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ABSTRACT

The ISEF-1 and [SEE-2 spacecraft explored the outer magnetospheric en-
vironment to about 21 earth radii. The MEPI instrument provided data on
electron fluxes in the energy range 22-1200 ke\'. We present results of a sur
vey of a complete data set of sotropic electron fluxes measured by the ISEE-1
spacecraft between November 1977 and September 1979. This analvsis provides
an overview of the morphology of electrons at these energies, describing the de-
pendence of the electron fluxes on geomagnetic coordinates and local time and
showing the probabilities of given particle flux levels being exceeded.

Apart from its general interest, this information is useful in performing en-
gineering evaluations of spacecraft-environmental interactions. ESA is planning
or assessing a number of missions which will use highly eccentric earth orbits.
Potential problems caused by the particle environments in these orbits include
spacecraft charging, deep dielectric charging and electron- and bremsstrahlung-
induced background in detectors.

We compare measured particle fluxes with the low-energy part of the elec-
tron radiation belt model AFR and find significant differences. Electron flux

enhancements are seen thronghout the magnetosphere during solar events.
INTRODUCTION

Several future ESA programs will make use of highlyv-eccentric synchronous
orbits for space-hased astronomy. Tvpical of this type of orbit are the 24-hour
orbit with apogee around 71000 km and the 48 hour orbit with apogee around
120000km. Inclinations i the range 7% - 60" are possible. For astronomy, these
otbits provide extended observing time, reduced interference from the near-earth
envitonment and good ground-station coverage. Similar orbits are under con-
sideration for high-latitude communications satellites and navigation satellites.
U'S and Soviet prog. an also make use of such orbits. Clearly these orbits will
pass through the “rop-ed radiation Lelts, through parts of the magnetosphere
well known for electrostatic charging problems. and will also be exposed to solar
particle flixes
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The work outlined in this paper was prompted by the need to evaluate en-
vironmental interactions at the high altitudes (and therefore high geomagnetic
L-values) reached by such orbits and by the lack of data from these regions in a
usecable forin. Most data relating to charging and energetic particle interactions
in Earth orbit concentrate on lower altitudes. The geostationary orbit is partic-
ularly well covered. The AE8 model for the energetic electron environment only
gives data out to L 1iR..

Environmental-interaction concerns include electrostatic charging of sur-
faces 'Frezet et al., 1989, deep-dielectric charging. and interference with the
detectors of the paviead. Detectors flown on astronomy satellites are very sen-
sitive and are susceptible to background noise caused by the ambient particle
environment. Primary or secondary particles can cause this background. X-
ray detector systems using grazing-incidence micror systems are also potentially
exposed to particles scattering through the mirrors.

Recently, much attention has been given to the correlation between rela-
tivistic electrons (of < -veral MeV in energy) at 6.6 R, [Baker et al., 1989] and
their effect on the operation of geostationary spacecraft {Baker et al., 1987]. The
AER model is poorly suited to evaluate these effects for higher altitude eccentric
orbits. For such an evaluation, extremes of fluxes are needed rather than average
values.

The AER model provides average ommnidirectional electron fluxes ranging
in energy from 40 ke\V to 7T MeV. Fluxes at the high energy limit are mainly
extrapolated from lower energy data. AE8 extends out to 11 R.. Extrapolation
from lower altitude data is often used to provide values at this outer radial limit.
The AES8 model is a static model and takes no account of the many dynamic
processes which are known to eccur in the magnetosphere over short time scales.
There is also no dependence on geomagnetic activity or on the interplanetary
magnetic field and solar wird conditions.

A local time model was built into the AL+ electron flux model and has heen
adapted by us for use with AEB. The local time variation of the logarithm of the
flux is modelled as sinusoidal, characterised by an amplitude and a phase term,
hoth varving as functions of energy and L.

Confidence levels for exceeding specified fluxes can also be defined by pa
rametetising the Caussian distribution of the logarithm of the fluxes used to
define the NE 1 model.

To date, no gquantitative synroptic analvsis has heen made for charged parti-
cles outside of the Van Allen belts, and only transitions through isolated magne
tospheric structures have been investigated. The standard models ol the trapping
region also require a new analysts, given that they are constructed from measure
ments made in the sixties and earlv seventies, and have not yet been updated to
include more contemporary data sets.



The data on electron fluxes from by the Medium Energy Particle Instrument
(MEPI) flown on the ISEE-1 satellite were selected for study, We compare the
MEP!I measurements made i the Van Allen belts with those derived from the
AE8 model [Vette, 19891 We also obtain confidence levels that given flux values
will not be exceeded, as a function of L-value and electron energy.

THE ISEE-1 ORBIT AND INSTRUMENTATION

ISEE-1 was launched on October 22, 1977, as one of three satellites designed
to investigate the inter-relationship between solar and geomagnetic phenomena
[Ogilvie ¢t al., 19781, The iniiial orbit of ISEE-1 had an apogee of 226 R, a
perigee of 270 km, a period of 57.2 hours and an equatorial inclination of 28.3".
Throughonut the year. the orientation of the apogee of this orbit with respect to
the sun-earth line rotates so that all local times are sampled. As a consequence,
most magnetospheric features were visited. At lauuch, the orbit apogee wa-
almost at noon local time. The daughter spacecraft, ISEE-2, had almost identical
orbital parameters. The separation of the two sateliites could be accurately
controlled to make dual spacecraft measurements. with high spatial resolution.
All ISEF spacecraft were equipped with a variety of instruments to measure
particle, magnetic field, electrie field and solar wind properties. The ISEF-1
satellite also provided data for the multi-spacecraft International Magnetospheric
Study (IMS) [Ogilvie, 1984].

The Medium Energy Particles Instrument "Williams et al., 1978’ was de-
signed to measure electrons and ions with high temporal, angular and energy
resolution. The hardware development was made by the Space Environment
Laboratory at NOAA (USA), the Max-Planck I[nstitute for Aeronomy (FRG)
and the University of Kiel (FRG).

The energy range of the detector is 22.5 to 1200 KeV for electrons. This
range is divided into eight logarithmically equidistant channels, as detailed in
Table 1. Data were also acquired at high bit-rate but these are converted to
low bit-rate for inclusion into the data set we use. In addition, the directional
data provided by scanning and spinning are are used to produce omni-directional
fluxes with a time resolution of approximately 5 minutes.
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Channel | Energy Range
Number (keV)
El | 225-39
E2 39-75
E3 75 - 120
E4 120 - 189
E5 189 - 302
E6 302 - 477
E7 477 - 756
ES 756 - 1200

Table 1: MEPI Electron Energy Channels

MEPI! measurements were made by [SEE-1 from launch to September 11,
1979, after which a failure in the power supply of the experiment resulted in
the loss of the instrument. A total of 281 orbits were completed during the 670
davs of the instrument’s operation, starting 1.5 years after solar minimum and
therefore covering the ‘run-up’ to solar maximum.

The data were provided to us by D.J. Williams and D.G. Mitchell of the
Applied Physics Laboratory, Johns Hopkins University.

A similar electron experiment was flown by the ISEE-2 satellite, although
with inferior energy and angular resolution. This experiment continued to make
mea-urements right up until contact with the daughter satellite was lost, some
ten vears after launch (September 26. 1987).

ORBIT COVERAGE

The snitability of the [SEE-1 orbit {or investigating the radiation environ-
ment for highly eccentric orbits is shown in Figure 1.

Fach electron flux measurement made by MEPI is recorded with ancillary
information, including UT and position in GSE coordinates. Mapping to geo
magnetic B-L coordinates requires a series of transformations, together with the
use of a magnetic field model. In our analysis reported here we have used an
internal model of the field. This is known to provide poor information at high
altitudes where external current systems strongly affect the field. However, it is
used solely as an organisational aid for comparison with models and other satel-
lite data, which also use an internal model. In future work, we hope to employ
an external model such as that described by Tsyganenko [1989]. The model we
use is the International Geomagnetic Reference Field (IGRF) for 1980 [Peddie,
1982]. In geomagnetic B. [, coordinates there is no information about local time,
therefore this is also computed.

All valid MEP| measurements were mapped into geomagnetic B-L space
and the total number of data points available in each cell found. This is shown
in Figure 1. The geomagnetic equator is drawn as a continuous line in the figure.
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Data coverage is hest above 12 R, and close to the equator. At lower
altitudes, the coverage becomes very sparse, due to the relatively quick transition
through perigee, when compared to the longer periods spent close to apogee.
Nevertheless, down to about 4 R, | the coverage is acceptable when the spacecraft
is not far from the magnetic equator. Above 12 R, , the coverage is excellent,
albeit limited in terms of B. If the equatorial pitch angle distribution of the
clectrons is known, it is possible to derive fluxes at higher B values (higher
latitudes) [Garcia and Spjeldvik. 1985].

The baseline orbits of the forthcoming XMM (X-ray), ISO (infra-red) and
FIRST (far infra-red) missions are projected into the geomagnetic coordinate
system to illustrate the suitability of the [SEE-1 orbit for the present study. The
XMM orbit is a 24 hour orbit of 60° inclination, and apogee height of -~ 71000
km. ISO has a similar orbit, but with a low inclination of 5°. The period of the
FIRST orbit is 48 hours, with apogee at ~ 120000 km and again a 3” inclination.
Both the ISO and FIRST orbits are totally enclosed by the ISEE-1 orbit. as is
the high inclination XMM orbit below about 20 R.

ELECTRON FLUX PROFILES

Figures 2-4 <show examples of thirty-day plots of electron fluxes in 4 of the
cight MEPT energy channels. Flux increases seen in the electron count rates are
clearly identifiable with the radiation belts, with energetic populations in the tail
and with solar flare events. When the apogee is in the upstream region, the elec-
tron flux profiles are very clean, with the belt transitions easily distinguishable.
However, when the apogee is sitnated in the magnetotail, the belt transitions
are somewhat difficult to isolate due to the many flux enhancements seen on
short timescales outside the trapping region. This is especially true at the lower
energies, where high fluxes are maintained almost constantly between Van Alien
belt passes.

Superimposed on the electron flux profiles, are examples of solar electron
events which are easily recognisable by significant (two orders of magnitnde. in
the lowest energy channel) flux enhancements seen simultaneously across the
complete energy range of the instrument. Associated with these events are solar
Aare protons and alpha particles. A table of solar proton events has been com-
piled by Goswami et al. [1988:. Using this table. solar flare events have heen
independently identified (the arrow at the bottom of the hrst panel) to confirn,
the association of the long term electron flux enhancements with flare activity
on the sun in the majority of cases. Some electron events have no solar proton
counterpart. Inspection of plots of IMP-7 and -8 data iSolar-Geophysical Data
Comprehensive Reports) reveals a similarity between the energetic proton time
behavionr and the time behaviour of the ISEE-1 MEPI electron fluxes, although
this is not always the case.
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Solar flares and shock fronts can also be detected from solar wind and mag-
netic field measurements in the interplanetary medium. A distinct signature
is the sudden increase in the interplanetary solar wind velocity, V,,., to well
ahove the nominal value of 400 km/s. The third panel of the figures shows this
particular solar wind behaviour very clearly for the relevant events. The solar
wind velocity data were obtained from the on-line database (OMNI) supported
by NSSDC'. They are compiled from measurements provided by IMP-6 ,-7 and -8.

PROCESSING RESULTS

The MEPI data were used to define electron fluxes in each of the 8 energy
channels for the parts of B-L space covered by ISEE-1. Average fluxes were
computed for B, L bins and these are shown in Figure 5 (channel 2) and Figure
6 (chanuel 3).

When compared to predictions from the AES8 electron model, we find that
fluxes are somewhat lower than predicted. Also clear from Figures 5 and 6 is the
severe truncation of AER fluxes at around 11 R,.

Within a number of L-bands, a distribution of electron fluxes within each
channel was creared. These are shown in Figure 7for 6 < L -~ 7,9 < L < 10
and 12 -« L - 13 in the form of plots of the percentage of data having fluxes
below the value on the x-axis. These indicate the great variability of possible
fluxes at given L-values. This kind of processing has been performed in the
past for Geostationary orbit [Baker et al.. 1981} and for the SCATHA satellite
‘Mullen and Gussenhoven, 1983]. Our results compare favourably with similar
plots given by Mullen and Gussenhoven [1983] in the SCATHA Environmental
Atlas. These plots show how the fluxes in the high energy channels remain
close to the backround level for most of the time at high L-values (7(c)) while
displaying a considerable spread at low L (7{a)).

Fluxes were seatter-plotted against local time for various 1 R,-wide L bins.
These are shown in Figures 8-10 for the energy channels 22.5-39 keV, 120-189
keV and 302177 keV respectively. Distributions of particle Huxes were produced
within 3-honr wide local-time bins, from which the mean (50% probability) and
worst-case (9576 values of the logarithm of the flux can be derived as a functions
of I and local time. These are superimposed in Figures 8-10 as solid histograms.
The limits of the data-set, in terms of the number of data points, becomes some:
what apparent when this is done since the number of data points making up
the -93% class are small. Clearly, the 10.year ISEE-2 data set would be very
useful for performing this kind of analysis. It should be noted that the plots
include fluxes from solar events and so are not clean pictures of magnetospheric
electrons. Nevertheless, the changing shape of the distribution of fluxes in local
time reflects the electron morphology of the magnetosphere.
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Figure 8 shows that, for low energies at low L. the spread of fluxes is rela-
tively small around noon local time, with a peaking in fluxes towards the dawn
quadrant. Fluxes are high at all local times although the occasional low-flux
data points occur preferentially on the night side. As L increases, this pattern
changes so that Hluxes are low around noon, beyvond the magnetopause, and are
higher in the anti-sunward plasma sheet region. \ bias in high flux locations
towards the dawn quadrant remains. At high L there is a considerable scatter in
flux levels, reflecting the dynamicism of the plasma sheet population. The 50%
and 95% levels follow this changing behaviour.

The 120-189 keV electron fluxes shown in figure 9 exhibit basically the same
characteristics. High fluxes at high L values are encountered principally in the
dawn quadrant although fluxes are generally low. Fignre 10 (302-477 keV') shows
low fluxes at [, ~ 12 bnt a similar hehaviour to the lower energy channels at lower
L.

The MEPI measurements were made in the period leading up to maximum
activity of solar cycle 21, which in terms of average solar flare proton flux. was
less severe than the preceding two cycles {Goswami et al.. 1988]. Indeed. the
current maximum in solar activity has already produced several flares of greater
intens:ty than seen at any time during cycle 21.

Solar electron event flux measurements made by ISEE-1 outside of the Van
Allen belts do not seem to have any spatial variation. and their profiles are es-
sentinlly determined by the temporal evolution of the particles as they pass the
earth The severity and duration of the flares are variable, but some have flux
increases two or three orders of magnitude above the normal background level.
Such ~nhancements, although only lasting for a few days, can have a very detri-
mental effect on sensitive detectors and electronics.

CONCLUSIONS AND FUTURE WORK

lectron Hux data from the complete energy range of the ISEE-1 MEPI
instrunent, covering the lifetime of the instrument have been analysed to provide
a preliminary basis for evaluation of the energetic electron environment of highly
eccentric orbits. The data have been analysed and the general morphology of
energetic clectrons with respect to geomagnetic coordinates and local time has
been established. “Worst-case™ data on the electron environment have heen
produced which should prove valuable for evaluating background and other effects
for future missions in these regions. Related to this are the flux-probability plots
produced. The local time scatter plots reveal the morphology of electrons in the
magnetosphere and their variability in the varions regions. A report containing
a more complete set of plots than given here is in preparation Tranquille et al.,

1990].
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It is found that in regions of space where there was overlap with existing
environment models, these models appear to be pessimistic for this period. In
regions beyond the model limits, where modelling normally assumes zero fluxes,
there were still non-negligible electron fluxes.

Partial overlap between the data on the particle-induced background of
the Cos-B X-ray instrument and the ISEE particle data allowed us to look at
their correlation. It is found that “flaring” of the Cos-B background coincides
with solar or magnetospheric events observed by ISEE-1 in the majority of cases
{Tranquille et al.. 1990]. However, this correlation is less than perfect, probably
because of the different locations of the two spacecraft in the magnetosphere
which, as has been pointed out,is highly dynamic.

There are many possible ways in which this work could be usefully extended.
As pointed ont above, the [SEE-1 energetic electron data only covers a period
of approximately 2 vears preceding solar maximum. The equivalent instrument
flown by ISEE-2. although measuring electrons of slightly lower maximum energy
and at lower energy and angular resolution, collected data over a period from
launch to well over ten vears later, covering almost a complete solar cycle. Anal-
vsis of these data would firstly increase the statistical value of the present study,
as well as providing an insight into the solar cycle dependence of the terrestrial
electron environmment.

A more detailed correlation between lux measurements and selar wind and
geomagnetic parameters could also he performed, and, as pointed out above, the
Tsvganenko external field model could be employed, incorporating activity and
diurnal effects. Fquatoral pitch argle distributions could also be used to derive
fluxes at higher B values (and therefore higher magnetic latitudes), giving flux
information which would be directly applicable to more inclined eccentric orbits.

Data from other spacecraft also exist, for which a similar analysis can bhe
performed. Geostationary data sets from the Los Alamos National Lahoratory
and from NOA N conld be used. These sets overlap ISEE-1 and -2 data in time.

The advantage of using data from other spacecraft is twofold: firstly, it
allows flux measurements to be inter-compared, hence enhancing the confidence
of the analysis: secondly, it complements the overall data coverage (such as the
relatively poor sampling of ISEE-1 at lower altitudes).

Finally., an alternative model to the AE8 model could be constructed using
data from the ISEL satellites, and any other suitable sources, with the function-
ality required for the evaluation of interactions at high altitude. Work to this
effect has already been initiated. Following the impending launch of the Com-
bined Release Radiation Effects Satellite (CRRES) [Gussenhoven et al., 19851
an extensive modelling activity will be undertaken.
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Figure 2: Thirtv-day plot of MEPI data from 4 channels, showing quiet con-
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a solar proton event observed by IMP.

72



Dat (aV)

ISEE-1/MEP] Electron Fiuxes

and A e :w‘ﬁ
b <k R RN AR ;
£3 &u».ﬁu 't ah“ JJ.J MM u{ ié..ﬂ"k“ ’I‘uﬂ&ﬁu\‘
R ]
r . . ?, {
f : ‘ . ]
2 - e . ! ’ o é:' . Ta g
9 TR IR TR N B O ). *&M)M&uﬂ
L 4 : ! ‘i 1d
3
] ‘ ]
: H : Zg
67 D - A e . sl
n 4 B
. 24
- N 1 N B
; 12 _J | \ ‘ . ‘
e - J/J ‘
- @ c ')/ . f’JK’ — /"////): 500
L]
§ \“”"\[/‘n - p
—“\NI\I’WN*\-~uv.,-~4\/‘\‘\\__v Jx\‘f\a_,,f\_; 422
se — e
-rs | " -
-200 - 12

Q 2 4 6 a 14 12 14 16 18 2e
days from 1379 day 33

Figure 3: As figure 2 but showing disturbed conditions.

73

electrons vscméssosr sneVy

Vsw tkmss)



Dst (1)

£S

[
”n
§ 2
Q
£
£
o 2
€
Z
_ 9
L]
9
Q

A
-]

-7

ISEE-1/MERPI Electron Fluxes

&,

S\
ixlf

4

-
aﬂ
etectrons (scm?/g/grsueV)

1

12
days from 1373 day 98

14 16 1e

Figure 1: As the previous two figures but showing a solar event.

74

gea
"
¢
4
eo ¢
3
L >




(Re)

L

B (Gauss)

Figure 5: Differential electron fluxes for MEPI channel 2 (39 . 75 keV) are
presented as a function of gromagnetic coordinates, B and L, sampled by the
ISEE-1 orbit. The inset shows the predictions of the AES model for the same
energy range.

_. ISEE-1-MEPI and ARES 39.0-75.0 keV Electron Flux=s %
32 —r T T T —— Tt = 6
S ——rrrrrr { q s
T e e | W@ 18
rhREm 4 « &
agmg’& W:c'-10 ¢
18 L f g — 3 4 °
I ::5 n8 Elie-10 N
2 3L 9 c
- Hh 3
- O1f-1 ¢
1 ~
3 - } 4 Oe-a2df "
v 3 g 1 €
¥ s L i 4 | dig”1d o
@ <
s - v
£ r
»:5 :
- o
es L. asieztaes N BN SR UIN RPNV B
: : -3 -2 -1 G
4 10 19 19 10]
saafss B (Gauss)
ix:
b4
o i
-4
-
15 | N
EHS 19020420 G:b a
3 %gpo
T isfonal
)8
T o
T ITl'—nG
= —v}qu
”ﬁVL o
-
b i §
HEE AT o
S -
ISEE-1 MEPT l
a A U SN SN
-5 -4 -3 - -1 2]
19 - 10 1o 10° 10 10



(Re)

L

35

3a

c5

109

ISEE-1-MEPI and AEB 189.8-382.0 keV Electron Fluxes %
M A AR | T ALY | T ™ TTTTTTT .1BS~186 <
N Wic-1& &
10 R PR ARE P
- ] 3 4
, - g Bio-10
- a
th 3 £
ig:: o Bif-1e o
- HH + Bid-1d
v p 1 £
@ 5 F 4 {01e-1a o
~ -
- H
[
A
- 2 T T U BT B
-4 — - -
10 192 107 Ch 19]
B (Gauss)
- T { -F} T afu] n
;8 : n
-
L ]F] a
HH
ama v g,
— ””"ILB -
o B 5
et 0
b 11 [l \
i R 3
- _
I ~1/MEP
SEE }LAE“E.[ s aaaand fdoaaaaaal el P U
- -4 -3 -2 -1
10 10 19 19 10 1

B (Goauss!

Figure 6: As figure 5 but showing data fron channel 5 (189 - 302 ke V).

76



101
wo

‘ 7R

W) ; 1//1/ 1Y s

. 7 T
E4 K2 IIL : ) /T , // / (I // 3
2 i ] A - . ~3

L ! '.ndn.',” ’/ 1 : ~4 £y ) 2 '; ,
gl ! b ! ' 3
= I 1 2 l =
o ' -

e
2 Ny
——
-4
e’

VY

4
L

% UT ddala aith jess tlux

B ot e
2 . 1 . 2
> 1 . ‘ v =
-’:‘-—’v-/—,*——;-‘— L D T
1 y . - /V p
'r A Lt /;/ ( B
S et
3L N e 2
ot £ Mt ai e asci Iande e i i ates I
3 — 8

80 GO
=
=
—
P~
N
™ ™~
~
NX{
00

7 f /)
x ] 4 1/2
E)
o /
‘nQ
ne
mﬂﬂ
c (b)
;g 9<L<10
”3
=
o
-8
o0
N'\l

(1Y)

o

uo

"F_T““T‘T‘:‘ -:;_:'»;,_.._,____._--..-—-‘
p—— - - - > - ’ - - » -

8 + ! s b

3.__._, ‘,{_ . ,,.; - o - 4 -
C I R S

2 Ly . ;

"3 -;,.{ U S SR . e ((‘)
b P o '( i o 1

Py } ‘ 2< L <13

s | i T o

78 J ! r N i 2

R AT A

» T,J’ I ! |
o o s S 1
:;g IL ‘ S | | '3
O A

N B N
g J ! ' I3
P b T v v o sy .
1

of w0t w0t 0t et

Flux {/cmld/s/ster/kev) AESTEC/a/ny0
Figure 7: Flux probabilities: plots of the probability of luxes being below given
values, for all 8 MEPI channel energy ranges, for 3 ranges of L: (a) 6 < L < 7;
()9 < L <10, (¢)12 < L - 13

77



|30 NIRAY

. v
A_.I.Q
Ay
/]
I\ 0
J Pt 4
. .
-
- 1

[ TR R B B | o

11

e

SRV I A

[

P30 e

F
. N
. i -
’ . -
- . -
=
3 .

i)
b
‘fry.
AT

| By o ! -
et e LT o n
' ‘ﬂ"" . .. - ? -
-lr - . - 7
?”r"& AT oy -
R 4 .
gy EATIN ¢
1»"\"" NS ""'i
*- "ﬁQN“.' ek W B
- *
-~ . . 1., . .‘
. da -.“h' EE S . - <
-3 . ‘ -
"5‘
- 1]
-
' =
i
v
P =
z
-
I
";.'
L]
,
.
N L]
- . i - - ,c

B R T TY TR, AT

25

o

S

e
A L 9
.3. T

U /sungaaga) engg Mg

REL VALY

Figure 8: Scatter plots of Log,, 22.5-39 ke\' electron fluxes as functions of local
time. Also shown are the mean (50 percentile) and worst-case {95 percentile)

log-fluxes.

Each plot shows a different I, range.

tion-belt to plasmia sheet morphology is clear.

8

The transition from radia-

7
x
&
E
=
»
£
v
e

: b

Vo=

v

[

Pz =

)

)

]

'

3

»

i

’

Iz

'



Pl P Red

i 10

MERL

IskE -1,

U= 189 L\

t)

M

ISt -1

+
1
H

(M 12 - 189

wl L thisy
I

I

\ME P

ISE -

P el

M}

:
Lol Tane vhins)
AV RN P

ISt

Ss My s arey Ay Moy A 1IN /0 Y /s un i) satay xsnpj oo

Figure 9: As figure 8 but for MEPI channel 4 (120-189 keV).

79

ali}

20

bocal e (tas)

ol Troe (his)



led

g0

[V L Y | 1o

MBI

I~

- .
z ]
- ot
. 1
- t
1
= 8
= !
b
N -2
= !
- f
S !
K 1o
»
= ’
= .
= !
~ ]
— "
1 i
w to
_»_: Ll
Vi R
]
b
i

3

LA

.o
]

Ky
-
e\

-
-
]

-
r
[

‘o p.

Tinie this)

i
10

5

I~H1

SO st g gy Mg A=Y/ 08 s MEcccint agae) xng) *' %o

Figure 10, \s figure 9 but for MEP! channel 6 (302477 keV).

80

tocal Time (hrs)

1 Tinse 41

Lo e



	Navigation
	VOLUME I
	Table of Contents
	Preface
	Trends in Spacecraft Anomalies
	Solar and Geomagnetic Activity during March 1989 and Later Months and Their Consequences at Earth and in Near-Earth Space
	Review of March 1989 Solar Activity and Resultant Geomagnetic Storm
	 A Survey of Medium Energy Electrons at High Altitude Based on ISEE-1 DATA
	Charging of Geosynchronous Spacecraft by Variable Intensity Substorm Environments
	Surface Charging of Engineering Test Satellite V of Japan
	Identification and  Solution of a Charging Problem in a  High-Altitude Detector
	Questfor the Source of Meteostat Anomalies
	Sensitivity Analysis with a Simple Charging Code
	Laboratory Studies of Spacecraft Charging Mitigation Techniques
	The Electrical Properties of ZOT after a Long Term Exposure to Thermal  Vacuum Environment
	Active Spacecraft Potential Control by Emission of Weak Ion Beams
	Plasma Sources for Active Charge Control
	Polar Code Simulation of DMSP Satellite Auroral Charging
	Numerical Simulation of the Wake of Non-Equipotential Spacecrafts in the Ionosphere
	High-Voltage Auroral-Zone Charging of Large Dielectric Spacecraft -A Wake-Induced Barrier-Effect Mechanism
	Some European Activites on Spacecraft-Plasma Interactions in Low Earth Orbit
	A New 2 1/2-D PIC Charging Code for Low Earth Orbit
	Charge Accumulation and Ion Focusing For Dielectrics Exposed to Electron and  Ion Beams
	A Threshold Voltage for Arcing on Negatively Biased Solar Arrays
	The Nature of Negative Potential Arcing - Current and Planned Research at LeRC
	Comparasion of Currents Predicted by NASCAP-LEO Model Simulations and Elementary Langmuir-Type Bare Probe Models for an Insulated Cable Containing a Single Pinhole

	VOLUME II
	Space Station Freedom Solar Array Plasma Interaction Test Facility
	SAMPIE - A Shuttle-Based Solar Array Arcing Experiment
	Optical signatures of the beam-plasma interaction during the
ECHO 7 sounding rocket experiment
	Neutral Gas Effects on the Charging of ECHO-7
	Immediate and Delayed High-Energy Electrons due to Echo 7
Accelerator Operation
	Altitude Effects on High-Time Resolution Measurements of Vehicle Charging due to Electron Emission at LEO Altitudes
	A Review of the MAIMIK Rocket Experiment
	Current Saturation of Electron Beam Emission from the SCATHA Satellite
	Dynamics of Spacecraft Charging by Elcctron Beams
	Spacecraft Charging During Electron Beam Injection and Turn-Off
	Three Dimensional Computer Models of the Currents Collected by Active Spacecraft in Low Earth Orbit
	EnviroNET-A Space Environment Data Resource
	Modification of Spacecraft Charging and the Near-Plasma Environment Caused by the Interaction of An Artificial Electron Beam With the Earthss Upper Atmosphere
	Neutral Environment with Plasma Interactions Monitoring System on Space Station
	BEAR Electrostatic Analyzer- Description and Laboratory Results
	BEAR Electrostatic Analyzer-Flight Results
	Sheath Waves on Conductors in Plasma and Their Applications for Low-Earth-Orbit Systems
	Current Collection in a Spacecraft Wake-Laboratory and Computer Simulations
	A Preliminary Spacecraft Charging Map for the Near Earth Environment




