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11. Analysis of Penumbral Eclipse Data

H. B. Garrett, 1/L¢. USAF

Air Force Geophysies Laboratoty
Hanscom AFB

Bedford, Mass.

Absttact

~ Two days of data from the ATS-8 1876 eclipse season were analyzed tb deter-
mine the effects of varying photoeléctron flux on spacecraft potential. Particular
emphasis was placed bn the variation In potential as the satellite entered the
earth's penumbra. Measurements from the AE-C satellite of the solar UV radia-
tion were used to construct a mbdel of atmospheric attenuation. This model was
found to be consistent wfth direct meagurémerts of the variations in photoelectron
flux as INJUN V passed into eclipse, Applying the model to the ATS-6 data gave
the timé-dependency of the solar {llurhination/photoelectron flux as the satellite
was eclipsed. This relationship, when combined with the AT'S-ti measurements of
satellite potential, revealed a nearly linear relation between the solar {llutnination/
photoelectron fluk and the logarithm of the satellite potential.

1 INTRODUCTION

The charging of spabecraft at geosytichronous orbit has become aprimary con-
cern for englrsérs arnd satellite designers, A midjor goal of scientists concerned
wlth the probleri is to provide to.the elginesrs and designers adequate models of
th{s pHeromietion, Although several models of the sheath surrounding the spacecraft,
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of the way in which this sheath alters the ambient particl® fluxes and of the sub-
sequet t intéraction with the spacegcraft surface exist in varying degregs of sophis-
tication, few means exist for verifylrg these mode'is.l The purpose of this report
will be to present observations of the variation in the ATS-0 spaceeraft potential
as one parameter, the pHotoelectron flux, was vat-ied it a known manher., This
will be atconiplished by detailed analysis of data from periods when the sun, as
observed by a satellite, is eclipséd by the earth.

2. OBSERVATIONS

The highest poteritials yet observed on.spacecraft have beeri by the ATS-5 and
ATS-6 satellites as they passed intb the earth's shadow.. These pbtentials are
only observed when the satellites are immersed in.thé hot plasma associated with
geomagnetic storms and plasma injection events. Briefly, as a satellite passes
into eclipse, the incident solar phbton flux is decreased resulting in a decrease in
the photoelectron current emitted from the satellite surface, It is the elimination
of this eurrent source that results in a current imbalance which leads to a large
negative potential.

Figures land 2 are spectrograms for 28 Febrdary (Ddy 59) and 6 March (Day
66) of the particle populations observed by the ATS-6 satellite duririg the spring
1976 eclipse season (see2 for an expladation of these spectrograms). The intense
bands observed in each positive ion spectrogram are the cold bahkgrottnd ion popu-
latisn which has been accelerated by electric fields on the spacecraft. These data
can be interpreted as voltage changes on ATS-6 amounting to over -10,000 volts and
are coincident with the passage of the satellite into eclipse. In Figure 3, the volt-
age changes: as the spacecraft passes into eclipse (exits eclipse) are plotted as
continuous (dashed) lines for Days 59 and 66. Entry and exit (reversed iti time)
have been superimposed on each other to shbw their agreement for eadh eclipse.
This agreement is a consequénce of the eclipse symmetry and the apparent stability
of ambient eonditions during each eclipse.

Figures 4 and 5 show the plasma distribution functions for the eléctrons and
ions associated respectively with the eclipses on Day 59 and Day 66. Pigure 4, for
Day 59, shows the plasma <onditions before ahd after eclipse (dashed lines) aiid
during eclipse (solid lines), The spectra immediately before and after eclipse Ire
nearly idéntical; whereas the spectra measured while the satellite was in eclipse
show the effects of chargihg. Normally these effécts result in a coristant, positive
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Figure 1. Spectrogram of ATS-6 Count Hates as a Function of Time and Energy

for Day 59 of 1978. The spacecraft develops a potential of -10,000V as reflected
ty theion data when it is eclipsed near 2200 U
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Figure 2. Spectrogram of ATS-6 Count Rates as a Function of Time and Energy
for Day 66 of 1976. The spacecraft is eclipsed by the Earth between 2100 and
2300 UT



LANL A AL IO U A A A B R DL BN R |

10}
LK

B [
g |
-
g - |—DAv 66
5'03: .
3 ]
I.Q_J - —
3 L -

1

T J T
P

\.\
-
11

N R T N U (S U TS WU AN N O B BTN

o 5 10 15
TIME (MIN)

Figure 3. ATS-6 Potential as a Fufiction of
Time for Day 59 and Day 66. For reference,
as the time axis is not absolute, ATS-6 had
voltages in excess 0f-10,000 V for 1080 sec
on Day 59 and 3126 sec bn bay 66

displacement in energy of the ion distribution functibn that is equal to the potential
on the satellite and a corresponding negative displacement in the electron distribu-
tibn funetion, The spectra for bay 66 in Figure 6 show this effect, but, for
energies above 30 keV, the spectra for Day 59 are not consistent with this behavior.
The exact cause of the depdrture is not known but it may result from effects on the
spacectraft due to the eclipse rather than to changes in the ambient plasma,
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Figure 4. Electron and Ibn Distribution Functions as Functions of
Energy for Day 59, Dashed lines repreeent the spectra before and
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Figure 5. Electron and Ion Distribution Functions versus Energy
for Ddy 66. Dashed lines represent spectra before ecltpse. Solid
lines represent éclipse spectra
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Figure 6. Duration of Penumbral and Umbral Eclipse
Periods as a Function of Day of the Year for the ATS-6
1976 Spring Eclipse Season. Observed and predicted
results are plotted

3. THEORETICAL ANALYSIS

In the preceding section, the experimental data were presented along with a
brief deseription of the plasma codditiohs. Based on these data, | feel that the
ambient piasma distribution during eclipse Days 59 and 66 did not change signif-
icantly except for a displacement in the distribution function due to charging effects.
As previously discussed, it is the loss of the phataemissian current as the sun is
eclipsed which is the apparent source of the charging. To analyze the charging in
more detail, it is necessary to accurately model the time variation of the solar
illumination. To accomplish this, data from several sources will be used to com-
pute and test a model of the penumbral variation,

A simple model of the penumbral region can be detrived by assuming the earth
and sun to be well defined discs. Geometry then gives a relation between the pet-
cehtade of solar il'umination and time. In Figure 6, the duration of eclipse versus
ddy of year for the ATS-6 1976 spring eclipse season has been plotted. Where it
was possible to estimate both, entry into the penumbral and umbral regions are
shown connected by a line. The two curves represent the theoretical prediction of
partial and total eclipse. The data indicate that even this simple theory gives an
adequate predictlon of the duration of partial and total eclipse at synchronous
orbtt. Note that bay 59 ig an example of grazing incidence whlle Day 66 illustrates
direct entry into eclipse.
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Tho major objection to such a simple theory s tho exclusion of atmospherie
effects, For low altitudes (less thar 2 earth radii), such effects are rlonrly
important, This s demofistrated in Flgure 7 where tho variation of photoelectron
flux (dots) versus time as theé INJUN V satellite passed into eclipsce i+ plotted. At.
the time of these data, the INJUN V satellite was at 1.5 cnrth radti. The solid
line is a theoretical curve of the percentage of solar lllumination versus time
when atmospheric effects are Included id the eclipse models lgnoring atmospherie
effects glves the dashed curve In Figure 7 (note: the earth's eclipse boundary
was placed at 6378 km + 145 km for thts calculation),

Using data from the AE-C satellite, 3 the attentuation, - (such that ¢ b0 e,
where ¢ is the observed photon flux), as a funetion of minimum ray height above
sea level, was calculatild. At a given wavelength, it was readily found that:

“X - X)
rre ——— (1)

where
X = height above sea level,
X, = constant, dependent on frequency of light, and
& = scale height, dependent on frequency of light.

As the detailed variation of the photoelectron flux is dependent on the materials of
which the spacecraft is constructed and as the atmosphere itself varies in time, it
is diff{eult to construct a more exact model. Careful consideration of the photo-
electrori emission versus frequency and the attenuation versus frequency from the
AE-C satellite gave average values of:

X 145 km (2)

(o]

6 =23.8kin . (3)

The INJUN V data of Figure 7 are fit with a value of 60 km for 6, whereas AT'S-6
is better fit by 6 = 23, 5hm. The difference is likely due to the maturials of which
the satellites are constructed as the INJUN V detector is made of tungst~~ which is
responsive to longer wavelengths than alumtnum, theé primary ATS-6 material.

To First order, thé effect of the etmosphese is to make the earth appear larger
(approxitately 145 km larger) in radtus. Although 6 1s not eccuretely known, the
AE-C data iraplies values of 1€SS than 100 km. Thts uncertainty generates timing
errors in our estimation of the eclipse duratton ¢n the order of 30 sec or less but
does not greatly alter the results to be presented. By comparison, emphemerts
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Figure 7. INJUN V Measurements of the Photo-
electron Flux as a Fuhetion of Time in the Penum-
bral Region (Dots). Also shown are two theoret-
ical curves of the’solar illumination for the case
of nb atmosphere (dashed line) and with an atmos-
phere (solid line)

errors are of the same order indicating that the atmospheric model is codsistent
with the accuracy inherent in the problem,

4. CONCLUSIONS

The voltage data in Figure 3 can be fit as a function of time betweeh roughly
-2000 and =10, 000 volts by:

Day 59: V& -103 ¢0. 016{T+530)

Day 66: V =

-108 e0. 05(T+1563)

where V = voltage (volts)

T = time (seconds).

(4)

(5)



Assuming 6 - 23.6 km and X, 146km in the atmosapheric modol, the solar
illumination versua voltage for Days 98 anid G6 arc plotted in Figure 8, Tho errar
bary are for tho reaults arrived at by assuming no atmosphere (upper) or by
assuming 6 60 km (lower),

As the pereentage of solar {llumination 15 direetly related to tho photoelectron
flux (Figure 71, Figure 8 can bo interpreted as {llustrating tho effect of varying the
photoelectron flux on tho satellite potential, Timing errors in the ephemerts and
the atmospheric model may alter tho quantitative results of Figure 8 within roughly
the error bars shown, but will not alter the qualitative result Inherent In the
figure - - damely that the voltage is proportional to the exponential of the photoclec-
tron flux. This result is of real value as it can be used as a test of tho predictions
ofvarious theoretical models. In particular, it can be used to check the modeling
of photoelectron variations. As it is almost imposslble to distinguish secondary
and back-scattered electrons from photoelectrons, the results have broader impli-
cations since they can be applied to testing any model which includes the effects of
variable electron emission. This latter observation is particularly :mportant when
one recalls that standard sheath models imply a logarithmic, not exponential,
relation between electron emission and voltage.
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Photoeleetronh Flux) as a Function of Satellite Potential
for Day 59 and Day 66
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