
VOL. 24, NO. 1, JAN.-FEB. 1987 J. SPACECRAFT 79

Plasma Electron Collection Through
Biased Slits in a Dielectric

M.R. Carruth Jr.*
NASA Marshall Space Flight Center, Huntsville, Alabama

A large number of experimental and analytical efforts have been directed toward understanding the plasma
sheath growth and discharge phenomena which lead to high-voltage solar array/space plasma interactions. An
important question which has not been addressed is how the voltage gradient in the plasma sheath near the
surface of such an array may affect these interactions. The purpose of the experimental study described in this
paper is to examine the merging of the sheaths around biased slits in a dielectric and how this affects the col-
lection of electrons through these slits. The data, which are obtained by emissive probes and direct measure-
ment of the current collected through the slits, indicate that when the sheaths merge the current collection by
the slits is significantly altered with the most positive slit collecting more electrons than it otherwise would.
Therefore, the effect of a voltage gradient in the sheath around a solar array should be considered when
evaluating solar array performance.

Nomenclature
a = effective hole radius or slit half-width
d =slit separation; center to center
E — electric field
e - electron unit charge
r = radial component of cylindrical coordinate system
x = coordinate perpendicular to slit axis and z; Cartesian

coordinate system
z = coordinate axis perpendicular to plane of test article
a = characteristic length for potential change on z axis
X = characteristic length for potential change on r or x

coordinate
</> = electric potential

Introduction

MOST U.S. spacecraft to date have used low-voltage
solar arrays, normally generating a few hundred watts

near 30 V. Future large systems will require increasing power
generation capability, and as power levels increase, the mass,
PR power loss, and power distribution system complexity
penalties for maintaining low solar array voltages become
prohibitive, making higher-voltage array designs man-
datory.1 Thus, it is necessary to thoroughly understand high-
voltage solar array operation in the conductive space plasma
environment.

Solar array systems consist of strings of solar cells with
metallic interconnects between them. These interconnects are
at voltages depending upon their positions in the array cir-
cuit and are usually exposed to the space environment. When
such systems are placed in orbit, they will interact with the
naturally occurring space plasma, which may produce power
loss from parasitic currents through the plasma and arcing
on the array.1'2 Both of these interactions are plasma density
dependent and present greater hazards at higher densities.
The low temperature ionospheric plasma has a peak density
on the order of 106 particles/cm3 at about 300 km altitude.
High-voltage system/plasma interactions will, therefore, be
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most severe in low-Earth orbits. The power levels envisioned
for future, large spacecraft drive the design toward higher
solar array operating voltages. When the spacecraft exits
eclipse, this voltage will be even higher until the array warms
to normal operating temperature. Successful design of
higher-voltage arrays relies on understanding the limits im-
posed by plasma interactions.

It has been shown that at voltages greater than approx-
imately + 100 V, the electron current collected by the solar
array increases dramatically.1'3 Even though the solar array
surface is dielectric, it becomes highly positive and collects
current as though it were a conductor. The explanation ap-
pears to be that as the plasma sheath grows around exposed
interconnects or pinholes, the accelerated electrons strike the
dielectric, and low-energy secondary electrons are released
and collected by the exposed metal.1'4 This leaves the dielec-
tric cover glass positive, allowing the plasma sheath to grow
over the solar cells.1'4 As the voltage on the array segment
and the effective collection area increase, the amount of cur-
rent collected rises. This current flow through the plasma is
not available to the spacecraft and, therefore, represents a
power loss to this plasma shunt. Depending on the solar ar-
ray voltage, the power loss can be substantial and can
seriously impact array performance.

In most ground tests, a uniform voltage has been
impressed on test samples and the collected charged particle
current from the plasma measured. However, for a solar ar-
ray which is generating its own voltage by having solar cells
placed in series, there will be voltage gradients on the surface
of the cells and within the surrounding plasma sheath due to
difference in voltage between cells. The gradients may be
quite high if the cells are strung such that solar cells at con-
siderably different voltages lie next to each other. The elec-
tric field structure in the plasma sheath may be complex due
to solar cell layout and may influence charged particle collec-
tion. If electrons, influenced by the voltage gradient, are ac-
tually collected at the higher positive potentials, the power
loss will increase accordingly.

The collection of charged particles from the plasma and
determination of how this affects solar array performance is
a complex problem.5 It may be complicated by how voltage
gradients on a solar array surface affect charged particle col-
lection. A previous study by Suh et al. addressed whether
surface potential gradients on solar arrays in geostationary
orbit conditions might affect solar array performance.6

Their conclusion was that the surface gradient will affect
electron collection, but the magnitude of the currents in
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these plasma conditions are small enough so that their im-
pact on array performance is negligible. Because of the much
higher plasma densities in low-Earth orbit relative to geosyn-
chronous orbit, voltage gradients on the solar array surface
may affect array performance. Some previous experimental
investigations were performed in which voltage drops existed
in a solar array segment or simulated solar array.7'8 These
were primarily intended to investigate the floating
equilibrium condition for a solar array with a distributed
voltage immersed in a plasma. There has been no previous
examination of plasma sheath growth around or charged
particle collection from a plasma of ionospheric density by
solar array or pinholes when a voltage gradient is present.
This paper reports on experimental work addressing this
subject.

Theoretical Background
Experimental work regarding charged particle collection

by both pinholes in dielectrics and segments of photovoltaic
cells has been performed.1'4'7"9 The pinhole investigations
have been conducted in order to understand the physics in-
volved in charged particle collection by high-voltage solar
arrays immersed in a plasma. The first experiments to ex-
amine high-voltage solar array/space plasma interactions and
identify an anomalously high electron collection were per-
formed by Cole et al. and Kennerud.10'11 A large number of
subsequent experiments investigated the same phenomenon
and tried to determine the cause for the large current collec-
tion for samples biased positively of the ambient plasma and
to determine the effect such current collection has on solar
array performance.

Data on current collection and surface potential of both
biased solar array segments and pinholes in dielectric
material covering biased electrodes indicate that the plasma
sheath grows over the dielectric surface for positive potential
relative to the plasma. This is observed not to be the case for
negative potentials when ions are collected.3 It has been
postulated that as the sheath begins to grow around the ex-
posed metal, incoming electrons strike the dielectric surface
and low-energy, secondary electrons are released and col-
lected, leaving the surface positive. Analytical examination
of charged particle collection by pinholes provides
qualitatively correct comparison with experiment.9'12'14 A
key to these analytical examinations is consideration of
secondary electron production. The work of Brandon et
al.,12 Kessel et al.,13 and Mandell and Katz14 deal primarily
with lower voltage and the onset of the secondary electrons
being a significant current contributor to biased pinholes,
while Stillwell el al.9 concentrate on high voltage. Accord-
ing to Brandon et al., as the sheath begins to extend into
the plasma and onto the dielectric, charged particle collec-
tion is enhanced by charge focusing.12 As the pinhole voltage
increases, the current contribution due to secondary elec-
trons becomes the dominant factor. Stillwell et al. point out
another mechanism which additionally enhances pinhole
electron current collection at higher voltages.9 It is
associated with vaporization and ionization of the dielectric
material at the pinhole edge.9

Previous work has been associated with a single bias
voltage on a single pinhole or segment of solar cells. In order
to determine the effects of a voltage gradient, multiple ex-
posed conductors at different voltages surrounded by dielec-
tric must be examined. If the sheaths which develop around
the exposed conductors overlap, then a potential gradient
will exist across the surface and within the sheath. Electrons
which would have been collected at a lower potential will be
collected at a higher potential.

In order to predict how charged particles are collected for
multiple pinholes or openings in insulation, the plasma
sheath structure must be known. The only experimental ex-
amination of sheath structure around pinholes was per-
formed by Gabriel et al.15 They determined that simple

Debye shielding cannot describe the sheath structure but that
it may be satisfactorily described as having an exponential
drop-off with characteristic lengths in the z and r axes where
the r axis is radially across the dielectric surface from the
pinhole and the z axis is perpendicular to the dielectric sur-
face. Mandell and Katz used their NASCAP/LEO model to
compare with this experiment and found qualitatively
reasonable comparison.14 According to Gabriel et al., the
potential structure may be described by the semiempirical
formula

where <j>0 is the potential applied to the exposed electrode in
the pinhole.15 Even though this formula is semiempirical, it
is in closed form and easy to apply to the sheath around
multiple pinholes.

A simpler geometrical arrangement to consider is il-
lustrated in Fig. 1. Instead of pinholes, slits in a dielectric
covering electrodes are considered. The potential at any
point is the sum of the potentials due to each slit. In this
case,

tan~

The values of </>, a, a, and X are experimental parameters.
Values of </>! 2 are set by the experiment. The values of a, a,
and X must be found by experimentally obtaining values of

Using the experimental geometry described above, change
in <t>(x,o) indicates the energy with which electrons are ac-
celerated to the surface. Whether they are collected by one
exposed conductor or the other depends on the x axis electric
field component given by the derivative of Eq. (1) with
respect to x. Examination of E(x,z) shows that there is a
mild dependence of E(x,z) on z but that it is dominated by
x. E(x,z) may be used to find the point at which the x axis
component of the electric field is zero, or where the x axis
component of the electric field direction reverses. If this field
reversal point is between the two slits, it will establish the
boundary which will determine that charged particles enter-
ing on one side of it will be collected by one slit and those
entering on the opposite side will be collected by the other. If
the potential difference and proximity of the slits are such
that the field reversal point is at or near one of the slits, all
the charged particles entering between the slits may be col-
lected by the higher-potential slit.

As the plasma sheath develops around each individual slit,
the sheaths are independent. If the potential on an individual
slit is raised such that the sheath boundary extends beyond
the point halfway between the two slits, a certain amount of

SLIT 2

(X-AXIS
ORIGIN)

Fig. 1 Slit geometry used in experiment.
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current is collected. If the potential on the second slit is
raised until the sheaths overlap, the charged particles col-
lected by the high-potential slit will include charged particles
that would have been collected by the lower-potential slit.

Experimental Apparatus
The apparatus for this experiment consists of a vacuum

chamber, plasma source, plasma diagnostics, and test ar-
ticles. The steel vacuum chamber is approximately 1 m
diameter by 2 m in length. Two 12-in. diffusion pumps pro-
vide a pressure of approximately l.OxlO"6 Torr when the
plasma source is not operating. The background neutral
pressure is maintained in the 10 ~5 Torr range during plasma
source operation; its exact value is dependent on the gas flow
rate through the plasma source.

The plasma source chosen is a hollow cathode which is
based on the design reported by Kaufman and Robinson16

and Still well et al.17 A Langmuir probe is used to determine
the characteristics of the plasma generated by the plasma
source. The probe is placed in the proximity of the test arti-
cle so that the plasma conditions at the test article are
known. The probe consists of a 7.5-cm-long tungsten wire
which is 0.051 cm in diameter. The length was chosen to
minimize end effects and the diameter ensures the capability
of using thick sheath analysis of the probe data. Two
emissive probes are used to determine the local potential
within the plasma sheath which develops around the slits in
the test article. The probes each consist of a loop of wire.

A
COLLECTOR 1

(LIT 1 '

Fig. 2 Diagram of test article used in experiment.

TEST ARTICLE

Fig. 3 Illustration of placement of diagnostic probes.

Tungsten/rhenium wire 0.076 mm in diameter and forming a
loop 1.5 mm wide and 1.5 cm long is used in this experi-
ment. A current is passed through the wire, heating it to in-
candescence. If the probe is allowed to electrically float, it
will come near plasma potential by thermal emission of elec-
trons. As with the Langmuir probe, a complete cur-
rent/voltage curve can be obtained and the plasma informa-
tion determined. Based on the work of Aston and Wilbur18

and Gabriel et al.,15 it is sufficient to allow the probe system
to float and obtain one curve of the probe voltage as a func-
tion of filament current. The current at which the electron
saturation point is reached can, therefore, be determined.
The probe can then be maintained at this filament current
and used to determine local potential relative to chamber
ground through a high-impedence electrometer.

In the experiments described in this report, the noted fila-
ment currents are obtained and the emissive probe passed
through the outer regions of the plasma sheath formed
around the slits. This allows a determination of the x axis
variation in the sheath potential for the set distances on the z
axis of the two probes.

The test article consists of a square, printed circuit board,
15.24 cm on a side, covered with a 2.0-mil Kapton sheet con-
taining open slits. Data were collected on two slit configura-
tions. In one, the slit widths were 0.64 cm and the slit spac-
ing, d, was 3.0 cm. In the other case, the slit widths were
0.32 cm and the slit spacing d was 2.0 cm. The metal elec-
trodes' pattern is shown in Fig. 2. The Kapton sheet with the
proper slits is overlaid on the circuit board and is held by
small retainers around the Kapton perimeter. The electrical
connections are made through the back of the circuit board.
Figure 2 also illustrates the slit configuration when the Kap-
ton sheet is applied to the circuit board.

The conductor pattern shown in Fig. 2 facilitates data col-
lection from slits in the Kapton. The electrodes on each end
of the center electrodes are maintained at the same potential
as their respective center electrode. However, current
measurements are obtained only from the center electrodes.
This way the data are obtained with a uniform sheath struc-
ture along the length of the center electrode and fringing
field effects at the ends of the slits do not affect the data.
The length of the slit from which current data are collected is
4.22 cm.

Figure 3 indicates the placement of diagnostic probes
around the test article. The slit geometry allows the emissive
probes to have a small scale length compared to the sheath
size. In a circular or spherical geometry, a much smaller,
more delicate probe size would be required for the same
scale length.

Experimental Results
Plasma Conditions

Data were obtained for slightly different plasma condi-
tions. Repeated operation of the plasma source and collec-
tion of data indicate that by setting the plasma source
operating conditions, the plasma conditions are reproduced
with minimal variation. Data were obtained for Ar gas flows
through the source of 7.0-14.0 standard cubic centimeters
per minute (SCCM). This variation provided plasma
temperatures of 2.0-3.0 eV and plasma densities of from
2-4 X 106 electrons cm~3 in the vicinity of the test article. It
should be noted that the errors expected in determining the
density values given are considered to fall within experimen-
tal error of each other. Even though the absolute values are
not distinguishable, the relative values are apparent because
increased current collection by the slits is observed for
greater gas flow through the plasma source.

Sheath Structure Around Slits
The emissive probes, previously described, are used to

determine the sheath structure around the pair of slits which
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Fig. 4 Potential structure at inner probe location,
z = 0.8 cm, slit 2 bias= -128 V, slit 1 bias:
a) +328 V; b) +228 V; c) +128 V.
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are 0.64 cm wide and 3.0 cm apart. These probes will be
referred to as the inner and outer probe for the one nearest
and farthest, respectively, from the test sample. As already
described, the filament current vs probe potential relative to
chamber ground is obtained in the plasma near the test sam-
ple. The emissive probes reach plasma potential with a fila-
ment current of 0.6 A. Therefore, the filament current can
be set to 0.6 A and the emissive probe used to measure local
plasma potential. Based on the accuracy of the emissive
probe technique and the reproducibility of data, the potential
measurements given are expected to be accurate to within ap-
proximately ±4 V. Due to the measurement capability, the x
axis location at which a potential is specified is accurate to
within ±1.5 mm.

First, the potential structure of the sheath around in-
dividually biased slits was measured, and subsequently the
structure of the sheath due to biases on both slits was
measured. The sheath structure around individual slits is
symmetrical about their center. The potential differences be-
tween the biased slit and the local plasma is the voltage of
importance in considering the plasma sheath structure. The
local plasma potential, as obtained by the emissive probes,
was always near chamber ground when the plasma source
was floating. This was almost always the case; however,
some data were obtained without the plasma source floating.
The slits were biased by power supplies referenced to
chamber ground. Therefore, corrections were made so that
the sheath voltage data given in this paper represents the
voltage between the slit electrode and the local plasma poten-
tial. Data for the potential structure at the location of the in-
ner probe are given in Fig. 4. Similar data for the outer
probe location are given in Fig. 5. It is evident from this data
that the electric fields are strong within the sheath and that
the merging of sheaths of the two slits is more evident in the
sheath's outer region. The position between the slits where
the potential is a minimum defines the x axis electric field
reversal point. Electrons which enter the sheath on one side
or the other of this point will not likely cross the potential
barrier and will be directed by the electric field to the slit on
the electron's side of the barrier. It can be seen in the data in
Fig. 5 that the position of the potential minimum shifts
toward the slit with the lowest bias when the difference in
bias between the slits increase.

Gabriel et al. indicated that a value of a. and X can be used
to describe the potential structure throughout the sheath.15

However, the measured values of X do vary. Re-examination
of the data presented by Gabriel et al. indicates that X varies
by about 40% for a Az of 1.1 cm.15 The data presented in
this study vary more than this. The reason may be the higher

-2.0 -1.0

Fig. 5 Potential structure at outer probe location, z = 1.8 cm, slit 2
bias = +128 V, slit 1 bias: a) +328 V; b) +228 V; c) +128 V.

plasma density of this experiment or effects due to a slit
geometry. For a given voltage bias and location in a plane
defined by a distance on the z axis, a value of X can be used
to describe the x axis potential distribution. The values of a,
a, and X obtained for a single biased slit are used in Eq. (2)
to describe the total potential distribution for the case where
both slits are biased. The results of this calculation are also
given in Figs. 4 and 5. As indicated by the figures, the poten-
tial structure can be described by Eq. (2), with the limita-
tions cited. Table 1 gives values of a, a, and X used in Figs. 4
and 5.

Electron Current Collection
The sheath structure was examined for single biased slits

and for both slits biased. Data were also obtained of the
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Table 1 Experimental values of a, a, and X

Volts and position

+ 128 V
z = 0.8
z=1.8

+ 228 V
Z = 0.8
Z=1.8

+ 328 V
Z = 0.8
2=1.8

cm
cm

cm
cm

cm
cm

a, cm ay cm X, cm

0.51 1.55
0.70
1.62

0.40 2.98
0.77
1.56

t).53 2.47
0.81
1.45

electron current collected by the conductor exposed in the
slit. The data presented in this report are individual data
sets, rather than averaged values. The data sets were
reproducible overall to within approximately 20% by reset-
ting plasma source flow rate and discharge current.

For data obtained at any one time and set of experimental
conditions, the current collection data were much more
reproducible at lower voltages on the slits, normally to
within a few percent. It was observed that as voltage on the
slit is slowly increased to near 250-300 V, the collected cur-
rent dramatically "steps" to a higher value, as though a dif-
ferent collection mode existed. This was observed by Gabriel
et al. in their pinhole examinations.15 It is not clear if this
mode change is related to the vapor-enhanced collection
mode described by Still well et al.9 or some other effect. In
general, the data obtained at these higher potentials at any
one time are reproducible to within approximately 10%
when the "step" has not occurred. For consistency, the data
on current collection, when both slits are biased, are ac-
quired only when this step transition has not occurred. To il-
lustrate this transition effect, the voltage applied to the in-
dividual slits was both slowly increased and increased in
abrupt steps. Figure 6 represents data for an individually
biased 0.64-cm slit. With step voltage increases, the transi-
tion to the higher collection mode occurs between +100
V and +150 V. Figure 7 represents data for an individually
biased 0.32-cm slit where this transition has not occurred.

In order to determine the effects a voltage gradient in the
sheath has on current collection by the two slits, data were
collected for various cases where both slits were positive of
the ambient plasma and where a potential difference between
the two slits existed. This was accomplished by biasing one
of the slits by a set potential and maintaining it. The poten-
tial on the other slit was then continually increased and the
current collected independently by both slits was obtained
for the various potentials. These data are presented in Figs. 8
and 9 for the 0.64-cm and 0.32-cm slits, respectively, at an
8.5 SCCM gas flow rate through the plasma source. It can
be seen that the current collected by each slit when they are
biased + 200 V is not the same. It is not clear if this is due to
experimental error or is a true difference. This potential is
near where the previously described transition to a different
collection mode appears to take place. It is possible that the
slightly different currents is somehow related to this transi-
tion. In the following data presented in this paper, slit 1 is
always held at a constant potential and the potential varied
on slit 2. It is observed that as the slit 2 potential is increased
from zero, the current collected by slit 1 increases. As the
potential on slit 2 increases to a value near or exceeding slit
1, the current collected by slit 1 decreases while the current
collected by slit 2 increases. The data may be best interpreted
by referring to the figures of the plasma sheath structure. As
expected, when the bias on both slits is the same, the
minimum potential and the electric field reversal point lay
exactly between the two slits. As the bias on one of the slits
increases, the minimum potential point and electric field
reversal point move toward the slit with the lower potential.

— 4

I

0 SLIT 2 POTENTIAL VARI ED SLOWLY
D SLIT 2 POTENTIAL VARIED IN STEPS

100 200 300

POTENTIAL ON SLIT RELATIVE TO PLASMA POTENTIAL (VOLTS)

Fig. 6 Individually biased 0.64-cm slit.

100 200 300

POTENTIAL ON SLITS RELATIVE TO PLASMA POTENTIAL (VOLTS)

Fig. 7 Individually biased 0.32-cm slit.

Therefore, electrons which would have been collected by this
slit are now collected by the higher-potential slit.

Because the electron collection is dependent on where the
electron enters the sheath relative to the electric field reversal
point, the sheath potential curves at the 1.8-cm z axis posi-
tion are of most interest. In Fig. 5, the electric field reversal
point is still distinguishable for the case of one slit bias about
+ 228 V and the other +128 V. However, for the case of
one slit bias about +328 V and the other maintained at
+ 128 V, this point is becoming indistinguishable and one ex-
pects the amount of current collected by the higher-potential
slit to increase. Indeed, this can be seen in the data. Figure 4
indicates that slightly deeper in the sheath, the electric field
reversal point still becomes distinguishable. This still be-
comes a barrier but the electrons entering the sheath are
initially drawn to the higher potential. A steeper gradient
and/or an increase in potential of both slits relative to the
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• SLIT 1 WITH +200 VOLT BIAS
• SLIT 2 WITH +200 VOLTS ON SLIT 1
O SLIT 1 WITH +100 VOLT BIAS
o SLIT 2 WITH +100 VOLTS ON SLIT 1

0 100 200 300
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Fig. 8 Current collected with two slits biased, slit size = 0.64 cm,
cf = 3.0cm.

• SLIT 1 WITH +200 VOLT BIAS
• SLIT 2 WITH +200 VOLTS ON SLIT 1
O SLIT 1 WITH +100 VOLT BIAS
D SLIT 2 WITH +100 VOLTS ON SLIT 1
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Fig. 9 Current collected with two slits biased, slit size = 0.32 cm,
rf = 2.0 cm.

plasma potential will result in even more current collection
by the higher-potential slit at the expense of the one at lower
potential. An examination of the data given in the figures
reveals that the current collected by slit 2 at a specified high
potential is greater when slit 1 is at +100 V as opposed to
+ 200 V.

For all the cases where the potential on slit 1 was set to
+ 100 V, its collected current did not decrease until the
potential on slit 2 was increased to above + 100 V. However,
for the cases where the potential on slit 1 was set at + 200 V
and the other varied, the current collected by slit 1 at +200
V began to drop well before slit 2 was brought up to + 200
V. A possible explanation for this observation is given. With
slit 1 set at a specified potential, the potential of slit 2 is in-
creased from zero, at which time there is little or no sheath
around it and it cannot contribute current to the slit held at
constant potential. As the potential on slit 2 is increased, the
sheath around it begins to grow and merge with the sheath
from the slit with constant potential and, therefore, only
then is additional current made available and supplied to slit
1. As the potential is increased on slit 2, the electric field
reversal point between then moves toward slit 1 and the cur-
rent collected by it begins to decrease. For set distances be-
tween the slits, the sheaths are larger for the constant + 200 V
potential relative to the + 100 V potential. Therefore, the ef-
fect of the movement of the field reversal point is more pro-
nounced for the case of higher potential and, therefore, the
current starts dropping sooner.

The current collected by individual slits is observed to be a
linear relationship with potential relative to the plasma. This
is consistent with the large pinhole experiments of Gabriel et
al.15 and Kennerud.11 In the introduction to this paper, it
was stated that large increases in current have been reported
to occur for positive potentials greater than +100 V.
However, this was generally for small defects or pinholes.11

The larger sizes in this experiment were chosen to ensure
sheath expansion at modest potentials.

Conclusions

The experimental data indicate that a voltage difference
between two biased slits in a plasma where their respective
sheaths begin to overlap leads to an increase in electron cur-
rent collection by the one with higher positive potential.
Even for small potential differences, it is noticeable; and, for
differences of several tens of volts per centimeter, the effect
is significant. The electron collection by the most positive slit
increases as the condition where the x axis electric field
reversal point moves toward the slit with lower potential and
ultimately disappears or is prominent only deep within the
sheath. For given positive biases, the total current collected
by both slits when their sheaths have merged is approxi-
mately that collected by the slits biased independently.

The semiempirical formulation for the sheath structure
given by Gabriel et al. may be used to calculate the potential
and electric field distribution about biased multiple pinholes
or slits. However, it is limited by the fact that experimental
parameters, obtained from a single slit, must be input, and
some parameters identified as constants actually vary with
position. This restricts the extrapolation to regions where
data are not obtained.

The question of what is the solar array power loss due to
the collection of charged particles from the plasma is a dif-
ficult one to answer because of the complexity of the current
collection and how it affects array performance. The role
played by charged particle transport due to voltage gradients
on the array and in the surrounding sheath is in itself very
complex, but some general conclusions as to its importance
may be stated. If the potential difference between solar cells
in an array can be maintained such that everywhere strong
gradients do not exist and the sheath maintains a "bumpy"
potential distribution (electric field reversal on x axis), then
the effects of such gradients will probably have a small effect
on array performance. If this is not the case, then these gra-
dients may significantly add to the solar array power loss.
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The results of the study reported herein indicate that con-
sideration should be given to the effects these surface poten-
tial variations will have on solar array performance.
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