96 17 05 17 07 17 03 17 ©1 17 05
208 231 189 389 301 307 251 182 183 248 332 434 41]
Table 25:

14

16,94
28

16 94
141

16 94
253

16 99
351

17 04
446

17 08
359

15

16 95
26

16 93
166

16 94
260

17 00
329

17 04
391

17 07
328

16

16 98
26

16 95
203

16 95
274

16 93
339

17 02
337

16 99
272

17 18

16 98 16 95
38 34

16 93 16 91
82 160

16.94 16 91
23 217

16.91 16 93
328 330

16,99 17.01
404 380

16 99 17 02
259 326

19 20

16.93 16 80
31 23

16 93 16 93
126 115

16 95
174

17 01
128

16 97
222

17.02
isg

17 04
310

17 02
203

17 06
383

t7 07
355

21
16 92
28

16 92
113

16,98
127

17.01
155

17 05
185

17 05
297

22

16 93

16 87
112

16 91
147

16 97
217

17.04
211

17 03
240

23 24

16 93 1690
47 55

16,89 16 93
157 170

16.91 16 95
174 182

16 98 16,98
234 198

17.01 16.94
259 148

16 98 16.95
217 198

Atomic oxygen densities at 120 km and numbers of samples of averaged data tabulated

by gecmagnetlc latitude and geomagnetic time for Kp range 1.3 to 4.0 for equinox.
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Log,q n(0)m >

EQUINOX
Kp = 1.3-4.0

CGeomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80 80-85 85-90
AU 16.978 16,961 16.923 16.911 16.905 16.903
A1 -.059 -.024 011 .013 .004 -.011
Bl -.082 -.086 -.066 -.052 -.026, -.040
A2 .024 .013 .024 015 .003 -.021
B2 -.055 -.030 ~,005 .010 .020 .002
A3 .006 .004 -.011 -.015 .004 .018
B3 -.0l1 -,01% ~.023 .002 .009 ~.018
A& -.011 -.010 -.012 -.011 -.007 .001
B4 .009 -.004 .012 .012 .012 -.013
AS 027 .010 .008 .004 .004 .004
35 004 -.008 -.003 .004 .005 -.012

Table 26: TFourier coefficients for atomic oxygen densities at 120 km
tabulated by geomagnetic latitude for Kp range 1.3 to 4.0
for egquinox.

2mnt . 2nnt)

-3 o
Log, n(Om = = Ayt Zl (An cos + B sin =
1=




Geomagnetic

Latitude 1 2

85 - 90 0 0
0 0

80

75

70

65

60

- 85

- 70

5

&

0 0 16 50 16 54

0 0

16 75 16 72 16.67 16.59

16.87 16 78 16 82 16 86
1

13 6

16 20

Z1

16,92 16 93 16 63 16 76

27 20

9 11

16 75 16.91 16.80 16 74

18 19
0 0
0 o
Table 27:

30 26

0 16 65
0 64

1

5

16 63 16 88 16 B0

30

16 77
17

16 75
16

9

16 65
il

16.68
55

16

16 80
33

16.69
89

16 73 16 75 16 65

34

46

53

log,q )3

EQUINOX
Kp > 4 0

Local Geomagnetdc Time in

16 77
18

16.62
6

16.69
53

16 58
34

16,63 16 72 16.63 16 &6

25

52

60

25

L= ]

16.70
i3

16 68
7

16 70
33

16 76
18

16 78
13

Atomic oxygen demsities
by geomagnetic latitude

10
16 63

16 68
12

16,80
41

16 68
47

16.82
22

16 81
13

at 120 km and numbers of samples of averaged data tabulated

11

0
0

.

16 75
23

16 78
33

16 73
1

16 63
18

16.83
19

12
16 71
5

16,76
26

16.83
30

16 81
38

i6 78
36

17 00
62

Houys

13 14 15

16 84 0 0
0

16.73 16 80 16 77
10 1% 11

16 84 16,84 16 95
48 22 12

16 83 16 86 16 82
39 22 39

16 92 16.91 16 90
69 50 57

16 98 17 00 17.89
a2 27 28

16

17

13

0 16 48 0

0

16 66
13

16 83
18

i6 81
40

16 87
62

16 83
58

15

16

16

2 4]

71 16,77
2 9

77 16,77
18 28

69 16.72
27 32

75 16.76
56 13

83 17.00
69 22

19

16 81
11

16 84

16 78

16 85
1

17 11
28

20

16 71
10

16.86
6

16 85
22

16.94
9

16.99
31

2]

0
0

22

16 97
2

23

0

16,73 16.33 16.62

6

16,54
8

16 81
20

16,84
39

16 86
66

7

20

16 58 16.98

20

5

16 97 16 84

29

17

16 99 16.86

24

15

16.92 16 93

51

33

and geomagnetic time for Xp range > 4.0 for equinox.

24

16 75
19

16 85

16,82
38

16 83
20

16 79
58

1L
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-3
Log10 n{0)m
EQUINOX
p > 4.0

Geomagnetic Latitude

Coefficient 60-65 65-70 70-75 75-80 80-85 85-90
A I 16,805 16.783 16.789 16.712 I
0 - N
5 5
Al U .031 .046 -.000 -.052 u
F F
B F ~-.080 -.047 -.024 .008 F
1 T I
C c
A I .041 .063 .037 -.027 I
2 E E
B N .023 .013 071 015 N
2 T T
A D -.022 .000 .010 .011 D
3 A A
B T ~.035 -.031 .016 .018 T
3 A A
B& .008 024 .005 079
A5 .016 .001 .057 .020
BS .001 .017 ~.004 .038

Table 28: Fourier coefficients for atomic oxygen densities at 120 km
tabulated by geomagnetic latitude for Kp range > 4.0
for equinox.
2t 2nnt
S—-n.——-

(=]
T (A + B_ sin ——)

Logig n0) = &, I (4 cos = n T



Geomagnetic
Latitude 1
B5 - 90 ]
0
80 - 85 17 05
12
75 - 80 17 11
4
¥ - 75 0
[
65 - 70 17 11
1
60 ~ €5 0
0
Table

17 05

17.02
4

17 08
10

16 98
12

17 04

0 I6 96
0 1

05 17 06

06 17 09
16 15

06 16 97
32 4

0B 16 99
20 7

0 17 03

Atomic oxygen densities at 120 km and numbers of samples of averaged data tabulated

17

94
10

95
j¥5

01
16

17

17

01
19

11
28

17 04

17 03

16,97

16 99
11

17 09
12

17 15
44

Loglo 10} m3

WINTER
Kp=00-13

Local Geomagnetic Time in

16 87
1

16 97

17 00
13

17.09
21

17 16
54

oo

17 02

i7 06
11

17 04
24

17,07
26

17 11
43

10
17 04
4

17,09
9

17.14
10

17 12
27

17,13
41

17 15
42

11

17 0%
3

17 09

17 11
16

17 08
2

17,11
a9

17 10
(2]

12

0

0

17 10

17 08
28

i7 11
36

17.09
43

17.10
55

Hours
13

0

0

17 14
17 13

17 14

17.12
30

17 10
55

14

g
o]

17 11

17.11
15

17 13

17 15
17

17 17
18

15
it 99

17 10
12

17 19
10

17 09
12

17 14
32

17 15
46

16

0

0

17 12

17.08
12

17.13
35

17 18
33

17 15
19

17

21

17 09 17 04 17 05 17 06 17 04

1

17 10

17.10
27

17 14
34

17 16
13

17 23
13

18 19 20

1 2 3

17 06 17 10 17 08
3 10 &

17 04 17 05 17 13
13 9 10

17 17 17 16 17 21
10 7 ]

0 17.17 0

0 7 0
17.25 0 0
10 0 0

3

22 23 4
0 0 0
[} 0 1]

17 13 17 05 17 12 17 10

7

3 8 1

17 16 17 14 17 19 17,14

b

17 18

17 19
24

[=N=]

2 4 15
0 Q 0
0 0 0
0 017 19
0 0 3
0 0 0
0 0 1}

by geomagnetic latitude and geomagnetic time for Kp range 0.0 to 1.3 for winter,
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-3
LOgIO n{0}m
WINTER
EFp=1.3=-40
Local Gepnagnetle Time in Hours

Geomagneric
Latitude 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

B5 - 90 16 97 16 97 16 94 16 90 16 97 17 04 16 96 17 01 17‘03 17 00 17 01 16 99 16,96 16 93 14 OL 16 94 16 50 16.89 16 97 16 89 16.89 16 97 16.92 16 95
5, 1 6 5 2 1 1 3 \z 3 6 3 4 2 6 6 3 6 4 5 3 6 7 7

i

80 - 85 16.99 17,16 16 93 16 98 16.96 16 97 16 93 16 89 16 85 16 92 6 96 17 03 17.03 17 04 16 88 16 97 16,96 16,99 16 94 16 92 16 93 16 89 16 98 16 94
34 17 13 4 13 13 15 15 11 7 7 16 1 16 8 12 11 14 17 17 21 8 15 12

75 - 8O 17,02 17,02 16 97 16 96 17,00 16 99 16 95 16 93 16 94 16 98 17 06 17 0% 17 06 17 05 16 93 17 06 17,00 16,99 16 57 16 95 16 98 L7 00 16 97 16 98
28 42 24 22 14 19 16 21 19 37 17 10 34 21 16 33 27 25 32 37 32 18 5 23

70 - 75 17.00 16 92 17 03 16,93 16.90 16 92 16 88 16 93 16 99 17.00 17,04 17,06 17 07 17 04 17 02 17,04 17,06 17 03 17.03 16 99 17 00 17 03 17.00 17.03
1 57 18 33 26 15 16 22 28 20 30 13 31 38 an 26 60 60 19 18 19 22 18 11

65 = 70 0 0 16.75 16 77 17,00 16 92 16 96 17 05 §7.03 17 09 17 09 17 10 17 10 17,03 17,08 17,05 17,06 17,06 17,03 17 04 17 13 17.06 17 09 16.92
0 0 49 27 18 2% 13 35 56 46 32 a8 40 60 42 66 54 5 15 32 17 19 16 &

60 - 65 0 0 16.95 16 90 16 83 16.98 17 02 17 08 17 14 17.11 17 09 17 07 17 09 17,10 17.06 17,07 17.09 17.28 17 13 0 017 21 0
0 0 17 14 27 34 56 n 38 62 kX] 39 49 78 75 110 23 2 ] 0 [t} 4 0

[~ =]

Table 30: Atomic oxygen Jensities at 120 km and numbers of samples of average data tabulated
by geomagnetic latitude and geomagnetic time for Kp ramge 1.3 to 4.0 for winter.
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L°310 n(O')m-3
WINTER
Kp = 1.3-4.0

Geomagnetic Latitude

Copfficient  60-65 65-70 70-75 75-80 80-85 85-90

A, I 17.012  16.997  16.994  16.961 16,950
N
s

A - U -.062 -.020 -.019 .008 ~.036
¥

B, ¥ -.074 -.053 -.011 -.001 .045
T
¢

A, I .025 .033 .028 .025 .014
E

B, N -.064 .007 .021 .046 .002
T

4, D .014 ~.006 -.015 -.020 .020
A

B T -.022 .013 .000 .009 .001
3 A

4, .012 .003 .022 .028 .001

B, ' ~.010 -.009 -.006 .019 .003

A -.005 -.002 -.017 -.019 .005

B, — .013 -.012 .011 .003 .020

Table 31: TFourier coefficients for atomic oxygen densities at 120 km
tabulated by geomagnetic latitude for Kp range 1.3 to 4.0
for winter.

Logy, n(())m_3 = Ay F El (A.n cos
n=

2wnt 2yt
T + Bn sin T )]



Log, g n{0) m_3

WINTER
Kp > 4.0

Local Geomagnetic Time in Hours

Geomagnetic ,
Latitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
! ,
85 = 90 L?,n. . 0 <0 Q 0 0 16.79 0 0 0 16 94 16 93 0 0 0 ¢ Q 0 16 89 4] 0 0 0 0 0
2? "; 0 4] 0 0 1 0 0 0 1 2 1] 0. 0 0 4] 0 2 0 0 1] Q 0 o
A
80 - 85 16 87 0 0 4] 0 15 89 16.89 16 94 16 87 16 98 0 16 85 o] 0 16,87 0 16 75 16 75 16.88 16 84 16 85 15.81 16 83 16 87
2 0 0 0 0 4 3 4 B 1 [} 2 0 Q 5 1] 1 1 4 6 4 3 2 1
75 ~ 80O 16 %6 o) 0 016 92 16 74 16 724 16 74 16 78 k6 89 17.12 16 86 16 91 0 16 98 16 86 16 87 16 81 16 90 16,98 16 79 16 86 16 89 16 84
2 0 1] o) 3 3 1 5 12 15 1 3 7 0 6 6 5 2 5 12 5 4 9 7
70 - 75 0 16 78 16 97 16.82 16 79 16,89 16 87 16 B85 16 97 16.89 16 89 0 16 99 0 17 01 16 94 16 91 16 98 17,03 0 1) 0 0 0
1] 11 6 6 9 5 15 10 5 2 13 0 8 0 8 7 8 16 6 o) 4] 0 0 0
65 ~ 70 0 16.69 17 06 16 76 0 16,87 16 93 16 92 16 94 17 00 16.83 17.03 17.16 17,06 17 01 17 08 17 03 16.91 16 79 0 0 0 o} 0
0 2 2 ) [+ 5 9 Z1 13 11 2 15 3 2 9 8 2 2 10 0 0 1] 4] 0
60 = 65 \] o 0 16,84 16.84 16,76 16 79 16 72 16 95 16 92 17,08 17 09 17.01 17,07 17 10 17 10 17 D4 0 o 0 0 0 0 0
0 0 0 18 5 20 22 i3 28 13 26 27 3 5 13 10 5 0 1] 0 0 V] 0 0

Table 32: Atomic oxygen densities at 120 km and numbers of samples of averaged data

tabulated by geomagnetic latitude and geomagnetic time for Kp range > 4.0
for winter.
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Atomlc Oxygen Density ( m_3) Altitude

Geographic

Latitude 95 km 120 km
25° 1.25 x 107 1.10 x 10%7
30° 1.35 x 1027 1.25 x 107
35° 1.40 x 10%7 1.30 x 10%7
40° 1.50 x 1017 1.35 x 10V
45° 1.55 x 1017 No Data

50° 1.55 x 10%7 No Data
55° 1.55 x 10%7 .80 = 10Y
60° 1.55 x 10%7 .90 x 107

Difference
.15 x 107
.10 x 10%7
.10 x 10V
.15 = 10%7
.75 = 10%7
.65 x 107

Table 33: Comparison of atomic oxygen densities at 95 km and
120 km as a function of geographic latitude for 0GO-6

orbit {2176 day 307, 1969.
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Atomic Oxygen Density ( mfs) Altitude

Geographic

Latitude 95 km 120 km Difference
-65° 160 x 10%7 .65 x 10%7 .95 % 10%7
-70° 2.00 x 107 .62 x 10%7 1.38 x 1037
-75° 2.27 = 10%7 .65 x 10%7 1.65 x 107
-80° 1.87 % 10’ .70 x 10%7 1.17 x 107

Table 34: Comparison of atomic oxygen densities at 95 km and
120 km as a function of geographic altitude for 0G0-6
orbit #1165 day 237, 1969.



LTS Rpr <. 15,3

1523 = Kp < 4.0

Rp et 0

Table 35: Data index for nitrogen '"temperature"

Summer

Tabulated Values:
Table 36, p. 89

Graphical Analysis:

Figure 19, p. 80
Fourier Analysis:

Table 37, p. 90

Tabulated Values:
Table 38, p. 91

Graphical Analysis:

Figure 20, p. 81
Fourier Analvsis:

Table 3%, p.92

Tabulated Values:
Table 40, p. 93

Graphical Analysis:

Figure 21, p. 82

Fourier Analysis:
Insufficient Data

Equinox

Tabulated Values:
Table 41, p. 94

Graphical Analysis:

Floura 22 ,“p. 83
Fourier Analysis:

Table 42, p. 95

Tabulated Values:
Table 43, p. 96

Graphical Analysis:

Figure 23, p. 84
Fourier Analysis:
Table 44, p. 97
Tabulated Values:

Table 45, p. 98

Graphical Analysis:
Figure 24, p. 85

Fourier Analysis:
Table 46, p. 99

Winter

Tabulated Values:
Table 47, p.100

Graphical Analysis:
Figure 25, p.86

Fourier Analysis:
Insufficient Data
Tabulated Values:

Table 48, p.101

Graphical Analysis:
Figure 26, p.87

Fourier Analysis:
Insufficient Data
Tabulated Values:

Table 49, p.102

Graphical Analysis:
Figure 27, p.88

Fourier Analysis:
Insufficient Data
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NT (K)
SUMMER
K, 00~ 1.3

1300 - 1400 K
1200-1300K

12h

Oh
GEOMAGNETIC LOCAL TIME

Figure 19: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 0.0 to 1.3 for

summer.




- 1400-1500 K
1300- 1400K SUMMER
1200 1300 K Kp 1340

i2h

Oh
GEOMAGNETIC LOCAL TIME

Figure 20: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 1.3 to 4.0
for summer.




IBh

Figure 21:

NT (K)
SUMMER
Kp >4.0

1700 - 1800 K
1600-1700 K
1500-1600 K
1400-1500 K
1300 -1400 K
1200-1300 K

12h

Oh
GEOMAGNETIC LOCAL TIME

NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range > 4.0 for
summer.




83

1200- 1300K NT (K)
1100 - 1200K EQUINOX
1000~ 1100 K K, 00-1.3

12h

- 18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 22: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 0.0 to 1.3
for equinox.
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1200 -1300 K NT(K)
1100 -1200 K EQUINOX
Kp 1.3-40

12h

I18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 23: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 1.3 to 4.0
for equinox.



NT(K)
EQUINOX
Kp >4.0

I700-1900 K
1600-1700 K
1500-1600 K
1400~ 1500 K
‘1300~ 1400 K
1200- 1300 K
1100 - 1200 K

12h

Oh
GEOMAGNETIC LOCAL TIME

Figure 24: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range > 4.0 for
equinox.
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iili] 100-1200K NT (K)

i | 1000-1100K WINTER
| | 700- 1000k K, 0.0-1.3
%

V1 NO DATA

12 h

18h

GEOMAGNETIC LOCAL TIME

Figure 25: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 0.0 to 1.3 for
winter.




ii] 1200-1300K NT(K)
1100~ 1200 K WINTER
1000-1100 K Kp1.3-4.0
| | 700 - 1000k

12 h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 26: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range 1.3 to 4.0
for winter.



NT (K)
WINTER

1500 - 1600
1400~ 1500
] 1300-1400
1200 -1300
1100 - 1200
1000~ 1100
] No DaTA

X X X X X X

12h

18h

GEOMAGNETIC LOCAL TIME

Figure 27: NT values as a function of geomagnetic time and
geomagnetic latitude for Kp range > 4.0 for
winter.




Geomagnetic
Latitude 1

85

80

75

70

65

60

90 1292 1299 1290

1

85 1283 1292 1329

31

48 105

80 1343 1297 1283

156

41 69

75 1331 1342 1320

74

168 175

70 1236 1278 1332

48

80 244

65 1260 1250 1277

1

Table 36:

1 131

1331

1327
67

1329
129

1333
183

1325
263

1322
227

1335
10

1321
69

1301
149

1298
186

1321
200

1318
188

1292

1295
65

1293
177

1316
187

1306
218

1292
212

1347
22

1316
99

1302
131

1336
169

1325
217

1325
262

1341
19

1356
129

1343
106

1335
117

1336
187

1316
200

1378
20

1340
107

1362
106

1321
127

1337
174

1322
183

Local

10
1335
18

1348
105

1369
80

1380
93

1335
19

1331
173

SUMMER

Xp = 0.0 - 1.3

NT (K)

Geomagnetic Time In

11
1363
16

1350
140

1374
48

1367
118

1370
141

1365
214

12
1353
29

1348
126

1389
68

1387
87

1362
128

1370
223

13
1340
30

1370
136

1351
76

1377
95

1341
101

1383
211

14
1346
22

1364
91

1371
100

1355
131

1362
153

1359
215

Hours

15
1354
23

1372
123

1361
101

1352
170

1355
203

1363
259

16

1344
20

1367
142

1349
152

1349
176

1338
208

1324

17

1290

1344
26

1361
147

L362
191

1346
239

1333

18

1327

1344
81

1332
151

1322
162

1330
236

1341

19

1349
13

1389
25

1326
119

1333
171

1337
282

1324

20

1321

1418
26

1347
113

1353
122

1332
235

1318

264 260 242 280 295

21

1301

1360
29

1341
117

1359
204

1335
286

1322
173

22
1295
11

1333
15

1349
171

1365
222

1335
246

1346
74

23

1291
12

1323
25

1325

1336
102

1341
34

1279
50

NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range 0.0 to 1.3 for summer.

24
1285
14

1290
20

1331
71

1343

1312
60

1260

68



90

NT (K}

SUMMER

Kp = 0,0 - 1.3

Geomagnetic Latitude

Coefficient 60-65

Table 37:

1321

-38.17
=16.47

S 0.76

- 5.717

- 3.10

- 6.78

Fourier coefficients for
geomagnetic latitude for

summer.

oo

TNZ = AO + I

n=1

65-70

1330

-24.07
-12.08

- 1:33

- 6.74

- 8.89

- 8.62

--5.57
~11,94
- 1.59

-10.41

(A.n cos

70-75

1345 -

-13.20

-12.22

16.33
4.72

- 5,07

-0.74

-1.94

- 1.96

- 8.86

3.50

2Tt

—+ B
n

T

sin

75-80

1339

-23.27

16,31

- 8.22

1.30

2.98

- 2,99

- 5044

2.92

1.34

2%nt
T

80-85

1341

-19.50

-26,59

- 8.44

-10.07

-14.65

- 2.28

-14.41

5.27

5.18

- 2.20

NT values tabulated by
Kp range 0.0 to 1.3 for

85-90

1326

2,87

- 2,60

- 6.21

- 4.33

3.62

- 6,34

2.19

9.84



Geomagnetic

Latitude 1 2
85 - 90 1409 1392
22 28
80 - 85 1423 1411
158 179
75 - 80 1398 1403
302 276
0 - 75 1420 1415
441 219
65 - 70 1301 1325
130 166
60 - 65 1279 1266
121 106

Table 38:

3 4 5 6
1386 1402 1450 1420
26 34 28 38

1384 1378 1386 1436
130 114 134 165

1400 1385 1407 1389
286 276 215 269

1395 1379 1397 1383
373 391 327 321

1391 1378 1387 1374
545 454 472 493

1314 1374 1352 1350
129 401 398 495

7
1419
27

142]
187

1410
330

1430
325

1437
362

1415
476

1393 1410
21 23

1412 1397
208 169

1434 1412
251 173

1430 1399
226 175

1396 1387
284 251

1389 1381
383 294

NT values and numbers of
latitude and geomagnetic

NT (K)
SUMMER

Kp = 1.3 = 4.0

Local Geomagnetic Time in Hours

10 11
1393 1397
42 35

1414 1418
189 242

1397 1431
215 198

1439 1445
208 189

1428 1429
191 236

1398 1418
295 338

12 13
1394 1409
32 65

1428 1422
227 233

1450 1464
130 140

1448 1463
128 106

1428 1440
160 185

1442 1448
284 194

14 15
1428 1426
31 38

1407 1408
251 215

1445 1399
148 227

1459 1438
216 238

1447 1430
229 277

1432 1431
284 414

16
1399
43

1410
161

1418
210

1402
306

1404
310

1384
393

17
1397
71

1403
220

1408
234

1401
272

1412
381

1400
486

18
1411
39

1383
148

1378
270

1390
297

1387
422

1398
504

19
1421
26

1367
133

1391
249

1383
331

1385
433

1367
492

20
1439
14

1403
122

1398
189

1385
314

1386
443

1360
461

21

1391
16

1411
101

1389
229

1397
351

1385
419

1372
352

22
1412
19

1421
60

1406
272

1391
368

1384
452

1378
330

23
1420
20

1405
138

1401
253

1398
296

1398
565

1374
206

samples of averaged data tabulated by geomagnetic

time for Kp range 1.3 to 4.0 for summer.

24
1442
33

1398
85

1399
325

1393
392

1388
531

1358
64
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NT {K)

SUMMER
Kp = 1.3 had 4.0

Geomagnetic Latitude

Coefficlent 60-65 65-70 70-75 75-80 80-85 85-90
AO 1378 1396 1412 1409 1406 1411
A1 -49,22 -35.44 ~24.63 -18.87 - 6.20 3.86
B, -17.78 - 7.91 2.46 1.05 3.60 - 2,33
A2 1.14 0.92 18.91 13.14 9.63 - 4.11
32 -9.73 - 3.34 4.83 2.97 - 3.49 0.09
A3 - 3.80 - 4.17 1.71 - 1.71 5.31 - 1.01
33 -21.87 ~15.68 - 3.77 - 6.90 - 8.07 -10.84
A& 6.45 - 0.41 ¢.61 2,13 3.61 6.62
34 - 8,77 - 7.56 9.41 6.50 2,21 2,88
AS - 0.51 - 0.91 - 3.75 - 6.93 - 9.63 14.66
B -14.65 -~ 9.10 1.72 = 5.11 9.83 1.88

Table 39: TFourier coefficients for NT values tabulated by geomagnetic
latitude for Kp range 1.3 to 4.0 for summer.
-]
2mnt + . 21mt)

'I‘NZ = AO = nil (Ah cos = Bn sin =%




NT (K}

SUMMER
Kp > &4

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 8 9 i0 11 12 13 4 15 16 17 18 19 20 21 22 23 24
85 - 90 0 1408 0 0 0 0 0 0 0 1424 1482 1484 1507 1425 1506 0 0 0 0 0 0 0 0 0
v} 1 0 0 0 0 ) 0 0 4 12 10 8 6 4 0 [ 0 0 0 0 0 0 0
8¢ ~ 85 1443 1451 1528 1567 1325 1427 1430 0 1493 0 1515 1502 1517 1524 1488 1451 1454 1380 1373 1455 1574 0 1477 l446
12 7 5 5 5 2 8 0 24 0 13 26 31 47 29 20 28 13 8 22 7 o 13 8
75 - 80 1598 0 1456 1486 0 1562 1506 1504 1515 1530 0 1505 1448 1445 1467 1462 1526 1363 0 1460 ; 0 0 0
8 0 13 12 0 23 19 38 21 20 0 7 18 12 33 39 32 4 0 6 0 0 0 0
70 - 75 0 1503 1400 1402 1465 1562 1528 1559 1611 1472 0 0 1599 0 1474 1451 1505 1502 1422 0 1444 1391 0 0
0 14 8 14 24 4 37 43 18 18 0 0 8 0 44 8 23 12 21 0 9 8 0 0
65 - 70 0 0 1529 1486 1464 1536 1305 1523 1496 1480 0 0 1555 1458 1500 1559 1448 1438 0 0 1508 1332 0 0
0 0 4 15 28 11 45 48 10 20 0 0 2 11 32 18 8 28 0 0 5 16 o] 0
60 - 65 0 0 0 1654 1419 1481 1484 1436 1491 1440 0 0 1545 1470 1487 1443 1402 1375 1414 1408 1551 1438 1518 0
0 0 ¢ 3 11 18 80 38 4 18 0 0 4 11 13 33 1 12 38 40 1% 37 12 0

Table 40: NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range > 4,0 for summer,
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Geomagnetic
Latitude 1 2
85 - 80 1147 1143
24 22
80 - 85 1165 1152
160 149
75 - 80 1137 1126
127 73
70 -75 1107 1179
121 94
65 - 70 1124 1162
31 65
60 - 65 1163 1113
94 123
Table 41:

1113
29

1162
119

1124

1172
56

1169
112

1129
161

1129

1168
S0

1144
61

1155
88

1139
142

1127
171

1136
24

1194
74

1104

1147

91

1145
140

1103
126

6
1123
24

1203
88

1169
56

1207
99

1130
100

1139
89

7
1128
15

1152
101

1209
92

1183
115

1172
150

1137
130

8
1124
25

1150
79

1221
113

1167
168

1154
139

1325
111

9
1126
17

1134
66

1164
92

1163
165

1096
119

1067
85

10

11

NT (K}

EQUINOX

Kp = 0.0 - 1.3
Local Geomagnetic Time in Hours

12

13

14

1176 1194 1131 1148 1119

15

1143
65

1156
111

1156
162

1114
108

1087
81

14

1174
49

1155
127

1169
139

1104
158

1087
192

25

1175
52

1208
120

1165
128

1E71
126

i112
196

15

1176
57

1163
133

1137
135

1099
146

1111
165

13

1152
57

1132
135

1134
135

1120
146

1116
177

15
1156
27

1129
63

1145
196

1119
143

1084
188

1110
104

16
1161
19

1149
75

1139
127

1134
185

1107
245

1186
127

17
1137
17

1134
83

1149
138

1141
179

1101
194

1145
78

18
1116
13

1130
99

111¢
121

19

1133

10

1100
84

1122
112

1112 1094

117

t

128

1069 1043
227 150

1132 1073

192

154

20
1166
11

1114
77

1115
96

1035
105

1052
193

1024
250

latitude and geomagnetic time for Kp range 0.0 to 1.3 for equinox.

21
1172
19

1111
46

1092
65

1049
119

1058
153

1044
206

22
1155
17

1155
LX)

1166
57

1135
101

1114
156

1069
242

23
1098
26

1190
81

1179
127

1138
164

1096
152

1100
194

NT values and numbers of samples of averaged data tabulated by geomagnetic

24
1131
19

1172
149

1141
179

1100
156

1149
54

1115
110

%6



Coefficient

Table 42:

Fourier coefficients¢for NT values tabulated by
geomagnetic latitude for Kp range 0.0 to 1.3 for

60-65

1118

-13.84

24.10

~-13.61

18.23

40.38

10.60

-18,99

-13.50

equinox.

T

N2

95
NT (K)

EQUINOX

Kp = 0.0-1.3

Geomagnetic Latitude

65-70

1116

-1.07

38.11

8.47

18.03

7.02

-3.33

4.59

42

-16.46

ow

=A + I

0

n=1

-2.70

(A

cos

70-75

1138

-18.30

39.17

-.65

12.15

8.94

1.68

7.55

-9.93

-15.31

-7.92

2wnt
T

+ B
n

75-80

1149

-17.69

17.63

8.26

-12.11

16.31

80-85

1154

1.28

21.11

11.42

10.36

.72

-8.84 -11.85

9.55

16.17

2.18 =10.45

-14.49

~8.47

2nnt)

sin
T

~1.40

-1.38

85-90

1140

-7.37

-6.52

6.01

-6076

-7.16

4.03

-7.73

-5.51

~2.00

20.01



Geomagnetic
Latitude 1 2
85 - 90 1268 1298
32 29
80 - 85 1236 1228
155 155
75 - 80 1212 1237
124 151
70 - 75 1233 1240
140 144
65 ~ 70 1278 1284
136 143
60 - 65 1198 1245
208 231
Table 43:

NT (K}

EQUINOX
Kp = 1.3 - 4.0

Local Geomagnetic Time in Hours

3 4 5 6 7 8 9 10 11 12 13 4 15 1 17 18 19 20
1281 1288 1246 1220 1217 1225 1208 1254 1235 1286 12i5 1231 1207 1213 1225 1243 1260 1244
38 28 38 22 35 37 25 43 31 11 30 28 26 26 38 34 31 23

1238 1228 1237 1256 1254 1269 1256 1257 1302 1273 1251 1220 1217 1216 1229 1210 1215 1175
121 130 144 153 126 9% 138 139 102 111 108 141 166 203 182 160 126 115

1214 1195 1223 1273 1277 1246 1263 1294 1285 1282 1240 1262 1246 1256 1228 1229 1194 1160
165 168 170 171 214 291 261 250 295 275 270 253 260 274 236 217 174 128

1232 1226 1244 1214 1251 1244 1261 1271 1269 1275 1265 1235 1243 1268 1255 1240 1229 1143
201 23% 268 198 264 330 392 346 355 405 421 351 329 339 328 330 222 188

1238 1211 1199 1186 1229 1233 1222 1212 1231 1230 1248 1240 1226 1229 1230 1202 1150 1187
227 323 333 330 359 340 355 291 372 343 386 446 391 337 404 380 310 203

1233 1224 1191 1179 1192 1167 1165 1144 1190 1219 1203 1220 1204 1204 1234 1181 1149 1133
189 389 301 307 251 182 183 248 332 434 411 359 328 1265 259 326 383 355

21 22 23 24

1239 1230 1228 1213
28 2 47 55

1194 1245 1253 1256
113 112 157 170

1173 1254 1264 1208
127 147 174+ 182

1150 1206 1200 1207
155 217 234 198

1156 1128 1196 1260
185 211 259 148

1154 1175 1245 1229
297 240 217 198

NT values and numbers of samples of averaged data tabulated by geomagnetic

latitude and geomagnetic time for Kp range 1.3 to 4.0 for equinox.
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NT (X)

EQUINOX
Kp = 1.3-4.0

Geomagnetic Latitude

Coefficient 60-65 65-70 70-175 75-80 80-85 85-90
AO 1197 1217 1233 1248 1238 1241
Al 5.01 -9.35 ~-31.80 -39.19 -13.59 12.63
B1 ~.10 15,95 12.72 32.37 21,57 7.88
A2 12.03 18.77 4,52 3.48 15.41 5.24
32 35.93 27.94 14.91 ~19.96 -6.48 9.52
A3 13.82 16.68 9.50 35.14 5.74 ~20.44
B3 -1.64 17.47 15.35 -4.,05 1.89 16.74
Aa 5.33 4.33 8.81 -.41 12,86 -.86
34 -11.78 15.20 -7.14 4.24 -8.52 2.76
AS -12.72 -3.14 -4.56 -17.00 -5.91 ~4.62
B5 -7.12 3.68 -5.95 -16.10 -3.87 -.31

Table 44: Fourier coefficients for NT values tabulated by geomagnetic
latitude for Kp range 1.3 to 4.0 for equinox.

_ po 2mnt , 2wt
= AO + I (An cos = + Bn sin )
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Geomagnetic

Latitude 1 2

85 -

75 -

70 -

65 -

60 -

90 0

NT (K)
EQUINOX
Kp > 4.0

Local Geomagnetic Time in Hours

3 4 5 6 7 8 9 10 11 1z 13 14 15 16 17 18 19 20 21 22 23

0 0 1513 1493 0 0 0 1596 0 1554 1373 o 0 0 1821 0 0 0 0 1185
3 b} 0 0 2 0 0 o] 0 2

o
0

85 1555 1552 1553 1660 1590 1387 1350 1458 1524 1597 1509 1522 1589 1445 1459 1489 1265 1370 1317 1501 1488 1752 1750

8

13

16 20 30 9 16 18 33 12 23 26 10 1% 11 13 1 g 11 10 6 7

20

80 1309 1473 1380 1301 1378 1604 1377 1542 1592 1488 1487 1398 1403 1494 1458 1352 1416 1442 1230 1161 1488 1858 1420

13

75 1349 1333 1452 1459 1426 1487 1452 1532 1504 1429 1444 1414 1472 1431 1439 1501 1554 1544 1452 1298 1475 1265 1339
1

27

6

20

1 21 17 3@ 33 6 7 41 33 30 48 22 12 18 18 28 1 6 8 20

g 11 16 55 89 53 33 47 38 3% 22 39 40 27 32 6 22 50 29

5

17

70 1456 1249 1265 1266 1277 1381 1519 1553 1387 1432 1585 1428 1437 1467 1401 1465 1514 1566 1360 1284 1413 1188 1389

18

19

30 26 34 46 53 34 18 22 18 36 69 50 57 62 56 13 1 g 39 24

15

65 1387 1388 1389 1390 1404 1450 1501 1520 1416 1335 1447 1330 1368 1421 1476 1487 1477 1315 1204 1328 1378 1279 1311

1

Table 45:

1

1 64 25 52 60 25 13 13 19 62 8 27 27 58 69 22 28 31 66 51

NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range > 4.0 for equinox.

33

24
0
o

1573
19

1367

1394
38

1305

1386
58

86



Coefficient

Table 46:

60-65

1391

-39.33

37.53

-22,54

29.25

50.12

-16.10

~-17.13

-.90

—-25.40

24,62

99
NT (K)

EQUINOX

Kp > 4.0

Geomagnetic Latitude

65-70

1401

—-B8.50

-20.40

-9.54

-18.90

51.28

25.24

46.75

14.97

70-75

1439

~61.91

7.81

~-48.99

4.84

15.57

27.54

2.54

-13.99

-1.93

-17.63

75-80

1433

-25.16

30.73

30.05

-51.18

43.41

-51.93

-37.11

-50.22

-52,89

-26.51

80-85

1511

60.12

39.04

103.12

-8.83

-20.40

-35.13

-34.41

~60.18

19.24

-31.03

85-90

HERHOHAR"S DS H

ol o~

Fourier coefficients for NT values tabulated by
geomagnetic latitude for Kp range > 4.0 for
equinox.

T
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= Ayt I
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n
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Gecomagnetic
Latitude 1 2
85 - 90 0 958
0 6
80 - 85 941 955
12 [
75 - 80 916 925
4 10
70 - 75 0 1035
0 12
65 - 70 0 1000
0 5
60 - 65 0 0
0 0
Table 47:

0 968 935

966 941 921
9 12 6

929 911 970
16 1 s

897 1005 1069
32 4 10

889 1030 966

20 7 12
0 992 976
¢ 1t 16

884

947

1058
10

1003

983
12

929
28

951

954
2

1054
4

1005
11

991
12

926
44

Y

0
0

1106 1010

1

9

1106 1086

1

11

1046 1119

13

983
21

929
54

24

934
26

962
43

10

1106
4

969

1127
10

1063
27

1063
41

1005
42

Local

11

1031

1101

1032
16

1015
22

1032
38

1035
44

NT(K)
WINTER
Kp = 0.0 - 1.3

Geomagnetic Time in Hours
12 13 14 15 16 17 18 13 20 21
0 0 0 1033 0 964 1002 954 985 1000
0 0 0 6 0 1 1 2 3 3
972 881 959 984 975 982 984 916 934 899
1 1 6 12 2 6 3 10 4 7
963 884 971 985 974 955 994 971 925 882
28 7 15 10 14 27 13 9 10 9
994 959 1011 969 945 941 933 921 853 878
3% 19 7 12 35 34 10 7 9 4
1021 1011 968 967 947 978 0 832 Q0 858
43 39 17 32 33 13 0 7 0 24
1030 1031 977 972 986 871 871 ° 0O 0 0

55 55 18 4 19 13 10 0 o Y

22 23
0 0
0o o0

965 948
38

921 905
2 4
0 0
o 0
0 ©
0o o0
0 0
0 0

NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range 0.0 to 1.3 for winter.

24

925
15

00T



Geomagnetic
Latitude 1

85

80

75

70

65

60

3 & 5 6 7 8

920 1082 1112 1147 1201 1154 1105 1182 1139
1 [ 5 2 1 2 3

5

835 1079 1022

34

1134 1170 1151 1122 1174 1207

18 13 5 13 13 15 15

8¢ 1056 1051

28

1108 1076 1068 1067 1128 1142

43 24 22 14 1% 16 21

75 1051 1122 1055 1113 1145 1101 1112 1158

57

18 33 26 15 16 22

70 1050 1050 1226 1265 1064 1081 1069 1066

1

65 0
0
Table 48:

1

49 27 18 29 13 35

0 1025 1066 1086 1013 1007 989

0

17 14 27 44 56 31

1090
3

1247
11

1200
19

1112
28

1101
56

1014
38

10

1060

1249

1149
37

1136
20

1069
46

1075
62

Local

11

1110

1167

1137
17

1094
30

1078
32

1099
33

Kp=13- 4.0

NT (K)

WINTER

Gecmagnetic Time in

12

1182

1088
10

1078
10

1109
13

1099
38

1093
39

13

1130

1156
11

1069
34

1089
3

1108
40

1123
49

14

1137

1119
14

1118
21

1125
38

1121
60

1083
78

15

1107

1089

1177
16

1125
30

1063
42

1090
75

Hours

16

1129

1147
12

1084
33

1088
26

1075
60

1060
110

17

1160

1139
12

1110
27

1065
60

1061
54

1049
23

18

1191

1116
14

1098
25

1058
60

1134

952
2

19

1188

1146

1105
32

1046
19

1081
15

1017
5

20

1174

1144
17

1107
37

1043
19

1075
32

0

21 22

1158 1168

1128 1123
21 9

1095 1108
32 18

1075 1075
19 22

1021 1051
17 19

0 9202

23

1161

1084
15

1081

1054
18

1080
16

NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range 1.3 to 4.0 for winter.

24

1104

1147
12

1080
23

1034
11

1048
16

10T
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NT (K)

WINTER
Kp = 1.3 - 4.0

Geomagnetic Latitude

Coefficient 60-65 65-70 70-~75 7580 80-85 85-90

AO 1 1089 1091 1104 1139 1144
N
S

A1 U - 1.23 -26.80 -26.95 -31.78 9.00
F

Bl F 18,75 25.93 - 0.12 21.03 - 8.45
I .
G

A2 I -10.19 - 4,69 -~ 5.00 -16.85 -27.62
E

B2 N 30.50 3.83 ~-19.77 -33.52 - 4.84
T

A3 D -29.36 2.20 13.42 2.79 -16.47
A

By T 11.13 - 6.08 6.10 9.62 -15.30
A

A4 -11.06 -13.63 24,64 -14,82 11.90

B4 ~ 8,81 - 1.78 - 2.68 -12.80 5.44

AS 5.72 0.37 9.12 17.21 ~19.73

B5 ~37.58 0.98 - 4,44 -12.03 -19.60

Table 49: Fourier coefficients for NT values tabulated by geomagnetic
latitude for Kp range 1.3 to 4.0 for winter.
2wnt Zﬂnt)

TN2 = AU + nzl (Ah cos + Bn sin T




NT (K}
WINTER :
Kp > &

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 & 9 10 11+ 12 13 14 15 16 17 18 19 20 2r 22 23 24
85 - 90 0 0 0 0 0 1423 0 0 0 1243 1221 0 0 0 0 0 0 1260 0 0 [ 0 0 0
0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 0 0 2 0 0 o] 0 0 0
80 - 85 1147 0 0 0 0 1208 1299 1299 1144 1345 0 1266 0 0 1350 0 1325 1306 1232 1246 1260 1240 1227 1270
2 0 0 0 0 4 3 4 8 1 0 2 0 0 5 0 1 3 4 6 4 3 2 1
5 - 80 1141 0 0 0 1198 1283 1280 1283 1272 1271 1159 1497 1254 0 1252 1277 1243 1325 1189 1115 1206 1246 1220 1310
2 0 0 0 3 3 1 3 12 15 1 3 7 0 6 6 5 2 5. 12 5 4 9 7
70 - 75 0 1215 1138 1097 1249 1196 1236 1265 1364 1273 1262 0 1234 0 1188 1238 1185 1160 1074 0 o] 0 0 0
0 11 6 6 9 5 15 10 5 2 13 0 8 0 8 7 8 16 6 0 0 0 0 0
65 - 70 0 1240 1074 1197 0 1157 1206 1304 1301 1230 1277 1202 1195 1165 1195 3124 1083 1200 1129 0 0 0 0 0
0 2 2 8 [u] 5 9 21 13 11 2 15 3 2 9 8 2 2 10 0 0 0 0 0
60 - 65 0 0 0 1138 1269 1387 128% 1349 1316 1364 1179 1180 1192 1147 1069 1105 1117 0 ¢ 0 0 0 0 0
Q 0 0 18 5 20 22 33 28 13 26 27 3 5 13 10 5 ¢ 0 0 1] 0 ¢] 0

Table 50: NT values and numbers of samples of averaged data tabulated by geomagnetic
latitude and geomagnetic time for Kp range > 4.0 for winter.
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0 <Kp < 1.3

1.3 < Kp < 4.0

Kp » 4.0

Table 51:

Summer

Tabulated Values:
Table 52, p. 114

Graphical Analysis:
Figure 28, p. 105

Fourier Analysis:
Table 573, p. 115
Tabulated Values:

Table 54, p. 116

Graphical Analysis:
Figure 29, p. 106

Fourier Analysis:
Table 5¢, p. 117
Tabulated Values:

Table 56, p. 118

Graphical Analysis:
Figure 30, p. 107

Fourier Analysis:
Insufficient Data

Data index for helium density.

Equinox

Tabulated Values:
Table 57, p. 119

Graphical Analysis:
Figure 31, p. 108

Fourier Analysis:
Table 58, p. 120

Tabulated Values:
Table 59, p. 121

Graphical Analysis:
Figure 32, p. 109

Fourier Analysis:
Table 60, p. 122

Tabulated Values:
Table 6d, p. 123

Graphical Analysis:
Figure 33, p. 110

Fourier Analysia:
Table 62, p. 124

4

Winter

Tabulated Values:
‘Table 63, p. 125

Graphical Analysis:
Figure 34, p. 111

Fourier Analysis:
Table 64, p. 126
Tabulated Values:

Table 635, p. 127

Graphical Analysis:
Figure 35, p. 112

Fourier Analysis:
Table 66, p. 128
Tabulated Values:

Table 67, p. 129

Graphical Analysis:
Figure 36, p. 113

Fourier Analysis:
Insufficient Data

701



105

13.2 - 13.4 LOG,, n(He)
13.0- 13.2 SUMMER
128 -13.0 Kp 0.0-13
126 - 128

124 - 12,6

122-124

. 12.0- 12.2

12 h

18h

Oh :
GEOMAGNETIC LOCAL TIME

Figure 28: Helium density at 300 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for summer.
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13.2-13.4 LOG,, n(He)
13.0-13.2 SUMMER
12.8-13.0 Kp 1.3-40
12.6-12.8
12.4-12.6
122-12.4

12 h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 29: Helium density at 300 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for summer.



 132- 134

LOG,, n(He)
13.0- 132 SUMMER
1 128-13.0 Kp > 4.0
| 126 - 128
{ 124-126
12.2- 124

12.0-12.2

I18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 30: Helium density at 300 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for summer.
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12.8-13.0 LOG,, n(He)

12.6-12.8 EQUINOX

12.4-12.6 Ke 0.0-13
I2h

I8h

0
GEOMAGNETIC LOCAL TIME

Figure 31: Helium density at 300 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for equinox.
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12.8-13.0 LOG,o n(He)
126-128 EQUINOX
124-126 Kp 1.3-40

I18h

GEOMAGNETIC LOCAL TIME

Figure 32: Helium density at 300 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for equinox.
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132-13.4 : LOG,, n(He)
13.0-13.2 EQUINOX
12.8-13.0 K, >4.0
126-12.8

12.4-1286

12.2-12.4

Oh
GEOMAGNETIC LOCAL TIME

Figure 33: Helium density at 300 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for equinox.




l 126-128
24-126

18h

Figure 34:

111

LOG,y n(He)
WINTER
Ke 0.0-13

12h

Oh
GEOMAGNETIC LOCAL TIME

Helium density at 300 km as a function of
geomagnetic time and geomagnetic latitude for
Kp range 0.0 to 1.3 for winter.
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12.8-13.0 LOG,y n(He)
s e WINTER
12.4-12.6 i
12.2-12.4
12 h

18h

Oh
GEOMAGNETIC LOCAL TIME

Figure 35: Helium density at 300 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range 1.3 to 4.0 for winter.



12.8-13.0

LOG,y n(He)
126 —12.8 WINTER
124 - 126 Kp> 4.0
22-124
| feo-122
NO DATA

0
GEOMAGNETIC LOCAL TIME

Figure 36: Helium density at 300 km as a function of

geomagnetic time and geomagnetic latitude for
Kp range > 4.0 for winter.



Geomagnetic
Latitude 1 2 3
85 90 0 0 12.40
0 0 1
80 85 12.66 12.43 12.53
5 8 25
75 80 12.58 12.36 12.41
35 12 23
70 75 12.95 12.69 12.86
11 26 29
65 70 12.70 12.49 12.45
5 4 24
60 - 65 0 0 12.41
0 0 62
Table 52:

4

5

6

12.65 12.59 12.49

5

12.54
30

12.96
20

12,89
44

12.47
32

12.49
42

3

12.57
21

12.90
39

12,77
45

12.36
15

12.24
13

3

.85

19

.65

.67

124

42

45
28

.23

29

12.

12,

12.

12,

Logqo n(He)m

SUMMER
Kp = 0.0 - 1.3

Local Geomagnetic Time in Hours

0 12.33

0

69 12,
17

.55 32,

14

49 12.
36

39 12,
25

2512,
50

1

52
21

55

42
17

49
32

45
42

12.

43

.61

21

.41

«35

26

.42

25

.32

12

12

12,

12<

12.

10

.38

.63
23

A4
20

41
10

38

42
21

11

12

12.45 12.50

12.

12.

2

12

.58

«73
26

.64
25

50
33

12.

5

78 12.78

24

68
20

.84
18

.36
17

12

12.

12.

12

12.

13

W43
8

53

10

53
19

.41
61
8

.65
23

12

12.

12.

12,

12.

14

31

49
19

64

56

37
15

60
29

12

12.

12,

15

.52

.64
12

69
15

.61
27

54
61

16

17

18

12.48 12.60 12.45

12.

12.

12.

7

.51
27

64
36

.BO
47

58
40

68
54

12.

12.

3

.56
32

54
45

.60
43

69
40

.61
57

12

12.

¢

.66
33

.60
40

63
41

.54
64

.61
71

12

12.

12,

19
.59
3

50
3

.71
25

57
45

.50
79

.65
35

20

12.65
3

12,35
2

12.59
13

12.75

12.60
57

12.64
26

21

12

22

23

0 12.55 12.53

0

10

.66

12

.64

39

W49

41

37
21

.52 12.

12.

12

4

44

54
18

.65

45

«31

39

.54

29

2

12.44
11

12,54

12.86

13.03
13

13.10
20

24

12.59
1
12.52
166
12.54

12.74

13.14
29

Helium densities at 300 km and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time for Kp range 0.0 to 1.3 for summer.
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-3
Log10 ti{He) m
SUMMER
¥p = 0.0-1.3

Geomagnetic Latitude

Coefficient  60-65 65-70 70-75 75-80 80-85 85-90
A I 12.565  12.676  12.293 12,574
N
S
A U .084 .115 .167 -.078
F
B F -.096 .003 -.560 .061
1
I
c
A I .109 .043 442 -.007
2 E
B N .027 .084 .322 .002
2
T
A D 114 ~.028 —.492 .002
3 A
B T -.033 .011 .351 .011
3
A
A, .061 -.024 ~.237 .078
B, -.009 -.062 -.546  =.020
A .074 .005 .591 -.016
B ~.027 045 —.145 .048

Table 53: Fourier coefficients for helium densities at 300 km
tabulated by geomagnetic latitude for Kp range
0.0 to 1.3 for summer.
mt ;, 27t
T + Bn sin =5 )

- ® 2
Log, g n{He)m 3. Ay + ngl (Ah cos



Goomagnatic

Latitude 1 2
85 — 40 12,86 12 43
3 8
B0 - 85 12.59 12 59
42 33
75 - 80 12 49 12 64
50 73
70 - 75 12 79 12,62
134 70
65 - 70 12 90 13,15
25 18
60 = 65 13 24 13 09
20 17

Table 54:

3 ] 5 6
12 73 12 43 12 56 12 12
10 1 9 15

12 64 12,60 12 73 12 82
48 27 98 17

12 54 12,75 12.6% 12.70
119 179 153 69

12.64 12,71 12,57 12 53
162 137 72 43

12,58 12 53 12,45 12 40
102 131 64 45

12 30 12 50 12 27 12 21
5 68 50 48

12 81

12 76
103

12 78
27

12 69
39

iz 33
ao

12,23
70

8

Local

9

12 85 12.69

12

10

87
63

57
34

53
49

43
49

29
48

7

12 74
58

12,50
34

12 46
29

12,57
45

12 43
55

Log,, N(BE), 3

SUMMER

Ep = 1.3 - 4,0

Geomagnetie Time in Hours

10

11

12 67 12 63

17

12,84
58

12,50
21

12 55
22

12 44
40

12,40
93

8

81
48

63
18

42

52
235

48
63

12

12 75

12 68
66

12 69
12

12,60
14

12 46
16

12 51
46

13
12.60
14

12 64
68

12.82
51

12 70
15

12,98
11

12 59
34

14
12 82
11

12 54
64

12 69
57

12 55
71

12 58
63

12 62
77

15
12 &7
16

12 64
58

12,64
39

12 66
50

12,55
99

12 68
168

16
12 89
11

12 45
43

12 66
57

12 66
70

12 60
103

12 62
150

17 i8
12 65 12.66
8 11

12 56 12 70
57 33

12 57 12 68
59 52

12 68 12 53
a7 71

12 62 12 60
118 145

19

20

21

22

23

12 70 12 68 12.71 12.58 12 65

12

12 66
22

12 89
49

12 67
72

12 57
1464

12 57 12 58 12.62

136 147

159

7

11

7

12 61 12,64 12 64

37

38

41

12 67 12 63 12,61

a7

62

85

12 66 12 58 12 59

50

66

94

12 59 12 62 12 66

192

146

153

12 53 12,47 12 53

62

62

105

5

12 §2
44

12,54
81

12 56
90

12 64
146

12 65
111

24
12 70

12,58
36

12,56
87

12 69
125

12.61
149

13.19

Helium densities at 300 km and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time for Kp range 1.3 to 4.0 for summer.
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-3
Loglo a(He)m
SUMMER
Kp = 1.3-4.0

Geomagnetic Latitude

Coefficient  60-65 65-70 70-75 75-80 8085 85-90
A, 12.565  12.600  12.609  12.642 12,664  12.687
A .148 .085 .045 ~.027 -. 046 -.039
B, -.113 -.057 ~.022 -.024 .080 -.018
A, .193 114 -.002 -.055 ~.022 -.005
B, .115 .086 .055 .020 -.079 -.019
A, .104 .001 .008 ~.069 ~.011 074
B, .103 .056 -.003 ~.043 .009 -.015
A, 048 ~.017 .009 .037 .019 .010
B, .085 .076  .034 .042 .00L .050
A .057 ~.036 ~.004 -.002 .004 -.008
B, —— ,057 -.008 .009 ~.010 .024 .031

Table 55: TFourier coefficients for helium densities at 300 km
tabulated by geomagnetic latitude for Kp range
1.3 to 4.0 for summer.

2nnt . 2ﬂnt)

T + Bn sin T

Log10 n(I-Ie)m-3 = AO + Zl (An cos
n=
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‘ @@s@m% paQE 18 BOOR

~3
Loglo n(He)m

SUMMER
Kp > 4.0

Local Geomagnetic Time in Hours

Geomagnetic
Latitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24
85 - 50 0 0 0 012,53 12 43 0 0 0 12 53 12.42 0 12 37 12.47 12 49 1} 0 [t} ] 0 0 a 0 0
0 0 0 0 1 1 0 o} 0 2 2 0 2 1 1 0 0 0 0 o 0 0 0 0
80 - 85 12 53 12 58 012 75 12 75 12 74 12 67 012 73 012,35 12 32 12 72 12 57 12 51 12 76 12 §5 12 58 12,60 12 52 12 62 0 12 56 12 41
3 4 0 14 20 3 9 [} 18 0 5 3 4 6 2 10 14 10 3 12 e 0 7 3
75 - 80 1z 27 612 70 12 B85 0 12,67 12 66 12 39 12,41 12 30 Q 0 12,48 12 66 0 12 47 12.66 12,89 0 12 56 0 0 0 0
2 1] 16 18 ] 10 9 10 8 1 0 0 B8 5 0 12 24 ] 0 15 0 0 0 0
70 - 75 0 12 42 12 85 12 67 12,53 12,75 12 38 12 52 12 53 12 44 0 0 0 0 12 69 12 65 12 56 12 63 12 59 12 54 12 82 13,11 1] 0
0 [ 24 17 2 7 9 17 13 1 ¢ [ 0 o] 24 7 9 5 10 3 2 11 0 1]
65 - 70 o 0 12 55 12 40 12 30 0 12.45 12 37 0 4] 4 0 012 83 12 77 12 ¥7 12 61 12 60 12 41 12.7]1 12 50 13.i8 0 0
0 0 8 2 1 ] 12 3 0 0 0 0 0 2 18 36 11 44 4 7 ro12 0 0
60 - 65 0 0 0 0 12.52 0 12 36 12 58 012 27 ] 0 12 99 12 50 12 38 2 47 12 51 12,55 12,43 12,44 12 80 12 59 12,41 1]
0 0 0 0 2 0 3 22 0 5 0 0 14 7 16 17 13 11 25 5 23 20 3 0

Table 56: Helium densities at 300 km and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time for Kp range > 4.0 for summer.
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Geomagnetlc

Latitude 1 4
85 - 90 12 45 12 70
15 37
80 - B5 12 72 12 69
227 196
75 - 80 12 76 12 74
208 198
70 - 73 12 69 12 71
209 176
65 - 70 12 62 12 55
11: 131
60 ~ €5 12 61 12 57
188 226

Table 57:

Log g n(lle}

EQUTNOX
hp=00-13

local Geoamagnetic Time in Hours

3 4 5 [ 7 f 9 10 11 12 13

12 67 12 69 12 66 12 71 12 76 12 73 12 75 12 73 12 75 12 72
38 50 47 36 0 36 25 22 21 33 8

12 68
191

12 65
117

12 70
155

1275
Lk

12 78
121

12 77
107

12 77 12 72 12 74 12 70
101 93 921 95

12 67
107

i2 66
134

12 64
142

12 71
168

12 63
160

12 72
217

12 71
228

12 67
212

12 73
247

12 61
109

2 12 Bl
179

12 63
224

12 71
243

12 70
265

12 80
320

1z 82
240

12 80
320

12 81
290

12 63
263

12 76
306

12 85
39

i2 76
281

12 86 12 B4
181

12 86
391

12 86
368

12,84
395

12 86
293

12 86
403

12 56
266

12 78
408

12 83
371

12 87
294

12 82
368

12 82
298

12 80
289

12 87
411

12 88
374

12 87
414

Helium densities at 300 km and numbers of
geomagnetic latitude and geomagnetic time

1269 12 77 12 71 12 71 12 78 12 80 12 81 12 73 12,67 12 79
24 L4 33 36 34 32 30 49 41 25

1279
115

1z 78
114

12 83
124

£2 80
144

12 82
£96

12 80
183

12 78
161

12 81
i21

12 80
11%

12 82
160

12 78
257

12 78
241

i2 82
333

12 75
260

12 74
202

12 70
158

12 66
144

12 68 12 68
116 82

iz 67
176

12 79
3Ly

12 7%
306

12 77
343

12 79
252

12 71
207

12 66
221

12 70
203

12 66
175

12 67
160

12 66
208

12 87
303

12 87
324

12 79
542

1z 78
259

12 75
313

12 74
225

12 71
287

12 69
299

12,61
266

12 63
238

12 87
360

12 B3
248

12 75
238

12 63
130

12 65
256

12 72
241

12 77
362

12 72
374

12 67
486

12 65
360

samples of averaged data tabulated by
for Kp range 0.0 to 1.3 for equinox.

[
t~

iz 73
35

12 70
2]3

iz 70
220

12 75
228

12,60
139

12 65
210

611
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Log, , n{He) -3
10 m

EQUINOX
Kp = 0.0-1.3

Geomagnetic Latitude

Coefficient  60-65 65-70 70-75 75-80 80-85 85-90
A 12.747  12.758  12.726  12.705  12.753  12.712
Al' -.106 -.130 -.059 -.024 -.011 -.032
B, .024 .015 -.009 -.034 ~.054 -.037
A, ~.005 -.032 .020 .016 -.006 -.020
B, -.017 ~.006 .023 .027 ~.033 ~.040
A, ~.036 ~.006 -.004 .032 .032 ~.012
B, ~.063 ~.024 .001 .016 -.002 -.003
A, .011 .001 .012 -.014 ~.009 -.005
B, ~.001 -.006 -.019 .008 -.002 -.004
A .032 .022 .013 .007 ~.007 .007
B, .023 -.003 .011 .008 ~.004 -.020

Table 58: Fourier coefficients for helium densitzes at 300 km
tabulated by geomagnetic latitude for Kp range
0.0 to 1.3 for equinox.

2nnt ., 2Tnt

+ B sin =—/)

-3 w
Log10 n(Helm =~ = AO + 3 (Ah cos = A T

n=1



Log,, nlhed g3

EQUINOY
hp=13-40

Lacal Geomagnetie Time in Hours

Geomagnecic

Latitude 1 2 3 4 5 ] 7 El 9 10 11 12 I3 14 15 16 17 18 19 20 2] 22 23 24

83 - 90 1% 58 12 52 12 58 12 68 12 6% 12 68 12 6% 12 71 12,6% 12 65 12 79 12 38 12 58 12 68 12 72 12 72 12 67 12 72 12 71 12 74 12 70 12 68 12 73 12 &9
54 44 44 3} 51 38 38 57 67 5k 39 Ll 36 34 43 49 62 82 72 62 66 2 79 67

80 - 85 12 62 12 55 12 57 12 66 12 62 12 65 12 75 12 78 12 72 12 69 12 66 12 64 12 71 12 63 12 68 12 72 12 77 12 76 12 92 12 72 12 5 12 73 12 72 12 12
178 190 156 181 1B5 219 173 174 227 181 146 151 171 215 316 373 362 319 270 250 243 272 256 211

35 - 30 12 66 12 71 12 66 12 70 12 74 12 59 12 58 12 63 12 66 12 63 12 68 12 68 12 70 12 70 12 71 ¥2 7] 12 78 12 66 12 5% 12 59 12 66 12 60 k2 66 12 69

206 191 223 257 256 246 283 404 381 336 335 376 431 507 510 450 442 356 243 218 183 193 219 263

70 - 75 12,63 12 0 12 74 12 85 12 69 12 86 12 81 12 63 12 67 12 69 12 73 12 72 12 73 12 74 12 72 12 74 12 69 12 62 12 63 12 60 12 61 12 58 12 67 12 69
197 254 340 368 354 328 436 529 568 565 580 611 673 626 561 514 426 468 408 36! 265 272 313 268

65 = 70 12 55 12 61 12 74 12 88 12 86 12 83 12 84 12 85 12 77 12 82 12 81 12 85 ¥2 74 12 74 12 72 12 70 12 70 12 64 12 65 12 63 12 6} 12 60 12 62 12 56
183 184 414 493 545 674 782 741 822 712 751 682 731 819 583 499 605 514 486 467 420 343 387 220

60 - 65 12 56 12 66 12 49 12 81 12 93 12 82 12 89 12 76 12 75 12 80 12 85 12 82 12 88 12 79 12 74 12 70 12 64 12 65 12 6B 12 68 12 66 12 62 2 57 12 57
328 287 261 713 722 579 472 416 552 576 756 839 822 739 559 442 444 552 637 682 577 503 421 367

Table 59: Helium densities at 300 km and numbers of samples of averaged data tabulated by
geomagnetlic latitude and geomagnetic time for Kp range 1.3 to 4.0 for equinox.
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-3
Loglo n(He)n
EQUINOX
Kp = 1.3-4.0

Geomagnetic Latitude

Coefflcient 6065 65-70 70-75 75-80 80-85 85-80
AO 12.721 12.722 12.705 12.664 12.687 12.666
Al -.108 -.091 ~-.016 -.012 -.017 .003
Bl .059 .088 .059 -.007 -.032 -.025
AZ -.032 ~-.040 -.005 011 -.026 —-.048
B2 -, 009 .005 .062 047 -.045 -.037
A3 -.043 -.033 -.007 .008 .033 .030
B3 -.050 -.018 -.006 .007 -.008 -.019
A4 .025 0.000 .005 -.00L L011 ~.016
B4 -.001 -.027 .002 -.025 -.007 -.028
A5 .015 -.002 ~.020 -.004 -.002 042
BS .018 -.012 .016 -.004 -.023 006

Table 60: Fourier coefficilents for helium densities at 300 Im
tabulated by gecmagnetic latitude for Kp range
1.3 to 4.0 for equinox.
-3 ® 2mnt 2nnit
Lo = s == LhHe.
10 n(He)m AO + nzl (Ah cos = + Bn sin T )



Geomagnetac
Latitude 3 3
85 - 90 ¢ 12 35 12 33
o 1 3
80 - 83 12 78 12 36 12 61
1 4 4
75 - 80 12 67 12 57 12 45
3 1 1
70 - 75 12 36 12 38 12 29
14 0] 3
65 - 10 12.46 12 43 12,37
16 12 22
60 - 65 0 0 0
1] o] 0
Table 61:

(=)

12 49

12,32

1z 32

!

12 40

12 36
4

12 50
12 33
2
12 26
12,53
7

13 33
43

54

33

80
25

92
42

10
43

12 55

12 41
i5

12,55
35

12.89
58

13 32
35

12

32

56
24

80
43

67
13

Lecal

13 65

12 44
10

12.50
7

12,49
11

12 41
22

12 74
14

Loglo n(He)m'3

EQUINOX
Kp > a0

Geomagnetic

L2

62
16

5%
33

5%
32

659
40

12

12

12

11

(=)

38
23

63
28

Time in Hours

12
12 64

12 72
17

12 37
13

12 59
25

12 52
33

12 71
90

13

13 L6

12 56
35

12 58
18

12 63
71

12 70
113

12

14

0
o

34
3

53
10

73
20

60
43

84
39

[¥]

15

0
0

68
27

82
23

77
52

79
74

93
84

16

0
0
69
15

9%
35

97
45

46
38

42
31

17
12 71

12 81
21

12 81
25

12 32
20

12 50
65

18

S o

12 36

12 32
11

12,59
32

19
0
0

12 55
10
12 56
12 57
2

12,32

12.84
29

20

0
0

89
15

58

57
14

51
13

56
33

21
0
Q
12,98

17

12 34
10

12 68
28

12 47
28

12 48
60

22

12 61

12 71
20

12 64
29

12 68
18

12 56
42

23

0
0

69
10

34
14

38
20

57
31

Helium densities at 300 kr and numbers of samples of averaged data tabulated
geomagnetic latitude and geomagnetic time for Kp range > 4.0 for equinox,

12 56
23

12 49
27

12 46
40

€eT
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-3
LoglO n(He)
EQUINOX
Kp > 4.0

Geomaénefic Latitude

Coefficient 60-65 65-70 70-75 75-80 80~85 85-90
AD I 12.535 12.540 12.530 12.644 i
N N
S S
Al U -,084 -,122 ~.058 024 4]
F ¥
B F .092 -.073 -.134 -.130 F
1
I I
c C
A I -.018 .009 .020 .033 1
2 B E
32 N -.037 -.032 071 -.030 N
T T
A3 b 045 .032 .083 -.027 D
A A
33 T -.143 -.093 .068 ~.051 T
A A
Aa 001 -.041 -.040 .027
B4 .051 .009 -.037 .022
A5 -.029 -.012 -.009 ~.062
B5 . 069 .113 .083 -.003
Table 62: Fourier coefflicients for helium densities at 300 km
tabulated by geomagnetic latitude for Kp range > 4.0
for equinox.
-3 _ = 27 nt . 2wt
Logl0 n(Hedm ~ = AO + nzl (An cos =3 + Bn sin = )



Geomagnetic
Latitude 1 2 3 4
85 ~ 90 12 48 12 66 12 63 12 81
1 20 14 g
80 - 85 12 81 12 &4 12,64 12 65
24 48 63 69
75 ~ 80 12 55 12 67 12 68 12 63
42 87 113 94
0~ 75 12 55 12 55 12 67 12 57
42 27 142 41
65 ~ 70 12 57 12 52 12.68 12 62
1 35 162 116
60 ~ 65 Q 0 012 50
0 0 1] 32
Table 63:

12 &2
16

12 69
62

12 56
84

12 56
89

12.68
106

12 50
63

12 70
18

12 60
51

12 62
117

12 61
[is8

12 60
113

12,58
194

12 39
7

12,64
46

12,61
118

12 59
116

12 60
139

12,61
262

Log,q N(He) w3

WINTER
Kp=00-13

Local Geomagnetic Time in Hours

8
12 51
16

12 56
32

12 61
76

12 63
91

12 61
135

12 68
209

9
12 58
10

12 73
54

12 60
94

12 60
89

12 67
209

12 72
234

10
iz 59
13

i2 67
60

12 65
93

12 59
9z

12 71
197

12 71
311

11
12,58
22

12 65
28

12.73
84

12 74
101

12 62
224

12 62
283

12

i2 69

1z 71
21

12 73
171

12 73
201

12 74
204

12 68
270

13
12 70

12 47
60

12 75
86

12 73
79

12 70
160

12 68
222

14
12 78
i0

12 71
69

12 74
sl

12 67
45

12 68
130

12 65
147

15

16

17

12,74 12 71 12 76

24

12.68
71

12 71
54

12 82
60

12 64
166

12 66
253

12

12 63
61

12 74
65

12 74
76

12 61
186

12 56
201

14

12 59
57

12 73
82

12 66
89

12 51
168

12.60
161

18
12 69
15

12 63
15

12 60
54

12.62
79

12,65
153

12 60
113

19
12 71

12.70
77

12,60
83

12 63
90

12 64
147

12 55
35

20 21 22 23 24
12 63 12 66 12 60 12,48 12,36
8 9 ] 1 6

12 61 12,71 12 66 12 68 12 61
29 29 23 28 8
12 63 12 64 12 51 12 59 12.73
119 140 27 26 70
12 66 12 62 12 51 12 59 12 73
99 127 27 26 41
12 50 12 68 12 57 12 60 12 63
28 142 1 1 5t
12 51 0 o} 0 0
31 0 0 0 ]

Helium densities at 300 km and numbers of samples of averaged data tabulated by
geomagnetic latitude and geomagnetic time foxr Kp range 0.0 to 1.3 for winter.
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-3
Log g ir(Hedn

WINTER
Kp = 0.0-1.3

Geomagnetic Latitude

Coefficlent 60-65 65-70 70-75 75-80 80-85 85-90

AD 1 12 _626 12_639 12,648 12,662 12,635
N
s

Al ki -.041 -,059 -.054 .008 -.052
F

B1 F .013 -.039 -.024 -.003 -.040
I
Cc

A2 I 020 .016 022 .035 -.060
E

Bz N 000 .030 042 .003 064
T

A3 D -.026 000 -.005 -.007 -.061
A

B3 T - -.010 -.006 .005 .002 -.015
A

Aq .001 .002 .000 -.002 - 027

34 -.008 .004 001 011 -.007

AS 017 001 -.014 .022 -.015

BS ~,.019 015 .009 .008 -.007

Table 64: Fourier coefficients for helium densities at 300 km

tabulated by geomagnetic latltude for Kp range
0.0 to 1.3 for winter.

Log,, D(He)mf3 = A + I (A.n cos 2mnt + B si 21mt)

T n s5ln T

0 n=1



1

Geomagnetic

Latitude 1 2
85 - 50 12 55 12 50
17 13
B0 - 85 12 62 12 54
101 108
75 ~ 80 12 61 12 57
228 312
70 - 75 12 62 12 60
1 251
65 ~ 70 12 7% 12,88
3 68
60 - 65 0 0
o] Q
Table 65:

3
12 58
10

12 58
129

12 58
262

12 64
287

12 62
220

12 62
38

4 3
t2 51 12.53
36 28

12 53 12 49
130 119

12,55 12 63
235 180

12 61 12 64
233 176

12 58 12 51
225 203

12 39 12 39
85 282

12 59
24

12 57
85

12 63
174

12 62
221

12 62
202

12 50
254

iz 52
26

12 53
86

12 58
127

12 74
222

12 68
235

12 55
267

12 52
32

12 58
67

12 70
107

1z 82
253

12 82
302

12 56
379

Local

9
12 57
37

12 69
92

12,70
52

12 63
208

12.72
311

12 62
492

Kpel3-40

Loglo ;-.(]-[e)m_3

WINTER

Geomagnetic Time in Hours

10
12 75
32

k2 50
96

12 65
108

12 70
161

12 65
293

12 62
367

11
12 61
19

12 54
78

12 67
145

12 59
247

12 64
265

12.61
367

12
12 60
29

12 59
105

12 55
190

12 67
185

12.68
303

12 60
410

13
12 84
18

12 55
139

12 6%
191

12 68
228

12 68
220

12 64
323

14
12 75
24

12 61
123

12,67
184

12 62
234

12 67
246

12 66
387

15
12,78
16

12 67
109

12 61
174

12 65
161

12 65
261

12 62
384

16
12 71
29

12 67
107

12 62
175

12 58
158

12.58
331

12.63
475

17
12 65
22

12 66
43

12 58
145

12 45
251

12 58
247

12 55
342

18
12 74
21

12.64
100

12 60
147

12 62
196

12.56
333

12 51
211

19 20
12 68 12 59
25 22

12 5% 12 59
109 129

12 55 12,58
163 221

1z 56 12 59
195 222

12 59 12.62
288 212

12 49 12 48
100 59

21
12 59
14

12 57
120

12 62
147

12 56
180

12 59
155

12 49
41

22 23
12,64 12 67
23 22
12,52 12 57
71 90
12 59 12 56
211 161
12 56 12 58
137 178
12 55 12 63
155 177
12 75 0
114 o

Helium densities at 300 km and numbers of samples of averaged data tabulated
by geomagnetic latitude and geomagnetic time for Kp range 1.3 to 4.0 for winter.

24

12 53
25

12 59
111

12 62
206

12,57
155

12,56
101

(=N =]

L21



Coefficient 60-65

%

Table 66:

H2ZEMQ -

o

Fourier coefficients for helium densities at 300 km
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-3
Loglon (He) m
WINTER
Kp = 1.3-4.0

Geomagnetic Latitude
65-70 70-75 75-80 80-85

12.641 12,629 12,613 12,584

~.020 -.041 -.035 -.017
040 .041 .015 -.036
.034 -.013 . 009 -.009
_1002 "'0006 —-013 0014
.027 .020 .016 .036
.028 .001 -.006 .015
-.024 -.001 -.012 ~-.008
. 066 .023 .008 .011
-.025 -.016 .013 .001
.001 -.017 -.001 -.001

tabulated by geomagnetic latitude for Kp range
1.3 to 4.0 for winter,

Logg n(He)m_3

=A + I (A

cos + B sin
n T n

2mt 21t

T

8
1

)

5-90

2.626

~.063

-.082

.020

.018

.001

-.0L4

-.001

-.008

.024

-.020

[



Geonmagnetic
Latitude 1 2 3
85 - 90 12 30 0 0
7 0 0
80 - 85 12 37 1] 0
8 o 0
75 - 80 12,82 0 0
45 0 o}
70 -75 012 98 12 88
1] 27 20
65 - 70 12.63 12.77 13 01

60

63

1 10 14
0 0 12 65
h] Q 17

Table 67:

4 5
12,75 0
1 0
0 0
o 0
0 12.51
0 10
12,41 12 64
19 29
12 53 12 63
20 1
12 45 12,52
16 12

oo

12,70
H

12 54

12 69
16

12 72
12

12 32
3

[~ =]

12 91 12

12,50 12

12,69 12
12

12,78 12
i6

12.48 12
17

76
10

69
27

69
24

Logyy n(He) m—3
WINTER
Kp » 4.0

Local Geomagnetic Time In Hours

o0

12 84
13

12 69
23

12 87
27

12,97
27

12,79
G7

10
0
0

12.76
3

12.89
11

12 80
28

12 50
41

12 52
44

11
12 69

12 58

12 95

12.79
24

12,73
26

12 77
73

12

0

0

12 58

12 35

12 27
1

12 85
33

12 85
36

13 14
012 29
1] 1

012 9t
Q 6

12 57 12 56
z0 8

12,75 12 61
30 2]

12 57 12.64
40 21

12 64 12 64 12,77 12

20 26

12

12

12

15 16
0 12 65
0 2

66 &
14 0
52 12 49
27 19
60 12 62
31 21
61 12 69
19 36

3

63
as

17
0
]

1z 57

11

12.41

12 75
19

12 59
13

1z 66

18

12 73

12 47

12 33

12 67
31

12 63
25

12 56

19

0
0

20

1}
0

21

0
0

12 52 12.81 12 60

7

8

7

12,71 12.84 12 49

16

3

13

12.64 12 98 12.80

12

7

14

18

87 12.30 12 86

27

46
3

1

[+ 3=

8

22

0
0

23

0
0

24

0
1}

12 67 12.97 12 76

4

7

4

12 91 12 62 12 79

22

12.94
20

23

25

1z 68 12,68 12,49

1

oo

1

Helium densities at 300 km and numbers of samples of averaged data tabulated

by geomagnetic latitude and geomagnetic time for Kp range > 4.0 for winter.
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CHAPTER IV
SUMMARY AND CONCLUSIONS

4.1 Summary of the Structure .and Variability of the Airglow Temperature
and Densities of O, N2 and-He 4dn the .Polar Thermosphere

The 630 nm -airglow temperatures have been shown to be much
higher in summer than in winter and they are also much higher at high
magnetic activity. The temperatures peak over the pole in winter and
peak at lower latitudes in summer. Daily, there is a temperature
maximum in the pre-midnight sector and minimum temperatures occur in
the magnetic noon sector.

The atomic oxygen densities at 120 km have been shown to be
higher in.winter than summer and also show marked decreases with
increased magnetic activity. The densities decrease with increasing
latitude, the difference in densities between the pole and lower
latitudes being greatest in summer and least at equinox. The densities
are definitely low in the post midnight sector and high near magnetic
noon.

The nitrogen "equivalent temperature' NT values have been shown
to be higher in summer than in winter and to increase with magnetic
activity. These values peak near the pole in winter with higher
values occurring at lower latitudes in summer. The difference in WNT
values between the pole and lower latitudes is greater in winter than
in summer. The values also appear to peak in the morning hours and

in the pre-midnight sector.
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The helium densities at 300 km show considerable varigbility in
horizontal distribution which may be due, in part, to fewer observa-
tions. The densities peak at equinox. and are low during high magnetic
activity. There does not appear to be a persistent dependence of the
density on latitude. The densities generally show a minimum in the
post midnight sector hours and maxima during the magnetic noon and the

pre-midnight sectors.

4,2 Physical Implications of the Results

With the concepts presented in Chapter I and observations
discussed in Chapter ILL of the wvariations with magnetic time,
qualitative discussion of possible physical causes of the cobservations
may be made. It is convenient to discuss the magnetic local time
dependence of the results as displayed in Figures 1 through 36.

The hours around magnetic noon are characterized by low tempera-
tures, high atomic oxygen and helium densities and median NT values.
The work of Nisbet and Glenar (1976) shows a possible emergy input
near the noon sector due to comnvergent winds. This convergence could
explain the high densicies. The temperatures are low due to low
particle energy inputs in the noon sector.

The pre-midnight hours are characterized by high temperature,
high He density, low NT values and median oxygen densities. Again
there is an indication of thermospheric wind convergence in the high
He densities. This convergence plus the suroral particle inputs and
electric fields which exist at night could explain the high tempera—

tures. The low NT values could be due toc the thermospheric wind
Ll
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convergence- and Joule heating changing. the temperature gradients
around the 120 km altitude level.

The post midnight sector is characterized by low atomic oxygen
and helium densities, median temperatures_and. high NT values. The
low densities are due to divergence of the thermospheric wind £ield
which requires upward diffusion of atomic oxygen in the region. The
high NT values.are presumably caused by the changes produced in the
temperature profile by the divergence of the horizontal wind velocity
at around 120 km.

It is apparent from the above discussion that the true state of
the polar thermosphere is very different from that presented previously.
For example, the model of Mayr and Volland (1974) shows upward vertical
veloeity everywhere over the .pole.. The.results presented here
indicate that the upward velocity is concentrated in the post magnetic
midnight sector.

Maeda (1976) has modeled the neutral and ion drifts in the
polar ionosphere under the influence of a convection electriec field.
His results agree with the observations of Brekke et al., (1974) for
daytime, but not for nighttime. Maeda's model has not, however,
shown the divergence of the winds which can influence the energy
balance and distribution of all thermospheric constituents as shown
by the results.discussed in section 4.2.

Taeusch and Hinton (1975) have used the 0GO-6 N, density
measurements to imply a very different distribution of temperature

than is shown in Chapter III, This difference is because the N2

LY
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density is not a- true indicator of temperature, i.e. high N2 density
does not necessarily imply a high temperature again because the
effect of wvariations in the temperature gradients in the lower
thermosphere on thermospheric densities were not taken into account.
Because the polar thermosphere has been shown to be more
complex than has been shown previously it will take a more complex
dynamical model to explain the detailed structure of energy and

transport indicated by these observations.

4.3 Recommendations for Future Work

This study has also pointed out five areas which require

further effort:

1} More data is required in order to get a more complete picture
of the polar thermosphere. In particular more information
is needed about molecular oxygen, helium and argon.

2) The measured airglow temperatures presented in this paper
were not coincident in latitude and longitude with the
measured densities. This circumstance complicates inter-
comparisons of these quantities on.time scales which are
shorter than those used in this study. Simultaneous
measurements would be much more useful in this kind of analysis.

3) Direct 557.7 nm airglow measurements over the pole would be
helpful in developing a better understanding of the behavior
of atomic oxygen in the lower thermosphere if the effects of

high energy particle. input can be accounted for.
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5)
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Theoretical models need to be.developed which incorporate
nuch more cogplicated vertical and longitudinal structure
than has been incorporated to date.
This study has provided background measurements of

i
temperatures and densities in the polar thermosphere:
Atmospheric Explorer satellites now provide more accurate
data and these should be used to study more constituents so
that specific conditions of the polar thermosphere can be

studied in detail. In particular individual magnetic

storms should be studied based on the departures from the

.gross morphology presented in the present work.
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Tha {mportange of the polar thersospherc hoa been well documented  For 193 Heceroapheve The importance of the polar thermesphere has been well documented  For 19 3 Heterosphere

the Eirsc tima, dace from the 0G0-6 satellice has made ir posaible to acparote n the first time, datm from the DCO-6 satellite has pode it possaible te separste 4

onumber of temperature cffects fyom those based on denslty and thus the morpholegy nusber of temperature effecta from thosc based on denaity and thus the morphology

of the high-latitude thermosphero can bo atudiced in some decall  Specifieally the of the high-latitude thormosphera can be studied ip gome detall  Spicifdcrlly, the

atosle oxygen density at 120 km, che 630 nm airglow temperature, the helfum densicy
at 300 km and the molecular nfcroger denefty near 400 km hove bern exanined as at 300 km and the wolecular nitragen denpity near 400 km have been examined aa
functione of g gnetle latitude, g e time, season and magnetic nctiviry functions of geomagnetic lacitude, geomagnetic time, season and magautic activiry

level The long=cerm overages of rhesc quantities have been cxamined #0 as to
provide a baseline of these thermoapheric parameters frow which futvre xtudies may
bo made for comparison

The hours around magnetic noon are characterized by low temporatures
high 0 and He densities, and wedian nictregen densities  The pre-midnight houra
axhibit high temperaturss, high Ee density, tow nitrogen denslty and cadian 0
dengicics The post-widnight sector shows low O and Ho densities median tem-
peraturcé and high nitregen densities  these reswlbs arc compared to redént
models and obaservations and arc diacussad with respect to thelr cduses due to

l atomle oxygen density at 120 km, the 630 nm alrglow temperature the helium densiey
| divergence of the wind field and energy deposition im che thermosphere

Gardner, Lorry J , Densiries and Temperaturcs in the Polar Thormosphera The
Ionosphaere Resesrch Laboratory, Electrical Engincering East Unlversicy
Pork, Pennaylvonia, 16802 1977

The imporcamnce of the polar thermesphere has been well docwmented  For
tha fizst timo, data from the O00-6 satcllite ham mode v poseible to sepazrate a
| wumber of tecperatura offects From these Based on denslty aod thus the sorphology
of the high-latitude thermcaphere can be studied in some derall  Spoeificolly  the
atomle oxygen demsity at 120 ka the 630 nm airglow texperature the helium donadey
I at 300 km and the molecular nitrogen density near 400 ku have bern examined as
functions of 1Ic¢ latitvde, g R ic time, aieson and magnetice nctivicy
level Theo long-term avirages of these quantities have been exomined so ns to
provide a baseline of these thermospheric poremeters from which fututs studles may
be made for comparison
The hours sround magaetic noon are charactorized by low timperatures
high 0 and He densitics, and median nitrogen densiries The pre-midaight hours
oxhibit high temperatures, high He density, los nitrogen density ond oedln ¢
l deneities  The post-midnight secror shows low 0 and He densitica medinn ren-
peraturas ond high nitrogen densities Those rosults are compared to rocent
models and observacions and ore discussed with respect to thelr couses due to
divergenco of the wind field and energy deposition in the thernosphere
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Hetereaphere

laval Tho long-term averagea of these quanticrias have becn Lxanined 8o as to
provide a baseline of these thormospherie paramecers from which future arudivs may
be made For compariason

The hours around magnecic noon are characterired by low temperaturea,
high 0 and He densitics, and median nitrogen demsitfes The pre-midnight hours
aoxhibir high temperaturce, high He density, low aicrogen densalty and median O
denszition  The post-midnight sector stows tow O and Ne densities, oedian tem—
peratures and high nitrogen densitdes These vaaults ave gompared ta ragent
models and checrvatfons and arc diacusscd with reapect to their couses due to
divergence of the wind ficld and encrgy depesiticn fn the thermospherc

Gardner, larry J . Donaitics ond Temperntures in the Polar Thermosphere The PSU=XRL-SCT=u55
Tonesphate Rosearch Laboratory, Eleetrical Engincering East, Unfversity
Park, Pennoylvania, 16802 1977 Classification Nuzbers

The {mportance of the polav thermosphere lhas been wall dogumented  For
the first timo, data from the OGO=6 satellite haa pade it posalbic to acparate a
nunber of tomperature cffects from those based on density and thus the morphology
of the high-latitude thermosphere gan bo studied fn some detafl  Specifically, the
atemic oxygan dens{ty at 120 km, the 630 nw aivglow tempsvature the heliuve denslcy
ac 300 km and the malecuiar nitropen density near 400 km have been exapined as
functions of geomapnetic lacitude geopagnetie cime, scason and ewsgnetic acciviry
level The long-term averagea of these quancities have been examined Ao az to
provide a bageline of these chermospheric parasmeters from which furure studies may
be made for compariscn

The houra around magnetic ncon ave characterized by lov cemparatures,
high 0 and lle densiticn, snd medion nitrogen donsitics The pre-midaight hours
oxhibie high teoperatuzes, high He denaity, low nicregen denafry and medion O
dengizies The poat-midnight soctor shows low 0 and Ho densities wmedion tem—
peratures and high nitrogen densitles  These results are compared to recent
nmodelg and obaervations and are discussed with rospect to thofr causen due to
divergence of the wind Field and energy deposition in the thermosphera

19 1 Hererosphere



[ Gordner, Larry J , Densfties and Temporatvtes in the Polar Thermosphere, The
Toncsphere Resenrch Laborarory, Electrical Engldceving East Unfveesicy
Park, Pennaylvania, 16802, 1977

The fmportonge of the pelar thermesphere has been well documenred  For
the first tima, data Erom the 0GO=6 aatellfte has pade it possible to separate 4
tutbor of tempocature effects from those based en denairy and zhus che morphclogy
of the high-lacitude thermoaphere com be studled in some detail  Speciffcally the
atonic exygen density at 120 ko the 630 am airglow tempernture the helfua donslty
at 300 km and the molecular nitrogen density mear 400 ka have been ¢vamined ag
funcefons of geomagnetic lacitude, geomnpactic time, scason and mapnetic astivity
love! The long-ters averages of these guantities have bean expnined a0 as o
provide a baseline of these thermeapheric porameters from which future atudfes may
be made for comparisen

The hours around magnetic noon axe characterized by low temperatvres
high 0 and Be deneitica, and modian nitrogen densitles The pre-midnight hours
exhibit high temperatures, Bigh ¥e density, Jow nitregen density and wodian 0
densfcies The post-nmidnight sector ahows low O and He densitics medfon tom-
peratures and high nitrogen densities  Theee resvltx ave gomparad to recent
wodels ond observations and aro discuspsed with respect to thelr causes duve te
divergence of the wind field and energy deposition {n the thermosphere
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Gardner, Larry J Densities and Temperaturea in the Pelar Thermosphere, The
Tondosphere Research Leboratory, Eleczrical Engineering East Universicty
Fark, Peonaylvania, 16802 1977

The fmportance of the polar theymospheis has been well documenred  For
the first time data from the 00«6 antellire hes mnde it posstble to aecparate a
nuohor of temperature effects frem those based en demalry and thus the morphalogy
of the high-latitude thermespherc can be atudied in some detazil  Specifically, the
atemic oxygen denafcy at 120 km  the 630 num airglow temperature the holfum donsicy
l #t 300 kn and tha molocular nitrogen denaity neat 400 ka hove been examined as
functions of 1e latitude, g gretic time, scason and magnucic acciviry
lavel  The long-tevm averages of these quantitfcs have been exmoined go neg to
I provide a baseline of theoe thermospheric parameters {rom wifch fucure studiea may

be made for comparisen

The hours around magnetic noon are characterized by low temperacures
high 0 and He densities, and median nicrogen densitles The pre-atdnfght hours
oxhibit high temperaturss, high He donsity, low nitregen densicy and sedisa O
denettics  The post-pidnight aectar shows lew O and He demsitias, medfan tom-
peratutes and high nitregen densities  These resuvlcs are compared to recent
modole ond obsorvatfons and ate discuased with respect to thelr causmes dup to
divergence of the vind £ield and energy depoaition in the thermosphere
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Gardner, Larry J , Densities and Teoperatures in the Polar Thermosphere The PSU=IRL-SCI=455
Tonoaphere Research Laborxatory, Electrical Engineering Eost Univerairy
Park, Penmsylvania, 16802, 1977 Clugsification Numbers

The {mportance of the palar thermosphera has been well documentad  For
the firat cime, data Erom the OGO-6 astellite has made it possibla to suparate a
nushey of tempaature cffecks from thosg based om densiry and thus the moepholoegy
of tho high-tazirude cherscaphere can be studled fn some detadl  Spigdfically, the
atomic oxygen density at 120 km, tho 630 um alrglow tenprrature the helivm donsity
at 300 km and the molecolar nitrogen deasity mear 400 hm have been exomined aw
funceions of ic tatituda g gneric cime, seoson and magnetic activity
lavel The long=terss averages of these quantitips have been exnmined so ns to
provide a baseline of these thermospheric poramerers from which future atudies may
be mode for comparimon

The hours around magnetic noosn are characterizod by lew temperaturca,
high 0 and He denaitica, and modisw nitrogen denmitfos The pre-midnigh: hours
oxhibit high teoperatures, high He denedty, lov nitragen density oud medion O
deneitics Tha post=-midnight sector shows low 0 snd l'e denaltics, medion tem-
peratures and hiph nitvogen densities  These rasults are cowmpared to receat
modelz and obsorvatfions and are discussed with rospect to thelr causes due to
divergence of the wind £ield and energy deposition in the thermosphere

1 9 3 Reterosphere

Garduwer, Larty J , Densities and Temporatures in the Palar Thermosphere The
fonoaghere Rosearch Laborarory, Electrical Engincering Esat, Univoraity
Park, Pennsylvania, 16802, 1977
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The importance of the polar thermosphere has been well documeated  For
the first time, data from the 0GO-6 gitellice has wmade {v posaible to scparate a
nuther of temperature effects from those based an deasity and thus the morphology
of the high-latitude thecaosphere can be studied in some detail  Speeifically, the
atomic oxygen densfty at 120 km, the 630 om nirglow tempirature the heldum dunaity
ac 300 ko and the molocular nitregen density near 400 km have been examined as
functions of gnetic latitude g ic ciwe, acason and magnetic netivity
lovel The long=term averagee of these quantities have been exanined so as to
provide a baseline of theee thermospheric porawetera frem which futute studies may
bo mado for comparison

‘The hours around magnetic noow are characterired by low temperituces,
high O and He denaities, and median nikregen demsitfos  The pre-pidnight hours
orhibit high temperatures, high le denaity, low nitrogen densiry ond madiom 0
densicica  Tho poot=aidnight sector shews low ¢ and Mo densicies median tom—
peratures end high nitrogen densities  These reaults are compared to rocent
modele and cbasrvationd and are dlacussed with respect to their counes due to
divergence of the wind fisld and energy deposition ip the thermosphere

19 3 Heteroaphere
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