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Internal plasma potential profiles in a laboratory-model Hall thruster
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The Plasmadynamics and Electric Propulsion Laboratory High-speed Axial Reciprocating Probe
system is used in conjunction with a floating emissive probe to measure plasma potential in the
discharge chamber of the P5 Hall thruster. Plasma potential measurements are made at a constant
voltage, 300 V, at two different discharge current conditions: 5.4 and 10 A. The plasma potential
contours for the 5.4 A case indicate that the acceleration region begins several millimeters upstream
of the exit plane, extends several centimeters downstream, and is uniform across the width of the
discharge chamber. The 10 A case is similar to the 5.4 A case with the exception that the
acceleration region is shifted downstream on centerline. Axial electric field profiles, computed from
the measured potential, show a double peak structure in the 5.4 A case, indicating a zone of ion
deceleration. Perturbations to the discharge current are shown to correspond spatially with the
location of the peak electric field indicating that thruster perturbations may result from a disturbance
to the Hall current, as opposed to ablation of probe material. This conclusion is supported by the
lack of any observable material ablation. ZD01 American Institute of Physics.
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I. INTRODUCTION tralized by electrons from the external cathode. From an
electrostatic point of view, the magnetic field suppresses the

The Hall thruster, also referred to as a closed driftaxial mobility of the electrons while exerting essentially no
thruster(CDT), is a coaxial device in which orthogonal elec- effect on the ions. This enables the plasma to support an
tric and magnetic fields are employed to ionize an inert gasaxial electric field with a potential difference close to the
such as xenon, and accelerate the resulting ions to produegplied voltage between the electrodes. Thus, the bulk of the
thrust. The main components of the CDT are shown in Figions are accelerated to kinetic energies within 80% of the
1. The magnetic field that is produced by an electromagnet igpplied discharge voltage. Moreover, the mixture of elec-
channeled between an inner ferromagnetic ¢pade piec@  trons and ions in the acceleration zone means that the plasma
and outer ferromagnetic ring. The electromagnet circuit igs electrically neutral, and as such, is not space-charge lim-
typically composed of a single central magnet coil in parallelited in ion current density as in the case of a gridded ion
with a series of outer magnet coils, the number of which maythruster. This combination of processes accounts for the
range from one to eight, depending on the particular thrusteiCDT’s high thrust efficiency and thrust density. The electro-
In the case of low power thrusters, permanent magnets hav@agnetic point of view is simply that the azimuthal Hall
also been used. Though separate power supplies can be usgglrent interacts with the radial applied magnetic field and
to energize the electromagnet coils, the number of turns imccelerates the plasma axially through th&B Lorentz
each is usually set so the electromagnet establishes therce.
proper magnetic field strength when it is operated in series The role of Hall thrusters in spacecraft propulsion is
with the discharge supply. This configuration results in anconstantly evolving and expanding as new missions, cover-
approximately radial magnetic field with a peak strength of aing the full spectrum of spacecraft size and power, continue
few hundred Gauss near the exit of the engine. The fieldo be developed. A large number of such missions can sig-
strength is such that only the electrons are magnetized. Theificantly benefit from the unique performance characteris-
radial magnetic field exhibits a bell-shaped axial profile withtics of Hall thrusters. These range from sub-kW thrusters for
the peak situated near the exit. Most of the acceleration takesnall satellites, to 1.5 kW thrusters for station-keeping, to
place near the region of peak magnetic field strength. high power thrusters for orbit raising/transfer applicatitrs.

An axial electric field is provided by applying a voltage While a number of Hall thrusters have been, or are in the
between the anode and the cathode. As the electrons stregmocess of being, flight qualifiéd many of the basic physi-
upstream toward the anode from the cathode, their motion isal processes inside the Hall thruster are still not fully under-
impeded by the magnetic field. Because of the orientation o$tood. In order to improve the performance of the next gen-
the electric and magnetic fields, the electrons drift in theeration of thrusters, as well as to address spacecraft
EXB direction, forming an azimuthal Hall current. These interaction issues, the ionization and acceleration mecha-
electrons also ionize propellant molecules that are injectedisms inside the discharge chamber of the Hall thruster must
through the anode and which are subsequently accelerated bg better understood. Toward this end, the Plasmadynamics
the axial electric field. This emerging ion flux is then neu-and Electric Propulsion LaboratoffPEPL) at the University
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FIG. 2. The UM/AFRL P5 laboratory-model Hall thruster.
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sccm, respectively. The cathode mass flow rate remained
constant at 6 sccm. Chamber pressure was measured using a
Varian nude hot filament vacuum gauge calibrated for N2
of Michigan has constructed a laboratory model Halland gave an indicated pressure of 8B) © Torr (5.4 A)
thruster, designated the P5, designed specifically to facilitatand 9.6< 108 Torr (10 A) when corrected for xenon. De-
measurements in the discharge chanfbés part of the tails of the facility have been presented in a previous work.
same program, PEPL has constructed and successfully dem-

onstrated a High-speed Axial Reciprocating PPOb#ARP) B Thruster

system to allow electrostatic probe measurements without ) ) o ]
significantly perturbing thruster operation. This is accom- ~ 1he thruster used was the University of Michigan/Air
plished by inserting and removing probes on time scales suchcrce Research Laboratory P5 5 kW laboratory model Hall

that the probe does not heat to the point where probe materifiruster, shown in Fig. 2. The diameter of the outer wall of
is ablated. the discharge chamber is 170 mm with a width and depth of

In addition to providing direct insight on the ionization 22-4 mm and 38 mm, respectively. This thruster was devel-
and acceleration mechanisms, data on the internal plasnfPed specifically for diagnostic access to the discharge
structure will play a valuable role in validating existing and chamber. Compared to smaller thrusters, the PS5 provides a
future numerical modeR The increasing time and ex- larger discharge chamber for better spatial resolution for
pense associated with developing new thrusters makes it in/€ctrostatic probes as well as a lower power density to re-
perative that accurate and reliable predictive models are déluce heat flux to the probe. Details of the PS5 construction, as

FIG. 1. Schematic showing typical CDT construction.

veloped. well as characterization of its thrust, specific impulse, and
efficiency have been reported, along with plasma parameter
Il. OBJECTIVE profiles in the plume, in a previous wofkThe P5 incorpo-

o ) rates a lanthanum hexaboride (lgRathode.
The objective of this research was to measure the plasma

potential inside the discharge chamber of a Hall thruste
while avoiding significant perturbation to thruster operation.
The resulting data were used to determine the magnitude and Inside the Hall thruster, the flux of high-energy particles
spatial structure of the acceleration region as well as to bettegputters and/or heats electrostatic probe material causing it to
understand the role of the Hall current in thruster operationablate. Local plasma characteristics are then affected through
emission of relatively cold probe material. These local varia-
IIl. EXPERIMENTAL SETUP tions propagate through the plasma, perturbing thruster op-
eration, making it imperative that the residence time of any
diagnostic inside the Hall thruster be minimized. It is for this
All experiments were conducted in the University of reason that the floating emissive probe was chosen to make
Michigan’s 6-m-diam by 9-m-long Large Vacuum Test Fa-plasma potential measurements inside the P5. The floating
cility. The pumping system consists of four CVI model TM- emissive probe provides a direct measure of plasma potential
1200 Re-Entrant Cryopumps providing a measured xenowithout the requirement of a voltage sweep or data reduction
pumping speed of 140 000 I/s. The ultimate base pressure afperations, as is the case for both the standard emissive
the facility is less than 2 107 Torr. Thruster discharge volt- probe and the Langmuielectron-collectiop probe.
age was fixed at 300 V while two discharge current settings  While the floating emissive probe offers many advan-
were investigated: 5.4 and 10 A. These current settings cotages, there are limitations that must be taken into account.
responded to anode xenon mass flow rates of 63 and 112pecifically, the presence of a magnetic field and large den-

. Emissive probe

A. Vacuum chamber
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FIG. 4. The floating emissive probe circuit consists of a current source to

sity gradients may result in space-charge effects, causing Si eat the filament and an oscilloscope for measuring the resulting floating/

e .. . . lasma potential.

nificant variation between the potential of the emitting probe

and the actual plasma potential. In the case of the P5, the

magnetic field is sufficiently weak that space-charge effectsorrect heater current was determined by taking several pre-

can be avoided by sizing the probe such that the probe wirbminary sweeps and observing when the probe potential

diameter is much less than the electron gyroradiussaturated. As stated previously, electrostatic probes are

Hershkowit?! indicated this condition for a probe with di- heated considerably by the flux of high-energy particles in

ameterd as HGJ<4.8"(Tew'?d. The emissive probe used the discharge channel of the Hall thruster. One consequence

in the P5 had a diameter of 0.0127 cm while the electrorof this effect is that when the emissive probe is inserted into

temperature was estimated to be approximately 40 eV, cothe thruster with insufficient power to reach the saturation

responding to the peak in the magnetic field. This resulted iemissive current, the plasma provides additional filament

the condition BG]<2300. The magnetic field in the P5 heating and the probe potential continues to increase when

peaked at 200 G, indicating that space-charge effects wetthe probe is stationary. By increasing the heater current on

negligible. each subsequent sweep and observing when the potential re-
Figure 3 shows a schematic of the probe constructionmained constant while probe position was fixed inside the

The emitting portion of the probe was a filament made fromthruster, a sufficient heater current was determined. Figure 5

0.127-mm-diam tungsten wire. The ends of this filament

were inserted approximately 76 mm down a 152 mm length

of double bore alumina tubing along with 30 AWG copper Probe Stationary |‘—’|
wire leads. The outer diameter of the alumina tubing was 1.5 - 10
mm. Once the tungsten filament and copper leads were in 250 -
place additional, shorter lengths of tungsten wire were in- ~ ~ 20
serted into the alumina tubing to provide a tight fit and guar- 2 g
antee good contact between the tungsten and copper wires. '§ 200 -] L 30 8
The width and height of the filament when mounted in the g 8
alumina insulator was approximately 1 mm. The probe was & - POtenti_al 40 (..b.,
oriented such that the alumina insulator was aligned with the ‘:D 150 - Increasing S
axis of the thruster and the plane of the loop of the probe g N i
filament was normal to the thruster radial direction. S 100- i 30 2

The theory of the floating emissive probe is well estab- o o
lished and relatively straightforward to impleméfthe cir- 2 : - 60 2
cuit consisted of th.e emissive probe, a floating power_supply E 50 4 - - Potential (4.6 A) g
capable of supplying enough current to heat the filament TR T Potential (4.9 A) - 70 ~—
(4-7 A), and a voltage meter. Figure 4 shows a schematic of : ..’ — Position
the probe circuit. The sampling rate of the oscilloscope was 0+~ L 80
dictated by the total sweep time of the probe and was set at 1 ! ’ ! ) ! ) J

180 200 220 240

ms. This resulted in aliasing of the signal so that high fre- )
quency oscillations in the 10-30 kHz range, typical of the Data Point

Hall thruster, _COUld nOF be resolved. Therefore, the d_ata PreriG. 5. Plot showing floating potential at heater currents of 4.6 and 4.9 A.
sented constitute a “time-averaged” plasma potential. Theat 4.6 A, the probe potential continues to rise while stationary.
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shows the difference between sufficient and insufficient
heater current.

A floating power supply provided current to heat the
filament to the point where it was thermionically emitting
sufficient electrons to neutralize the sheath. At this point, the
probe was theoretically floating at the local plasma potential.
The power supply was not perfectly isolated from ground,
however, which introduced the possibility of significant leak-
age current when the circuit floated at high potential. This
could result in the circuit floating at a potential less than the
true potential. To determine the effect of this leakage current,
the measured plasma potential near the anode was compared
to the true anode potential. The excellent agreement between
the two(<2 V difference indicated that the effect of leakage
current was negligible. The heater current varied between
tests due to slight variations in individual probe designs,
ranging between 4.5 and 6.0 A. The probe potential was
divided and sent through an isolation amplifier capable of H
floating its input as high as 2500 V. Because the heater cur-
rent remained on during the duration of the measurement,a e -— 100.0 mm
voltage drop existed across the tungsten filament. This value ‘ |
remained bela 5 V for each data sweep, and contributed an : m
estimated uncertainty of approximateh?.5 V. The fragility
of the emissive probe when swept at high speed made it verfjiG. 6. The area mapped begins approximately 9 mm from the anode face,
difficult to perform multiple measurements. However, two €xtends 10 cm downstream of the exit plane, and comes to within 2 mm of

. . . the inner and outer walls of the discharge chamber. Emissive probe is shown
sets of data were collected for each axial swéyring in- | jiaied 90° about its axis.
sertion and removal of the propproviding an estimate of
the reproducibility of the data. Analysis of both sets of data

indicated an average standard deviation of less than 4%. Afvo-dimensional cross section of the discharge chamber was

analysis by Hargus of the change in apparent potential due covered. Note that the axial position throughout this paper
to the presence of the heater current indicated an uncertaingbrresponds to the tip of the filament.

of approximately—3/+6 V. Coaxial cables were used for the
entire circuit, both inside and outside the chamber, to reduc
noise. In addition, isolated feedthroughs allowed every comﬁ/' RESULTS AND DISCUSSION
ponent of the circuit to be grounded at a single point to  Plasma potential measurements with respect to ground
minimize noise pick-up through ground loops. were made at a constant voltage, 300 V, at discharge current
settings of 5.4 and 10 A. For the two cases considered here,
the magnetic field profiléboth magnitude and shapwas
kept constant and only the mass flow rate was adjusted. As
The emissive probe was positioned inside the Halldiscussed in Sec. I, the magnetic field plays an important role
thruster discharge chamber using the PEPL HARP systenin that it impedes electron motion toward the anode, enabling
The HARP system allowed the probe to be inserted into, anthe plasma to sustain an electric field. The maximum electric
removed from, the thruster on a time scale under 100 mdield should then occur near the magnetic field peak. In prac-
This allowed measurements to be made with very little pertice, the two peaks are not spatially concomitant due to other
turbation to thruster operation, the extent of which was deplasma effects, such as electron pressure. Figure 7 shows the
termined by monitoring the discharge current during probeaxial and radial magnetic field profiles for reference.
movement. Previous attempts to interrogate the interior of a  Figure 8 shows three representative potential profiles at
Hall thruster using electrostatic probes have caused the di€00 V, 5.4 A: on centerline and along the inner and outer
charge current to vary by as much as 155%Jse of the walls. For this case, the cathode potential with respect to
emissive probe with the HARP system caused a maximunground was—21 V, therefore the anode potential was 279 V
perturbation of 15% of the nominal discharge current valuewith respect to ground. Plasma potential profiles for the 5.4
but was less than 10% for the majority of measurementsA case show that the potential remains nearly constant over
Potential data were taken during both insertion and removahe first 75% of the channel. As expected, a sharp drop oc-
of the probe and averaged to get a final potential value. Figeurs between 30 and 40 mm, indicative of the location of the
ure 6 shows the cross-sectional area inside the dischargeain acceleration region. The axial electric field profiles
chamber where plasma potential was measured. show clearly the location of maximum acceleration at 35.5
Radial movement was accomplished by mounting themm, 2.5 mm upstream of the exit plane. The data indicate
thruster on a linear table. Between axial sweeps with thehat the acceleration region extends 2—3 cm downstream of
HARP system, the thruster was moved radially such that ¢he exit plane, which agrees quite well with independent

/B8
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b) Radial magnetic field study the evolution of the potential structure. Figure 9 shows

plasma potential profiles at 300 V, 10 A at the same three
radial positions as in Fig. 8. Cathode and anode potentials
with respect to ground were 23 and 277 V, respectively.
These data are very similar to the 5.4 A case. The potential
remains approximately constant, at anode potential, over the
laser-induced fluorescendelF) data taken by William$ on  first 75% of the discharge channel. The acceleration region
the same thruster at the same conditions. These LIF measureegins near the exit plane and extends several centimeters
ments were made at axial positions 1 and 100 mm downdownstream. LIE* data at these conditions again show a
stream of the exit plane and indicate ion speeds of 11 008ignificant acceleration downstream of the exit pl&éred.00
and 16000 m/s, respectively. This speed increase corrd/), however, they fail to reflect the lack of radial uniformity
sponds to an accelerating potential of approximately 90 Vin the downstream accelerating potential which varies from
Referring to Fig. 8, plasma potential at the exit plane is 100approximately 75 V along the outer wall, to 150 V along the
V and 10 cm downstreatmot shown in the figunedecreases inner wall, to 180 V on the channel center-line. Referring
to approximately 15 V. Thus the accelerating potential asagain to Fig. 9, a significant feature of the 10 A data is that
measured by LIF90 V) agrees with that measured by the the axial electric field magnitude is nearly 25% percent
emissive probé85 V) within 5%. This large potential drop lower, indicating a longer acceleration region. Bardfitas
outside the thruster has also been observed with the Stanfosthown that the length of the acceleration layer depends on
low-power Hall thrustet® Note that the potential profile re- both the radial magnetic field profile and electron tempera-
mains uniform across the width of the discharge chamberure. The increase in mass flow rate effectively increases the
which can be seen clearly in Fig. 8. LIF data from the P5ionization collision frequency, lowering the energy of the
show the same uniformity. One additional feature of the po-€lectrons since the ionization process is a loss mechanism.
tential data that bears further scrutiny is the plateau that ocfhe result is a lower temperature gradient, therefore, lower
curs approximately 5 mm downstream of the exit plane, moselectric field. The reduction of temperature gradients with
prominently seen on the inner wall profile. This will be dis- increasing discharge current is predicted by the one-
cussed further in the following text. dimensional code of Ahedband is consistent with the data
Potential data were also taken at a higher power level tin Fig. 9.

FIG. 7. Axial profiles of the(a) axial and(b) radial magnetic field in the
thruster discharge channel.
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FIG. 10. Plasma potential contours at a thruster operating condition of 300
FIG. 9. Plasma potential and axial electric field profiles at three representay, 5.4 A. The maximum potential is 280 V with respect to ground and
tive radial locations for the 300 V, 10 A case. The anode face corresponds toccurs 10 mm from the anode, which is at a potential of 280 V. The poten-
a position of 0 mm and the exit plane, as marked, is at a position of 38 mmtial drops sharply several millimeters upstream of the exit pk&&mm)
and continues to drop out to an axial position of 100 mm. This axial profile
is uniform across the width of the discharge chamber.

Returning to the radial nonuniformity of the potential
profiles, note that the axial electric field peak along the outeprobe. It is believed that this perturbation may be the result
wall occurs 2—3 mm upstream of the exit plane as in the 5.4f turbulence in the plasma flow as it expands out of the
A case. Along the inner wall, the peak is shifted forward butchannel. However, a satisfactory explanation for this effect is
still occurs upstream of the exit plane. The most significanhot available at this time. It is worth noting that this feature
difference between the two cases is seen in the centerlingas been observed, to a lesser extent, in other laboratory Hall
data where the peak electric field is shifted to a positiorthrusters as weff®
downstream of the exit plane. As with the axial electric field  Figures 10 and 11 are the complete set of plasma poten-
magnitude, since the magnetic field is unchanged, this imtial contours. Although Figs. 8 and 9 show only three repre-
plies a shift in the electron temperature gradient. This mayentative profiles within the radial confines of the discharge
occur due to the higher density of ions on centerline retardehannel, a total of seven axial sweeps were performed to
ing the flow of high-energy electrons toward the anode. limprove the spatial resolution of the potential map. In addi-
follows that this effect would be less pronounced along theion, axial sweeps were performed at radial positions beyond
walls because of increased ion losses resulting from a longehe inner and outer walls to investigate ion acceleration fur-
acceleration regidfi and because of wall current effeéfs.  ther outside the channel. All of these sweeps were combined

One prominent feature that is virtually nonexistent at 10to generate a two-dimensional contour of the plasma poten-
A is the plateau in the potential profile seen at 5.4 A. Thistial. Figure 10 shows the plasma potential contours for the
plateau is most prominent along the inner wall where the300 V, 5.4 A case. It is not as obvious from Fig. 10 that a
potential exhibits a local increase in the acceleration regiotocal plateau occurs just downstream of the exit plane but the
near the exit plane. The magnitude of this perturbation deradial uniformity is clear. Beyond the radial confines of the
creases from the inner wall, where the radial magnetic fieldlischarge channel, the potential contours show significant
is strongest, to the outer wall, where the radial magnetic fielaturvature both outward and inward toward the thruster cen-
is lower. Measurements of floating potential with a coldterline. This indicates that the ions experience a radial accel-
probe showed similar results. At 5.4 A, the cold probe float-eration, in addition to their considerably larger axial accel-
ing potential exhibited a local increase near the exit planesration. lon energy distribution measurements at the same
while at 10 A no such increase was observed. This impliesonditions by GulczinskP using a molecular beam mass
that the observed plateau is an inherent feature of the plasnsmectromete(MBMS) have shown significant populations of
and not an artifact of the emitted electrons from the emissivenergetic ions at large angles off centerline in both the near-
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V, 10 A. The maximum potential is 277 V with respect to ground and OCCUrSE 15 12, Perturbations in the discharge current as a function of probe posi-

10 mm from the anode, which is at a potential of 278 V. The potential drops;qn compared to the axial electric field profiles for the 10 A case. Profiles
sharply several millimeters upstream of the exit pl4B8 mm) near the for the 5.4 A case showed the same correspondence
inner and outer walls but has a sharp drop downstream of the exit plane at ' '

the centerline. Note that this case lacks the radial uniformity of the 5.4 A
case.
the thruster. LIE? data at this condition reflect the increased
divergence with a 50% increase in radial ion veloditpth
field (10 cm downstreainand far-field(75 cm downstreajin  inward and outwardcompared to the 5.4 A case.
regions. Further analysis of the near-field ion energy distri-  The discharge current was not monitored during emis-
butions led to the conclusion that the ions seen by theive probe measurements at 5.4 A. However, at 10 A, the
MBMS had been accelerated radially inward from the oppo-discharge current was monitored for each axial probe sweep
site side of the thruster, passing through the high-densitand a 5%—-15% variation in magnitude was observed. While
thruster discharge. The contours of Fig. 10 show both amero perturbation would have been preferred, the current per-
inward and outward curvature, however, the contours ar¢urbations, when combined with the plasma potential pro-
much more sharply curved inward, suggesting ions acceleffiles, yielded some unexpected insights. Figure 12 shows
ated inward pick up a larger radial component. This supportshree representative traces of the discharge current and the
the conclusion, drawn from the MBMS data, that the nearcomputed axial electric field along the inner wall, outer wall,
field ion energy distributions at large angles off centerlineand on centerline. Only three data sets are shown here, how-
are dominated by ions accelerated from the opposite side @ver, each axial sweep across the discharge chamber showed
the thruster. the same results.

Figure 11 shows the plasma potential contours for the  From Fig. 12, perturbations to the discharge current are
300 V, 10 A case. As mentioned previously, one way inseen to correspond very well to the spatial location of the
which the plasma potentials of the 10 A case differ frompeak axial electric field. Power deposition to the probe is
those of the 5.4 A case is that the peak electric field on centgeroportional to the third power of thEXB drift velocity,
line at 10 A is shifted downstream of the exit plane. This iswhile the EXB drift velocity is proportional to the magni-
readily apparent in Fig. 11 where a potential “jet” occurs ontude of the electric field. Therefore, it is expected that the
the centerline of the discharge channel. Additional data at 1@robe would experience the greatest heat load where the
and 8 A, not included in this paper, show this structure to beelectric field has its largest magnitude. It follows immedi-
repeatable and evolving, becoming more pronounced as thaely that this would be the point of greatest probe material
discharge current is increased. This structure results in sigablation and hence discharge current perturbation. However,
nificant divergence of the ions as they are accelerated out df this were the only mechanism disturbing thruster opera-
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V. SUMMARY
10.5 - Plasma potential inside a laboratory-model Hall thruster
10.4 has been measured for two discharge current conditions.
’ While not sufficient to fully describe the physics of the Hall
103 thruster, the data presented have provided necessary informa-
tion pertaining to the acceleration region of the thruster. At
10.2 — both conditions, the potential has been shown to remain
nearly constant over the first 75% of the discharge channel,
10,1 — Probe Out dropping sharply near the exit plane. At 5.4 A, the potential
remains uniform across the width of the discharge channel
< 1004 and the electric field indicates that ion acceleration occurs
£ mainly inside the channel, near the exit plane, over a length
é of several millimeters. At 10 A, the potential profile is no
o longer radially uniform and has shifted downstream. The
_g:‘j 105 electric field is approximately 25% lower than at 5.4 A indi-
2 cating a longer acceleration zone and implying more ion loss
L0 to the walls. However, the data show that a larger fraction of
‘ the total acceleration occurs outside the thruster at 10 A,
103 where wall losses are not an issue. This provides a possible
‘ explanation for the thruster operating at higher efficiency at
higher power even though the acceleration zone is longer.
10.27 Perturbations to the discharge current were shown to occur
when the emitting filament and peak electric field were spa-
10.19 Probe In tially concomitant indicating a perturbation mechanism other
than probe material ablation.
10.0 Mapping of the location and magnitude of the accelera-
LA B B L L L BB B B tion zone has provided a necessary first step toward a better
0 20 40 60 80 100 understanding of Hall thruster physics. Future work will in-
Distance from Anode (mm) volve additional plasma parameter measurements, specifi-
FIG. 13. Discharge current as a function of probe position inside the dis-Ca"y ion number density and electron temperature, in order
charge chamber. Data are for the 10 A case. to provide information on the ionization zone. This informa-

tion is vital in determining where ions are born inside the
thruster and will indicate both how much of the accelerating
otential the ion experiences and to what extent ions will be

tion, once the probe was inserted into the discharge chamb bst to the walls

a portion of the probe would always receive this heat load,
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