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Abstract

The eccentric-orbiting satellite IMP-5 penetrated
the distant polar magnetosphere at positions corresponding
to those for magnetic field lines which intersect the
earth's Northern polar cap. Measurements of electron
intensities with E = 250 eV in these regions of extremely
low plasma densities were gained with an ¢lectrostatic
analyzer, a {EPEDEA, The observational period utilized
here was January through October 1970, Electron intensi-
ties within the energy range 250 eV < E < 50 keV were
lesser by orders of magnitude than those typically en-
countered within the plasma sheet and over the auroral
oval. However, dramatic temporal variations of average
electron intensities in the polar cap region were found
for orbit-~to-orbit comparisons, Differential intensities
at 400 ev Varied from 1.5 X 102 to 7.5 x 103 electrons
(cmz-sec-sr-eV)—l, and ~lectron densities within the above

energy range fluctuzted from 1.5 X 1073 2

to 4,5 x 10~
electrons (cm)—3° These intensity variations showed a
reﬁarkable correlation witﬁ thé'polarity of'thé magnetic
sector structﬁre in the interplanetary medium -- high

intensities for 'away from the sun' sectors and low

intensities for 'toward' sectors,



I, Introduction

The magnetic field lines which thread the earth's
polar caps and extend intc the lobes of the distant
magnetotail are endowed with one of the most dilute
plasmas »f the earth's environs, Electron energy spectra
within the lobes of the magnetotail are characteristically
similar to those of the high-energy tails of magnetosheath
plasmas, but overall electron densitles are in the range
of .a mere l()-3 of magnetosheath electron densities [Bame,
1968; Akasofu et al.,, 1973]. Because of these extremely
low densities along polar-cap field lines no definitive
observations of the corresponding proton spectra hdve
yet been reported, This region may or may not be populat-
ed with positive ions of magnetosheath or ionospheric
origins, Little is known of the temporal variations or
spatial distributions of these thin'polar-cap plasmas,

At low altitudes over the earth's polar cap, similar
electron.intensities have been =ncountered and are found
to increase during geomagnetic storms [Winningham and
Heikkila, 1974]. Corresponding energy infiﬁkes ihto the

3 1

polar ionosphere are only 107 to 10-2 erg (cmz—sec)_ ——

to be compared with energy fluxes of 1 to 100 ergs (cm?~sec) L



over the auroral zone at lower latitudes. Indeed the
distinquishing fesiture of these polar-cap plasmas at
first glance is their apparent insigﬁificance.

Although it can be probably concluded that plasmas
of these densities do not provide a major impact on the
enexgetics,; origins or dynamics of magnétospheric plasmas;
there is a strong possibility that these weak polax-cap
intensities can eventually aid in vesolving major features
of polar magnetospheric topology and its responses to
fluctuatiohs of solar wind parameters, It has become
increasingly clear over the past several years that the
weak magnetic fields in the solar wind exert a striking
influence on the polar magnetosphere. Wilcox and Ness
[1965] have demonstrated that the average interplanetary
magnetic field displays a persistent 'sector' structure
with fields directed alternately away and toward the
sun, Even though the energy fluxes impinging upon the
geomagnetic cavity are massively dominated by those of
- solar-wind ions, the effects of the interplanetary sector
structure upon phenomena along both auroral and polar
genmagnetic field lines are remarkable,  For examples,
Williams [1966] has found marked enhancements of energetic
electron intensities in the outer radiation zone with the

passage of sectcr boundaries, and the similar correlation



with the magnetic disturbance index Kp is well-known
[Wilcox and Ness, 1965]., Among the effects which depend
upon the polarity of the sector, i.e,, 'away' or 'toward’',
are the polar-cap electris field configuration [Heppner,
1972] and the ionospheric current systems near the
boundacies of the polar cap [Svalgaard, 1968; Mansurov,
1969; Friis-Christensen et al., 1971]. If such substantial
control of some polar cap phenomena is effected by the |
interplanetarv magnetic field, then it might pe expected
that there is a corresponding influence upon the plasmas
thinly populating polar geomagnetic field lines.

We report heré the results of our iniﬁial study of
the characﬁer and temporal fluctuations of electron
intengities in the enexrgy range of hundreds.of electron
volts, which were measured at high latitudes and altitudes
on gecmagnetic field lines corresponding to those of the
polar cap and magnetotail lobés. Albeit that such electron
intensities are diminutive relative to those found in
. other regions of the magnetosphere, severe variations of
intensities were found and the magnitudes of electron
intensities appear to be strongly coupled to the directions

of the interplanetary magnetic fields.
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IT, Observations

An electrostatic analyzer, a LEPEDEA, for measure-
ments of plasmas wis included in the scilentific complement
of instruments on board the highly erccentric-crbiting
spacecraft IMP-5, This earth satellite was launched on
June 21, 1969 into an orbit with initial apogee and
perigee geocentric radial distances of 28,8 and 1,05 Ry»
‘fespectively, an inclination of 86,8°, and an orbital
period of 3,4 days. The fortuitous orbit of IMP 5 provided
first in situ surveys of magnetosheath plasma entry into
the distant polar cusp and first traversals of polar-cap
magnetic field lines at great distances over the earth's
polar caps [c¢f. Frank, 1971]. The LEPEDEA was capable of
Sénsing the directional, differential intensities of
electrons and positive ions, separately, over the energy
range 80 eV to 50,000 eV in.16 essentially contiguous
energy passbands., The fields-of-view of the electrostatic
analyzer were approxiﬁately rectangular with dimensions
8° x 25°, The axes of these fields-of-view were directed
orthogonally to the spacecraft spin axis wi£h the 25°-
dimension 1ying parallel tq this spin axis._ The spin axis
was directed nearly normal to the ecliptic plane; sampling

of proton and electron intensities was slaved to the



telemetry stream, and indivi accumulations of

detector responses were of a auration corresponding to
about 55° of spacecraft rotation, The corresponding
instantaneous directions of the fields-of-view relative

to the local magnetic field vector and to a set of inexrtia)
coordinates were computed via the magnetometer (courtesy
of N, Ness and D, Fairfield) and the optical aspect

arrays on board the spacecraft, The reader is referred

to Fraﬁk (1971] for further information and references
concerning details of the plasma instrumentation.

Observational situation, 1In oxder to provide in-

sight into the relationship of the positions of various
plasma regimes of the magnetosphere with the orbit of fhe
IMP-5 satellite we present a series of typical observa-
tions at low and high magnetic latitudes, which are
followed by an overview of the observational opportunities
over the earth's polar cap. During the outbound segments
of the orbit the saﬁellite was located near the magnétic
equatorial plane, A typical series of such obsérvations
in the dayside magnetosphere is summariéed_in Figures

1 and 2, Directional, differential intensities of low-
energy electrons within two energy passbands, 305 = E

< 510 ev and 3.3 < E < 5.4 keV, and directional intensities

of more energetic electrons with E > 45 keV are plotted



as functions of geocentric radial distance in Figure 1,
Simultaneous measurcments of proton intensities within the
passbands 690 = E £ 1100 ev and 12 < E < 19,5 kev are dis-
played in the upper two panels of Figure 2. The plasma
features of dayside traversals are well-known and evident
in Pigures 1 and 2--with increasing radial distance, the
energetic protor, and electron intensities of the outer
magnetosphere, the magnetopause and its close correspondence
with the 'trapping boundary' for energetic electron
intensities with E » 45 kév, the lower energy plasmas of
the magnetosheath, and the highly directional flow of

ions of the interplanetary medium. We have chosen the
viewing quadrant 225° = ﬁgE £ 315° for the low-energy
plasma measurements, where ¢2E is the direction of the
field-of~view in spacecraft-centered solar-ecliptic co-
ordinates, to enhance the distinction between magnetosheath
and interplanetary domains. A viewing sector centered in
the solar direction is simply not as effective for
distinquishing these regions in this type of-graphical
display. These observations near the magnetic equator
are in marked contrast to those for higher latitudes
during the preceding inbound segment of IMP-5 trajectory.
A summary of these measurements at higher latitudes

is offered in Figures 3 and 4, The format for the



presentation of these observations is identical to that
for the two previous figures which display the equatorial
measurements in oxder to aid in the comparison, With
decreasing radial distasceé, the satellite passes from

the interplanetary medium into the magnetosheath, thence
into the high~latitude outer radiation zone, across the
polar cusp and finally into the plasma 'void' of the

polar cap region, Note that at high latitudes substantial
intensities of low-energy protons, 690 = E = 1100 eV, are
found along with the more energetic protons, 12 <« E =< 19,5
keV, of the ring current in the outer radiation zone.

This interesting feature which suggests penetration of
magnetosheath plasmas into the outer zone at high latitudes
is not currently understood and is mentioned only £o

point out to the reader one of the current enigmas of the
polar magnetosphere, Our interests herein are drawn
toward the weak intensities of electrons, 305 < E =« 510 eV,
in the polar cap region,

Since the average intensities of low-energy
electrons in the polar cap region are to be displayed for
a ten-month period of 1970, it is of use to summarize
several positional coordinates of the satellite for these
observations., Two geocentric radial distances, 5 and 10 Bp,

have been chosen and the corresponding magnetic latitudes



Ay @né¢ solar-magnetospheric longitudes ¢SM are displayed
as functions of day count in Flgure 5 for all inbound
trajectory segments utilized in the current survey.

The satellite is in the vicinity of the noon meridional
plane in June and ncar the midnight plane in January
(lower panel, Figure 5), Due to the asynchronous

period of the orbit relative to the earth's rotational
motion the overall sampling of magnetic latitudes is

not severely restricted, and ranges from about 45° to 65°
at 5 R, and 65° to 85° at 10 R,. A summary of the
coordinates of the satellite for each inbound entry |
into the polar cap wegion is given in Figure 6, These
coordinates are geomagnetic latitude, radial distance,
and earth-centered solar-~ecliptic longitude gSE of

the satellite position, TFor the inbound pass of Figures
3 and 4, as an example, the entry into the polar cap
region occurred at a radial distance of 37,000 km.

Ofiten IMP 5 did not penetrate the outer radiation zone
or polar dusp; especially when the inbound segment was
positioned near local midnight. For these traversals

of the poiar magnetosphere the satellite either passed
directly from magnctosheath into.the polar cap region,
or from magnetosheath into the plasma mantle [Rosenbauer
et al., 1975] and then into the poiar cap region. The

low-altitude departures of the spacécfaft from the polar



cap region are not shown in Figure 6 since the cycle time
for plasma measurements with the aralyzer relative to the
rapid spacecraft motion in magnetic coordinates yvendered
such a determination practically meaningless., Reference
to Figure 6 shows that the typical coordinates for entry
into the polar cap region are geomagnetic latitudes ~ 70°
and geocentric radial distances ~ 7 RE‘

And, now, what are the temporal varxiations 6f the
low-enexgy electron intensitiés in the distant polax cap
region? The avérage electron inﬁensities, which were
observed during each inbound crossing of the polar cap
region during the perieod January through October 1970,
are displayed in the bottom panel of Figure 7., The
average electron intensities within the selected energy
rassband 305 < E = 510.ev are given by the solid circles,
and the range of intensities encounte¢.ed for each cross-
ing ef the polar cap region are provided by the vertical
bars, The corresponding quadrant for directions of the |
instrument field-of-view was 225° s @@ = 315°. Two
features of these low-energy electron intensities are
iﬁmediately evident with inspectioh of Figure 7--the
average inténsities of electrons in the polar cap region
fluctuate greatly from orbit to orbit and the electron
intensities observed during individual crossings of the

polar cap region exhibit similar, substantial variations.
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Tha corresponding daily sums of the planctary magnetic
disturbance index, BKP, are given in the top panel of
Figure 7 for comparisdn with the fluctuations of these
low-cnergy c¢lectron intensities, An examination of
fluctuations of the magnetic index and of the : verage
electron intensities in the pblar cap region does not
reveal any correlation between these two parameters, In
fact it should be noted here that the general character
of the temporal fluctuations of electron intensities is
such that increases and decrcases of intensities are
relatively long=lived, typically 6 to 10 days, and that
these fluctuations of averaged intensities are in the
range of factors of ~ 10 to 50,

Electron energy spectra, It is of immediate

interest to examine the electron energy spectra within
the polar cap reglon for periods of high and low electron
intensities, Two such examples of differential enefgy
spectra of electron intensities are shown in Figures 8
and 9, These energy spectra represent the averages

for entire individual traversals of the polar cap regioh,
Measurements of electron intensities at energies < 250 eV
are not displayed because spacecraft charging in this
sparsely populated plasma region can possibly affect the

electron intensities obhserved at these lower energies
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[ef, Montgomery et al., 1972], and there is no diagnostic
capability to determine this satellite's potential relative
to the ambient medium. Other than the obvious differences
in magnitudes of intensities between the two encrgy spectra
shown in Figure 8, the spectra differ substantially |
in their character at lower énergies-nrapidly rising
intensities with decreasing energy over the entire energy
range when the polar cap region is impoverished and a
'flattening' of clectron spectra at lower energics

during periods of maviimum intensities., Even so,

the corresp.niding densities for these two energy spectra
ara remarkably low relative to densities within the enerqy
range 250 eV < E = 50 keV typically found in other

magnetospheric domains. These densities were 1.6 X 10_3

2

and 3,2 x 1072 electrons (em)™> on 20 and 30 May.,

ri#spectively. The average energy spectrum observed in the -
polar cap region during 20 May, which corresponds to a
period of depleted electron intensities, is similar to

those encountered in the lobes of the downstream magnetotail
by the Vela satellites [Akasofu et al., 1973]. We have
found no pubiished electron spectra for low altitudes,

which could be directly associated with those reported

here for the depleted state of the polar cap region., The

- overall spectral characters of both examples for the polar
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cap region, as shown in Figure 8, are demonstrably
more reminiscent of electron spectra within the magneto-—
sheath [cf,. Montgomery et al,, 1970] rather than those
within the plasma sheet of the magnetotail [ecf, Frank,
1967]. Electron intensities for 250 eV £ E & 10 keV in
the magnetosheath are'of the same order of magnitude as
electron intensities for the enhanced state of the polar
cap region., Of course, the overwhelming bulk of the
magnetosheath electron distributions is at lower energies
than 250 ev, ¥For the depleted state of the polar cap
region electron intensities in the energy range 250 ev
< B € 1 keV appear to we significantly less than even
those of the tail, or ‘hale’, of the solar-wind electron
spectrum [cf, Feldman et al,, 1975]. Further examples of
electron spectra in the distant polar cap during high- and
low-intensity periods are given in Figure 9, These
observations support further the conclusion that there
are dramatic, persistent variations of low-enexgy
electron intensities in the polar cap regivn,
Simultaneous measurements of proton spectra would
be extremely useful in delineating the source region for
the 1owuenergy electron inteasities., However, even during
periods of enhanced electron intensities, corresponding

proton intensities are at or below the threshold of the
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electrostatic analyzer. fThe corresponding upper limit
for proton densities in the energy range 80 eV = E g 50
keV is ~ 5 x 1072 protons (cm)-3. If there are no
substantial proton intensities at energies < B0 &V, then
plasma densities in the polar cap region are less than

3 o 10*. The

magnetosheath densities by factors of 10
only viable source for a positive-ion population at
enexgies < 80 eV appears presently to be the ionosphere,
i.e.; the 'polar wind' [Banks and Holzer, 1968:.Hoffman
et al,, 1974], Such ‘'polar wind' ion densities are
expected to be also negligible relative to magnetosheath
densities, Unfortunately the measurements of the
positive ions must await analyses of surveys of the
magnetic lobes with later-generation LEPEDEA's with
improved sensitivities and enerdgy ranges, such as have

been includud on board IMP-6 and other spacecraft,

Angular distributions, A typical example of the

angulay distributions of electron intensities in the
polar cap region for a periocd of enhanced intensities is
shown in Figure 10. TElectron intensities within the
energy passband 305 £ E < 510 eV are plotted as functions
of satellite-centered solar-ecliptic longitude ¢2E, i.el,,
essentially the satellit‘e-x"ol'l'anglen ghese measure-—
ments include ail such samples of electron intensities

during the traversal of the polar cap region'on Juné'26;
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1970, The corresponding energy spectrum was given in

the precedinyg Figure 9, The average intensities for
angular 'buckets' of 30° are displayed as dashed lines

in Figure 10. These angular distributions of electron
intensities are isotropic within the overall accuracy of
these measurements, Pitch-angle distributions for these
electron intensities can be gained by employing the satel-
lite's magnetometer and are displayed in Figure 1ll. The
pitch angles g sampled during this crossing of the polar
cap region ranged from 45° to 135°, Amidst the substantial
scatter of individual intensity samples, no clear signature
of anisotropy of electron intensiﬁies is discernible.

Correlation of electron intensities with inter-

planetary sector structure. Many geomagnetic and inter-

planetary parametérs were tésted in order to find an
association with the periods of depleted and enhanced
intensities of low-energy electrons in the distant polar
cap region, One such parameter provided a remarkable
correlation with these fluctuations of electron intensi-
ties--the polarity of the interplanetary magnetic field.
This result is displayed in Figure 12, At the top of this
figure are given the polarities of the interplanetary
magnetic field, which were gained with satellite-boxne

magnetometers and reported by Wilcox and his colleagues
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[L975]. The polarities of the interplanetary field as
inferred by Svalgaard [1974] from ground-based magnetometry
at high magnetic latitudes are shown also in Figure 12,

In the bottom panel of this figure are given the average
intensities of clectrons within the enexgy passband
305 = E £ 510 eV for each crossing of the polar cap region
during the period January through October 1970, The
error bars assigned to each intensity value denote the
standard deviations for the average intensities. Super-
posed upon the intensiityy profile are shaded and unshaded
bars which identify well-defined ‘away' and 'toward'
sectors, respectively, for the interplanectary magnetic
field at earth [Wilcox et al,, 1975]. Only a brief
inspection of this comparison of interplanetary sectofs
and electron intensities ywields the fact that, in general,
high electron intensities in the polar cap region
accompany ‘away' sectors and low intensities are found
vhen the magnetosphere is immersed in a 'toward' sector.
There appear to be occasional exceptions, For example,

- reference to Figure 12 shows that enhanced electron
intensities were observed on 19 June during a 'toward‘
sector, No simultaneous observations of the interplanetary
field were available during the period of this measure-

ment of electron intensities [Wilcox et al,, 1975].
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However, we have examined the magnetometer measurements
gained with IMP 5 ii the interplanetary medium for the
pericd about six hours prior to entry into the polar cap
region and the interplanetary field was directed 'away® from
the sun, in agreement with the result reported here,

There are a few other such anomalous correlations of
sector polarity and electron intengities, which are
evident in Figuxe 12, but thest probably are the signa-
tures of short-duration reversgals of pol&rity in the
interplanetary sectoxr structﬁre, The cuestion immediately
arises as to whether these largs variations of electron
intensities are effected by a reversal of the azimuthal,
or Y, component of the interplanetary field. Since the
interplanetary field is characteristically directed

along the Archimedean spiral, there are relatively few
cases when, for example, there will be prolonged periods
for whiéh the interplanetary field is directed away

from the sun and.the Y component of the field is negative.
Thus far our data base is insufficiently large to clearly
discern whether or not these large fluctuatioﬁs of
electron intensities are to be associated with the
direction of the azimuthal component of the interplanetary
magnetic field, Further, there appears to be no notable

effect of the local time of the observation of electron
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intensities on either the sense or magnitude of the
correlation, For the measurements shown in PFigure 12,

the satellite was in the following zones of the polar cap
region; near local midnight in January, local evening

in April, local noon in June and local morning in

October., Indeed it would appear that the correlation

of the intensities of low-energy electrons in the polar

cap region with the polarities of the sector structure in the
interplanetary medium is one of the most persistent and

striking associations of magnetospheric phenomena with

solar wind parameters.,

.
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IXL, Discussion

We have reported here our first results of a surﬁey
of low-energy electron intensities with the eccentric-
orbiting satellite IMP-5 in the most barren regime of
the earth's magnetosphere--the distant polar cap region.

The geomagnetic field lines threading the region of our
measurements intersect the earth's polar cap and, at greater
distances, thread the lobes of the magnetotail, Electron
densities within the energy range 250 eV = E < 50 kev

3 (em)™® to 4.5 x 10”2 (cm) 3.

ranged from a scant 1.5 % 10
Upper limits for proton intensities with 80 eV < E < 50

kev support the suggestion that total densities within the
polar cap region do not greatly exceed the above density
range, Pitch-angle distributions of these low-energy
electrons are best described as isotropic within factors

of 3 or 4 which are set by intensity fluctuations during

the sampling period for a determination of the angular
distribution; The most remarkable feature of these

electyon intensities in the polar cap region was their

great temporal variations from orbit to orbit. The Northern

peolar cap region was usually traversed at radial distances

in the range of ~ 3”to.7 R and at magnetic latitudes
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~ 45° to 70°, for periods of typically several hours once
cvery 3.4 days, the orbital period of the satelilite.
Intensities of electrons with 250 eV s E 5 50 kev, which
were averaged over individual, entire crossings of the polar
cap region, fluctuated by factors as much as 50. The
magnitudes of these electron intensities were strikingly
correlated with the polarity of the interplancetarxy field
(cf. Figure 12), High intensities of low-energy electrons
were persistently present when the interplanetary magnetic
_field was directed away from the sun and low intensities
were encountered during 'toward'! sectors.

| Our obscrvations of electron spectra at great
distances dver the eaith's polar cap are dgenerally
consistent with the character of such electron intensi-~
ties reported for low altitudes over the polar ionosphere
and for much greater distances in the lobes of the
magnetotail, Akasofu and coworkers [1973] have.present—
ed several electron spectra which were gained with a
Vela satellite in the lobes of the magnetotail, These
measurements were similar in both épectral snape énd
intensities to the electron spectra presentéd here for
periods of low intensities, i.e., during 'toward!'
sectors of the interplanetary medium. The differential
intensities of electrons with E = 250 eV during periods

of enhancement, or 'away' sectors, are of the same magnitudes
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as those found in the high-energy 'tails' of magnetosheath
_and polar-cusp plasmas [cf, Montgomery et al,, 1970; Frank,
1971], Winningham and Heikkila [1974] have recported the
presence of similar weak intensities of low~-energy electrons
at low altitudes over the earth's polar caps. The
cor¥nsponding energy influxes into the atmosphere were

~ 1073 ko 2072 erg (cmz—sec)—l. The larger influxes of
these electrons reportedly occurred during worldwide geo-
magnetic storms. Our meésurements of energy influxes

at ~ 5 to 10 R, oﬁer the earth's polar cap yield values

4 o 5 x lo_z_ergs (cmz—sec)"l.

ranging from ~ 5 x 10
Thus the energy fluxes at low and high altitudes over

the earth's polar cap are similar, and there appears ﬁo

be no reason to assume a major acceleration mechanism at

some intermediate position along these field lines in orxder

to account for polar-cap enerygy influxes and aurora. It

is stressed here that the corresponding topological

feature in the distant magnetosphere is the magnetotail

lobe, not the polar cusp or the regions associated with

inverted 'V' precipitation at lower latitudes, We dis-

agree with Winningham and Heikkila [1974] that control

of Fhe magnitudes of polar-cap intensities is best associat-

ed with geomagneﬁié storms. Our results show that these
intensities are very strikihgly under the influence cf the
polarity'of the interplanetary magnetic f£ield, Although
electron intensities'during the periods of enhancement asscciat-

" ed with 'away' interplanetary sectors can be identified with
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magnetoshcath and polar~cusp plasmas as above, the
extremely low intensities within the polar cap region
during 'toward' scctors remain an enigma., Not orily are
electron intensities lower by factors of 10 to 50, but
the spectra rise more rapidly at the lower energies,
hundreds of eV. These electron intensities are sub-
stantially less than those found in the solar wind in our
energy range, It will take considerably more comprehensive
sﬁrveys of the magnetosphere to identify the origins of the
sparse plasmas of the polar cap region during the 'tdward'
sectors of the interplanetary medium,

Variations of the geomagnetic field as chserved at
polax-cap latitudes with ground-based magnetometers
have been associated with the polarity of the inter-
planetary magnetic field or, more precisely, its
azimuthal component [Svalgaard, 1968; Mansurov, 1969;
Friis~Christensen et al., 1971], Heppner [1972] has
been able to show clearly that polar-cap elecfric fields
are also controlled by the east~west component of inter-
planetary magnetic field., Our present serxies of observa-
tions of polar-cap electron intensities, which wexre used
for this initial survey, are insufficient to discerrn
whether or not the strong correlation with sector polarity
reported here is in fact the signature of the azimuthal

component of interplanetary magnetic fields.



22

Current models and theories for the magnetosphere
are of little cuantitative value in assessing the electron
intensitics in the polar cap région ag reported here, This
situation no doubt partially arises from the fact that
little information concerning these sparce plasmas has
been available, For cxample, Stern [1973)] has proposed
a model of the distant magnetosphere, which is in
gqualitative agreement with the observed dependence of
rolar-cap currents and electric fields upon the azimuthal
component of the interplanetary magnetic field, In a
few words, the critival features of this model include
(1) a ‘'separatrix®' which is the boundary between closed
geomagnetic field lines,.geomagnetic f£field lines connected
with interplanetary £ield lines, and field lines not
connected to those from the earth and (2) geomagnetic
field lines connecting with those of the inter-
planetary medium as magnetosheath plasmas f£low along this
separatrix, The asymmetry of the electric fields over
the polar cap and the reversal of direction of the polar
cap currents are presumed to bhe effected by the azimuthai;
or Y, component of the interplanetary magnetic field,
Either the dawn or dusk pdrtion of the separatrix will
be favored with a greater sweeping effect which will

depend upon the sign of the Y component of the
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intorplanetary field. With this magnctospheric model one
might eXpect to not only cbserve a dependence of the
magnitudes of electron intensities in the polar cap region
upon interplanctary sector polarity as reported here, but
also a clear asymmetry of this correlation for measure-
ments at local dawn relative to those at local evening,
Such a dawn~dusk asymmetry is not found in our present
survey, the electron intensities increase at all local
times within the Northern polar cap region when the
interplanetary field is directed away from the sun.

This exploratory investigation of luw-cnergy electron
intensities in the distant polar cap region has demonstrat~
ed the dramatic correlation of these intensities with the
polarity of the interplanetary magnetic field. Several
future researchés of this region are evident, which
could lead to important fi*ts concerning the connectivity
of geomagnetic field lines to those within the solar wind
and the entry of plasma into the magnetosphere, Are the
temporal variations of electron intensities out of phase
for the Noxthern and Southern polar cap regions? What
is the character of positive ions in these regions? Are
the intensities of polar-cap aurora dependent upon
polarity of the interplanetary magnetic field? What

is the corresponding influence of interplanetary sector
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polarity upon plasmas in the lobes and plasma sheet of
the magnectotail? And does the Northern plasma mantle
which encases the lobe field lines disappear or thin
drastically when the interplanctary field is directed
toward the sun? Most of these questions can be probably

answered with measurements already available,



Acknowledaments

This research was supported in part by the
National Aeronautics and Space Administration underx

contract NAS5-~9074 and grant NGL-16-001-002,

25



References

Alasofu, 5.-I,, E. W, Hones, Jr., S, J. Bame, J. R,
Ashridge and A,T.¥. Lui, Magnetotail and boundary
layer plasmas at a geocentric distance ~ 18 RE:
Vela 5 and 6 observations, J. Geophvs, Res., 78
7257, 1973,

Bame, S. J,, Plasma sheet and adjacent regions, Barth's
Particles and Fields, ed, by B, M. McCormac,
Reinhold Book Corp., New York, 373, 1968,

Banks, P, M, and T, E, Holzer, The polar wind, J. Geophys.
Res., 73, 6846, 1968,

Feldman, W. C,, J. R, Asbridge, S, J., Bame, M, D,
Montgomery and §. P, @ary, Solar wind electrons,
gsubmitted to J. ﬁdophys. Res,, 1975,

Frank, L, A., Initial observations of 1ow-energy electrons
in the earth's magnetosphere with 0G0 3, J. Geophys,
Res,, 72, 185, 1967.

Frank, L. A., Plasma in the earth's polar magnetosphere,
J. Geophys,., Res,, 76, 5202, 1971,

Friis-Christensen, E., K. Lassen, J. M. Wilcox, W. Gonzalez
and D, S. Colburn, Interplanetary magnetic sector
polarity from polar geomagnetic field observatlons,
Nature Phys. Scm., 233, 48, 1971, .

Heppner, J. P., Polar-cap electric field distributions
related to the interplanetary magnetic field direc~
tion, J. Geophys. Res., 77, 4877, 1972,

Hoffman, J. H., W, H, D&ddspn, C. R. Lippincott and H, D
Hammack, Initial ion composition results from the
is81s 2 satellite, J., Geophys. Res., 79, 4246, 1974,

Mansurov, S. M., New evidence of a relationship between
‘magnetic fields in space and on earth, Geomagnetizm
i Aeronomiva, 9 (English transl,), 622 1969,




27

Montgomery, M. D.,, J. R, Asbridge and s, J, Bame, Vela
4 plwsma obscrvations near the earth's bow shock,

Montgomery, M. D,, J. R, Asbridge, S, J. Bame and E, W,
Hones, Jr,, Low energy electron measurements and
spacecraft potential: Vela 5 and Vela 6, Photon
and Particle Interactions with Surfaces .n Space,
ed. by R. Grard, D, Reidel Publishing CO., Boston,
247, 1973,

Rosenbauver, H,, H. Grinwaldt, M, D, Montgomery, G, Paschmann
and N. Sckopke, Hoos 2 plasma obgervations in the
distant polar magnetosphere: the plasma mantle,

J. Geophys. Res,, 80, 2723, 1975,

Stern, D, P., A study of the electric field in an open
- magnetospheric model, J. Geophys. Res., 78,
7292, 1973,

Svalgaard, L., Sector structure of the interplanctary
magnetic field and daily variation of the geo-
magnetic field at high latitudes, Geophys., Papers
R~6, Danish Meteorol. Inst., Copenhagen, 1968,

Svalgaard, L., The relationship between the azimuthal
component of the interplanetary mag: stic field and
the geomagnetic f£ield in the polax caps, Correlated
Interplanetary and Magnetospheric Observations,
ed, by D, E., Page, D. Reidel Publishing Co.,
Bosteon, 61, 1974,

Wilcox, J. M. and N, F. Ness, Quasi-stationary corotating
structure in the interplanetary medlum, J. Geophys.
Res., 70, 5793, 1965,

Wilcox, 3. M., L. Svalgaard and P, C, Hedgecock, Com=
parison of inferred and observed interplanetary
magnetic field polarities, 1970-1972, J. Geophys.
Res., 80, 3685, 1975,

Williams, b, J. ™ 27-day periodicity in outer zone
trapped electron intensities, J., Geophys, Res.,
71, 1815 1966,

Winningham, J, D, and W, J, Heikkila, Polar cap auroral
electron fluxes observed with ISIS 1, J. Geophys.
Res,., 79, 949, 1974, ’



Figure 1.
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Figure Captions

A typical series of observations af
electron intensities as functions of
geocentric radial distance as IMP-5
traverses the dayside magnetosphere

near the geomagnetic ecquatorial plane.

Major plasma regimes are identified by
the figure legends, The earth~centered,
s lar-magnetospheric longitude ¢SM and
geomagnetic latitude Ay of the satellite
position are given at the top of this
figure. The longitudes of the directions
of the detector's field of view in
satellite~centered, solar-ecliptic co-
ordinates are ¢SE. '

Continuation of Figure 1 for proton
intensities within two energy passbands
of the electrostatic analyzer,

A series of observations of electron
intensities as fuhctions of gencentric

radial distance as the satellite traverses

the dayside polar magnetosphere. Our



Figure 4,

Pigure 5,

figure 6,
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interest here is directed toward the
relatively weak intensities of electrons
in the polar cap region which is en-
countered in this example at radial
distances = 37,000 km,

Continuation of Figure 3 for proton
intensities within two energy passbands
of the electrostatic analyzer, .The
polar cusp is encountered just prior to
entfy into the polar cap region, |
The magnetic latitude Ay and the solar-
magnetospheric longitude Q%M of the |
satellite position at radial distances
5 Ry and 10 Ry for each of the inbound
erossings of the polar magnetosphere
during January through October 1970,
The orbital periocd of IMP 5 was 3.4
days.,

Coordinates for entry of the satellite
into the polar cap region for the
inbound segment of each orbit., The
earth -~centered, solar-ecliptic
longitudes are Bgr Which indicate the

local time for each measurement,., The

' configuration of the magnetosphere and

S
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the local time of the observation
determined the plasma regime adjacent
to the polar cap region: magnetosheath,
plasma mantle, or polar cusp.,

Figure 7, Electron intensities within the energy

| passband 305 <= E =< 510 eV, which are

averaged over each crossing of the
polar cap region, for January through
October 1970, Thése averaged intensities
are denoted by the solid circles in
the bottom panel, and the ranges of
intensities encountered for these crossings
are identified by the vertical lines,
The daily sum of the geomagnetic
disturbance index, ZKP,_is given in the
- top panel, There is no apparent cor-
relation of electron intensities in the
polar cap region with EKpn

Figure 8, Electron energy spectra for two traversals
of the polar cap region. Each spectrum
is averaged over the entire correspond-
ing crossing of the polar cap region,

Figure 9, : Continuation of Figure 8 showing one
further example of electron spectra for

each state of the polar cap region,
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i.e., high intensities on 26 June and
low intensities on 13 July.

Figure 10, Angular distributions of electron
intensities within the energy passband
305 = E £ 510 eV as functions of solar-
ecliptic longitude of the detector's
field-of-view (ecssentially roll phase
of the satellite} for the crossing of
the polar cap region on 26 June,

Figure 11, Continuation of Figure 10 but with
electron intensities displayed as
functions of pitch angle, g, which
was determined with the on board
magnetometer (courtesy of N. Ness
and D, Fairfield).

Figure 12, In the bottom panel, comparison of
interplanetary sector polarities as
determined by Wilcox et al, [1975]
and electron intensities within the
Northern polar cap region. Shaded bars
denote sectors with interplanetary
magnetic fields directed away from
the sun. The two bar graphs at the top

of the figure are the observed polarities
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of the interplanetary magnetic fields
from in situ measurements [Wilcox et al.,
1975] and the inferred polarities

from ground-based magnetometry at

polar magnetic latitudes [Svalgaard,
1974].
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