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TIME DEPENDENT PLASMAPAUNRE MOTION

J. M, trebowsky

ANRNTRACT

Annuming that the sarth's magnetic fleld (s dipolar and that the day -
sido magnetio feld lines are eleotricnlly shorted to one another due
to the high lonospheric conductivity, an analytic electrio fleld model
I» developed which dencoribes the flow of thermal plakma from the
magnetosphere tall, Using this fleld model, the stoady state plasma -
pauso haw o bulge centered at 2100 LT, During periods of sudden
magnetio quiating, the bulge tends to corotute with the earth, After
n sudden onmet of magnetio substorm activity, the model prediots
that plusma will be peeled from within the original | 'aemasphere
and will be trahsported out of the magnetosphere in the dusk-mid-
night sector, In agreement with previous studies, these temporal
variations will cause considerable fine strvoture in the region of
the bulge. lowever, this model is not valld during periods of in-
tense magnetio aotivity since whistler measuroments deteot the

bulge on dayside field lines under suoh comditionn,
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TIME DEPENGENT PL..SMAPALUSE MOTION

INTRODUCTION

It in well established that under stendy stute conditions the plasmapauss In
the boundury between planma which convects always aoross closed fleld lines
and plesma which in ite motion Is transported onto fleld lines which extend fnto
the magnetospheric tull (Nishida, 1066; Brice, 10607; Axford, 1909), Detalled
models deacribing the steady state configuration of this boundery have been de -
veloped beginaing with the study of Nishida (1966) followed by the studies of
rice (1967), Kavanagh ot al. (1908) and more recently by Wolf (1070). In all of
theso models, the pattern of the thermal plasma flow across the fleld lines in
the equatorial plune (s determined by superimposing an eleotrio field whioh de-
plets the flow resulting from the solar wind -magnetosphere interaction onto an
eloctric fleld which describes the corotation of the plasma with the earth — the
relationship tetweon the field and flow velooity is P « 7V x K The models
prosented by Wolf (1970) differ from those in the earlier studies 'n that the
effoctn of the lonospheric electrical conductivity have been explicitly inoluded -
the high tonospheric conduotivity on the dayside on the earth tends to short oul
the magnetospheric electric flelds.

From the results of whistler measurements (Carpenter, 1970) however, it

in apparent thut the plasmapause configuration is in & dynamio state indioating

that the plasma flow induoed by the interaction between the solar wind and the

magnetosphere 18 '‘gusty’’ rather than steady. Henoe the steady state model



caleulutions yield plasmapaune configurations which are valld approximations to
the nctunl plasma state only during prolonged periods of steady magnetic notivity,

Time dependent planmapaune model computations made by Chen and Woll
(1970) and Grebowsky (19070) indicate that the configuration of the plasmapause
cun become quite complex and much different from the steady state configuration
when temporal variations in the thermal plasma flow scross the magnetic fleld
Hnes are consldersd,  These madel studies are Inadequate, however, In that the
electric fleld desoribing the solar wind Iinduced flow from the magnetosphere tall
witn ansumed to be spatinlly constunt and directed from dawn to dusk in the egua -
tortal plane (the corresponding velocity profile in the equatorial plane is shown
in Figure 1), Under steudy state conditions this flow results in a plesmapause
configuration which has its maximum L position at 1800 LT and is syminetrical
about the dawn - dusk line (nee Figure 2) whereas whistler measurements
(Carpenter 1002, 1066, 1070) indicate that the maximum L position during per~
lode of steady magnetic aclivity is more typioally located in the . \ek-midnight
nector,

In order to determine the general behavior of the plasmapause motion dur -
ing chungews in the magnetio substorm activity an eleotriv field model must be
employed which takes into account the high lonospheric conductivity on the day -
side of the earth ~ the corresponding convection electric fleld will vary apatially
(e. 4., Wolf, 1970), This paper will explore a simple time dependent model

which considers the field lines orn the dayside of the varth to be electrioally



shorted to one another.  The computed changes In the plasmapause configuration
during pertods of Increasing magnetic activity and during periods of magnetic
quieting are to be compured with experimontal observations of the plasmapause

motion.

THE MODEL,

In the magnetic oquatorial plane the Iinteraction between the solar wind and
the magnotosphore results In a flow of therma! plasma within the inner magneto-
sphere that s directod from the magnetosphece toward the dayside magneto-
aphers.  Since the lonospheric eleotrical conduetivity in high on the dayside of
the eart® chin flow may not penetrate very far Into the dayside If fleld line re-
connection at the magnetosphere boundary on the sunward side of the eart) is not
signifioant (Woll, 1876), Although detalled model studies of the time depondont
planniapause motion should and will be eventually carried out by taking Into ac-
count the exact relationship between the lonospheric electrionl conduotivity dis-
tribution and the electric fleld In the magnetosphere for a nondipolar magnetic
fleld configuration, the qualitative features of the plasmapause motion can more
eanlly be obtained by using simple anulytical models to describe the plasma flow,
treating the earth's magnetic fleld as dipolar, and ignoring the detalls of the
plasma Interaction at the megnetoaphere boundary,

In the model to be developed 1t |x assumed that the dayside magnetic fleld
lines are shorted electrioally to one another due to the high lonospheric eleotri-

cal conductivity. Since roconnection of fleld lines on the dayside of the earth at



the magnetopause implies the existence of a non vanishing electrie field, this
modei will be o good approximation to the sctusl state only If dayside reconnec -
tion cun be Ignored, The model can be taken as churacteristic of a convection
pattern which s completed via viscous iInteractions at the magnetosphere
boundary (see Axford, 1000)

The ansumption of vanishing electrie field on the dayside of the earth re-
quires chat the thermal plasma flow from the magnetosphere tail does not pene -
trate onto the dayside fleld lines, Thus the plasma will be directed outward along
the dewn-dunk line in the equatorial plane. A conservative eleotric fleld which
ylelds such o flow on the rightside is given by

B oo <K (& + 4f)
where y in the distance along the dawn to dusk direction G) from the conter of
the earth and x in the distance from the earth along the noon to midnight direc~
tion (x). This model fleld 1s particularly suited for simple time dependen: stud-
lon wince the (all wird fleld is & one parametor model. The flow from the ta’l is
vhanged by modilying the magnitude of the model parameter K,
The convection veloeity corresponding to this tall wind in a magnetic dipole

fleld with magnitude B locally Is
- 1

The corresponding equatorial streamlines are hyperbolae
.o, xy = constant

as geploted In Figure 3, If the velooity corresponding to pure coratsion of the

. . -l
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Phawma with the wuirta L Hnearly sapor aposed n this velooity fleld deploting
the Ll wind, o plasmepause 1+ obtained which has @ maximum geocentric dis-
tance ut 2100 LT (wee Figure 4), The dayside plasmapause in the squatorial
plane Is circular since the tall wind does not penetrate onto the dayside flel
Hnew ~ the circular streamlines on the dayside correspond to corotation of the
plusma with the evrth.

The position of the steady state plasmapause computed for this model in the
equatorial plane s deploted In Figure O as a function of the electric fleld govern-
ing the tall wind, For comparison Figure 6 shows the corresponding relation
for a tall wind model in which the electric fleld In directed In the dawn to dusk
direction with spatially invariant magnitude, It should be noted that in both mod-
oln the stoady state plasmapause looation is the same at midnight as at noon
whereas the minimum 1. position occurs at 0300 LT in the model with vanishing
oleotric fleld on the dayside which contrasts with the situation in Figure 6 where
the minimura L value oceurs at 0600 LT, These two models represent extreme
vopditions: total penetration of the tall wind to the dayside of the earth; and non-
penetration of the tall wind onto dayside field lines. More detalled meoasure-
ments of the plasmapause than currently exist are required before It van be de-
termined definitively whether aithar of these steady state models or » combina -
tion of them typily the sotual configuration during prolonged periods when the
magnetic aotivity Is steady, The next section will explore the temporal varia-
tions axpected 1n the plasmapause oconfiguration when the magnetic substorm
activity ohanges assuining the tail wind i» excluded from Lhe dayside field lines.



TIME DEPENDENCY

Mince the geomagnetic activity fluctuates and the tall wind is related to the
magnetic aotivity (see for example, Vasllyunas, 1668) the wil wind must be con-
siderod gusty rather than steady, The steady state planmapsuse models can at
best be good approximations only during prolonged periods of nteady magnetic
activity .

For example, assume that the tall wind s excluded from the dayside ‘leld
lines and that the plasmapause is in ona of the ..eady state configurations de -
scribed previously. If the taill wind is suddenly snhausced, the streamline pattern
will change to a configuration in which the stagnation streamliine, deploting the
steady state plasmapause in the eguatorial plane, s looated nearer to the earth
than the Initial plasmapause boundary. The originai plasmasphere particles
that are located outside of the new steady state boundary will be peoled away and
transported to the magnetopause in the dawn-dusk nector (see Figure 7) where
they will be los. from the magnetosphere. Hence significant filamentary struo-
ture in the plasmapause near the initial location of the bulge in ‘he dusk -midnight
sector would arise under these conditions. Also a slight bulge forms in the
plasmapause radius near dawn whioh then cororates with the eaarth vntil it reaches
the dusk-midnight wector where the plasma is transported out of the magneto-
sphere .

Under the opposite condition of sudden quieting (see Figure #) the bulge In
the plzamapause, initially centered 2t 2100 LT under stoudy state conditions,



vorotates with the ea.th as has been pointad out previously by Carpenter (1970),
Chen and Woll (1970) and Grebowsky (1970).  After the sudden onset of quieting
the plasmapaune exhibits a continuum of configurations ranginag from its uriginal
stoady state form, to a roughly circular boundary, 1o 8 configu=stion wnloh shows
considarable structure in the form of a cusp (In ¥iqure 8 this cusp is seen to form
after 48 hourn near 1800 1.T), This motion of the plasmesphere boundary would
be obscured after soveral days as plasama produced in the lonosphere filla up the

dopleted flux tubes within the final steady state configuration,

CONCLUSIONS

The extensive whistler measurements of Carpenter (1970) have established
the general time depeadont behavior of the plasmapause which results from
changing magnatie activity, These measurements indioate that the bulge tends
to sorotate 4 the sarih during periods of magnetic quieting. This ix In agree~
ment with both the convection model in ‘which the tail wind penetcates onto day -
nide field lines and the model with & vanishing dayaide conveot'on fleld, How-
ever compart. i these modeln, the nearly ciroular equatorial piasmasphere
boundary observed on the dayside in the whistler studies implies, as Carpenter
states, that the tall wind does not penetrate significantly intc the dayside of the
earth.

Carpenter (197"} sometimes deteocta a local reduction or trough In eleotron
density in the region of the bulge. This could correspond to the formation of the
ousp in the plasmapause looation whioh arisen from the temporal variation



nunociuted with magnetic quieting us desoribed in the present study and in the
previous study of Chen and Waolf (1070),

During perioin of Increaning magnetic aotivity, the bulge Is observed to
move wostward, However, only during exceptionally high disturbance levels
doen It move sgnifionmly earlier than (800 1T, I the convection electrie fleld
In excluaed “rom the duyside magnetic fleld Hines, the mode! calenlations show
that the lge will tend to move westward during a disturbance, but @ will never
move sato dayside flold Haos,  This Indlentes that although the total shielding of
fleld Hnew on the dayside of the enrth may be a good approximation during quiet
or moderately disturbed condittons, 1t s not a valld assumption during high dis-
turbatce lovels,  The tall wimnd inust peneirate into the dayside during theee ao -
tive partods,  Alsa i should e noted that the lonospheric eleotrical oonductivity
Hoes not fncreasc (na stop ke manner at dawn or dusk but |s :lnpomiont upon
nolag conith angle (sev the model enloulation of Woil, 1070), Thus n alignt pene -
teation of the tnll wind to the dayside will alwayw occur,

Mther plasmapause measurements made by satolliten (Taylor ot al, , 1070,
Chappnl ot al. , 1070) show ¢onslderable structure (n the plasmae distribution
nent the bulge veglon,  The model caleulations indicate that this is to be expected
nince the midnight «dumk reglon in very sonsitive to a changing tail «.ind, Unler
fuctuating conditions the pl°  mapause configuration in this region can become
quite complex ax was shown by Chen and Woll (1079) and whioh is evident from

the present study.  Aloo sinoe the earth's magnetio uxia (s tilted with respect to



the geographic spin axin, the diurnal rotation of the earth will cause a vartation
in the location (In terme of L and magaetic local time) of sunrise and sunset,
Thin will not cnuse large chunges In the convection stresmline pattern (Wolf,
1070). but aven slight changes In this pattern near the bulge In a period of a day
or ao could cbscure the pointed configuration predicted by the models,  To study
thin # more ncourats profile for the electrioal conduotivity than was used here
in roquired, It 1a expeoted that the bulge reglon even under steady magnetic
notivity may be characterized by a non stationary configuration,

Thus the general features of the plasmapsuse configuration van he wocounted
for by n conveotion eleotrie fleld whioh (s shiolded from the dayside megnetio
fleld linew during quiet or moderate magnetic notivity and whioh penetratos iy«
niftcantly into the dayside during severe magnetic disturbances, More extensive
meanurements of the planmapause configuration than ourrently exist are required
before the exaot varintions in the model parameters desoribing the titl wind and

plarmapause oun be determined,
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Figure 1. Equatorial streamlines for o tall wind described L' 0 comstant electric
fleld directed from dawn to dusk are drawn for o m \gnetic divole
fleld configuration,
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Figure 2. The equatorial convection streamline pattern shown corresporals to o
wperposition of the velocity flvid deplcted by a constent dawn to
dusk electric fleld of 0. 38 mv/m on the velocity flald arlslivy from

corotation. The plasmapause bulge Is centered at 1800LY.
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Figure 3. Equeatorial stveamiines for o tail wind which does not penetrete onte
the dayside magnetic dipole fleld lines are plotted.
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Figure 4. A typical o.rmoclol convection itream|ine pattern including the
corotation fleld end a tall wind which does 1ot panetrate onto

dayside fleld lines is shown, The plosmapause bulge s centered
ot 2100LT.
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Figure 5. The steady state pl confl lon | deplicted as @ function of
v the mod.:( ol«ml: fleld when the Ommd u".:mm to right slde

mogretic fleld lines.
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Temporal variaticss in the pl reswlting from o wdden enhunce~
ment of the tall wind ore Jomd. The Initial ;1 se configuration
wos osumad 1o be the steady stare configurationwith the fleld tor

K=1.8x10"v/m?. The enhanced wind corresponds 1o K = 3.6 x 10°"'
v/m?. The bulge reglon will be choracterized by cemplox structure due

to this change.
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Figure 8. Temporal variations in the plasmapause configuration are shown ofter
the tail wind is wddenly reduged from thot characterized by +
parometer K = 3.6 x 107" v/m? to the wind withK « 1.8 x 10°
v/m?. The dashed curve depicts the final steady state plosmapause

configuration which results after lonosphericaliy produced plosmo
fills L?:"h depleted flux tubes.
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