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The precipitating electrons in the auroral environnent are highly vari-
ahle in their eneray and intensitv in hoth space and time. As such they are
a source of potential hazard to the operation of the Space Shuttle and other
larae spacecraft operatina in polar orhit. In order to assess these hazards
hoth the average and extrene states of the precipitating electrons must be
determined, In this paper we present work aimed at such a specification,

In the first half of the paner we nresent results of a qlobal study of the
averaqe characteristics. In this study the hiqgh latitude reqion was divided
intn spatial elenents in maanetic 1ncal time and corrected qeomaqnetic lati-
tude, The average electron snectrum was then determined in each spatial
elenent for seven different levels of activity as measured by Kp using an
extrenely larae data set of auroral observations. In the second half of the
paner we nresent a case study of an extreme auroral electron environment in
which the electrons are accelerated through a field aliqned potential as
high as 30,000 volts and in which the spacecraft is seen to charge neqa-
tively to a potential anproachina .5 kilovolts.

INSTRUMENTATION

The data used for this analysis were fron the $SJ/3 detectors on the F2
and FA4 satellites and the SSJ/4 detector on the F& satellite of the Nefense
Meteoroloqical Satellite Proaran as well as the CRL-261 experiment on the
P78-1 satellite of the Space Test Program. The SSJ/3 detectors consisted of a
set of two curved plate electrostatic analyzers capable of measuring the flux
of precipitatina electrons in 16 enerqv channels between 50eY and 20,000 eV,
The SSJ/4 detector consists of a set of four curved plate electrostatic
analyzers that measure both electrons and ians in 20 enerqy channels each,
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in the eneray ranqe fron 30 eV to NNOO eV, Both the SSJ/3 and $SJ/4
detectors return a. full spectrum over all enerqy channels ence per second
and all detectors are oriented on the spacecraft such that they look towards
the local zenith, The (P 281 experiment consists of two SSI)/3 detectors
mounted at right anqles with thair Yonk directions in the spin nlane of the
satellite.. Fach detector returns 4, 16 point spectra each second, The
satellite has a spin rate of apnroximately 11 2PH with the spin plane in the
orhit plane of the satellite,

A1l the satellites were launched into circular sun synchronous orhits.
The F? satellite's orbit plane was initially in the Adawn-dusk meridian but
precessed towards the N1830-2030 ML T meridian during the satellite's lifetime.
The period for which data are availahle, the altitude of the orhit, and the
orhital plane are listed in Tahle 1,

The DMSP sensors are operated continuously and apnroximately 807 of the data
were availahle for this study, For the P78-1 approximately 1000 polar passes
were available from 1977, For the determination of the averaqe character-
istics, the F2, F4, anc P7R-1 data were used.. The worst case study was
performed using the F6 data since these data cover a wider range in enerqy.

AVERAGE CHARACTERISTICS

Historically, there have been two approaches to qlohal specification of
the averaqe characteristics of auroral precinitation. In the first of these
the researcher builds up a qlobal or local time picture using a set of indi-
vidual passes each studied in detail (ref 1 & 2). The ardvantaqe of such an
approach is that all the details of each pass are considered in creating an
overall picture. The major disadvantaqe in such studies is that in order to
keep hoth the analvsis and data presentation manaqeable the researcher rust
restrict the total number of passes studied either hy spacing them widely in
maanetic local time or in activitv. In the second approach the researcher
builds up his alohal picture hy dividing the reqion of interest into zones
in maanetic local time, qeomagnetic latitude and activity he then uses very
large data sets to determine the averaae value of the quantity of interest
in each zone (ref 3 throuqh @), This approach has the advantaae of providing
real qlohal maps. Tt's major disadvantaae is that in the averaqing process
all small spatial and temporal variations are smoothed out, of necessity.
The numher of such studies done in the past has additionally been restricted
hy the fact that thev require very large data sets (millions of samples) and
they require siqnificant anounts of caomputer time.

In this study we have taken the second of these two approaches usinag the
data set from identical electrostatic analyzers flown on three Air Force sat-
ellites. MWe divided the high latitude reqgion into zones in mdqnetic Yocal
time and corrected qeomagnetic latitude. In MLT the divisions were 48 one
half hour sections. In latitude there were 30 divisions at ?° increment
hetween 5N and AN dearees, 19 increments hetween A0 and 80 deqrees, and 2°
increnents from 20 to 9N deqrees. Seven such matrices were created, one for
the Kp = 0, 0+ cases, one for Kp = 1-, 1, 1+ cases and so on up to Kp = G-, &,
54, The last matrix included all cases qreater than Kp = 6-, Fifteen months
of data were used from the F-2 and F-4 satellites. The fifteen months were
chosen to give an even distribution of the data over the seasons of the year
and to nrovide sufficient coverane at high activity. Altogether the 15 months
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of data provided 13,6 million spectra. ALl orbits of the P78-1 satellite in
the interval from Fehruary 1979 to January 1980 were used, This comprised
approximately .52 million additional spectra, The 14.1 million spectra
were divided among the 7 levels of Kp as follows; Kp = 0, 7,86%; Kp = 1,
23.82; Kp=2, 26,9%, Kp = 3, 21.9%; Kp = 4, 10,5%; Kp = 5, 5.3%; Kp > 6-,
3.6% In each zone the averaqe and standard deviation of the differential

aumber flux for each of the 16 enerqy channels of the detector was calculated
using all spectra that fell within that zone. The final product is therefore

the average spectrum in each zone at each level .of activity.

From the averaqe spectra we calculated inteqral quantities over the
entire energy range of the average enerqy spectrum. The three quantities

calculated were the integral number flux in units of e/cml-sec-ster defined ..

as:
15

JTOT = §(Ey) (Ep - Ey) + %;Q(Ei)(£j+l 5 Ej-1) + i (E16).(E16 - F15)

The integral enerqy flux in units of keV/cm?-sec-ster_defined as:

15

JETOT = Ey §(Ey) (F2 - Ep) + §=g(51) i(Ei)KEi:Jl?:,ﬁﬁ;l) *

Eigi (E16) (Erg - Eps)
and the .average enerqy
EAVE = JETOT/JTOT

where _
J(Ej) = the averaae differential flux
in the ith enerqy channel

Ej = the central energy of the ith channel

These three- quantities are displayed as isocontour maps in Figures la-~d,
2a-d, and 3a-d where we have plotted the Kp = 0, 2, 4, and 6 cases. The
discussion of these maps is in two sub-sections; the first dealing with

the characteristics of the relatively hot electron (EAVE > 600 eV) and

the second dealing with the characteristics of the colder electrons., Such
a division is made based on a comparison of the maps of integral flux and
average enerqy. Such a comparison shows that the high latitude region
separates naturally into two regions hased upon the average energy of the
electrons, The hotter plasma is confined to a roughly annular region whose
Tow latitude edge is the equatorward edge of the auroral zone while the
colder plasma fill the remaining area hetween the poleward edge of the
annulus and the qeomagnetic pole. The colder electron region is composed of
a band of relatively intense precipitation bounding the poleward edge of the
hot plasma and a region of lower intensity precipitation in the rest of the
area up to the pole,
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HOT ELECTRON REGION

For the hot electrons we note the followina:

1) The averaqe enerqy of the precipitatinag electron varies qreatly in
naanetic local time, In qeneral the perak averaqe enerqies are highest on
the morning side of the oval, Within the norning side renion there are two
maxima in the averaoe enerqy; one hatween nidniaght and 0600 MLT and the
second tynically twn hours pre-nnon,  In tahleg 74 and 2h the location and
electron characteristics for the two naxima are listed for all seven Kp
zones,

Dne notes that the averaqe enerqy of the post midniqht maximun is hetween 3
and & keV in 1 latitude ranqe between 632 and 677,  The local time of these
maxina varies over 6 hours and the trend is for the enerqv flux to increase
with increasing ¥p. The lack of a post nidniqht maximun for the ¥p=h case
we attribute to the relatively limited sampling provided by the pP78-1
satellite in this region and at this level of activity. The pre-noon
maxinuem is more fixed in maqnetic Tocal time and more ordered by Kn,

Except for Kn=9 case this maxima is alwavs found between 0930 and 1100 MLT
and at a aeomaqnetic latitude that smoothly decreases with increasing Kn,
The averaqe enercy increases from kKp=0 to Kp=3 but then decreases for all
higher Kp reaching a value for the highest activity case a factor of two
Selow that of the Kp=0 ease. In a similar nanner the enerqy. flux increases
from Kp=N to ¥p=3 but then is approximately stahle for all higher activities,

?.. At enerqies ahove 1 keV the reaion of hot nlasma is not continuous abnut
the oval. For ¥n=N the average energy does not reach lkeV at any latitude in
the "ILT ranne from ~ 18n0 to 2200, For the Kp=1 and 2 cases there is a
ninirun within the reqion of hot plasma at anpproximately 1800 hour "7, For
the four remaining cases there is a clear mininum between noon and 1800 hours
MLT. The averaqe eneray of this nininun falls helow 1 keV, For the four
highest activity cases the location of the mininun appears to move to earlier
local times with increasing activity., Part of this effect apoears to result
from a change with activity in the naanetic local time past noon to which

hot electrons drifting aronnd on the morning side are ahle to nenetrate,
These electrons are seen at the Tatest MLT for Kp=0 and nenetrate to nrogres-
sively earlier MLTs with increasing activity. For the Kp >6- case there

are few regions to the dayside of the dawn-dusk meridian in which the average
enerqies reaches 1,5 keV,

3. The najority of the enerqy flux of particles into the high latitude reqion
is carried hy the hot electrons. Typically for any LT zone on the nightside
of the oval the latitude of the maxinum in enerqy fiux is near or coincides
with the maxirum in averaqe eneray. At all activity levels above Knz=0 the
isocontours of eneray flux within the hot electron reqion have a € or horse-
shoe shape that is roughly syrmetric ahout a meridian one to two hours post
nidniaht and post-ncon. The maximum enerqy flux occurs slightly hefore
nidnight for Kp=0 and 1 but is clearly post midnight for all higher activity
casns,

4, The eneray flux into the nightside oval and up to approximately 1000 MLT

on the dayside increases with increasing activity as the oval expands. By
contrast the enerqy flux carried by hot electrons at noon reaches a maximun
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at Kp=? and then decreases for hiqher activity, This 1§ shown in Table 3
where we have listed the maximum enerqy flux and it's latitude for the 0NNO
to 0030 MLT zone and for the peak in averaqe enerqy for the hot electrons in
the 1130 to 1200 MLT 20ne, — .

The latitude for hoth cases decreases for increasing activity as would he
expected fron the overall movement of the oval equatorward, The enerqy flyy
at midniaht. increases by more than an order of maanitude from Kp=0 to

Kn 36« while the eneray flux at noon reaches a maxinum value of 7.79x107
keV/ criéwsec-ster for Kp=? and then decreases for increasing Kp above thig
point, reachinag a value for the Kp>6~ case approximately a factor of twon
lower than the Kp=0 case. The ratio of the enerqy flux at midniqht to that
at noon increases with increasina Kp except for the Kp=6 case. The 7 values
from ¥p=0 to Kp»6- are 2,7, 4,1, 4,7, 12,n, 21,5, 18, 72.%,

COLD ELECTRON-REGION

For the cold electrons (EAVF < 600 eY) we note the following:

1. The highest number flux of cold electrons is found within the dayside
nortion of the overall reaion of electron precipitation. At the first five
activity levels there is a clear crescent shaped reqion of cold electrons
roughly symmetric about noon or sliqhtly skewed towards prenoon. The crescent
shaped reqion is most clearlv evident in the Kp=0 and Kp=1 cases where at a
level of ahove 5X107 electrons/cmz-Sec-ster it extends in magnetic local time
over the entire davside reaion and one to several hours into the nightside
reqion. The region extends closer to midnight on the morning side than the
evening side, The same behavior is mainteined for the next three levels of
activity but is ohscured in the isocontour plots by the increasing intedral
flux on the night side from the hot electrons. For the tvio highest activity
cases there is still an extended reqion of low enerqy precipitation on the
dayside but it is not as well organized as for the Tower activity cases.

2,  The intensity of the integral number flux within the dayside reqion shows
little if any increase with increasing activity. Except for the Kp » 6-
case the intearal number flux is typically between 5x107 and 2x108 electrons
/cmé-sec-ster. Althouah the level of flux within the reaion is relatively
constant the total flux of electrons into the reqion is increasing with
increasing activity, For the 7 levels of activity the total downcoming flux
over the entire dgxside with enerqies hetween 50 eV and 66NeV are 7.65x1024,
8.80x1074 11, 01075, 1,21x10%5, 1,56x1025, 1,97x1025 and 3. 78x102electrons/
-sec-ster, These numbers were obtained by determinina the integral flux for
electrons with enerqies hetween 50 eV and 660 eV in each spatial element on
the dayside multinlying these by the area of the spatial element and surmming.
For all hut the Kp» 6- case this trend is well fit by the equation,

I = 7.8x1028 o «2Kp a1ectrons/sec-ster
3. NMithin the dayside region of cold electron precipitation there is, in all

hut the Kp> A- case, a clear prenoon maximum, In Table 4 the parameters
for these maxima are listed,
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One rotes that the maximun's Tocation in MLT is relatively constant while the
Tatitude decreases with increasing activity as the aval expands, The inteqral
nunber flux increases only from 3,06 to 4,1 x 107 from the Kp=0 te the Kp»

6~ case,. Roth the inteqral ener~y flux and averaqe enerqy are sinilarly with-
in a narrow range except at the two highest activities.. These increases at
hiaker activity are attributable to an increase in the spatial variahility of
the- oval Such that some hot electron spectra have been used to determine the
averaqe spectrum fron which the enerqy flux and averaae enerqy were calculatod
If at all activity levels the values listed in Table 3 are recalc.iated using
only the portion of the spectrum hetween NieV and 660eV the values for the
Kp=0t to Kp=3 cases vary hy less than 10% for all three quantities, For Kp=4
and 6 cases, however, the enerqy flux drops to values helow 108 keY/em?- sec-
ster and the averaqe enerqy to values helow 20N eV,

4, In the dayside reqion of cold electrons there is a clear minimun in
averaqe enerqy. The location and electron characteristics at the mininum
are listed in Table &, .

The Tocation in latitude shows a total variation of 50 with activity and
except at high activity is found bhetween 1100-1200 MLT, Again the electron
characteristics are quite stahle with increasing activity. The inteqral
numher flux ranqes hetween 3 and 10 electrons/crt -sec-ster excent for the

KP > 6- case. The intearal enerqy flux value falls in a similar narrow range
and the average enerqy shows a slight decrease with increasing activity,
These averaqe eneray minima sit near the poleward edae of the cresent shaped
region of cold electron precipitation.

WORST CASE ENVIRONMENT

The concept of a worst casé environment for large space structures in
near-earth, polar orhit involves an extrapolation of experience with small
satellites near qeostationary altitude. The need for extrapolation derived
from our historical situation which presents many well-docuriented examples of
severe charqing at geostationary altitude, a few cases of small-satellite
changing at ionospheric altitudes, and as yet no experience with large struc-
tures, such as Shuttle, in polar orbit. At qeostationary altitude the worst
charging occurs when satellites are in the shadow of the earth during sore
substorm injection events, In this situation the occurrence of charqing is
unamhiguously determined by the location in eneray of the so-called "charqing
peaks" in the positive ion spectrum. If a satellite charges to - 5kV, low-..
energy ions in the vicinity of the satellite are accelerated through this
potential. Typically, a larqe flux of ions would be measured in the enerqy
channel centered nearest 5KeV while few if any ions would be detected in
energies channels helow this value. Mullen and Gussenhoven (ref 10) (1982)
found that the most severe charging occurs during those substorm injection
events that are characterized by strong fluxes of electrons with energies
ahove 10 keV., IJpacting electrons with energies ahove (below) this value
produce less (more) than one secondary electron per particles for typical
spacecraft materials (ref 11) With this criterion in mind Hardy (ref 12)
surveyed more than 10,000 passes of PMSP/F2 over the auroral zone to iden-
tifﬁ conditions under which the flux of electrons with enerqy > 1 keV exceeded
101 electrons/cm-sec-ster, Although these energetic electron ohservations
are useful for modelers who require realistic, worst-case fluxes it provides
no empirical quidelines as to what deqree the satellites actually charqe,
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Hith the Yaunch of TMSP/F6 in December 1982 it has hecome possible to
specify the dearee to which charding accurs in “worst case” auraral environ-
ments. This satellite carriod detectors capable of measuring the fluxes of
downcoming electrons and positive ions with enerdies hetween 30 eV and 30
kaV, The satellite alse carried defectors to measure the densities and
temperatures of thermal ions and electrons, Recause the qeametric factor of
the enprgetic 1on detector qreatlv exceeds that of any previously flown, it is
possible for tne first time, to look for ion "charqing neaks" as indicators of
spacecraft charqing in the ionospheré, The detector systems as well as the
methods for data presentation and identifying severe charaing events are
descrihed in a companion paper (ref 13) and will not he repeated here,

Fiqures 4 and 5 give the averaqe energies (top panels), directional enerqy
flux (middle panels} and directional number flux of electrons and positive
jons measured during a northern, high-latitude pass of DMSP on 12 January
1983. The data are presented as a function of UT in seconds of the day,
qeoqraphic latitude and longitude; maanetic latitude, longitude and Tocal
time. Attention is directed to the two minute interval between 35820 (0957)
and 35940 (N959) WT, The electron flux rose sharply from typical polar rain
values of 2 X 100/cml-sec-ster, starting at 35860 UT to a maximum value of
1010 /cmlogec- ster at 35878 UT. The flux level then decreased to a nearly
steady value of 6x10% for the following minute. The average energy profile
suqqests that the satellite either passed throuah two closely spaced inverted-V
structures or through a sinale, complex inverted V with a very intense sub-
structure at its poleward houndary. Nuring the subinterval 35860-35880 UT,
the inn flux increased by three orders of maanitude with no easily recognized
increase in average ion enerqy. An intense flux of high-enerqgy electrons
accompanied by an increased flux of low-energy ions is uftén an indicator of
spacecraft charging at geostationary altitudes (rci 14). An analysis of
individual distribution functions for ions and electrons, presented below,
shows that this can also be regarded as a signature of charging at iono-
spheric altitudes. Before examining individual spectral measurements two
additional comments related to Figures 4 and 5 should be made. First, during
the interval 35880 to 35940 as the satellite passed through the equatorward
(portion of the)inverted V the flux of ions remained conmstant at ~ 10
/emé-sec-ster and their average cnergy increased to several kilovolts. As
demonstrated below no measurable charging occurred during this interval.
Second, the electron flux levels of 1010 /cm-gec~ster near 35875 UT repre-
sent lower bounds on the actual flux. The integrations are performed only
over the finite energy range (30 eV = 30 keV) of the sensor.

Figures 6 a-f give six examples of phase space densities for electromns
and ions with energies between 30 eV and 30 KeV as measured by DMSP/F6 in
crossing the inverted V structure(s). Before examining the measurements it
should be recalled that both the electron and ion detectors consist of two
analyzers. The low (high) energy analyzer covers the range 30 eV to 1 keV
(1 to 30 keV) in 10 logarithmically spaced steps. Each of the analyzers
steps from high to low in énergy. Thus, the 1 keV sample of the low=-energy
analyzer occurs almost a full second before the 1 keV sample of the lLigh
energy analyzer. In rapidly varying environments the 1 keV measurements of
the two analyzers can be quité different. In smoothly varying regions
measured fluxes agree within normal, statistical fluctuations. The different
values of electron distribution functions at 1 keV, in the examples given in

Figure 6 reflect rapid spatial-temporal variations in the enviromment rather
than a calibration deficiency in the instrument.
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The electron and fon distribution functions in Figure 6 were chosen ro {1-
Lustrate conditions leading to weak (a,f), moderate (c,e) and strong (b,d)
spacecraft charging, To help fdentify the degree of charging expanded plots
of the low energy portions of lon.distributiouns appear as insets. At 0957:48
UT as the satellite entered the inverted V the {on distribution decreases
monotonically indicating that the satellite potential was greater than or
equas to = 30 V. One second later the electron distribution hardened consi-
derably and the low-energy portion of the ifon distribution shows a peak at
300 ev Indicating a vehicle potential of =300 V (ref, 13). The rapidity with
which the vehicle potential fluctuates is shown in examples ¢ (0957:56) ¢
(0957:58) and e {0957:59) where the charging peak is seen at 100 eV, 440 ev
and 44 ev, respectively. We note that, at 0957:58 UT in the energy range 9
to 30 keV, the electron distribution function is monotonically increasing.
1f we assume that the auroral electrons have undergone a field-aligned accele~
ration between the magne tosphere and ionosphere, then the detected electrons
are secondary and degraded primaries.. The potential drop above the ionosphere
is at least 30 kV. The primary electron beam has an energy greater than 30
keV; beyond the energy sensitivity of the DMSP/F6 detection range. The
final example at 0958:06 UT comes from the equatorward inverted-V, Although
the primary electron beam has been accelerated through a potential of 14 kv,
the {fons have a monotonically decreasing distribution, Potentials > = 30 v
are typical of this equatorward inverted-V encounter,

the flux measured at N1957:58 (35878) UT is lower bound on the actual flux.

appear in the bottom panel. We see that there are one for one variations in
the energetic electron flux and the satellite potential. The degree of
charging achieved at feostationary altitude in a given energetic particle
environment exceeds that expected for satellites in the fonosphere. 1In the
ionosphere severe charging effects should be mitigated due to currents carried
by relatively dense, cold ions. Simul taneous Mmeasurements from che thermal
plasma probes in the vicinity of the inverted-v event(s) are presented in
Figure 8. Data are presented as densities of thermal electrons (top panel)
and fors (bottom panel) determined while the detectors operated in the con~
ftant bias Mode 1 (ref 13). 4 positive bias on the outer srid of the electron
sensor is responsible for the factor of two greater electron than ion density
prior to 0957 and after 0959 UT. Note that between 0956 and 0957 UT the

Beginning at 0957:30 the current to the electron sensor decreased by more
than another order of magnitude. Because the ions show the opposite response
we attribute the thermal electron current suppression as due to the increase
satellite charging encountered at this time.

In the companion paper, Burke and coworkers (ref 13) presented another
example of severe charging by DMSP., In this event the satellite potential
only reached =65V, The Present case differs in two significant ways. First,
although the inverted V electron flux levels were comparable, the average
eénergies were significantly larger in the present case. Second, the thermal
plasma density was an order of magnitude higher in the case presented by
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Burke and coworkers. This means that there is roughly an order of magnitude
less fon current available to neutralize the current due to energetic elec~
trons. Lt would appear that both energetic electrons and a cold plasma
depletion are required for satellites at fonospheric altitude to acquire the
high degree of charging ohserved by DMSP on January 12, 1983,

REFERENCES

-Winningham, J.D., F. Yasuhara, S.~I. Akasofu and W.J. Heikkila, (1975),
The Latitudinal Morphology of 10eV to 10 keV Electron Fluxes during Mag-
netically Quiet and- Distrubed Times in the 2100 - 0300 MLT Sector, JGR,
80, 3148.

Lui, A.T.Y., D. Venkatesan, C.D. Anger, S. ~I. Akasofu, WeJeHeikkila, J.D.
Winningham and J.R. Burrows, (1977), Simultaneous Observations of Particle
Precipitation and Auroral Emissions by the ISIS 2 Satellite in the 1900 -
2400 MLT, Sector, JGR, 82, 1977.

Feldstein, Y.I., (1966), Peculiarities in the Auroral Distribution-and Mag-
netic Disturbances Distribution in High Latitudes Caused by the
Asymmetrical Form of the Magnetosphere, Planet. Space Sci, 14, 121.

Sharp, R.D. and R.G. Johnson, (1968), Some Average Properties of Auroral
Electron Precipitation as Determined from Satellite Observations, JGR,
73, 970..

Eather, R.H. and S.B. Mende, (1971), Airborne Observations of Auroral
Precipitation Patterns, JGR, 76, 1746.

Starkev, G.V. and Y.I. Feldstein, (1971), Substorm in Auroras, Geomagn.
Aeron., 11, 478. —

McDiarmid, I.B., J.R. Burrows and E.E.. Budzinski, (1975), Average
Characteristics of Magnetospheric Electrons (15 eV to 200 keV) at 1400 km,
JGR, 80, 73.

Walis, D.D. and E.E. Budzinski, (1981), Empirical Models of Height In-
tegrated Conductivities, JGR, 86, 125....

Spiro, ReW., P.H. Reiff and L.J. Maher, Jr., (1¢82), Precipitating
Electron Energy Flux and Auroral Zone Conductances - An Empirical Model,
JGR, 87, 8215,

Mullen, €. G., and Gussenhoven, M. S. (1982) High-Level spacecraft
charging environments near geosynchronous orbit, AFGL~TF-82-0063 Hanscom
AFB, MA 01731,

Lamframboise, J. G., Godard, R., Kamitsuma, M. (1982) Multiplc floating
potentials, "threshold temperature" effects, and "barrier" effects in
high=voltage charging of exposed surfaces on a spacecraft" in Proceedings
of International Symposium on Spacecraft Materials in Space Environment,
Toulouse France, 8-11l June 1982, Ppublications Branch ESD, Noordwijk, The
Netherlands.

139



12, Hardy,‘Dg A. (1983

) The worst case, charging environmentk.in Pracaeding
Of AFgl Workshop on Natura) Charging of Large Space-Structures in Near-
Earth Polar Orbit: Segt 14-151 1982, ed by R .C, Sagalyn, D. E.
Don

onatelli ang I. Michael, AEGL=TRe83-OO467 Hanscom AFB, MA.. 01731,

13. -Burke, w. Je, Hardy, D. A., Rich, F, g,, Rubin a, G., Tautz,
M. F. Saflekos, Ne--Re and ¥eh, W, Ce, (1984), Direct measurements of
severe spacecraft charging in the auroral iondsphere; Proceedings of
Spacecraft Environment Interactions Conference {this volume),

14. DeForest, s, E., (1972) Spacecraft Charging at Synchronous Orbit, JGR,
77, 651-659,



Satellite
F2
Fa
P78-1
Fé

Kp Average Enerqy

& W

>6a

Ko

S W N

>he

3.41 Kev
an -~
3,1
3.3 ¢
3.46 ¢

587

Average Enerqy

2.97 Kev

3.90
5.68
6,40
5.02
4.81
1,00

Table 1

Ocbital Plane- Altitude
0600 - 1800 840 Km
N30 - 2230 840 Km
0000 - 1200 600 Km
0600 - 1800 840 Km

Table 2a

"

"

Past Midnight Maximum

Enerqy Flux

8.27x107KeV/cm? - sec- ster

7.65x107
3.90x108
6.98x108
7.10x108

1.67x109

Table 2b
Pre Noen Maximum

Enerqy Flux

2,16x107 KeV/cm2-sec-ster

6.34x107
1.07x108
1.38x1n8
9.42x107
1.33x108
1.n6x108

11

- P -

Data -Availability
9/77 - 2/80
6/79 - R/80
3/79 - present

12/82 - present

Magnetic
Latitude MLT
670 0400-0430
660 0530-0600
650 0130-0200
659 0130-0200
669 0000-0030
630 0230-0300
Maanetic
Latitude MLT
70 1400-1430
700 0930-1000
700 1030-1100
690 1000-1030
670 1000-1030
660—0930-1000
650 0930-1000



mnoo - 0030 MLT

Table3
1130 1200 ML

Kp Max, Energy Flux La(t:;f;de Enerqy Flux .- La(tzgtt;:nde
0 1.00x108 Ke¥/cm2-sec-ster 90 3.75107KeV/cn2- secoster 720
1 1.90x108 " 680  4,565¢107 " no
2 3.69x108 . 669 7, 79x107 “ no
3 6.64x108 " 650 5, 50x107 " 690
4 7,75¢108 - 660  3,51x107 " 670
5 4,67x108 . 620 2.61x107 - - 660
- 1.37x109 . 620 1,92x107 " 640
Table 4
Prenoon Inteqral Mumber Flux-Maximum

Lati- Inteqral Number Integral Energy Average
Kp _tude MT Flux Flux Eneray
0 79 0800-0830 3.05x108 e/cr?-sec-ster 7.04x107 e/cm2-sec-ster 232ev
1 78° 0800-0830 3.22x108 " 8.45x107 " 272V
2 789 0930-1000 3,32x108 " 8,43x107 " 256ev
3 77° 1100-1130 3,80x108 “ 7.03x107 " 187ev
4 740 0830-0900 3.61x108 u 1.95x108 " 552ev
5 739 0830-0900 4.10x108 " 1.66x108 " 465V

Table §
Average Energy Minimum

Kp  Llatitude MY Intearal Energy Flux Average Fnerqy
0 810 100-1130  4.57x107 KeV/cm-sece ster 199 ev
1 8io 1130-1200  4,88x107 " 183 ev
2 810 1130-1200  3,83x107 " 168 ev
3 790 1100-1130  4,44x107 " 165 ev
a 780 1130-1200  3,96x107 . 162 ev
5 780 1230-1300  3,18x107 v 147 ev
> 6~ 760 1200-1230  7,29x107 " 18 ev
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Figure 1. - Isocontour maps of the igtegral number flux (IFLX) of precipitating
electrons in units of electrons/cm® sec sr for the four activity levels Ky=0,
2, 4, and >6-. The plots are in a corrected geomagnetic latitude - magne@ic
local time coordinate system. The geomagnetic pole is marked by a cross (*).

Midnight magnetic local time is centered at the bottom of each figure, noon
at the top.
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Figure 2, - Isocontour maps as in figure 1 for the intsgral energy flux
(EFLX) of precipitating electrons in units of keV/cm¢ sec sr.,
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Figure 7. - Integral flux of electrons with
energies >5 keV and >10 keV in the poleward
inverted-V structure. The bottom panel gives
the measured satellite potential as determined
from charging peaks in the ion distribution
functions at l-sec intervals,
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