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ARTICLE INFO ABSTRACT

Article history: The projection of the plasmapause magnetic-field lines to low altitudes, where the light-ion chemistry
Accepted 27 May 2008 is dominated by 0, tends to occur near the minimum electron density in the main {midiatitude}
Avaiiable online 12 June 2009 electron density trough at night. With increasiag altitude in the trough, where H® emerges as the
Keywords: deminant ion on the low-latitude boundary, we have found cases where the plasmapause field lines are
Plasmapause located on the sharp low-atitude side of the trough as expected if this topside icnosphere H'
lonosphere distribution varies in step with the plasmapause gradient in the distant plasmasphere. These
is:hdﬁatitude conciusions are based on near-equatorial crossings of the plasmapause (corresponding to the steep
Trough gradient in the dominant species H') by the Explorer-45 satellite as determined from electric-field

measurements by Maynard and Cauffiman in the early 1970s and 1515-2 lonospheric topside-sounder
measurements. The former data have now been converfed to digital form and made available at
http:iinssdeftpagsfonasagov. The latter provide samples of nearly coincident observations of lono-
spheric main trough crossings near the same magnetic-field lines of the Explerer 45-determined
equatorial plasmapause. The 1815-2 vertical electron density profiles are used to infer where the F-region
transitions from an 07 to a H' dominated plasma through the main trough boundaries.

Published by Elsevier Lid.

1. mtroduction important to technological systems because of the large tmpact
they have on navigation, communication, and radar observations.
High-altitude, outer-plasmaspheric low-energy plasma struc- In order to obtain such an understanding, it is important to
tures, especiaily of the characteristically dominant H ions, couple  characterize the latitude and altitude dependence of large
down magnetic-field lines info the ionosphere, and play a role in midlatitude ionospheric electron and ion gradients associated
midiatitude tonospheric morphology. Conversely, the cuter plas- with puter plasmaspheric structures.
maspheric sfructures, consisting of ions produced at low altitudes, Qur appreach here is to use data from older satellite missions
respond to changes in the ionosphere. Knowledge of the relation- to provide characteristic examples comparing middle latitude
ships between the two regions is needed to understand how the  topside ionespheric N, and ion-composition profiles to nearly
ionosphere impacts the oufer plasmasphere and visa versa, coincident magnetospheric E-field determinations of the plasma-

Understanding the topside ionospheric structural relationship to pause near the same magnetic-field lines. The topside ionespheric
the location of the suter boundary of the plasmasphere, e, the  vertical electron density profiles N.(h}, which often correspond to
piasmapause, near the equator would provide a tooi for applying  magnetic-field-aligned profiles at mid-to-high latitudes, are used
the more prevalent ionospheric measurements to (1) complernent o determine O"/H” transition heights and to relate ionospheric
magnetospheric missions, {2} study the evolution of the plasma- main trough structures at different altitudes and different ion
pause, and {3) investigate the ring current dynamics as weli as the  composition to plasmapause locations measured by magneto-
outer radiation belt processes, which depend on the location of  spheric sateflites, In the topside ionosphere when H” 1s detectable
the plasmapause. Understanding the large-scale electron density as a minor or major ion, it also exhibits trough like structure called
[N} gradients in the middle and low-latitude ionosphere is alse  the light-lon trough (Taylor, 1972). Since the equatorial plasma-

pause is dominated by H™, it was expected to be closely coupled to

the low-fatitude wall of the middle latitude light-ion trough in
""""""""""" the ionosphere, In the region of the topside F2 layer, where 07
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aynamically to O'. Because there are ionospheric plasma
temperaiure enhancements in the ionosphere on the magnetic-
field lines threading the suter plasmasphere {Brace and Theis,
1974; Titheridge, 1876}, and because the plasma convection
pattern morphology that controls the F2 layer distribution {eg.,
Krudsen, 1974; Mendillo and Chacke, 1877) also reflects the
dynamics leading to the plasmapause {e.g., Nishida, 1968), the
position of the main N, trough where Q7 is dominant would
be expected to correlate with the plasmapatise field lines but the
density gradient on the low-latitude side of the trough would not
be expected to directly map along the magnetic field to the
equatorial plasmapause,

Hence differences might be expected between the correlation
of the low-latitude boundary of the N. trough near the F2 peak
and the N; trough in the topside ionosphere at higher altitudes
after the transition fo an H' dominated plasma, (ie., o the
protonosphere). In this regard, if ts important to recall the local
time variation of the location of troughs in the F-region eleciron
density distribution where O is the dominant ion, Under sunlit
dayside conditions the frough location moves o polar-cap
latitudes that are poleward of the ionespheric projection of
magnetic-field lines associated with the plasmapause. The
midlatitude trough is primarily a nighttime phenomenon (e.g.,
see review by Moffett and Quegan, 1983). In the daytime,
photoienization at middle latitudes and magnetic-field-aligned
diffusion with time scales of the order of hours dominates the
latitudinal distribution of the electron density in the F-region.
A close magnetic-field-aligned coupling of the 07 dominated
F-region te the depleted region cutside of the plasmanause near
the equatorial plane is not anticipated under such conditions. In
the absence of photolonization at night, however, tonospheric
chemistry and horizontal plasma convection compete with the
fieid-aligned ion dynamics associated with the transition from the
dense equatorial plasmasphere to the depleted region outside in
determining the relationship of lonospheric and high-aititude
plasmapause density gradients. Nightside topside ionosphere
observations therefore are more appropriate for investigating
plasmapause signatures in the ionosphere, This is particularly true
for studying the transition from an 0" deminated piasma to light-
ion domination. Since H' is strongly chemically coupled to G at
low altitudes, the light-ion trough boundary is anticipated to
better relate to the plasmapause at higher altitudes {e.g., see
theoretical modeling by Quegan et al., 1982} and the transition to
an H” plasma can best be measured from topside-sounder
satellites at night. The goal of this paper is o examine
plasmapause—main N, trough correlations at night with mea-
surements of the ionospheric changes with increasing altitude
frem an O dominated medium to one dominated by lght ions
{assumed to be H",

The ionospheric main frough low-latitude wall gradient has
been previously shewn to be related af times to nearly
coincidently measured plasmapause magnetic-field lines {eg,
Grebowsky et al, 1976). Even at locations in the topside
ionosphere where an eleciron density trough was not present,
and ' was the dominant species, a light-ion trough was
detectable in the minor species H™ whose low-latitude wall was
deduced fo be a signature of the plasmapause (Tavier and Walsh,
1972). Although statistically the light-ien trough low-latitude
boundary tracks the plasmapause field lines better than the main
N, boundary {e.g., see the review by Muldrew {1883)) there were
differences observed between the boundary N, gradient locations
and the plasmapause magnetic-field line projections into the
ionosphere {Foster et al, 1978; Grebowsky ef al, 1978). These
discrepancies may have been due, in small part, fo magnetic
field models that did not include the effects of magnetic-field
inflation during active periods in the field-line tracing. In both

of these studies there was a consistent trend for the plasmapause
L coordinate to be greater than the trough beundary L coardinate,
A recent study by Anderson et al, {2008}, comparing DMSP topside
H' latitudinal profiles and IMAGE EUV plasmapause images,
shows the same trend. The separation between the light-ion
trough wall and the plasmapause field lines in the early papers
described above was atfributed to the refilling {e.g., Titheridge,
1976} of outer plasmaspheric flux tubes from below, depleting the
ionospheric H' on these field lines,

The N, trough boundary in the topside ionosphere, based on
in-sity measurements, was found in case studies to be even
further uncorrelated with the magnetic-field lines threading the
light-ion gradient defining the plasmapause {Grebowsky et al,
1976). Yizengaw and Moldwin {2005) made a survey of coincident
observations of midlatitude topside ionosphere N.(h) profiles,
from a tomographical analysis of glebal positioning system {GPS)
total electron content {TEC) data, and plasmapause field linies as
determined from EUV He' plasmaspheric images from the IMAGE
satellite. They found that the plasmapause field line consistently
feli within the minimum region of the main N, trough as Mendilio
and Chacleo (1977} deduced from an early study of ISIS 2 topside-
sounder ionization altittude profiles. The relationship of the
density gradient at the plasmapause to the ionosgheric main
trough structure, however, is not clear

The above studies {with the exception of Mendillo and Chacke,
1977} treated the correlations between the plasmapause and
ionospheric troughs independently of a measure of the low-
altitude composition and its change with altitude, In many of the
case studies, and even in the statistical cases, H® was often a
minor species and was therefore chemically and dynamically
under the control of the ionospheric O distribution. The intent of
the current paper is to present examples showing how the ion-
composition change with altitude in the topside lonosphere can
change the correlation between the main fonospheric No trough
and the H™ magnetospheric plasmapause. We place particular
emphasis on ionospheric topside-sounder-derived Ng(h) profiles
because they are produced in a matter of seconds several times
per minute along the satellite path. Thus the portion of the orbit-
plane N, comtour through the trough region is produced in a few
minutes enabling detailed investigations of dynamics and strue-
tures that tomographical technigues might miss.

2. QObservations

The topside-sounder data used for this study were obtained
from the nssdefip.gsfonasa.gov online archive that is maintained
by the Space Physics Data Facility {(SPDF) and National Space
Science Data Center (NSSDC)L The topside sounding NJh)
profiles provide measurements of the middle latitude structures
in the rransition from a chemical to a diffusion-transport region.
There are altitude variations in the ionespheric latitudinal N,
gradients and their relation to the plasmapause. This dependence
was recently shown in a comparison of {onospheric tomographic
imaging and [IMAGE/EUV plasmapause determinations by
Yizengaw and Maoldwin (2005). The {onospheric topside N.{(h)
profiles deduced from Alouette-t and -2 and 18I5-1 and -2
35-mm-film topside ionograms, and those automatically deter-
mined using the Topside lonegram Scaler with True height
{TOPIST} aigorithm (BHlitza et al, 2004; Huang et al, 2002} from
[Si5-2 digital topside ionograms, available from the NSSDC are
shown in Fig. 1a. Digital Alouette/ISIS ionograms are being
preduced by an ongoing data restoration effort and the TOPIST
{5152 profiles were obtained from a subset of these digital
Alouette-2, IS15-1, and I51S-2 topside ionograms (Benson, 1896;
Benson and Bilitza, 2008; Bilitza et al, 2003) as indicated by
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Fig. 1. Distribution of topside-sounder data sets and in-situ ienosphere measure-
mients available online from NSSDC: (a] topside Ny(h} prefiles, (b} topside digital
igrograms, {c} in-sits measurements. (Notes: an 0G0-5 data gap from 4j24/58 o
B712j68 is not shown; also, ISIS-% often operated in a mode where active angd
passive ionograms were interieaved so it was not possible to obitain TOPIST No(h)
profifes from all of rhe digital fonograms),

comparing Fig. 1a with Fig. 1b. (There are plans to appiy the
TOPIST software to the Alouette-2 and 1SIS-1 digital topside
ionograms.} Searching for ion-composition measurements and
plasmapause crossing information during the Alouette/1SIS
mission time period we have located older not yet archived ion
mass spectrometer measturements from OG0O-5 and Explorer-45
recordings of plasmapause crossings {see Fig. 1c}.

Unfortunately, the Explore 45 data were never archived in
the NSSDC. Fortunately, a browned hard copy {compiled by
N. Maynard) of most of the plasmapause crossing locations was
found. These old data sets were scanned, digitized and merged
with sateliite ephemeris data and are now available from
nssdcftp.gsfc.nasa.gov. The orbital data for the Alouette, 1815 and

Explorer-45 satellites are now available for conjunction studies on
SSCweb.gsfcnasagov making it possible o characterize the
magnetic iatitude and altitude dependence of large midlatitude
ionospheric N, and ion density (N} gradients associated with
plasmapause magnetic flux tubes. Here we report the first resuits
of comparing some of these data sets,

Since the equatorial plasmasphere and its structures are
typicaily dominated by H" ions, whereas the topside ionosphere
transitions from O dominance near the F-region peak to ight-ion
dominance at higher altitudes, the relationship between the
topside ionosphere latitudinal structures in the N, and the cuter
plasmasphere radial structures are ion species dependent as
shown by Foster et al. {1978}, Grebowsky et al, {1978), and more
recently by Anderson et al. (2008). Hence the ionospheric ion
composition is valuable, if not necessary, for understanding the
relationship between the ionospheric trough low-latitude density
gradient and the plasmapause. The lonospheric composition can
be estimated from a consideration of the N, altitude variation
from topside sounding N.{h} profiles, GPS derived profiles, andfor
in-sity lon-composition measurements. In this paper we use
topside-sounder measurements, which provided good spatial
resolution and an ability to compare the observations with near-
equatorial plane observations of the plasmapause transition in the
total fon density corresponding to essentially H” ions.

Fig. 2 shows an exampie where topside ionospheric N.h)
profiles were used to produce constant-aititude orbit-plane
centours and to determine O'/H' transition heights. The main
N. trough structure variation with altitude along rhe magnetic
field shown in Fig. 2 was derived from topside-sounder No(h)
profiles from the I51S-2 sateilite in a polar circular orbit at
1400 km. This exampie corresponds to one of the magnetic storm
events originally investigated by the I51S-2 experimenters
{Murphree, 1980). Here the data are presented in the form of
constant-altitude profiles (each simulating the results of an in-
situ probe on a satellite in a circular polar orbit) with the
approximate plasmapause location, based on the Carpenter and
Anderson {1892} statistical model for the local time and magnetic
activity conditions corresponding to the ISIS measurements,
superimposed as a vertical dashed line [abeled PP One sees that
the midiatitude N, depression deepens with increasing altitude.
The average modeled plasmapause lecation falls on the transition
from the low-latitude high-density region into the trough
Although one cannot be certain that the modeled plasmapause
location accurately represents conditions measured by SIS,
the ionosphere does have 2 plasmapause-like decrease at the
modeled location. The low-latitude trough boundary slope
becomes steeper, however, with increasing altitude {as it must
i it is to approach the typical sharp plasmapause transition
seen at large radial distances near the equator). At lower
altitudes the trough N, fills in, and the plasmapause field
ling begins to slide into the trough density minimum region.
This behavior indicates that the plasmapause-ionospheric
frough coupling weakens with decreasing aititude where the
light lons become chemically depleted and local lonospheric
chemistry and convection of plasma from other regions domi-
nate over the dynamical coupling of the light ions along the
magnetic-field lines to the inner magnetospheric thermal plasma
pepulation.

The topside-sounder N h} profiles, used to produce the
constant-altitude profiles of Fig. 2, can also be used to produce
verticai ion profiles. That there is a significant ion-cemposition
change associated with the trough gradient region and the
plasmapause region is readily seen by using such profiles at
locations equatorward of the trough wall and in the trough
minimum. Vertical H™ and O profiles were derived from the N/
profiles of Fig. 2 assuming diffusive equilibrium, using the
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Fig. 2. Example of aititude changes in the midiatitude N, trough structure determined from [5IS-2 topside-sounder data from 9744:11-0754:42 UT on 24 February 1972
during a pass near G200 LMT as a function of the L coordinate {at the position of SIS 2}, typical of eguatoerial plasmasphere measurements, {left) and the usual
latitude coordinate used for ionospheric measurements (right). PP denotes the statistical plasmapause location {Carpenter and Anderson, 1992} for the Kp~5 conditions of

the 15{S-2 pass.

approach described by Titheridge {1976} and Webb and Essex
{2001}, and the resulis were presented by Webb et al. {2006}
Within the trough minimum, the light-ion H® was found to be
significant only within a few hundred km of the spacecraft
altitude whereas it was observed to be the dominant species at
low iatitudes. Hence at high altitudes, above ~1000km at night,
the iatitudinal profile of N, through the trough wall reflects the
fight-ion H" behavior and is more strongly coupled to the
eguatorial plasmapause; this coupling decreases with decreasing
altitude, Using the ISIS-2 topside-sounder N (h) profiles, used to
make orbit-plane contours such as those shown in Fig. 2, one can
determine the latitudinal variation of the O'/H™ transition
altitude, which correspends to the transition from the protono-
sphere to the O dominant ionosphere, as was done for the 18IS 2
example of Fig. 2 in Webb et al. {2008} This transition is seen in
N. altitude profiles as a rapid increase in scale height with
increasing height.

3. Coincident sounder and plasmapause measurements

The exampie above shows the value of topside sounding data
in providing a useful two-dimensional snapshot of how the ion
composition in the midlatitude ionosphere tracks or does not
track the ocuter plasmaspherg variations in N, {predominantly an
H” ion pepulation ). That sample used a modeled average location
of the plasmapause, however, which need not reflect the state at
the time of the SIS pass. Hence there is a need for data sets that
contain nearly coincident passages of a topside sounding satellife
through nearly the same magnetic flux tubes as a sateilite passing
threugh the plasmapause. Qur approach is to locate outer
plasmasphere measurements overlapping in time with topside-
sounder measurements. For that purpose we locked at the
availability of 0GO-3 and Explorer-45 data that overiapped
available topside-sounder data {see Fig. 1c). In this paper we
emphasize data from Explorer 45.

Maynard and Cauffman (1973} and Maynard and Grebowsly
{1577} discussed the use of the saturation fo non-saturation of the

electric-field measurements on Explorer 45 {an eccentric, equa-
torial orbiting satellite with ~5.2 Rp apogee} as an indicator of
plasmapause transitions. The crossings were determined when
the electric-field detector went into saturation outhound or
out of saturation inbound. The most probable N, level correspond-
ing to this saturation was determined to be 60cm™* by Morgan
and Maynard (1576). The database also records the sharpness
of the fransition into saturation, providing a measure of the
plasmapause gradient. Although the measurements correspond to
one density, it alse reflects a typical density on the plasmapause
density gradient. Hence it is considered to be a measure of
the plasmapause gradient rather than the termination of the
gradient,

Grebowsky et al. {1976 found near-coincident passes of 18IS 2
and Ariel 4 through the vicinity of Explorer-45-determined
plasmapause magnetic-field line (Fig. 1c shows the ovetlap in
these data sets). Using in-situ N, measurements from the
ionospheric sateliites they could not find a location in the
midlatitude N, trough that appeared to consistently relate to the
plasmapause. Fig. 3 presents an unpublished example from their
database. It depicts the N, measured during a near field-aligned
cenjunction of ISIS 2 (1480 km), Ariel 4 {550km)}, and an Explorer-
45-determined plasmapause near the same local time {within one
hour of the low altitude measurements) at a slightly later
universal time (two heurs later than Ariel and within one howr
of Isis 2). Although the N, structures are sirnilar at both altitudes
there are differences in the L profiles at low latitudes and through
the trough siructure. The plasmapause seems to be associated
with the boundary of the isolated N. peaks observed by both
ionospheric satellites. Perhaps these features are ionospheric
signatures of a plasma plume in the plasmasphere, but it could
aiso just be a disturbance in the trough that ebscures the true
outer plasmasphere behavior, eg, a localized enhanced
temperature producing a scale-height increase in the topside
ionosphere. Knowledge of where H' or O is dominant would
enahle this uncertainty to be resolved, Variations in the density of
ionospheric light ions are expected to best parallel N, variations in
the eguatorial plasmapause.
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Fig. 3. In-situ N, measurements from 1518 Z and Ariel 4 during nearly comcident
passes af two different aftiredes thyough 2 midiatitude troogh, with imbedded
patches at each altitude, in the vicinity of an Explore 45 determined plasmapause
field He based oo 2 dipole magnetic field.

Since the plasmapause is a gradient in the light-ion density,
orte anticipates a light-ion gradient in the ionosphere across
the same magnetic-field lines. Foster ef al. {1978} and later
Grebowsky et al. {1978}, using near-ceincident equatorial plas-
mapause and ionospheric I81S-2 ion-composition measurements,
showed that although the light-ion trough low-latitude boundary
was more consistent with the plasmapause than the main trough
0" bhoundary there was not always a one-to-one agreement
observed in the magnetic-field lines on which each occurred.
Recent results {Johnston et al,, 2007), however, indicate that there
is a good correlation at the DMSP 840-km-altitude measurement
of the lght-ion trough wall with the IMAGE/EUV deduced
equatorial plasmapause field line. Thus there is still a need to
further explore, from different perspectives, the relation of
structures in the midlatifude ionosphere gradients and the
plasmapause.

Topside~-sounder profiles provide an ideal tool to determine
haow the trough and its composition vary with altitude and relate
to the plasmapause field lines. Unfortunately there were no
topside ionosonde N.{h) profiles availabie for the time shown in
Fig. 3. Figs. 4 and 5, however, present examples where topside
18I5-2 hand-sczled N.(h} profiles were available from the nssdeftp
site for orhits nearly coincident with Explorer-45 determined
plasmapause magnetic-field lines, These topside ionospheric
profiles are cataloged as vertical profiles, i.e, Ngh) profiles, but
the alignment of the orbit-plane constant-altitude N, contours in
these figures {as a function of the L value corresponding te the
satellite altitude using the IGRF model} suggest that they
correspond to field-aligned contours. This situation is common
at high latitudes where vertical and field-aligned propagation
follows almest the same path (Hagg et al, 1969). The L values in
the N. Maynard listing of Explorer-45 plasmapause crossings did
not include corrections for magnetic activity. The PP values given
in Figs. 4 and 5 were based on these values reduced by G.25L from
calculations using the T96 medel {Tsyganenko, 1995; Tsyganenko
and Stern, 1896), appropriate for the disturbed conditions for
thess two events as indicated in Fig. 8. In each of the examples

presented in Figs. 4 and 35, the Explorer 45-determined
plasmapause field line is on the midiatitude lonospheric N,
trough wall at high altitudes, where H' is more prevalent, but with
decreasing altitude it is located in the midst of the trough
depression, These observations suggest that G and lonospheric
trough chemisiry coupled with the plasma convection pattern at
high latitude (e.g., Knudsen, 1974 is dominating over a straight
forward coupling of protonospheric plasma from high altitudes to
the topside ionosphere. This suggestion is supported by the
vartations of the O"/H" transition heights aleng the ISI5-2 orbital
tracks shown in Fig. 7 {(as determined using the procedure
described at the end of Section 2).

The change of the plasmapause-frough relation with ion
composition is apparent by comparing Figs. 4 and 5 to the O°/H*
transition aftitudes in Fig. 7. When 0% is dominant (aititudes
below about 1000km on 17 December 1871 in Fig. 4 and below
about 800km on 18 December in Fig, 5} the plasmapause
magnetic-field line falls within the minimum region of the N,
trough, On the other hand, the plasmapause field line moves onto
the sioping low-latitude side of the trough above the O7/H"
trapsition aftitude, This is the expectation if the high-altitude
plasmapause light-ion density gradient maps directly along the
field lines to the topside lonospheric light-ion distribution. This
transition takes place at higher altitudes with the December 17
IS1S measurements (Fig. 4} than for the December 18 measure-
ments (Fig. 5), comymensurate with the computed altitude
differences of the transition heights in Fig. 7.

4. Discussion

The relationships between the main ionospheric N, trough and
the ionospheric light-ion trough to the plasmapause have been
studied for several decades but uncertainties remain. As discussed
in the text, the main N, trough is composed of OF ions at the
F-region peak, but with increasing altitude the light ions
{particularly H™) become more dominant and eventually become
the major species and shouid reflect a direct coupling to the outer
plasmasphere and plasmapause transition particle popuilation.
The minimum region of the main trough in the O dominated
region, as seen by SIS 2 topside sounding measurements,
encompasses plasmapause magnetic-field lines identified by
Explorer 45 locations of the equatorial plasmapause. This
relationship is most likely due to the nature of the plasma
convection pattern that determines the plasmapause configura-
tion and also controls the ionospheric fransport info the nightside
midlatitude chemical sink, of fonization produced in the dayside
and in the auroral regions. The morphology of the ionospheric
trough, driven by chemicai processes, neutral-wind fon drag, etc.,
ts more compiex than the plasmasphere-plasmapause-trough
configuration in the magnetosphere. Indeed, successful modeling
of the icnosphere N. distribution near and slightiy above the
F.region peak density does not even reguire consideration of the
light jons, the species that comprise the high-altitude plasma-
pause, but simply reflects local chemical processes (e.g., see the
review by Sojla, 1989). At these low altitudes H and H" are in
chemical equilibriurn with the O and O, and H™ will track the 07
distribution and will not be strongly coupled to the plasmapause
transition at high altitudes. In these examples it is apparent that
there was negligible impact of high speed flux tube refilling in the
outer plasmasphere on the H™ concentration profiles in the
ionosphere as had been deduced in earlier light-ion trough-
piasmapause correlations.

The current study has expanded the data sets publically
accessible to he applied to obtain a better understanding of the
plasmapause-ionospheric  trough relationships. In  particular,
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identified by the arrows labeled 1 and 1, respectively.

equatorial plasmapause data have now been archived that
overlap with ionospheric sateliite measurements—including
topside-sounder N{h} profiles. These data sets allow a compar-
isen of trough boundaries with near-coincident plasmapause
observations, a determyination of how the trough wall location and
gradient varies with altitude, and an understanding of the
importance of H* relative to 07 in the troughs. Thus they make
it possible to determine the altitude at which the trough boundary
mimics the magnetospheric plasmapause transition. As a first step
in this direction 8IS 2 topside-sounder NJh) profiles were
compared to near-time locations of plasmapause field lines as
ohserved by Explorer 45 electric-field saturations, The two
nighttimse examples presented occuwrred during 3 period of
magnetic disturbance and indicated that at low aititudes the
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Fiz. 7. 0'IH* wansition heights along the ISIS-2 erbital tracks corvesponding to the 1515-2 topside-sounder data of Figs. 5 and &, with the Explore 45 determined

plasmapause field lines again designated by PP in {a) and (B}, respectively,

plasmapause field line falls within the minimum region of the
electron density trough, whereas as the altitude increases, and H*
becomes dominant, the plasmapause field line falls on the low-
latitude trough wail.
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