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TOPSIZ’E IONOSPHERIC TROU ~~ MORPHOLOGY - - -

AT M~~~— AND HIGH—LATITtJDES . . -

M. A1tmed
aegis Cøll•g•

Weston. MA 02193

and

R .C. Sagalyn
Air Force Geophysics Laboratory

Hanacom A73 , MA 01733.

ASSTRACT

The main troI 4h in the topside ionosphere isa been studied using the thermal
positive ion and electron densities measured over a three year period (1969—19721
by means of spherica l electrostatic analyzers aboard the ISIS I and INJUN V
satell. tas in the 560—3800 i~~ altitud• range. The trough is found to be a
persistent feature at night with an occurrence frequency of approximately
95%. Tha occurrence frequency decreases to approximately 50% nssr the dawn—dusk Q Q~
rieridian end to app roximate ly 48% near Local noon • At altitudes below about
1500 km during quiet to moderate conditions (Kp/< 3) the trou~ l q~it~rW*~~
boundary is found at I. a 3.3~~,0.5 tsar ntidnigtt~~~nd I. • l2 .5(.~ i 1.0 near 1 I 1~~~ + °l

noon. The trough equa torwar d location on the night side is itt good agreement
with published plaama p.uae J.ocstions . Hea r local noon the trough occurs at the
equatorward edge of the nagn.to spher tc cleft and is at significantly higher !.
values than those repor ted for the dayside plasmapa uae. The seasona l, variation
of the trou gh location at i~ given local tim. is negligible except tear sunrise.

With incre~aing altitude bel?teen 1500 and 3600 km . the equatorial boundary ,—
of the tr ough nbves to continual4y lower lat itudes during the night hou~l. The
equatorw srd tr ~ugh wall becomes ~ dominant feature of the trough oft en ~xt ending
from 15° to 20! in width during/quiet magnetic per ioda./ The poleward ~dge of the
trough becomes less wel.L Eax1ie~ ’ with increasing altItu de often being dfrfin.d only
by a sharp spike in ionization /extending over a few degrees within th~ auroral
zone . The emplitude of the dsi~,rside high lat itude trou gh reduces gradnally with
in~~~maing altitude. Kowev.r~ a second region of day side plasma depletion is
observed between L * 2 end 6 approximately 50% of tha time . The equacorwerd wall
of this d.p3.etion region probably represents partial flux tube filling in the
out sr pi,asasaph ere .

Mid -L atit ude troughs or depressions in the the plsaasap her. ( Thomas end Andrews , 1968,
7 layer ioniza tion were first reported by Tulumsy and Sayers , 1971. and Grabowsky et al.
4uldrew ( 1965 ) and Sharp ( 196~ ) .  Furt her 1976 ) • have shown that mid—latitude charge
studies of trough chsrsctoriatica have been density d.pl.vior,.a occur tear the same L shells
carried out by a number of workers including as the average pisumepause position on the
M iller and Srace (1969 ) • Rycroft and Thomas nigh tside. Rycro ft end Thomas (1970 ) and
( 1970), Tulunay and Sayers (1~7L), Taylor et .3.. Tui iimay and Sayer s ~i97l) estab lished that the
(1975 ) and Gr.bowsky et .1. (1976). Sta tis— trough position vez ieg with ICp in a manner
~Lcal studies of the relation of the trough to similar to the plaaaspause dependence upon



magnetic activity . Taylor et a L . (1974) have morphology of the trough , sinc, its oz’bftal 
—

shown that the trough exists in the individual plane preceusd nearly one hour of local time
ion species H’. He ’ and 0’, per week , providing a complete 24 hour coverage

in about 3 months • Data obtained within 45
Studies of the diurnal, seasonal and alti— days of the equinox and solstice periods were

cude variation of the trough characteristics utilized for the seasonal study .
have lad to confusing results (Wrens and Ra it t , - — —.- —

(1975) .  Miller (1974), for example, reported I s  statistical portion of the study re—
that dayside troughs persisted above 2500 

~~ ported here utiL izas thermal pâaitive ion den—
while below they were seldom detectable. There sity measurements on about 12, 000 ISIS I orbits
are several reasons for the differencss in betu sen Febraury 1969 and March 1972. The
trough results . These include use of a limited measurements have a spatial resolution of 150
data base , wide ly varying alti tude of the meters and er. well suited for the study of
measurements, va rying spatial reaolu tiona of trough charact er istics, in addition , thermal
the measurement from a few km to nearly 1000 km. ion and electron densities measured by similardiffIculties in detecti ng dayaid e featu res due instruments aboard the INJUN V satellite on
to photoelectrons as well as varying criteria about 3000 orbits between November 1968 andused to defin. the trough location. Tulunay
att d Sayers (1971) for example , used the trough November 1970 were used to improve the data
minimum , while Srace and Theis (1974) used a base within a few hours of local noon. The
density level of ~~~ elsct rons/cm3 along the data cover the altitude range 550—3600 km and
equa torial , trough wall, all local times and seasons .

The present study seeks to contribute new For the diurnal studies of trough charac —
knowledge of the trough characteristics as a ter istics about 20 to 25 clearly identifiable
function of Local time, season and altitude, troughs were avai lable in each hour of local
The trough occurrence frequency is also pr e— time in each season. Seasonal variations were
sented as a funct ion of Local time . The study deduced utilizing data collected in three
is based on the examination of thi rt y -seven successive years . Northern hemisphere data
months of ISIS I positive ion and INJUN V obtain ed dur ing magnetical ly quieac en t and
electron probe data. The relation of the trough slightly disturbed conditions i.e. Kp ( 3 were
to the plasmapausa is examined at all. local used in the statistical portion of this study.
t imes.

~ESUL~’S 3ELOW 1500 km
THE £XPER M!NT

a. Definition of Trough Parameters
iSIS I thermal charged particle measure —

1tents were obtained with a spherical electro— — — - .  - -________

static analyzer that messured the thermal ion
density , the ion energy distribution from 0 to ~~ ‘

50 •V . the satellite pot&ntial, and the ratio of
the ion mass to the ion temp.rsture. The sensor 

~
mountSd on a 96 cm boom , consists of three con-
centric spherical electrode s with radii of ~ 2)’
1.90, 2.54 and 3.18 cm respectively . The opera— ~
tion of the probe is based on the notion of ~charged particles in a central force field loI
( Sagalyn , em a l.,  1983, Sagalyn and Smiddy ,
1967, Smiddy and Stuart , 1969 , Whittaker at al. -~~~ 5) ’
1972). Th. sensitivity range of the instrument ~ ~~~

‘

is 10—l0~ tons cm 3, in sunlight , however , S
photoelectron currents Limit the lower sensit i— 3& 

~~ ~ SO 55 10 15vity to about 700 Ions cm’4. Ion densities s’as.mT LA11’fljOg Cded
were sampled 60 times per second , corresponding
to a spatial resolutIon of 150 m , The ratio of
mass to temperature was sampled once per minute. Fig. 1. Example of low altitude trough (<1500
and the energy distribution was samples once Ism ) where points ‘ a ’ and ‘b’  denote
every 2 m m .  The results in this report ar, the location of top and base of the
based on the ISIS I ion density node of opera— equatotial enge respectively. Points

‘ c ’ and ‘d ’ dsnota the location of thetton and also on measurements made with a two bale and top of the poleward edge .electrode spherical probe flown on INJUN V with
a spatial reaolution of 2 km. A representative Low alt i tude trough is
DATA 3ASE shown in Fig. 1. Point ‘ a ’ denotes the loca-

tion of the trough equatorward edge . It is the
The ISIS I satellite served as an ideal point marking the onset of a major decrease in

platform for the study of diurnal and seasonal ionization density with increasing 1atitud..~~~~

• 
:~~~~..
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‘a
‘b,  dinotes the base of the equatorward wall, 

__________________________________

‘c ’ the base of the trou gh polsward wall. The I ~~~ 
~~•‘ 

1
top of the polewerd edge, point ‘4 ’ is the - 1 ’
intersection of Lines drawn along the trough .

polsward well and th~rough the first ionization ~ r 1
maximum in the precipitation region . The ratio S ~~~

of the densi ti.s at points a/b and die repre-
sent the trough amplitudes at the equatorwerd ~ ~.J(,, ~ !i, t L L .

and poleward edges respectively. .‘L
~ F..’-’ ~~~

While there is considera ble varia tion in ~ ~

‘ I
the trough amplitude, width and gradient from F A
orbit to orbit as Illustrated in Figs. 2, 3 .‘

~ ~ .4 
~and 4, points ‘a ’ through ‘d ’ can usually ~• 

p •

readily measured for altitudes below about .k~ ~.t J ~,. )~? ~ . .
1500 km. The widths of the equatorward and “— 

~~~~~~~~~~
poleward walls typically range from 10 ~~ 40 , - - - - —
Th. high La titude precipitation region extends
over several degrees and is highly structured Fig. 3. Examples of troughs oetween 1000 and
The troug h width and amplitude are consistently 1600 km within 4 hours of midnight.
smaller on the dayside than on the rtightsid. — — .. -. - — -- -. - - -

as illustrated in Figs . 4 and 2, respectively.
The equatorward edge of the trough wall, point ~t’~4. I
‘ a ’ of F ig. 1, was taken as the trough Locati on I’ ”

~~~~ ~
for the study of results balow 1500 km . V~ I 1

_ _ _ _ _ _ _   
r ~~- r

~~1 t:’ I . .  - -

V 
~~~~~~ 

: ~~~
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

Is 
- 

~~I
• - .

— 
.2.

~ ( Fig. 4. i-ow altitude ((1000 ka) dayti me
/ tr ough examples within 3 hours of

_ noon ,

1 L. . 

b • Trough Occurre nce Freouency

The trough occurranca frequency as a func—
— - -  -- — tion of local time is given in Fig. 5 for alti—

MLT. - 22 hss — 30 sin tudes below 1500 km.

Fig. 2. titude (4000 km) 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___

____ -

- 
— o 

~ ~ ~ ~~~* II ~~ 
p

~~~~ ~~~

Fig. 5. Th. trough occurrence frequency versus
local. ties for altitudes <1500 km. 
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For each hour of local ti,. , data from at least trough moves gradually equatorward to a valu e
3 months were utilized. For example, the re- of L. — S near dusk . The suiemer trough location
suits at 19:00 1.? includes data from March, profile is nearly elliptical in shape except for
August , September 1969 , January end February the iT period , 04:00 to 07:00 iT.
1970 giving a total of 65 observation s . The
results are based on data from all seasons - -

and include about 830 clearly identifiable
trough obiervattogts . ‘a . . - ‘0

In the nighttime hours , 19:00 to 05:00 iT /:‘

the trough occurrenc, frequency is very high , :
approximately 96% as seen in Fig, 5. Near ‘a

05:00 1.1’ a sharp decrease in the occurrence 
- 

I 
-

frequency is observed . After 08:00 iT there is -

a gradual decrease in occurrence frequency
with time reaching a minimum value of approxi I i t rna a 0 Ii 14
mately 48% near local noon. At about 13:00 1.1’ ‘a 

- ,
‘ “

the occurrence frequency begins to increase .,

reaching the maximum nighttime value at 19:00
LI. It is seen that the afternoon increase in
the occurrence frequency is somlwhst steeper 

— , , (
~than the morning decrease. __ amISS

The results of Fig. 5 represent the first “
quantitative determination of trough occurrence
frequency over a 24 hour period. These resul ts 

________

era in agreement with the findings of Tulun.ey ~~~~~~~~~~~ ~~~~

and Sayers (1971) which show a broad maximum
during the night hours and a minimum within ~ 3
hourS of Local noon in the northe rm winter Fig. 5. Diurnal variation of trough location
hemisphere . Taylor at a,. ( 1970 ) and Tulunay below 1500 km for the four seasons. -
(~.973) have reported the existence of pen is— The bars are the standard devistlon
tent imytime troughs. Miller ( 1974) found no of the measureme nts.
dayti me troughs below 2500 kin from the ISIS I
elect ron probe measurements . Miller ’ s ISIS I The winter trough location moves
sensor had a spatial resolution of 90 and gradually inward from 1. • 5.5 to 3.5 between
r ’ence could not resolve the high Lat itude 18:00 and 04:00 1.?. This equatorward movement
mrou!hs wIth widths typically ranging from 20 at night is consisten t with th. characteristic
to S . ‘n.tghtt,im. movement of the plasmspa use in the

equatorial plane (Carpenter , 1966). In the
Sninton et el ( 1969 and 1970 ) have shown 04 :00 to 07 :00 1.? sector , the winter profile

that the ion composition in the topside iono— shows a gradual movement toward higher 1. va lues~
sphere am mid and high latitudes consists until. 09:00 1.? after which a rapid pol.ewsrd
predominantly of 0’ on the dayside. The midday movement is observed locating the trough at its
occurrence frequency of 48% shows that the peak value of about 1. — 12.5 at noon . The
production of 0’ by solar UV radiation frequent— rapid movement after 09:C 0 1.? represents the
ly ~ominatea over ion depletion mechanisms, effect of the onset of sunr~s. in the winter -

hemisphere . Iii the noon—dusk sector , the
c. Troush Location winter trough profile moves gradually from

1. m 12.5 to 5.5. The winter profile is also
Fig. 6 shOws the mean Loca tion of the elliptical in form .

trough equstorward edge (point ‘a’ of Fig. 1)
versus Local time for each of the four seasons . The spring and fall. trough profiles shown
lath of these four profiles is bseed upon at in Fig. 6 are similar in form to the suamsr and
least 400 well defined troughs . It is seen winter profiles and generally lie within the
that the summer profile is syometrical within envelope defined by the summer and winter loca—

4 hours of midnight and is located between tions throughout a 24 hour period . The pro—
• 3.3 and 4.0. In the morning between 04:00 files for all the tour seasons approach their

and 07:00 1.7, there is a sharp poleward move— highest L. values near noon.
nent with an increase of 3 C. units. In the
dawn—ncon sector , the summer profile gradually The standard d.viations of the measured
moves to higher C. values reaching a maximum of trough locations are shown as bars in Fig. 6~C. a 12.5 — 1.0 around 11 1 30 LI . Within 4 hours they were deduced using all trough data avsi—
of local noon , the trough is found to be lee.— lab la in a specific hour of 1.? in a given sea-
ted at the equatoa’wsrd edge of the cusp prsci— son. They are of the order of ~ 1 1. unit
pitati on region. In the afternoon sector, the -—

— -~~_ . u.,,, . . ,  h—I 

- - -~~~~~~- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - -~~~~-~~ - - -~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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during the daytime and ~ 0.4 1. near aidnight. RISULTS A80~~ 1500 km 
—- 

C

The standard deviation calculations show a, Nightaide
that there La no significant seasonal variation
in the tro ugh loca tion except in the 04:00 tO The region of significant nightaide ionize—
09:00 LT sector, where the effect of the Onset tion depletion extends to lower latitudes with
of sunrise with season is Large. increasing sititud.. Above 2000 km the-equsto—-~

nial wall of the trough frequently extends l50~
d. Comoarison with Other Trough 20° in lati tude with highly variable shapes.

Measur ements Fig. 8 shows some typical examples of trough
density variations. It is seen that ther e may

Since the seasonal. effects are smell., the be a uniform decreas e of densiv. wi th increasing
mean tr ough loca tion over all seasons was ceicu— latitude on’ two or more change s in sLope. The
lamed for a comp arison with published trou gh high Latitude bounda ry becomes more diffiCult
data (Fig. 7) .  The trough Location deduced by to define. The pol.wsrd edge of the depletion
Mu.Ldrew (1985) from f 0F2 observations fr-a. the r*gion is marked by one or several sharp spikes
Alouette 1 Topside Sounder from September 1962 in the ionization , each having a width of L°—2°.
to March 1963 is also shown in rig. 1, The nigfltside high altitude trough is found on

- - -  — — ---——- - - - oven 95% of the orbits ex ained .

_ _  

\ i

1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~:L

Fi g. 7. Comparison of the diurnal variation
of the trough location averaged over ‘

~cli. seasons with the trou gh meesur a—
mints of .Mul.drew ( 1965) ( 1500 k m ) .  r

\. U~3.tw.en 14:00 and 18:00 1.7 the two profiles L -

have similar shapes althoug h Muldrew ’s curve
is located 1 to 2 1,. un its higher . From 18:00 i I
to 05:00 C.?, the two profiles follow one ano-
ther very closely. It should be noted that 

~~~~~~~~~ ~~, !.. i!~. ~. ~there is no “ evening bulge” in the trough b ce— - -
mion in the two resu lts as has been observed
in the equatorial plasmapeuse Location by Fig. 8. ~xsmples of nighttime trough measur e- -

Carpenter (1966 ) • Chsppell (1972) end others • menta at altit udes greater than 2300km .
The results ar e also in agre ement with the Low
altitude trough studies of Tulunsy and Sayers b. Davaide

.97 ) and Tulunay and Oreb owski (1915 ) on the
nightside. The last two investiga tions were !x pl.s of thermal ion density observa—
confined to region, of C. ( 7 and hence the high tiona near Local noon at altit.4es greeter than
latitude daytime troughs would be outside the 1500 km are given in Figs . 9 and 10. The em—
range of these investigations . plitude of the high latitude trough (hereafter

referred tc as Tj ) .  which was approximately 3
for altitudes lees than 1800 (Fig . 4) gradually
reducee to values less than 2 for alti tudes
greater than 2000 km (Fig. 9 ) ,
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_________________ existence of horizontal electric fi.lds and

I elevated electron and ion tempe ra tures produceI IC 
~~~~~~~ .‘l’.445 depletions of 0*, a major ion at high latitudes .

by increasing the ion loss ra t. , increasing the 
-

- j composition. The present results together with -

ion scale height and by changes in chemical

- _ _ _ _ _ _ _ _ __________________ - 
the INJUN measurements reported by M(inctt et alr

ir ,r ~~ ‘I,
use as a... em ( 1977 ) strongly support th. conclusion of

Schunak et al. (1975) that electric fields and
enhanc ed charged particle temperatures make a

~ ‘(“ em significant contribution to the formation of•

~~ ~~: 1 ~~~~~~~~~~~~~~~~ 
j  

- the daysids high Lati tude ~~~ugh.

I ~~ 
Significant daytime gradients are also

__________________ found to develop between C. s 2 and 6 with in—41-.
~~ 1 a’ creas ing altitude (Fig. 10) . These lOwer la ai— I

-.- se, ~~•
‘~‘a’ ‘~‘ “ tude gradients or troughs which we will refer

to as T2, are observed on 50% of the dayside
orbits . As on the nightaide, the poleward

FIg. 9. Daytime high altitude trough examples edge of the dayt ime depletion region is usually
of T — the high Latitude trough , marked by spikes in ionization. The transition
withkn 2 hours of noon. The low lati— fz’om T I only to T1 end T2 typ e dayside stru t—
ude gradient 

~~ 
is also seen on Rev. ure a occurs gradua lly in a t r ansi t ion region

1.535. between 1300 and 2000 km. An example of a fully
developed T, and 

~2 type ionospheric structure
is given th Fig. 11. Hers the equatorward walls

— - _______- - -- - of T and er. found at invariant lati tudes
__________________ __________________ 

of 7~ .5 and 54~~, respectively.

~~~~

~~ ~

- \ ~ 133 ‘244 232 30? 334 1441 M I. T

______________ 
2321 2501 2446 ~~75 2561 2156 A4,.T
2.2 2.6 40 10 I~~~5 23.2 C.

~~~~~~~~~~~~~~~

. 

~~‘

. 

~~ ~~, 
45 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _a be ______________________

_ _ _ _ _ _ _  ‘L
j I_;~. f~. ~~. ~~, ~~. it,. ~

54 60 66 72 78FIg. 10. Daytime rough examples between 
~~~~~~~~ 7•UOC (d~~2300 and 3500 1cm showing T~ , the

1.0w — mid latitude trough .

The frequent appearance of he smaller ~~~li Fig. 11. An observation of both high and Low -

ude high latitude trough 
~l at altitudes latitude troug hs. r1 and - respect —above 1500 is consistent with the findings of’ ively. Altitude 2100 to 2~00 Ice.

MUnch et a l . ,  ( 1977 ) based on INJUN V resul ts .
Simultaneous comparison of the trough densi— The statistically deri ved location of theLea with Y.NJUN particles and electric field 

~~~ ~~~~ of the ‘ equato rwar d trough wall” ofmeasurements showed that is located at the vs Local, time for altitudes above 2000 Cciequatoria l edge of the cusp where ther e are La shown in Fig, 12. It is seen that on thefound sharp electric field reversals which in nightsid. the top of the trough wall is consis—.d~ cste shifts in the plasma convection va loci— ten tly located close to C. s 2.0 ( invariantty. Increases in the electron temperatu re by latitude 450) and its base is found at C. s4.4foctors of 2 to 3 end a shift from isotropic ( •~ * 61° ) .  On the dayside the base of thehigh •ner~~’ perticlea to bower ener ~~ aniso— ton depletion region, T2, is found at slightly
mona wore also observed , 

at C. • 6.5 ( .t — 670) . The .qustorwar d wall. is

tropic magnetosheath—Li ke electrons and P~’O higher latitudes. At local noon it is loc*ted

the dominant featur. of the high altitudeSchunk at al. ( 1975 ) have shown that the
ionization depletion region. - - ._

______  ________________  A
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?u.Lunay (1972) and Tu.Lunay and Grebowaky (1.975) ’
_______ 

have all demonstrated a close relationsh ip be-
tween the plasmepauai and the aid—latitude

- trough at night. However, there are disag ree—
5 . 

ments among these work ers rega rding the detai ls
______ of this association. ?Ct shids and Thomas and

Andrews , consider the equacorward trough-edge —

to be the physically more significant par t of
the rough and have shown it to be correlated

SLY 
- 

- with the equatorial plssmapauae, while Rycroft -

- and Thomas (1970), Tulunsy (1972) and Tulunsy
end Grebowaky (1915) have shown the trough mini—

5,15(5*5 nun location to be correlated with the plasma—
_________ pause. Tulusiay and Hughes (1973) have shown

that the location of the trough minimum is

nigh t and hence rscoanend the use of the noro

_______ 

partially influenced by the Location and nov.—
sent of the auroral precipitation region at

22
0 precisely measurable trough equstorward edge .

Fig. 12. Mean Location of the top and bas. of In Fig. 13 the trough Location identified

the high altitude troug h well ( f ~ ) ~~ the Low Lat itu de edge of the equa torwsrd

ver sus 1.ocal time for alti tu des be— trough wall , for altitude s below 1500 Ice is

tw.en 2000 and 3500 km. < omp ared with the pls8mapause position deduced
by C2’zapp.IL et al. ( 1972),  Carpenter ( 1.966 ) and

As il1.us~r*ted in Figs . 8 and 10 the ion densi— Ta~~or et al ( 1970) . At night he trough and

my frequently changes by two orders of magni— plasmapau s e variations are very similar althoug h

tude between the top ~nd the ba*. of the well., the ISIS I trough Locations era slightly aqua— -

This is much greater than the ch ange in density orvard of the pl.asmapaua. position. Thomas

bel ow 1.000 cm, either day or aight ( uigs. 4 and and Andx ewa (1968) obtained similar results.

2 ) .  The high lat i tude trough wall 12. of Fig. Since the trough equatorward wal l, is typ inally

12 cor responds to the pl.aeinapauze reported by 1
0 to 40 wide , the equat orial rough base is

3rsce and Theis ( 1974) from ISIS I electron locatsd approximately 0.3 to I C. unit pol..ward

probe measurements above 2500 km. They td ent i— of the results shown . These results strongly

fled the bocatLon of an ionization Level of lO~ 
suggest that the mid—point of the trough well.

e.Lectronzi~~ aLor’4 the trough wall as the s an excellent indicator of the plasmiapause

plssmapause, and obtained a nearly circular during the night hours at low altitudes .

plaamspau se boundary a about I, • 4. As wouLd -

~e expected from the 3r.ce and Theta plasma—
pause criteria their results lie in the shaded
area of Fig. 12. T~ also corresponds to the
high altitude ISIS I dayaide trough repor ted
by Miller (1974). The 12 type of ionization
gradients were also observed by an electron
sensor aboard the polar orbiting satellite

in the 3000—5700 Ice altitude region be—
twai n C. — 2 and S (tewersdorff and Segalyn , /
1.972 and 1.972).

ia consider that the roug h wall of Fig. 12
betw een about 1. — 2 and 6.5 is the result of
par tial filling and/or erosion of the outer
plasma sphere . The combined effect of magnetic
substorma (Psrk and tanks , 1974 and 1975) and
of diurnal plasma depletions and replenish—
nents prevent the outer shells of the plasma—
sphere from reaching saturatiOn density.

DISCUSSION: T~OUCH C.OCATION AND ThEPLAS;4ApA usg Fig. 13. Comparison of the mean location of
the low altitude trough (<1.500 ~ce)

Nishids ( 1966 end L967 ) first explained ver sus local time with the plasma—

the formation of the piasmepaus. In arms of ~ 
pause measurements of’ Carpenter ( 1965),

msgra etoeph er ic convection model. Thomas and Tay lor et al. (1970 ) and Chap pei .

Andrews ( 196$), Rycr’oft and Thomas (1 9 10 ) ,  et a.. (1972). 
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The daytime trough Location below 1.500 1cm INJUN V satellites over a 3 year period under
deduced from ISIS I and ThJ CJN V measure ments condit ,ona when fCp < 3 has Led to the follow—
shown in Fig. 13 is considerably different ing results: 0

from the reported piasmapause profi les. The
ISIS I low altitude troughs are found at sub— 1. The trough occurrence frequency is
stantially higher Latitu des (I. — 12.5 : 10) , over 90% thin 3 hours of midnight, it de.-
just equatorward of the cusp precipitation re - creases to 50% near dawn and dusk , and r eachef”
glon. The trough moves gradually to lower ~ ~~~~~~~~ value of 48% near Local noon.
Latitudes toward dusk wnile the pisam apa use
position Lisa bet ween C. • 4 and 7 from dawn to 2. At altitudes below 1500 km on the
1.600 LI. The three sets of plaamspauae iota— nights ide, the midpoint of the equatorial
d.ons in Fig. 13 do not show marked asymmetry trough wall at about I. a 3.8 is found to be in
between night and day while it is quite pro— good agreement with reported plasmapause posi—
nounced in the ISiS I trough location. Th. tions . At altitudes between 1500 and 3500 1cm , 0

results of Tulunsy (1973) and Tulunay and the top of the equatorward trough w*ll moves tOs
Grebowsky (1975) indicate a similar ssa7l%etry . continually lower Lst .tu des. At these higher

altitudes, the equatorward wall, becomes the
Examination of the location of the high dominant featur e of the ionization distributionaltitude equatorwerd trough wall, T~ , (Fig. often extending 15° to 20~ in Latitude . The2,2) shows that it is the bess which nay be poleward edge of the trough becomes Less well

reasonably compared with the plasmapsuse Iota— defined at high altitudes and is marked byt . ons shown in Fig. 13. The base located at
ionitstion spikes 1

0 
tO 20 in width.0 1. — 4.4 near midnight and at I. — 6.5 at noon is

in good agreement with the plaamapaus e measure-
men t s. Kowever , it should be noted in agree— 3. On the daysid. below 500 km the mean
ment with the finding of Srace and Theis (1,974) location of the trough ~ at noon is — 2.5
that the trough shows no aftarnoon bulge. 1.0 , much higher than the days .de plasma—

pause location. ~ p ersists above 1500 Ian
Recent measu rements by Gringauz and with decreasing amplitude above this level.

tezrukikh (1.976) using ion traps aboard
?rognoz and Prognoz 2 satel lites led them to 4. The diurnal variation of the trough
conclude “ a considerably hl.gher latitude for location was not found to vary with lesson
the plasnapause at noon compared to that at except near sunrise.
.m~dnight as a typical feature of the quiet
magnetosphere ”. Their noon—midnigh t measure- 5. The ISIS I data and simultaneous
ments of May 8 and Augus t 24, 1972 , for exam— ~N,JUN V measurement ] of electron density, ion &~
pie , Show a difference of approx. 3.5 1. in the ilectron temperature , horIzontal electric
noon—midnigh t plasmapause location. On the fields and particle measurements show that the
average, however , they find the plasmepaus e high Latitude trough , T i ,  is Located at the
Location to be L.5 C. higher at noon than at equatorward edge of the cusp. It is toncluded
midnight. Lemaire ’ s (1.976 ) theoretical studies that electric fields and enh anced thermal
of the steady st ate plasmapsuse position de— electron and ion temperature contribute to the
duc.d from Mcllwain ’s (1974) E3H convection formation of I~ 

by increasing ion loss races ,
electric fIeld model for magnetically qu iet ton scal. heigh t , and producing changes in the
conditions (K p • 2. to 2) cLearly show a noon— Ohemical composition of the region , in agree—
mIdnight asymmetry with the plasmspause 5t ment with the theoretical analysis of Schunk
.i~gner 1. values at noon than at midnight. .~ ai. ( 1975).
Carpenter and Seely (1976 ) from recent quiet
time Mhistler drift path observations noted 6. At all altitudes above L500 km a
sigiuficant noon—midnigh t asymmetry in the second ionization depletion region or trough
oLasmapause Location contrary to earlier 

~ ,,  is obse rved between C. a 2 and 6.
• measu r emen ts (Carpenter, 1.966). The whistler ,

satellite measurements and theoretical deduc— 7. The base of the high altitude trough
:Ions of’ wolf ( 1.974) and C.smsire ( 1976 1 provide

wall (T a on the dayaide ) is found to lie be—
strong evidence for a noon—midnigh t asymmetry tween I, — 4 end 6 in good agreement with
of the plasmapausa , with the noon plsaiuapause plaamapaua e locations in the equatorial plane .
Locsted at higher C, va luls . The ISIS I high
altitude measurements of T~ show that the base REFERENCESof the high altitude trough wall £5 in good
agr eement with these recent plasmapause
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