@ https://ntrs.nasa.gov/search.jsp?R=19780002703 2020-03-22T07:14:13+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



(N a
MA

5-821-77-2%7

PREPRINT
Irn X 746
IONOSPHERIC AND MAGNETOSPHERIC
"PLASMAPAUSES”

Unclas
ij/"h ‘11)016')

JOSEPH M. GREBOWSKY

JOHN H. HOFFMAN
NELSON C. MAYNARD

OCTOBER 1977

—— GODDARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND



TIONOSPHERIC AND MAGNETOSPHERIC "PLASMAPAUSES'

Joseph M, Grebowsky, John H. Hoffman* and Nelson C. Maynard .

NASA/Goddard Space Flight Center
Laboratory for Planctary Atmospheres
Greenbelt, Maryland 20771

*Univefsity of Texas at Dallas, Center for Space Sciences,
Richardson, Texas 75080



TONOSPHERIC AND MAGNETOSPHERIC "PLASMAPAUSESY

ABSTRACT

During August 1972, Explorer 45 orbiting near the equatorial plane
with an apogee of '\45.2'Re traversed magnetic field lines in close proxi-
mity to those simultancously traversed by the topside ionospheric satel-
lite ISIS 2 near dusk in the L range 2-5.4. The locations of the
Explorer 45 plasmapause crossings (determined by the saturation of the
d.c., clectric field double probe} during this month were compared to the
latitudinal decreases of the N density observed on ISIS 2 (by the magnetic
ion mass spectrometer) near the same magnetic field lines. The equa-
“torially determined plasmapause field lines typically passed through
or poleward of the minimum of the ionospheric light ion trough; with
coincident satellite passes occurring for which the L separation between
the plasmapause and trough field lines was between 1 and 2. Hence, the
abruptly decreasing n* density on the low latitude side of the ionospheric
trough is not a near earth signature of the equatorial plasmapause.
Vertical flows of the H' ions in the light ion trough as detected by
the magnetic ion mass spéctrometer on ISIS were directed upward with
velocities between 1 and 2 kilometers/sec near dusk on these passes.
These felocities decreased to lower values on the low iatitude side.of
the H* trough but did not show any noticeable chnnge across the field
lines corresponding to the magnefospheric plasmapause. The existerce
of hpward accelerated H* flowé to possibly supersdnic speeds during the

refilling of magnetic flux tubes in the outer plasmasphere could produce
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an equatorial plasmapause whose field lines map into the ionosphere at

latitudes which are poleward of the w density decrease,
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INTRODUCTION

An abrupt decrease in the cquatorial thermal plasma density with
increasing geocentric distance was originally detected in 1963 by ground
based whistler observations (Carpenter, 1963) and by in-situ ion density
measurements (Gringnuz, 1963). This magnetospheric plasmapause is
usually approximated by a discontinuous boundary since it sometimes
corresponds to an order of magnitude density change within a distance
_0.1 Re (e.g., Angerami and Carpenter, 1966), although gradual or broadly
extended irregular plasmapause transitions have been observed (e.g.,
Harris et al., 1970; Chappel, 1974). From the time of its oripinal dis-
covery until only recently this boundary to the denscly populated plasma-
sphere was assumed to extend from the equatorial plane along magnetic
field lines down to the F region of the ionosphere.

At ionospheric altitudes a deep trough in the latitudinal distribution
of electron density is typically detected between 1400 and 0700 LT
(Muldrew, 1965; Sharp, 1966; Tulunay and Sayers, 1971} in the expected
vicinity of magnetic field lines which intersect the equatorial plane
plasmapause (i.e., near 60° invariant latitude). Statistically the
invariant latitude of this trough varies inversely with the magnetic
index Kp in a manner'quite similar to the average dependence of the
equatorial plasmapause position tThomas and Andrews, 1968; Tulunay and
Sayers, 1971). This leads to the impression that the low latitude wall
of the ionospherid trdugh would be the near earth field élighed.exten-.
sion of the plasmapause, i.e., the ionospheric ”plasmapause". However,

the statistical study of Thomas and Andrews (1968)_showéd a tendency



for the low latitude side of the trough to be displaced from the expected
plasmapause field lines, Indeed, a more recent study of coincident
observations of the equatorial plane plasmapause and of the topside iono-
sphere electron density distributions in the vicinity of the same magnetic
field lines (Grebowsky et al., 1977) gave evidence that, although the low
latitude side of the nightside trough often straddles the plasmapause
field lines, at times these field lines are located poleward of the
trough., Hence, caution must be employed in using electron density

trough positions as indicators of the plasmapause locations.

It is well established that the midlatitude electron density trough
in the ionosphere wholly, or in part, corresponds to va:siations in the
number density of the ion 0+, which is usually the major ion component
within and poleward of the trough in the daytime and frequently at night
at altitudes as high as 2000 kilometers (e.g., Brinton et al., 1971).

On the other hand the equatorial plasmapause is a transition observed
usually in the number density of the light ion H". The absence of a
one~to-one correlation between equatorial and ionospheric plasma density
depressions near the plasmapause field lines indicates that localizéu
perturbations in the ionospheric o* distributions can occur which do not
have a major effect on the high altitude H* distributions. Several
sources exist for such perturbations: e.g., auroral precipitationm,

joule heating, photoionization, etc. It therefore seemed logical that
only abrupt latitudinal decreases in the density of the light ion H' in

. the topside ionbspﬁere, and not that of the electrons, would be the iono-

spheric counterpart of the equatorial plasmapause.



Figure 1 depicts schematically a simple view of the manner in which
the equatorial plasmapause could be topologically coupled with the iono-
spheric ion density variations. Assuming a sharp plasmapause transition,
the top of Figure 1 dopicts a typical equatoriasl profile of the W
density variation (in torms of relative density units), The termination
of the densely populated plasmasphere extends along the magnetic field
lines from the equator towards the earth as shown in the middle of the
fipure., Near these field lines in the topside ionosphere, a polar orbit-
ing satellite would tend to traverse o' and H* distributions of the
type indicated in the bottom of the figure (e.g., Taylor, 1972), During
the day photoproduction of ions dominates over localized depletion
mechanisms so that o* is the dominant ion from the vicinity of FMAX to
altitudes above 1000 kilometers. {Park and Banks, 1975, have shown that
in such regions plasmapause related troughs are not expected.) At night
however, H+ can be the dominant ion at the higher altitudes, particularly
equatorward of the electron density trough, whercas 0" is usually the
major ion in or poleward of the ionospheric trpugh. During both the day
and the night, the topside ionospheric latitudinal decrease of ¥ (which
occurs even when 07 is the major ion) is characteristic of a plasmapause
transition. Indeed many authors (e.g., Taylor, 1972; Morgan et al., |
1977) have reasoned that the region of decreasing H* density in the top-
side ionosphere, and not the electron density decrease, would be a
better signature of the magnetic field lines passing through the equdh

torial plasmapause.



Figure 1 depicts schematically a simple view of the manner in which
the equatorial plasmapause could be topologically coupled with the iono-
spheric ion density variations. Assuming a sharp plasmapause transition,
the top of Figure 1 depicts a typical equatorial profile of the n*
density variation (in terms of relative density units). The termination
of the densely populated plasmasphere extends along the magnetic field
lines from the equator towards the earth as shown in the middle of the
figure. Near these field lines in the topside ionosphere, a polar orbit-
ing satellite would tend to traverse 0" and H' distributions of the
type indicated in the bottom of the figure (e.g., Taylor, 1972). During
the day photoproduction of ions dominates over localized depletion
mechanisms so that 0" is the dominant ion from the vicinity of FMAX to
altitudes above 1000 kilometers. (Park and Banks, 1975, have shown that
in such regions plasmapause related troughs are not expected.) At night
however, H' can be the dominant ion at the higher altitudes, particularly
equatorward of the electron density trough, whereas o' is usually the
major ion in or poleward of the ionospheric trough. During both the day
and the night, the topside ionospheric latitudinal decrease of H* (which
occurs even when 0' is the major ion) is characteristic of a plasmapause
transition. Indeed many authors (e.g., Taylor, 1972; Morgan et al.,
1977) have reasoned that the region of decreasing W density in the top-
side ionosphere, and not the electron density decrease, would be a

better signature of the magnetic field lines passing through the equa-

torial plasmapause.



In the above model, the depletion of magnetic flux tubes outside of
the plasmasphere requires that the n* ions produced in the ionosphere
(via charge oxchange between 0" and H} be redistributed by upward trans-
port along the field lines. Hence, there will be an ionospheric deple-
tion of H' ions associated with an equatofial depletion. Also carrying
this simple.model one step further it is to be expected that high speed
upward directed H* flows would exist along the depleted flux tubes in the
topside ionosphere. This is in contrast to the light ion flows within
the plasmapshere which are directed upwards during the day and downward
at night, correspénding to a diurnal ebdb and flow of the light ions
{e.g., Raitt and Dorling, 1976). Under such conditions, in the presence
of a sharp plasmapause transition, a sharp change in the magnitude of
the upward.H+ veloeity in the ionosphere across the plasmapause field
lines is to be expected. |

This siwmple conception of a one-to-one correlation between the light
ion density decrease in the topside ionosphere and the equatorial plasma-
pause has recently come under suspicion., Titheridge (1976), using a
comparable ionospheric definition of the plasmapause, deduced statistic-
ally from Alouette 1 sounder observations that the dusk equatorial plasma-
pause did not lie on the same field line as the ionospheric plasmapause.
Indeed a more recent study by Foster et al. (1977) comparing ground based
whistler plasmapause observations with simultaneously observed ionospheric
light ion density variations on ISTIS 2 showed that for a week following
a magnetic disturbance in June 1973 the invariant latitude of the

equatorial plasmapaﬁse was typically a few degrees poleward of the low



latitude wall of the ionospheric n* trough and of where the change in
the upward H" flow velocity occurred, The present study will explore
this furthoer by considering an extensive sot of equatorial plasmapause
observations by Explorer 45 made simultaneously with TSIS 2 observations
of ion density and H* Flow variations throughout the month of August

. 1972 which encompasses an immense magnetic storm,

Measurenments cmployed

The orbital configuration of the equatorial orbiting satellito
Explorer 45 is elliptica: with an apogee of ~5.2 Rc as seen in Figure 2.
A typical Explorer orbital trajectory from August, 1972, is plotted,
During that month the topside ionosphere satellite ISIS 2 (polar orbjt-
ing at a fixed altitude of 1400 km} was in nearly a dawn to dusk orbital
planc while the apogee of DBxplorer 45 occurred just before dusk, Hence
as seen in Figure 2 (where the range of magnetic local times traversed
by ISIS 2 in the course of a day is shown shaded) magnetic field lines
traversed by Explover 45 with L coordinates greater than 3 near dusk were
also at times traversed by ISIS 2 in the topside ionosphere. Since the
orbit of Explorer 45 processed towards noon during this time at a rate
of 4/5 hr-LT/month compared to the précession of ISIS 2's orbital plane
in the same divection at the rate of ~2 hr-LT/month, an extended period
of time existed when both satellites traversed similar magnetic fieid
line region between L's of 3 and 5 (this L range is typical of the aver-
age plasmapause position). Since Ekplorer'45 spent a greater part of
its orbital period near apogee and sinee ISIS 2 with a shorter orbital

period of less than 2 hours traversed the same group of field lines in
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both hemispheres on the samo orbit, many instances occur when both
satellites cross the same field line region nearly simultancously. Thus,
the month of August, 1972, was an exeellent period for comparing the
location of the equatorial plasmapause (from the clectric field double
probe) with ion composition and upward H* flow variations observed near
the same field lines in the ionosphere (using magnetic ion mass spec-
trometer observations).

The electric field double probe experiment on Explorer 45 goes into
saturation when the ambient plasma density drops below a critical value
(Maynard and Couffman, 1973). Currently the best estimate of this satura-
tion density is ~60 electrons/cms (Morgan aﬁd Meynard, 1976). A density
of this magnitude typically corresponds to a point on the slopiag portion
of the plasmapause transition althoiugh sometimes it oceurs equatorward
of the plasmdpause (e.g., see the many 0G0 5 observed density profiles
in Chappell, 1972y, Maynard and Grebowsky (1977) have shown that the
sharper trﬁnsitions into saturation favorably compare with the positions
of the plasmapause deduced by whistler observations (Carpenter 19663,
whoreas for gradual transitions into saturation (or when no saturation
occurs) the actual plasmapause will be at a higher altitude (or beyond
apogee). In the present paper the saturation will be used as a locator
of the plasmapause, keeping in mind that at times it cam correspond to a
lower L bound for it.

For comparison with the Explorer 45 plasmapause observations, ion
composition measurements made by the magnetic ion mass spectrometer on

ISIS 2 will be used. This spectrometer is particularly useful for



protonospheric-ionospheric coupling studies because it can measurc tho
upward flow velocities of the light ions, in addition to the ion number
densities. The flow speeds arce determined by moasuring the phase shifts
botwoen the 0% and H* roll modulation profiles (sce Hoffman et al,, 1974,
for a complete discussion of this technique). Only che n* and 0¥ distri-
butions will be considercd here as these ions arce the most important

ones in relating equatoriol and ionospheric plasmapause signatures.
Although the orbital configurations of Explorer and ISIS were synchronized
¢nough to produce many intersoctions of the orbits in L-MLT space beyond
August, 1972, a change in the spin configuration of ISIS precluded usc
of tho ion data beyond that swnth., Hence only those observations made
during August, 1972, will be considered.

OBSERVATTONS

A few of the latitudinal distributions of the 0" and H® ion
densities observed on TSIS 2 passes during August, 1972, near dusk are
plotted in Figure 3. As seen in these profiles 0% is the dominant ion
with number density an order of magriitude or more greater than the cor-
responding H* density. This relationship between the two ions prevailed
in the trough region for all of the dusk passes under considbratibn.

The location of the innmermost plasmapause (PP} crossing of Explorer 45
which occurred nearest iﬁ univefsal time and magnetic local time to each
of the ISIS passes plotted is also indicated in the figure. The number
listed above the notation PP is an index which describes appréximately
the Sharpness 6f the equatorial.plasmapausc on a scale of 1 to 5, where

1 indicates the most rapid rate of saturation of the electric field
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experiment und 5 the most gradual transition (see Maynard and Grebowsky,
1977, for the quantitative definition of this code). From the comparison
in Figure 3 it is apparent that a rough correlation oxists botween varia-
tions in the light ion density in the ionosphere and tho plasmapause,

but not between the electyon density (as indicated by 0%) and the plasma-
pause on all orbits at 1400 km,

The ion composition distributions plotted in Figure 3 show the
varioty of #* distributions which occurred during the period under investi-
gation., The n* profiles rangou from steep troughs such as that on the
August 11 pass, more gradual latitudinal decreases as on the August 7
pass, to loealized enhancements in the n* density (similar to cquatorial
detached plasmas -~ Chappell, 1972) which lead to the formation of two
light ion troughs on the August 1 pass. The sharp bite outs in the 0"
density distributions shown on two of the passes in Figure 3 occurred
near midlatitudes on only a few of the August orbits, although many
instances were found for which similar O perturbations oceurred far
poleward of the expected plasmapause position (i.e., at or poleward of
n70°A), In association with these 0 density troughs similar decreases
in the U densitics occur at the same time, which is to be expected
since H' is the product of chavge exchange between the neutral I and
6+. Hence, M dehsity perturbﬁtions unrelated to the position of the
plasmapause take place if localized depletions of the heavy ion 0" occur
away f?om the plasmapauée fiel& lines. Such depletions can result from
enhanced rccomhinafion fates resdlting from enhancad viﬁrational excifa-

tion (Newton and Walker, 1975) or from localized increases in the plasma
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drift speed (Banks ot al., 1974). Out of the scores of pusses to be
considercd, howover, such abrupt perturbations in the ot distributions
in the vicinity of the plasmapuuse fiold lines were detected on only a
few passes and did not play a major role in the analysis,

Although electron density distributions in the ionosphere are usually
plotted in terms of the independent variable invariant latitude (as was
done in Figure 3}, such plots correspond to compressed L coordinate
varintions at midlatitudes and tend to overemphasize the steepness of
trough walls in comparison to plasmapause transitions in the equatorial
plane. 1Indeed sharp troughs seen in terms of invariant latitude are in
many instances rather gradual compared to expected cquatorial plasmapause
gradients, Figure 4 depicts in terms of L the T density variation on
four selected ISIS 2 orbits showing that indeed the low latitude side
of the 1" deyiz oty depressions seen on these dusk passes is not character-
istic of sharp plasmapause transitions (the August 1 pass plotted is
identical to that shown in the previous plot). Further in comparing the
ionospheric variations to the nearly coincident equatorial plusmapausc
observation on these individual passes it is apparent that the plasmapause
field lines do not traverse the trough wall,

To better determine the general reclationship between the equatorial
plasmapause position and ilonospheric n density gradients, a comparison
of all the measured plasmapause and trough locations was made for the
first 17 days of August (corresponding to the period whén the greatest
number of observations were made). The equatorial plasmapause crossings

were chosen as the innermost transitions into saturation of the double probe
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on the inbound passes of Lxplorer 45 (the outbound portions of the
passes were not considered since they corresponded to saturations which
occurred near noon, Far removed Lrom the magnetic field lines traversed
by IS1S 2.) The position characterizing the location of the ionospheric
H* trough was chosen to be the high latitude tormination of the low
latitude wall -~ i.e., the point in the trough where the latitudinal
density gradient changes abruptly. Such a definition of the trough loca-
tion typically corresponded to the jow latitude edge of the trough
minimum and in cases with multiple inflections, the lower L wall of the
trough was singled out in order to be consistent with the choice of the
innef equatorial saturation region on Explorer 45.

The plasmapause and trough locations determined for August 1-17 are
plotted as functions of universal tim~ In Figure 5. The mhgnetic local
times corresponding to these locations were typically in the range
between 16 and 18 MLT as scen at the top of the figure, In response to
variations in magnetic activity (the Kp index is plotted at the bottom)
both whe trough snd plasmapouse L coordinates moved to lower L coordin-
ates with enhancements in the magnetic activity and recovered toward
prestorm values after the subsidence of the large magnetic storm which
began on Avgust 4. On the average the plasmapause.and_trough L positions

vary similarly with time, but the equatorial plasmapause field lines

tend to be shifted toward higher L values than the ionospheric Hh troughs.
Indeed, for all the events in Figure 5 where the trough L location was
;; significantly greater than that of the nearest plasmapause sampled,

there was either a few hours difference between the magnetic local times




or between the universal times of the two locations, Considering that
longitudinal gradients in the plasmapauso position exist near dusk
which are dependent upon present and pfevious magnetic conditions (e.g.,
Nishida, 1971), differences in plasmapause locations at widely separated
times are not unexpected. Duc to such behavior a ceritical evaluation of
the equatorial-ionospheric boundary relationship requives that only those
measurements made closely noineident in time and L space be considered.
From the entire set of data only thosc passes werc considered as
coincident for which the equatorial plasmapause erossing occurred
within one hour magnetic local time and one hour universal time of the
carresponding ISIS 2 pass through the same L coordinate in the topside
ionospherc. This produced a limited set of 15 events, some of which
already hppeﬂred in Figure 3. For this subset of passes the magnetic
ion mass spectrometer data from ISIS was used to determine the vertical
speeds of the thermal u ions, in order to determine whether or not the
magnitude of this flow, as well as the ionosphefic n number density,
chqnggd across whe plasmapause field lines. Although a few of the passes
of this data subset while in the same magnetic field line region.tra-
versed the plasmapause, the edge of the ionospheric H+ trough, and a
decreaée in the upwérd i velocity with decrcasing_latitude, the majority
of the cvents detected the plasmapause field line to lie poleward of
the trough and the velocity change in the ionosphere. Figures 6 through
8 depict tﬁree of the more.prominent examples of this latter behavior.
- In these figures the.O_+ density is seen to lack any trough structure

in the vicinity of the plasmapause field line; while in agreement with
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the conclusion drawn from the complete plot of data in Figure 5, the
most prominent low latitude side of the ionospheric nt depression is
situuted cquatorward of the plasmasphere boundary. The H" flow is
directed upwards in the depleted H* density region with velocities of
the order of 1-2 km/sec as is to be expected if the depleted magnetic
flux tubes are being refilled from the ionosphere. Such flows persist
to the equatorward wall of the ionospheric depreSsion and do not change
abruptly across the plasmapause ficld lines (as was expected for the
simple model depicted in the introduction),

The velationship between the plasmapause and light ion density
variations iﬁ the ionosphere was not discernably dependent on magnetic
activity conditions. Figures 6 through 8 correspond to measurements
made under different magnetic conditions (the Kp indices from the tinme
of the observation backwnrﬂs in time to 15 hours before are listed on
each plot}., This is further seen in Figure 9 where the L difference
between the plasmapause location and the H* trough location is plotted
as a vertical bar on the same universal time plot of the Kp and Dst
index which as an indicator of the ring current variation gives a rough
indication of distorsions in the magnetic field configuration. Since
.the separations of the ionospheric and magnetospheric signatures do not
follow in phase with the Dst variations for the coincident observations,
it is unlikely that the discrepancy is due to distertions of the magnetic.
field lines connecting the ionospheric and equatorial Ht density varia-
tiohsL' Indeed, I differences greater than 1 are far greater than any

differences which could be attributable in most instances to field line
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distortions at the nominal altitudes of Lxplorer 45 (see the estimate
of this effect during quiet periods given in Morgan and Maynard, 1976).
Since a rather limited data set was considered which was extended over
4 period of a month, it was impossible to determine definitively, how-
cver, whether or not the spatial separation between the two detected
signatures varied in response to changerin, rather than to the actual
intensity of the magnetic activity at the time of the measurements,
DIGCUSSION

The observation that the equatorial plasmapause field lines do not
pass through a similar latitudinal decrease of the H' density in the
topside ionosphere, but actuwally traverse a region at the minimum of,
or poleward of the low latitude wall of, the H' ionospheric density
depression is in agreement with the statistical analysis of Titheridge
(1976) and the study of Foster et al. (1977). Indeed since the upward
directed ' velocities were detected not only in the region of the HY
trough minimum but also with undiminished magnitudes in a region equator-
ward of the near carth extension of the magnetospheric plasmapause field
lines, Titheridge (1976) offered the explanation that the outward expan-
sion of the magnetic flux tubes in the plasmapause bulge region near
dusk would produce the high speed flows. Such a mechanism may be in
part responsible for the observations tiear dusk, but it is not the com-
plete solution because the plasmasphere bulge tends to be skewed to the
nightside of dusk (Maynard and Grebowsky, 1977} on the average, whereas
the present obéervations are located on the dayside of dusk, and a similar

trough-plasmapause separation is seen at dayn (Foster et al., 1977).
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Thus the displacement of the plasmapause field lines from the trough is
seen even when outward expansions of magnetic flux tubes do not occur,

A mechanism is required which is operative both at dawn and at dusk
and possibly at all local times, although studies of the noon and mid-
night behavior have yet to be made, This mechanism must produce
enhanced HY densities near the equatorial plane via the observed upward
transport of the light ions from the ionosphere and yet must let the
ionospheric H* densities of the same field lines remain undisturbed.
By such a process the equatorial plasmapause boundafy can be formed at
higher L coordinates in the equatorial plane than the corresponding
boundary af lower altitudes in the ionosphere. Such a situation would
prevail if the field aligned flows of H" were accelerated upwards to
high velocities. Aé tho upward H" humber Fflux increases in magnitude,
the low altitude H’ density increases more slﬁwly than the higher alti-
tude densities (e.g., see the steady state flow solutions depicted in
Figure 21.9 of Banks and Kockharts, 1973). Once the flow becomes super-
sonic at some point along the magnetic field line, the equatorial_plasma
density can increase with time without.a change in the topside ionosphere
light ion density. In such a case the ionospheric plasma medium will
not respond to pressure buildups near the equator because informﬁtion
'aﬂout'changes in the high altitude distributions are carried downward
by ion acoustic waves which, of course, in supersonic flows cannot prop-
agate upstream. Such flows must persist on the outer field lines of the
plasmasphere for at least one day following a storm depletion in order

to account for a separation between the trough and plasmapause at all
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local times. Such times arc consisten? with model computations which
assume that the supersonic flows dissipate through shoeck formations
(Grebowsky, 1971); but, since those calculations did not include the
important effects of thormalization of the streams via the two stream
instability or coloumb collisions (se¢ Schulz and Keons, 1972 for a
discussion of these effects), the shock model times are at best upper
1imits. The observation of 1-2 km/sec field aligned H* Flow velocities
in the current study are copsistent with the model studies of the polar
wind velocities (e.g., Banks and lolzer, 1969) and with experimental
deductions by Brinton et al, (1971) and direct observations by Hoffmaw
{1970) which indicate that high speed supersonic flow occurs at higher
altitudes.

For this mechanism, the L difference (AL) between the plasmapause
and H* trough field lines would be determined by the length of time
needed for the ambient plasma in the refilling flux tubes te buiid up
to density levels corresponding to subsonic flows everywhere, Since
the upward H* flows are(through charge exchange) related to the iono-
spheric o* densities, localized ionospheric sources or sinks of ioniza-
tion (e.g., effects of energetic particle precipitation or ephanced
BxB drifts) will play a role in determining the variation of AL with
time, as will temporal variations in the gross convection electric field
which can lead to an irregular plasmasphere boundary such as that
deduced by Bewersdorff and Sagalyn (1972). Hence, although the plasma-
pause field line can be expected to lie poleward of the light ion trough
in the ionosphere, the separation between these plasma regions can vary

irregularly.
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Figure 1,

Figure 2.

Figure 3.

FIGURE CAPTIONS
Classical vicew of plasmapause-light ion trough relationship.
Lquatorial plasmapause (top) waps along magnetic field lines
to the topside lonosphere (widdle) where a latitudinnl H*
denslty decrease is expected (bottom). It has often been
assumed that the region of abrupt H* density decrease in the
ionosphere is the near carth signature of the plasmapause
with the largest upward velocities of the H* flows occurring
poleward of the plasmapausc field lines,
Explorer 45-ISI8 2 overlap., A typical orbit of the equatorial
satellite Explorer 45 is superimposed on ap ISIS 2 trajectory
in L-LT space near dusk for the same period. The magnetic
local times traversed by ISIS in the course of a day are
shown shaded., Coincident crossings of the same magnetic
field lines by TSIS 2 and Explorer 45 were therefore found
pre-dusk in the L range n2-5. |
LBxamples of observations in August. 0" and u* density profiles
detected on 3 ISIS 2 passes show the characteristic depression

in the light ion density commonly referred to as the light

ion trough. The most coincident passage through the plasma-

ﬁause by Explorer 45 is indicated by PP. This refers to the
innermost saturation of the d.c. double probe. The number
abave PP refers to the éharpncss of the plasmapause transi-
tion on a scale of 1 to 5 with 1 the sharpest, 5 the most

. . . + . .
gradual. Density depressions in the I’ density occur near
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the PP fileld line, but rapid 1yt density decrease in the
ionosphere are scen separated from PP, The August 1, and 1l
passes show that it may vary in response to ionospheric ot
depressions which can be jproduced away from the plasmapause,

Figure 4. ISIS 2 if* density profiles vs, L, Topside ionosphere profiles
which appear rapidly vorying in terms of invariant latitude
arc often gradual in L space. Comparison of the nearly simul-
taneously obscrved plasmapause and light ion trough variations
shows that the prominent low latitude side of the trough lies
cquatorward of the plasmapausc extension into the ionosphefe.

Figure 5. Plnsmapuuso-l-l+ trough variations. The locations (L,MLT) of
uli the plasmapause and ionospheric 't trough passages near
dﬁsk during the first half of August 1972 are compared, Using
the point of termination of the low latitude side of the trough
as 1ts poéition, the equatorial PP typically, as seen in this
figure, is the same as that of the troﬁgh or greater, For
the few instances where PP is at a smaller L than the nearest
trough crossing, the trougﬁ and plasmapause were sampled at
much different universal and/or local times. Hence these
differences could be attributed to longitudinal or temporal
changes, 1In response to the large storm beginning on the
~4th the trough and plasmapause move to lower L to recover
after the disturbance ends.

Figure 6. A coincident observation on August 8. The plasmapause cross- -

ing which occufred-within one hour UT and MLT of the trough
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Figure 7,

Figure 8,

Fipure 9,

crossing wns at a higher L than the low latitude side of the
trough. The vertical 1t flow veloeity did not decrease with
decreasing I across the plasmapause field line, Theso observa-
tions wore mnde as magnetic activity increased -- the Kp
indices are ligted backwards in time from that ot the time of
the observations.

A coincident observation on August 14, Again the plasmapause
is vraversed at ap L coordinate significantly greater than the
low latitude side of the U depression and the fleld aligned
flow shows no prominent change at the plasmapause, Magnetle
activity was not very high at this time.

A coincident observation on August 6, These passes, which
took place following a severe disturbance, show a similar
behavior to that scen in the previous examples,

All trough-plasmapause separations. The differences between
the trough and plasmapausc L position on passes which occurred
within one hour UT and one hour MLT are plotted as a bar graph

throughout August 1972. The variations of D5 and Kp through-

t
out the month show no obvious correlation with the differences.
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