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Abstract. Synoptic maps of the thermal plasma density in the auroral zone
and polar cap around 1 Re altitude are produced from measurements of Polar
spacecraft floating potential during 1 year of perigee passes. The densities are
accurate to around a factor of 2 in this region of space. These measurements,
which provide the first comprehensive maps of the thermal plasma density

over the polar cap and auroral oval, show clear variations in plasma density
due to solar illumination of the ionosphere. Number density increases by a

factor of 5 for illuminated verses non-illuminated ionospheric conditions over
the entire auroral oval and polar cap. The maps delineate the global extent of
the large scale auroral density cavity near 70 4+ 5 degrees invariant latitude.
These maps further show that the depth of the density cavity is strongly

influenced by solar illumination. The minimum average density (~0.1 cm3)

occurs in darkness near 19 MLT.

1. Introduction

The existence of a large scale density depletion on
auroral magnetic field lines was first demonstrated by
Mozer et al. [1979, 1980] using Langmuir probe data
from the S3-3 satellite. Calvert [1981], using measure-
ment of the upper hybrid line as the density diagnostic,
showed that a density cavity with a spatial extent of
about 6 degrees invariant latitude existed over an alti-
tude range of 1 - 3 Re on auroral field lines. Persoon
et al. [1988] provided a map of the auroral density cav-
ity in the afternoon to midnight local time sector using
densities determined from the plasma frequency cut off
of the whistler mode auroral hiss observed by the DE-1
spacecraft. This work demonstrated that the cavity was
strongest on the night-side and that the densities could
fall as low as 0.1 cm 3. Other local time sectors were

not explored due to the lack of orbital coverage by the
DE-1 wave instrument. In addition, these studies could
not determine density variations throughout the entire
latitudinal extent of the cavity because auroral hiss is
typically only present at its pole-ward edge. The study
presented here extends the local time coverage to the
day-side and the early morning local time sector and
covers all latitudes in the polar cap and auroral zone.
The spatial and seasonal variations in plasma density
present throughout the polar cap and auroral zone may
also be observed because of the extensive coverage of
the Polar data set.

The thermal plasma structure near 1 Re altitude
on auroral magnetic field lines is of particular inter-
est because experimental evidence from S3-3 [Mozer et
al., 1977; Temerin, 1984], Viking [Bostrém et al., 1988;
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Block and Fdlthammar, 1991], and now Polar [Mozer
et al., 1997] and FAST [Ergun et al., 1998; Carlson et
al., 1998] indicates that intense, non-linear electric field
structures exist at this altitude. These electric fields can
accelerate electron beams downward, generating aurora,
and accelerate ion beams away from the earth. Intense
waves in this region are responsible for the generation
of ion conics which are also accelerated away from the
earth [Shelley, 1995]. The plasma density structure is
important in these processes because it affects the prop-
agation and generation of waves and the availability of
current carrying particles. Thus, there is the possibility
of a variety of non-linear mechanisms involving feedback
between the electric fields that accelerate the charged
particles, the creation of density depletions, and the
modification of the electric fields as they interact with
the density cavity.

2. Data Analysis

The measurement of number density in rarefied plas-
mas is a difficult task, and several complementary meth-
ods have been used to provide information on the struc-
ture of the thermal plasma in the terrestrial magneto-
sphere. The spacecraft potential, measured using the
Polar Electric Field Instrument (EFI) [Harvey et al.,
1995], is used as a plasma density diagnostic for this
study. The Polar EFT measures the spacecraft poten-
tial by finding the potential difference, AV, between
the surface of the spacecraft and an electric field probe
biased to float near the local plasma potential. This
technique can provide almost routine, continuous in-
formation about the thermal plasma density. Cover-
age of the Polar data set allows seasonal variations of
the entire auroral oval and polar cap to be observed
over several years. Reviews of the technique, compari-
son to other techniques, scientific results, and references
may be found in Pedersen [1995], Escoubet et al. [1997],
Laakso et al. [1997], and Laakso et al. [2000].

Theoretically, the spacecraft potential is determined
primarily by the balance between the thermal current
to and the electron photo-current from the spacecraft
surface. The spacecraft potential is, in general, affected
by electron temperature and density variations of the
electron thermal current. However, it has been shown
[Pedersen, 1995] that the floating potential of the space-
craft is an indicator of electron plasma density for Debye
lengths much larger than the spacecraft radius. This
is caused by the “focusing effect” which is due to low
energy electrons drawn to the spacecraft reducing the
effect of electron temperature on the spacecraft poten-

tial. Previous studies calculated the spacecraft floating
potential assuming an infinite Debye length. Plasmas
in the polar cap and auroral oval at 1 Re with typical
densities (0.1 to 100.0 cm~2) and temperatures (1.0 to
5.0 eV) [Kletzing et al., 1998] have Debye lengths rang-
ing from about 0.7 to 50 m which is on the order of the
spacecraft dimensions. Therefore, the assumption of
infinite Debye length is not appropriate. In order to as-
sess the accuracy of the spacecraft potential as a density
indicator in these regions, we use the more general ex-
pression [Mott-Smith and Langmuir, 1926; Schott, 1995]
to represent the flux of thermal electrons on the space-
craft. We assume a Maxwellian plasma distribution.
The satellite body is approximated by a spherical con-
ductor because the spacecraft diameter and height are
on the same order of magnitude (d=2.4 m, h = 1.8
m). This is a better approximation of the spacecraft
size than the cylindrical case where it is required that
h >> r. The thermal current density is then

. 47s? 82—7‘2 Cr2p /(52 —p2
]e=4M21<1— S n/( )) (1)

Here n = eV//T is the ratio of the spacecraft floating po-
tential to the the electron temperature, r is spacecraft
radius, and [ is the thermal current density for an un-
charged spacecraft. The sheath length, s, is estimated
by the radius of the spacecraft plus the Debye length.

T
s=r+7434/— (2)
n

Here T is the electron temperature in €V and n is the
electron density given in cm™2 with the Debye length
given in meters. This expression effectively limits the
focusing effect by excluding particles with impact pa-
rameters more than a Debye length away from the
spacecraft surface.

Several studies have addressed the issue of the photo-
emission current density from a satellite body [Grard,
1973; Pedersen, 1995; Nakagawa et al., 2000]. In par-
ticular, Scudder et al. [2000] have derived the photo-
emission current density as a function of spacecraft po-
tential for the Polar spacecraft by performing a detailed
statistical analysis using nearly 10 months, from May
1996 to June 1997, of the spacecraft potential from the
Polar EFI and plasma measurements from the Polar
Hydra instrument [Scudder et al., 1995].

ju — ae—eV/b 4 ce—eV/d (3)

Here a=152uAm 2, b=1.65 eV, c=0.86uAm 2, d=9.49
eV are constants. The total electron current to and from
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the spacecraft can be found by multiplying the ther-
mal current and photo-current densities by the total
spacecraft area, A, and illuminated area, A,, respec-
tively. Figure 1 shows the total photo-current from,
j»A,, and the total thermal current to, Aj., the satel-
lite body as a function of spacecraft potential for vary-
ing electron temperatures. Values used for the areas are
A=226m"2 A, =6.16m 2, with A/A, = 3.67. The
upper panel assumes an infinite Debye length plasma.
The lower panel assumes a finite Debye length plasma
using equation (2) to estimate the sheath length for
varying plasma densities and temperatures. The equi-
librium condition is when these two currents are equal,

Auju = Aje (4)

The thermal density can be solved for as a function of
the spacecraft potential, V, for various fixed tempera-
tures and compared to experimental results produced
by Scudder et al. [2000].

—eV/b + CefeV/d (5)

n =ae
where a = 1.2e4 cm™3, b = 0.81 eV, ¢ = 6.89 cm~3,
and d = 4.52 eV. Equation (5) presents an electron
density curve produced from an analysis of Hydra elec-
tron data from May 29, 1996 for which A/A, = 3.67.
The density values at very low potentials were derived
from UHR points provided by the Plasma Wave Instru-
ment. Figure 2 presents the solution to equation (4)
for plasma temperatures from 1 to 5 eV compared to
equation (5). The calculated result is within around a
factor of two from the experimental curve for densities
between 0.1 to 100 cm ™3 with temperatures between
1.0 and 5 eV. Therefore, the experimental calibration,
Equation (5), should be good to about a factor of two
for densities from 0.1 to 100.0 cm™3 in the polar cap
and auroral oval. These results are in good agreement
with those by Pedersen [1995] and Escoubet et al. [1997]
using GEOS-1, GEOS-2 and ISEE-1 measurements.

Scudder et al. [2000] have pointed out that this curve
varies seasonally due to changes in the area of the space-
craft illuminated by the sun as the orbital plane of
the spacecraft precesses through the year. The change
in illuminated area is less than 10% of the total area
and reaches a minimum in the noon-midnight merid-
ian. Spacecraft illumination effects would appear as
an overall increase in density along the noon-midnight
meridian. This effect is not visible in the plots of elec-
tron density shown here.

The data used to create the synoptic maps are ob-
tained from the Polar key parameter files from over 420

perigee passes covering the period from April 15, 1996
to April 15, 1997. The data are converted to plasma
number density using equation (5) and then thirty sec-
ond averages are binned in magnetic local time and in-
variant latitude and averaged. Because the measured
value of the spacecraft potential, AV, is relative to a
EFI probe biased to float ~2V above the local plasma
potential, the floating potential of the satellite relative
to the plasma is V = AV + 2V. This offset must be
added before measurements are converted to number
density [Scudder et al., 2000]. Times when the space-
craft is in shadow, for which V' < 0V, and when the
Plasma Source Instrument (PSI) is active, causing the
spacecraft potential to be fixed at 2V, have been re-
moved from the data set.

3. Results

To show the average number density variation due to
seasonal and ionospheric illumination, synoptic maps of
the entire southern hemisphere have been made. Data
are plotted vs. invariant latitude and magnetic local
time. The color scale saturates at 100 particles cm™3.
Regions where there is an absence of data on a given

map are white.

Plates la and 1lc show data from April 15, 1996 to
October 15, 1996 (southern hemisphere “winter”) and
October 15, 1996 to April 15, 1997 (southern hemi-
sphere “summer”) respectively. The map during the
winter months (Plate 1a) shows a clear, large scale
plasma depletion in the pre-midnight sector of the au-
roral zone at 70 £ 5 degrees invariant latitude. Other
regions of low density are seen in the pre-dawn sector
from 2 - 6 MLT and in the post-noon sector from 15 -
18 MLT. The average magnitude of the density in the
cavity is less than 5 cm 2 with minimum average den-
sities less than 1 cm 3 around 20 MLT. Individual line
plots before averaging (Figure 3, for example) indicate
that lowest densities of about 0.1 cm~2 are observed
near dusk. The density for invariant latitudes less than
65 degrees and in the polar cap ranges from 20 to 100
cm 3. There is a clear enhancement of the plasma den-
sity by a factor of 5 over the entire polar cap and auroral
zone during the summer (Plate 1c). Effects of individ-
ual orbits, such as the line shaped enhancement on the
dawn side of the polar cap (Plate 1a), are visible.

To determine whether the seasonal effects seen in
Plates 1a and lc are due to variations in ionospheric
illumination, the data have been sorted by whether the
measurement was made when the foot-point of the field
line was in sunlight or in darkness. The resulting maps
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are shown in Plates 1b (non-illuminated) and 1d (illumi-
nated). The same general features which were observ-
able in the seasonal maps can still be seen. There is a
density cavity at the average location of the auroral oval
both under sunlit and dark conditions, with the average
density under darkness being approximately a factor of
5 less than in sunlight. The primary difference between
Plates 1a and 1b is that Plate 1b shows that, in dark-
ness, the deep density cavity extends to the day-side
except from ~ 11 to 12 MLT. In addition, the average
density in the day-side polar cap is also lower than in
la. These effects indicate that the density variations
seen in the seasonal maps are due to solar illumination.

In in order to provide an indication of the small
scale fluctuations of the electron number density such as
those shown in Figure 3, the standard deviation normal-
ized by the average is displayed in Plate 2 and the min-
imum values in each bin are displayed in Plate 3. The
standard deviation is higher from around 19 MLT in
the pre-midnight sector to 2 MLT in the post-midnight
sector between 68 to 75 degrees invariant latitude un-
der winter or non-illuminated (Plates 2a and 2b) con-
ditions. This location corresponds to the location of
the plasma density cavity shown in Plate 1. The in-
crease in the standard deviation is not present in the
summer (illuminated) case. The variation in the polar
cap is slightly lower for summer conditions compared
to winter. The increase in standard deviation in the
post-midnight summer case and the portion of the po-
lar cap on the sun-ward side of the dawn-dusk meridian
during winter is mainly due to the mixing of data from
illuminated and non-illuminated foot-points.

The minima in the polar cap and auroral oval are less
than 10 cm~2 under winter conditions. The lowest val-
ues (< 0.1 cm™3) are in the pre-midnight sector of the
auroral zone. Under summer (illuminated) conditions,
the minimum density values range from ~ 1 - 20 cm 3
with values frequently over 10 cm 2 except around noon
in the auroral zone where minimum values are from ~
1 - 10 ecm~3. Upon sorting by foot-point illumination,
the minimum values in the seasonal summer plot on the
night-side of Plate 3c are removed providing evidence
that the low density measurements are correlated with
the absence of ionospheric illumination.

The altitude variation for the data set in the noon-
midnight and dawn-dusk meridians is shown in Plate
4. Data are averaged in MLT for 6 hours centered on
the noon-midnight and the dawn-dusk meridian for il-
luminated and non-illuminated ionospheric conditions.
The data ranges from 1.8 to 2.4 Re geocentric radial
distance under illuminated and non-illuminated iono-

spheric conditions. Radial distances of 2 Re and 3 Re
geocentric and magnetic field lines corresponding to in-
variant latitudes 80, 70, 60 and 50 degrees are shown.

4. Summary and Discussion

Using the spacecraft potential measurements from
the Polar EFTI for one year of perigee passes from April
15, 1996 to April 15, 1997, we have made the first syn-
optic maps of the thermal plasma density in the auroral
zone and polar cap at an altitude of ~1 Re, at all lo-
cal times. The maps show that there is a large scale
density cavity in the auroral zone which extends to all
local times except noon. The depth of this cavity and
the density in the polar cap both depend very strongly
on the solar illumination of the ionosphere. The average
plasma density for illuminated (summer) conditions is
a factor of ~5 larger than for non-illuminated (winter)
conditions.

The average density in the auroral zone under non-
illuminated conditions is ~5-10 cm™3; whereas under
illuminated conditions, it is ~20-40 cm~3. During win-
ter, the lowest average plasma density is ~few tenths
cm 3 at ~19 MLT and ~72 degrees ILAT. The density
is depleted below the average cavity density near ~15-
24 MLT and ~3-5 MLT. Higher values of the standard
deviation in the region of the large scale density cavity
indicate large fluctuations of plasma density. Possible
reasons for this are variations in small scale structures,
the overall cavity depth, or the location of the polar cap
boundary. Movement of the polar cap boundary ap-
pears to be a smaller effect because the increased stan-
dard deviation would be visible in both the illuminated
and non-illuminated cases. The maps presented herein
confirm the results of Calvert [1981] and Persoon et al.
[1988], who provided statistical information on the alti-
tude dependence of the cavity over a limited local time
and latitude range.

In the polar cap, the average density in darkness is
~20 cm~3; in sunlight, it is ~100 cm™3. When the en-
tire polar cap is illuminated, there is a region of strong
density enhancement in the polar cap except for 20 -
4 MLT on the night-side. This region disappears when
the polar cap is in darkness. The density enhancement
in the polar cap could be due to an increased ionospheric
scale height due to higher temperature. There is also
a slight increase in standard deviation of the polar cap
under non-illuminated conditions. These observations
provide direct evidence for the control of solar illumi-
nation on the polar wind density at altitudes of ~ 1
Re.
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The density structure in the high latitude ionosphere
is controlled by the complex interplay between the time
and spatial variation of the ionization created by so-
lar illumination and plasma transport processes operat-
ing parallel and perpendicular to the geomagnetic field.
The maps described above show that, at altitudes of
1 Re, the transport processes together create a cav-
ity at auroral latitudes at all local times, except noon,
whether or not these regions are in sunlight or darkness.
The transport mechanisms which result in outflow par-
allel to the magnetic field include acceleration by paral-
lel electric fields, perpendicular heating in combination
with the magnetic mirror force, and, on the polar cap
field lines, the supersonic expansion of the polar wind.
Perpendicular transport is primarily due to the ExB
convection of the plasma in both large-scale and small-
scale electric fields.

A possible mechanism for the generation of density
cavities in the region of upward field-aligned currents is
due to the trapping of low energy ionospheric electrons.
In the region of upward field-aligned currents, paral-
lel electric fields (which energize plasma sheet electrons
to produce the aurora) accelerate ion beams out of the
ionosphere and also reflect low energy electrons, trap-
ping them between the potential structure and their
low altitude mirror points. FAST measurements have
shown that the dominant contribution to the electron
density in the density cavities associated with ion beams
are energetic plasma sheet electrons [Strangeway et al.,
1998; McFadden et al., 1999]. Outside these regions,
measurements from the S3-3 Langmuir probe [Kletzing
et al., 1998] show that the electron density is primarily
due to electrons with energies of a fraction of an eV
(ionospheric electrons).

Another candidate mechanism for creating auroral
density cavities is the acceleration of ion conic distribu-
tions. Ion conics are generated through strong heating
of ions perpendicular to the magnetic field by intense
wave fields [Liu et al., 1994; Shelley, 1995; Carlson et
al., 1998]. The effect of the magnetic mirror force asso-
ciated with the diverging magnetic field geometry, con-
verts perpendicular to parallel energy, and accelerates
the ions away from the earth. The electron density is
depleted in a manner consistent with quasi-neutrality.
The reduction of the density in the cavity alters the
index of refraction of auroral field lines for the propa-
gation of a variety wave modes including those that are
likely to generate the parallel and perpendicular elec-
tric fields which create the density depletion. An exam-
ple of such an interaction is demonstrated in a simula-
tion by Ganguli et al. [1988] showing the generation of

density cavities through feedback between field-aligned
currents and the onset of of electrostatic ion cyclotron
waves. The fine-scale structure of field-aligned currents
is likely to be strongly influenced by the structure of
plasma density depletion since such depletions alter the
charge carriers necessary to carry the current. Thus,
there are likely to be a variety of non-linear mechanisms
involving feedback between the electric fields that accel-
erate plasma, the creation of the density depletion and
the modification of the structure of the electric fields as
they interact with the density cavity.

Comparison of the density structure illustrated in the
maps presented herein and previous statistical studies
of auroral phenomena may aid in determining which
transport mechanisms and illumination effects are most
important. For both illuminated and non-illuminated
conditions, the region of density depletion agrees with
the average location of indicators of auroral acceleration
such as electrostatic shocks, accelerated electron distri-
butions, ion beams and field-aligned currents. Newell
et al. [1996a] examined the probability of observing ac-
celerated electron distributions without regard to sea-
son. They showed that the maximum probability for
events greater than 0.25 erg/cm?s occurred from 18-24
MLT near 70 degrees and near 15 MLT at ~72 degrees.
These are the same locations where deep density deple-
tions can be seen in Plates 1a and 1b, which suggests
that parallel electric fields in the upward current region
may be associated with the density cavity in this region.
The probability of observing accelerated electrons in the
morning-side (~3-9 MLT) is lower, although the density
cavity is still seen.

There have also been several previous statistical
studies which have specifically addressed the issue of
seasonal dependence. Because it also used data from
Polar perigee passes obtained from October, 1996 through
September, 1997 (compared to April, 1996 through
April, 1997 for our study), the study of Collin et al.
[1998] on the seasonal variation in up-flowing ion beams
can be most directly compared to our thermal density
maps. Their Figure 1 (winter conditions) shows that
the magnetic local time and invariant latitude depen-
dence of the regions of high occurrence probability of
up-flowing ion beams is very similar to that of the re-
gions of lowest density in the auroral zone for winter
conditions. The only difference is that they do not see
an enhanced probability of up-flowing ions in the 3-6
MLT sector. Similarly, their Figure 2 (summer), which
showed that the probability decreased by a factor of 2-3,
had an ILAT-MLT dependence which is almost identi-
cal to our Plates 1b and 1d. Because ion beams are
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indicative of a parallel potential below the spacecraft,
the agreement between the location of density deple-
tions and ion beams is consistent both with mechanisms
for parallel electric fields which require reduced density
and with the creation of the cavity by parallel electric
fields. They found no seasonal dependence in the occur-
rence of ion conics (which have their largest occurrence
frequency between ~9 and 12 MLT).

Newell et al. [1996b] produced maps of the occur-
rence probability of intense aurora (defined as having
energy flux > 5 ergs/cm?s) for sunlit and dark con-
ditions, using electron distribution function data from
the DMSP satellites. They found that intense events,
which were primarily restricted to the dusk sector (~19-
23 MLT) at invariant latitudes of ~68-72 degrees, were
a factor of ~3 more probable in dark compared to sunlit
conditions. Intense aurora were also observed, but with
a much smaller occurrence probability and latitudinal
extent, near 15 MLT and in the morning. The results
presented herein indicate that the density depletion in
the auroral zone is also ~2-5 times less in sunlight than
in darkness.

Bennett et al. [1983] showed data consistent with a
decreased occurrence frequency of electrostatic shocks
in the summer compared to winter. Since electrostatic
shocks have been shown to be correlated with parallel
electric field auroral acceleration [Mozer et al., 1980;
McFadden et al., 1999], this is consistent with the stud-
ies of Newell et al. [1996b] and Collin et al. [1998]. The
S3-3 study was limited by the seasonally-locked nature
of the spacecraft orbit, however, so detailed local time
and invariant latitude dependence could not be deter-
mined.The seasonal dependence of the average strength
of auroral emissions described by Liou et al. [1997] is
also consistent with the above referenced studies.

Carlson et al. [1998] report seasonal variations of
electron beams in downward field-aligned current re-
gions and ion beams in neighboring upward field-aligned
regions. They argue that these observations are consis-
tent with the role played by ion scale height in the gen-
eration of electrostatic structures responsible for parti-
cle acceleration. Laakso et al. [2000], using the same
data set presented here, show a seasonal variation in
the plasma density integrated over the entire polar cap
above 82 degrees. Our study indicates that this aver-
age seasonal variation may be due to the percentage
of time the polar cap is illuminated as the orientation
of the magnetic dipole changes with respect to the sun
throughout the year.

Seasonal variations have also been observed in the
production of auroral kilometric radiation. Kasaba et

al. [1997] show AKR is more active in the winter hemi-
sphere for higher frequency ranges (500 kHz). Ku-
mamoto and Oya [1998], in a study restricted to the
18-24 MLT sector, showed a seasonal dependence of au-
roral kilometric radiation (AKR) with emissions in the
winter hemisphere being more intense and more com-
mon. They concluded that their finding were consis-
tent with the Newell et al. [1996a] results on intense
electron beams. In addition, they showed that the sea-
sonal dependence was stronger for the higher frequency
emissions. This is very consistent with our observations
of the seasonal dependence of the densities within the
cavity. AKR is produced at the electron cyclotron fre-
quency so that higher frequencies are emitted at lower
altitudes. Since wpe/wee < 1.0 is a necessary condition
for the generation of auroral kilometric radiation by the
relativistic Doppler shifted cyclotron maser instability,
AKR is more likely to be generated at higher frequen-
cies in the winter when the cavity densities are lower.

Most studies of the seasonal dependence of auro-
ral phenomena have attributed the observed variations
to the difference in the ionospheric conductivity ob-
tained for sunlit versus dark conditions (see, for exam-
ple, Newell et al. [1996b]). Our experimental results
suggest that another important factor maybe the dif-
ference in the thermal plasma density. One often in-
voked class of auroral acceleration mechanisms postu-
lates that parallel electric fields are established when the
field-aligned current density exceeds the current carry-
ing capacity of the plasma which depends on density
and thermal velocity. Such mechanisms would result in
parallel electric fields occurring most frequently in low
density regions under non-illuminated conditions. On-
going studies of field-aligned currents and large electric
fields will aid in determining the relative importance
of conductance and density in controlling auroral ac-
celeration. The study described herein also points out
the importance of microscopic processes in determining
meso-scale structures.
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Figure 1. Photoelectric and thermal currents as a function of spacecraft potential for plasmas with electron
densities of 1.0 and 10.0 cm—2 with temperatures of 1.0 and 5.0 eV. The upper and lower plots show cases for
infinite and finite sheath lengths, respectively.
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Figure 2. Theoretical calculation of electron number density as a function of spacecraft potential using A =
22.6m~2 and 4, = 6.16m 2. The dashed lines are the calculated number density using plasma temperatures 1.0
and 5.0 eV. The solid line is the calibration provided in equation (5).



JOHNSON ET AL.: OBSERVATIONS OF PLASMA SEASONAL DEPENDENCE

1996061213 58:23 15:22:04 MLT 20.01 851

& : 851 MLT
<

5 100.00
=

2 10.00
()

a

S 100
£

3

e

c 0.10
o

3 0.0
w

50 Nightside 70 Nightside 70 Dayside 50 Dayside
Invariant Iamude (degrees)

11

Figure 3. A southern hemisphere pass for June 12, 1996 showing the thermal plasma density before averaging.
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Plate 1. Synoptic maps of the southern hemisphere using data for a year starting April 15, 1996. The figures
show (a) the winter months from April 15, 1996 to October 15, 1996, (b) the entire year selecting data for dark
ionospheric conditions, (c¢) the summer months from October 15, 1996 to April 15, 1997, and (d) the entire year

selecting data for sunlit ionospheric conditions.
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Plate 2. The standard deviation the data bins shown in Plate 1. The figures show standard deviation for (a)
the winter months from April 15, 1996 to October 15, 1996, (b) the entire year selecting data for dark ionospheric
conditions, (c) the summer months from October 15, 1996 to April 15, 1997, and (d) the entire year selecting data
for sunlit ionospheric conditions.



JOHNSON ET AL.: OBSERVATIONS OF PLASMA SEASONAL DEPENDENCE 14

Apr 15, 1996 to Apr 15, 1997 (MIN)(DAR
il

Apr 15, 1996 to Oct 15, 1996 (MIN)
AT T VK I REELTE T
100.00 100.00
10.00 10.00
1.00 1.00
0.10 0.10
0.01 0.01
Oct 15, 1996 to Apr 15, 1997 (MIN) Apr 15, 1996 to Apr 15, 1997 (MIN)(LIGHT)
R T EEELTE S
100.00 100.00
10.00 10.00
1.00 1.00
0.10 0.10
0.01 0.01

Plate 3. The minimum values for the data bins shown in Plate 1. The figures show minimum values for (a) the
winter months from April 15, 1996 to October 15, 1996, (b) the entire year selecting data for dark ionospheric
conditions, (c) the summer months from October 15, 1996 to April 15, 1997, and (d) the entire year selecting data

for sunlit ionospheric conditions.
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Plate 4. The density profiles for the entire year of data under non-illuminated and illuminated conditions for (a,b)

the noon-midnight and (c,d) the dawn-dusk meridians.



