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often being defined only by a sharp spike in ionization extending a few de-
grees within the auroral zone. The amplitude of the dayside high latitude
trough reduces gradually with increasing altitude. However, a second region
of dayside plasma depletion is observed between L = 2 and 6 approximately 50%
of the time. The equatorward wall of this depletion region probable repre-
sents partial flux tube filling in the outer plasmasphere.
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ABSTRACT

\

The main trough in the topside ioncsphere has been studied using the thermal
positive ion and electron densities measured over a three year period (1968=-1572)
by means of spherical electrostatic analyzers aboard the ISIS I and INJUN V
satellites in the S560-36C0 km altitude range. The trough is found to be a
persistent feature at night with an occurrence frequency of approximately

95%. The occurrence frsquency decreases td approximately 50% near the dawn-dusk < qrc

meridian and to approximately 48% near local noon. At altitudes below about

i 1500 km during quiet to moderate conditions (Kp/< 3) the trough equatorward

noon. The trough equatorward location on the nightside is in good agreement
with published plasmapsuse locations. Near local noon the trough occurs at the
equatorward edge of the magnetospheric cleft and is at significantly higher L
values than those repor<ed for the dayside plasmapause. The seasonal variation
of the trough location at ¢ given local time is negligible except near sunrise.

boundary is found et L = 3.5.5/0.5 near midnight snd L = 12.5(2)1.0 nesr local !
1

with incressing altitude between 1500 and 3600 km, the equatorial houndary
of the %rough moves to continually lower latitudes during the nignt houss. The
equatorward trqugh wall becomes A dominant feature of the trough often sxtending
from 189 to 209 in width during/quiet magnetic periods./ The poleward of the
trough becomes less well marked/ with incressing altitude often bYeing dafined only
by a sharp spike in ionization/extending over a few degrees within the auroral
zone. The amplitude of the dayside high latitude trough reduces gﬂd;‘ully with
incressing altitude. However, a second region of dayside plasma depletion is
observed between L = 2 and 6 approximately S0% of the time. The equatorward wall
of this depletion region probsbly represents partial flux tube filling in the
outer plasmasphere.

INTRODU N

Mid-latitude troughs or depressions in the the plasmasphere (Thomas and Andrews, 1968, :
Tulunay and Sayers, 1971, and Grebowsky et al.
1976), have shown that mid-latitude charge
sctudies of trough characteristics have been density depletions occur nesr the same L shells
carried out by a number of workers including as the average plasmapsuse position on the
Miller snd 3race (1969), Rycroft and Thomas nightside. Rycroft and Thomss (1979) and
(1970), Tulunsy and Sayers (1971), Taylor et al. Tulunay and Sayers (1971) established that the
(1975) and Grebowsky et al. (1976). Statis- trough positicn varies with Kp in & manner
tical studies of “he relation of the trough to similar to the plasmspause dependence upon

7T layer ionization were first reported by
Muldrew (1965) and Sharp (196§). Further
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magnetic sctivity. Taylor et al. (1974) have
shown that the trough exists in the individual
ion species H*, He™ and 0*,

Studies of the diurnsl, seasonal and alti-
tude variation of the trough characteristics
have led to confusing results (Wrenn and Raitt,
(1975). Miller (1974), for example, reported
that dayside troughs persisted above 2500
while below they were seldom detectable. There
are several reasons for the differences in
trough results. These include use of a limited
data base, widely varying altitude of the
measurements, varying spatial resolutions of
the measurement from a few «m to nearly 1000 km,
difficulties in detecting dayside features due
to photoelectrons as well as varying criteria
used to define the trough location. Tulunay
and Sayers (1971) for example, used the trough
minimum, while Brace and Theis (1974) used a
density level of 103 electrons/cm3 along the
equatorial trough wall.

The present study seeks to contribute new
xnowledge of the trough characteristics as a
function of local time, season and altitude.

The “rough occurrence frequency is also pre-—
sented as a function of local time. The study
is based on the examination of thirty-seven
months of ISIS I positive ion and INJUN V
electron prove data. The relation of the trough
to the plasmapsuse is examined at all local
<imes.

THE SXPERIMENT

ISIS I thermal charged particle measure- -
ments were obtained with a spherical electro-
static analyzer that measured the thermal ion
density, the ion energy distribution from 0 to
50 eV, the satellite potdntial, and the rstio of
the ion mass =0 the ion temperature. The sensor
mounted on a 96 c¢m boom, consists of three con-
centric spherical electrodes with radii of
1.90, 2.54 and 3.18 ¢m respectively. The opera-
tion of the probe is based cn the motion of
charged particles in a central force field
(Sagalyn, et al., 1963, Sagalyn and Smiddy,
1967, Smiddy and Stuar%, 1969, Whitteker et al.,
1972). The sensitivity range of the instrument
is 10-108 fons em~3, in sunlight, however,
photoelectren currents limit the lower sensiti-
vity to about 700 ions em=3. Ion densities
were sampled 60 times per second, corresponding
t0 a spatial resolution of 150 m. The ratio of
mass to temperature was sampled once per minute,
and the energy distribution was samples once
every 2 min. The results in this report are
based on the ISIS I ion density mode of opers=—
tion and also on measurements made with a two
electrode spherical probe flown on INJUN V with
a spatial resolution of 2 km.

DATA BSASE

The ISIS I satellite served as an idesl
platform for the study of diurnal and seasonal

morphology of the trough, since its orbital i
plane precessed nearly cne hour of local time |
per week, providing a complete 24 hour coverage.
in about 3 months. Data cbtained within 4S5
days of the equinox and solstice pericds wers
utilized for the seasonal study.

The statistical portion of the study re-
ported here utilizes thermal positive ion den~ .
sity measurements on about 12,000 ISIS I orbits:
between Febraury 1969 and March 1972. The 2
measurements have a spatial resolution of 150
meters and are well suited for the study of
trough characteristics. In addition, thermal
ion and electron densities measured by similar
instruments aboard the INJUN V satellite on
about 3000 orbits between November 1968 and
November 1970 were used to improve the data
base within a few hours of local noon. The
data cover the altitude range 550-3600 km and
all local times and seasons.

i
'

For the diurnal studies of trough charac- '
teristics about 20 to 25 clearly identifiable
troughs were available in each hour of local
time in each season. Seasonal variations were
deduced utilizing data collected in three
successive years. Northern hemisphere data i
obtained during magnetically quiescent and
slightly disturbed conditions i.e. Kp < 3 were
used in the statistical portion of this study.

RESU BELOW 1 km

a. Definition of Trough Parameters
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Fig. 1. Example of low altitude trough (<1500
km) where points 'a' and 'b' denote
the location of top and base of the
squatorial edge respectively. Points
‘¢! and 'd' denote the location of the
base and top of the poleward edge.

A representative low altitude trough is !
shown in Fig. 1. Point 'a' denotes the loca-
tion of the trough equatorward edge. It is the’
point marking the onset of a mejor decrease in |
ionization density with incressing latitude.




‘D' denotes the base of the equatorward wall,
'c' the base of the trough poleward wall. The
top of the poleward edge, point 'd' is the
intersection of lines drewn along the trough
poleward wall and through the first ionization
maximum in the precipitation region. The ratio
of the densities at points a/d and d/c repre-~
sent the trough amplitudes at the equatorward
and poleward edges respectively.

While there is considersble variation in
the trough amplitude, width and gradient from
orbit to orbit as illustrated in Figs. 2, 3
and 4, points ’a’ through ’'d’' can usually de
readily messured for altitudes below about
1500 km. The widths of the equatorward and
poleward walls typically rsnge from 19 to 4°,
The high latitude precipitation region extends
over several degrees and is highly structured
The trough width and amplitude are consistently
smaller on the dayside than on the nightside
as illustrated in Figs. 4 and 2, respectively.
The equatorward edge of the trough wall point
'a' of Tig. 1, was taken as the trough location
for the study of results below 1500 im.
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Fig. 2. Nighttime low altitude (<1000 km)
<rough examples.
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Fig. 3. Examples of troughs between 1000 and

1600 km within 4 hours of midnight.
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Fig. 4. Low altitude (<1000 km) daytime
trough examples within 3 hours of
noon.

b. Trough Jc ence Frequ
The trough occurrence frequency as a func-

tion of local time is given in Fig. S for alti-
tudes below 1500 km.
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Fig. 5. The trough occurrence frequency versus
local time for sltitudes <1500 ikm.
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For each hour of locsal time, data from st lesst
3 months were utilized. For example, the re-
sults at 19:00 LT includes data from March,
August, September 1969, January and February
1970 giving a total of 65 observations. The
results are based on data from all seasons

and include about 830 clearly identifiable
trough observations.

In the nighttime hours, 19:00 to 05:00 LT
the trough occurrence frequency is very high,
approximately 96X as seen in Fig. S. Near
0S:00 LT a sharp decrease in the occurrence
frequency is observed. After 08:00 LT there is
a gradual decrease in occurrence frequency
with time reaching a minimum value of approxi
mately 48% near local noon. At about 13:00 LT
the occurrence frequency begins to increase
reaching the maximum nighttime value at 19:00
LT. It is seen that the afternoon increase in
the occurrence frequency is somewhat steeper
than the morning decrease.

The results of Fig.S represent the first
quantitative determination of trough occurrence
frequency over a 24 hour period. These results
are in agreement with the findings of Tulunay
and Sayers (1971) which show a broad maximum
during the night hours and a minimum within = 3
hours of local noon in the northerm winter
hemisphere. Taylor et al. (1970) and Tulunay
(1973) have reported the axistence of persis-
cent daytime troughs. Miller (1974) found no
daytime troughs below 2500 «m from the ISIS I
electron probe measurements. Miller's ISIS I
sensor had a spatial resolution of 9° and
ngnce could not resolve the high latitude
:rousha with widths typically ranging from 2
ts 6.

3rinton et al (1969 and 1970) have shown
chat the ion composition in the topside iono-
sphere at mid and high latitudes consists
predominantly of 0% on the dayside. The midday
occurrence frequency of 48% shows that the
produczion of 0" by solar UV radiation frequent-
ly dominates over ion depletion mechanisms.

c. Trough Location

Fig. 6 shows the mean location of the
trough equatorward edge (point 'a' of Fig. 1)
versus local time for esch of the four sessons.
Zach of these four profiles is based upon at
least 400 well defined troughs. It is seen
that the summer profile is symmetrical within
Z 4 nhours of midnight and is located between
L = 3,3 and 4.0. In the morning between 04:00
and 07:00 LT, there is a sharp poleward move-
ment with an increase of 3 L units. In the
dawn-ncon sector, the summer profile gradually
moves to Qignor L values reaching a maximum of
L = 12,5 = 1.0 around 11:30 LT. Wwithin 4 hours
of local noon, the trough is found %o be loca=
ted at the equatorward edge of the cusp preci-
pitaticn region. In the afternoon sector, the

C e o e —

trough moves gradually equatorward to a vslue |
of L = S near dusk. The summer trough location!
profile is nearly elliptical in shape except for
the LT period, 04:00 to 07:00 LT.

Q000
LOCAL TIME (nre)

Diurnal variation of trough location
telow 1500 km for the four seasons.

The bars are the standard deviation

of the measurements.

The winter trough location moves
gradually inward from L = 5.5 to 3.5 between
18:00 and 04:00 LT. This equatorward movement  °
at night is consistent with the characteristic
‘nighttime movement of the plasmspause in the !
equatorial plane (Carpenter, 1966). In the
04:00 to 07:00 LT sector, the winter profile
shows a gradual movement toward higher L values
until 09:00 LT after which a rapid poleward
movement is observed locating the trough at its
peak value of about L = 12.5 at noon. The
rapid movement after 09:CO LT represents the
affect of the onset of sunrise in the winter
hemisphere. In the noon-dusk sector, the
winter trough profile moves gradually from
L = 12.5 to 5.5. The winter profile is also
elliptical in form.

The spring and fall trough profiles shown
in Fig. 6 are similar in form to the summer and
winter profiles and generally lie within the
envelope defined by the summer and winter loca=
tions throughout a 24 hour period. The pro=
files for all the four seasons approach their
highest L values near noon.

The standard deviations of the meassured
trough locations are shown as bars in Fig. 6;
they were deduced using all trough data avai-
lable in a specific hour of LT in a given sea-
son. They are of the order of - 1 L unit !
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during the daytime and = 0.4 L nesr midnight.

The standard deviation calculations show
that there is no significant seasonal variation
in the trough location except in the 04:00 to
09:00 LT sector, where the effect of the onset
of sunrise with sesson is large.

d. Com on with Other Trou
Measurements

Since the seasonal effects are small, the
mean trough location over all seascns was calcu-
lated for a comparison with published trough
data (Fig. 7). The trough location deduced by
Muldrew (1988) from f F, observations from the
Alouette 1 Topside Sounder from September 1962
to March 1963 is alsc shown in Fig. 7.

Fig. 7. Comparison of the diurnal variation
of the trough location aversged over
all sessons with the trough meesure-
ments of Muldrew (1965) (<1500 km).

Setween 14:00 and 18:00 LT the two profiles
nave similar shapes although Muldrew's curve

is located 1 %o 2 L units higher. From 18:00
o 0%:00 LT, the two profiles follcw one ano-
cher very closely. It should be noted that
chere is no "evening bulge" in the trough loca~
zion in the two results as has been observed

in the equatorial plasmspsuse location by
Cargenter (1966), Chappell (1972) and others.
The results are also in agreement with the low
altitude trough studies of Tulunay and Sayers
(1971) and Tulunay and Grebowski (197%) on the
nightside. The last two investigstions were
confined to regions of L < 7 and hence the high
latitude daytime troughs would be cutside the
range of these investigations.

RESULTS ABOVE 1500 km ;

a. Nightside

The region of significant nightside icniza-
tion depletion extends to lower latitudes with
increasing altitude. Above 2000 km tihte-equsto=i
rial wall of the trough frequently extends 15%a!
20° in latitude with highly variable shapes.
Fig. 8 shows some typical examples of trough :
density variations. It is seen that there may
be a uniform decrease of densit; with incressing
latitude or two or more changes in siope. The
high latitude boundary becomes more difficult
to define. The poleward edge of the depletion |
region is marked by one or several sharp spikes!
in the ionization, each having a width of 1°-2°;
The nightside high altitude trough is found cn
over 95% of the orbits examined.
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Fig. 8. Examples of nighttime trough measure- '
ments at sltitudes grester than 2300km.

b. Deyside f

Examples of thermal ion density cbserve-
tions near locsl noon at altitudes grester than
1500 km are given in Figs. 9 and 10. The am= '
plitude of the high latitude trough (hereafter
referred tc as T;), which was approximately 3
for altitudes less than 1500 (Fig. 4) gradually.
reduces to values less than 2 for altitudes
greater than 2000 km (Fig, 9), Wi, g1 A
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Fig. 9. Daytime high altitude trough examples

of T, = the high latitude trcugh,
withia 2 hours of noon. The low lati-
tude gradient T, is also seen on Rev.
1558,

g A e

'E\ oo .'= e ’

- N : ' i

¢ AL e

il | B i i

1% oM L7

o | f |
i b B = B OK
i o |
: T30 foE
Z {L '
o i O
T

AL B B £ E B B E

Fig. 10. Daytime trough examples between
2300 and 3500 km showing T, the
low = mid latitude trough.

The frequent appeasrance of the smaller ampli
tude high latitude <rough T, at altitudes
above 1500 is consistent with the findings of
“lnch et al., (1977) based on INJUN V results.
Simultaneous comparison of the trough densi-
zies with INJUN particles and electric field
measurements showed that T, is located at the
equatorial edge of the cusp where there are
found sharp electric field reversals which in-
dicate shifts in the plasma convection veloci-
ty. Incresses in the electron temperature by
factors of 2 to 3 and a shift from isotropic
high energy particles to lower energy aniso-
tropic magnetosheath-like slectrons and pro-
tons were also observed.

Schunk et al, (197%) have shown that the

v s

existence of horizontal electric fields and
elevated electron and ion temperatures produce
depletions of 0%, a major ion at high latitudes,
by increasing the ion loss rate, incressing the
ion scale height and by changes in chemical :
composition. The present results together with.
the INJUN measurements reported by Munch~et—alT"
(1977) strongly support the conclusion of
Schunk et al. (197%) that electric fields and
enhanced charged particle temperatures make a
significant contribution to the formation of
the dayside high latitude trough.

Significant daytime gradients are also
found to develop between L = 2 and 6 with in-
creasing altitude (Fig. 10). These lower lati-!
tude gradients or troughs which we will refer
to as T3, are observed on 50% of the dayside
orbits. As on the nightside, the poleward
edge of the daytime depletion region is usually’
maried by spikes in ionization. The transition
from Ty only %o T) and 1'2 type dayside struc-
Sures occurs gradually in a transition region
between 1300 and 2000 km. An example of a fully
developed T.‘ and T2 type ionospheric structure
is given in Fig. ll. Here the equatorward walls
of T, and T, are found at invariant latitudes
of 75.5 and 54°, respectively.

253 124 1252 1307 1334 441 MLT
2928 2301 2449 [ITS 22681 ASY AT
22 29 LX) &0 as 232 L

[}
in

JON DENSITY (IONS/cm3)
3

48 54 66 72 78
INVARIANT LATITUOE (deg

Fig. ll. An observation of both high and low
latitude troughs, T; and T, respect-
ively. Altitude 2100 to 2500 km.

The statistically derived location of the
top and base of the "equatorward trough wall" of
T3, vs local time for altitudes above 2000 ikn
ig shown ia Fig. 12. It is seen that on the
nightside the top of the trough wall is consis-
tently located close to L = 2.0 (invariant
latitude = 45°) and its base is found at L =4.4
(A =6819 ), On the dayside the base of the
ion depletion region, Ty, is found at slightly °
higher latitudes. At local noon it is located
at L = 6.5 ( A\ = 679). The equatorward wall is:
the dominant feature of the high altitude
ionization depletion region.
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Tig. 12. Mean location of the top and base of
the high altitude trough wall (T3)
versus local time for altitudes be-
tween 2000 and 3600 km.

As illustrated in Figs. 8 and 10 the ion densi-
ty frequently changes dy %wo orders of magni-
sude between the top and the base of the wall.
This is much grester than the change in density
below L0000 «m, either day or aight (Figs. 4 and
2). The high latitude trough wall T,, of Fig.
12 corresponds %o the plasmapause reported by
3race and Theis (1974) from ISIS I elsctron
probe measurements above 2500 km. They identi-
fied the location of an ionization level of L
elesctronsiaralong the trough wall as the
plasmapause, and obtained a nearly circular
plasmapause boundary at about L = 4. As would
2e expected from =he 3race and Theis plasma-
pause criteria their resuits lie in the shaded
area of Tig. 12. T, also corresponds to the
high altitude ISIS I dayside trough reporied

by Miller (1974). The T, type of ionization
radients were slso observed by an electron
sensor aboard the polar orbiting satellite
QV3~l in the 3000-5700 km altitude region be=
sween L = 2 and § (3ewersdorff and Sagalyn,
1972 and 1972).

We consider that the trough wall of Fig. 12
between about L = 2 and 6.5 is the result of
parvial filling and/or erosion of the outer
plasmasphere. The combined effect of magnetic
substorms (Park and Sanks, 1974 and 197%) and
of diurnal plasma depletions and replenish-
ments prevent the outer shells of the plasma-
sphere from resching saturation density.

DISCUSSION: TROUGH LOCATION AND THE
PLASMAPAUSE

Nishida (1966 and 1967) first explained
zhe formation of the plasmspsuse in terms of 3
magnetospheric convection model. Thomas and
Andrews (1968), Rycroft and Thomas (1970),

Tulunay (1972) and Tulunay and Grebowsky (1975) |
have all demonstrated a close relationship be-
tween the plasmapause and the mid-latitude
trough at night. However, there are disagree-
ments among these workers regarding the details
of this association. :ishida and Thomas and i
Andrews, consider the equatorward trough-edge —
to be the physically more significant part of !
the trough and have shown it to be correlated
with the equatorial plasmapause, while Rycroft
and Thomas (1970), Tulunay (1972) and Tulunay
and Grebowsky (197%5) have shown the trough mini-
mum location to be correlated with the plasma-
psuse. Tulunay and Hughes (1973) have shown |
that the location of the trough minimum is
partially influenced by the location and move-
ment of the auroral precipitation region at ;
night and hence recommend the use of the more
precisely measurable trough equatorward edge. |

In Fig. 13 the trough location identified
as the low latitude edge of the equatcrward
trough wall, for altitudes below 1500 km is
compared with the plasmapause position deduced
by Chaeppell et al. (1972), Carpenter (1966) and
Taylor et al. (1970). At night the trough and
plasmapause variations are very similar although
«he ISIS I trough locations are slightly equa- .
zorvard of the plasmapause position. Thomas
and Andrews (1968) obtained similar results.
Since the trough equatorward wall is typically
1° to 4° wide, the equatorial trough base is
located approximately 0.3 to 1 L unit poleward !
of the results shown. These results strongly
suggest that the mid-point of the trough wail
is an excellent indicator of the plasmapause i
during the night hours at low altitudes.

Fig. 13. Comparison of the mean locatiocn of
the low altitude trough (<1500 km)
versus local time with the plasma-
psuse measurements of Carpenter (1966),
Taylor et al. (1970} and Chappell
ot al. (1972).
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The daytime trough location below 1500 km
deduced from ISIS I and INJUN V measurements
shown in Fig. 13 is considerably different
from the reported plasmapause profiles. The
ISIS I low altitude troughs are found at sub-
stantially higher latitudes (L = 12.5 = 1°),
just equatorward of the cusp precipitation re-
gion. The trough moves gradually to lower
latitudes toward dusk while the plasmapause
position lies between L = 4 and 7 from dawn to
1600 LT. The three sets of plasmapause loca-
tions in Fig. 13 do not show marked asymmetry
between night and day while it is quite pro=-
nounced in the ISIS I trough location. The
results of Tulunay (1973) and Tulunay and
Grebowsky (1975) indicate a similar assymetry.

Examination of the location of the high
altitude equatorward trough wall, T, (Fig.
12) shows that it is the base which may be
reasonably compared with the plasmapause loca-
tions shown in Fig. 13. The base located at
L = 4.4 near midnight and at L = 6.5 at noon is
in good agreement with the plasmapause measure-
ments. However, it should be noted in agree-
ment with the finding of Brace and Theis (1974)
that the trough shows no afterncon bulge.

Recent measurements by Gringauz and
Sezrukikh (1976) using ion traps aboard
Srognoz and Prognoz 2 satellites led them to
conclude '"a considerably higher latitude for
the plasmapause at noon compared to that at
midnight as a typical featurs of the quiet
magnetosphere". Their noon-midnight measure-
ments of May 8 and August 24, 1972, for exam-
ple, show a difference of approx. 3.5 L in the
noon-midnignt plasmapause location. On the
average, however, they find the plasmapause
location %o be 1.3 L higher at noon than at
midnight. Lemaire’s (1976) theoretical studies
of the steady state plasmapause position de-
duced from McIlwain's (1974) E3H convection
electric field model for magnetically quiet
conditions (Kp = 1 to 2) clearly show a noon-
midnight asymmetry with the plasmapause at
nigher L values at noon than at midnight.
Carpenter and Seely (1976) from recent quiet
zime Whistler drif% path observations noted
significant noon-midnight asymmetry in the
plasmapause location contrary to sarlier
measurements (Carpenter, 1966). The whistler,
satellite measurements and theoretical deduc-
=ions of Wolf (1974) and Lemaire (1976) provide
strong evidence for a noon-midnight asymmetry
of the plasmapause, with the noon plasmapause
located at higher L values. The ISIS I high
altitude measurements of T, show that the base
of the high altitude trough wall is in good
agreement with these recent plasmapause
results.

SUMMARY CONCLUSION

Examination of thermal ion and electron
troughs in the topside ionosphere obtained by
mesns of instruments flown on the ISIS=I and

INJUN V satellites over a 3 yoir porisa QBA;;’—
conditions when Kp < 3 has led to tne follow-
ing results:

1. The trough occurrence frequency is
over 30% - 'thin 3 hours of midnight, it de-
creases to 50% near dawn and dusk, and Teaches—
a minimum value of 48% near local noon.

2. At altitudes below 1500 km on the
nightside, the midpoint of the equatorial
trough wall at about L = 3.8 is found to be in
good agreement with reported plasmapause posi-
tions. At altitudes between 1500 and 3500 «km,
the top of the equatorward trough wall moves tol
continually lower latitudes. At these higher
altitudes, the equatorward wall becomes the
dominant feature of the ionization distribution
often extending 15° to 20° in latitude. The
poleward edge of the trough becomes less well
defined at high altitudes and is marked by
ionization spikes 1° %o 2° in width.

3. On the dayside below 1500 <m the mean
Eocacioa of the trough T; at noon is L = 12.5
- 1.0, much higher than the dayside plasma-
pause location. T; persists above 1500 km
with decreasing amplitude above this level.

4. The diurnal variation of the trough
location was not found to vary with season
except near sunrise.

S. The ISIS I data and simultaneous
TNJUN V measurements of electron density, ion &i
electron temperature, horizontal electric
fields and particle measurements show that the!/
high latitude trough, T;, is located at the
aquatorward edge of the cusp. It is concluded
that electric fields and enhanced thermal
electron and ion temperature contribute %o the
formation of T, by increasing ion loss rates,
ion scale ncigﬁc, and producing changes in the
chemical composition of the region, in agree-
ment with the theoretical analysis of Schunk
et al. (1975).

6. At all altitudes above 1300 km a
second ionization depletion region or trough
Tz, is observed between L = 2 and S.

7. The base of the high altitude trough
wall (T, on the dayside) is found to lie be-
tween L = 4 and 6 in good agreement with
plasmapsuse locations in the equatorial plane.
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